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Abstract 

While chronic obstructive pulmonary disease (COPD) and lung cancer can be attributed in the main to 

cigarette smoking, and together account for over 50% of all smoking-related deaths, their degree of 

relatedness is not well understood. Although smoking accounts for about 80-90% of all cases, studies suggest 

that genetic susceptibility may explain in part why some smokers are more susceptible than others, to these 

complications from smoking.  Recent evidence suggests that an exaggerated innate immune response to 

smoking, reflected in elevation of systemic inflammation mediators, may underlie this overlapping 

susceptibility.  In recent years, there has been a growing interest in the potential for immune modulation in 

preventing or delaying the development of COPD and/or lung cancer. Lastly, there is now strong evidence 

that screening for lung cancer is effective in reducing lung cancer related deaths although debate exists as to 

whom it is best to screen.  

This thesis presents 92 peer-reviewed publications that includes; 23 original studies, 8 invited editorials, 18 

review articles, 40 letters and 3 key abstracts. These publications are representative of how my 

epidemiological observations and research has provided new insights into the strong relationship found 

between COPD and lung cancer as well as explaining and confirming previous observations. 

This body of work describes my hypotheses, observations and research results which build on prior 

knowledge and gives a new understanding of the significance of the COPD/lung cancer connection in the 

context of smoking exposure.  My hypotheses are presented in six chapters as outlined below.  

1. COPD and lung cancer result from an exaggerated innate immune response and have overlapping

pathophysiological pathways mediated in part by genetic factors. I propose that it is important to

examine the origins and outcomes from lung cancer with a greater understanding of the role of

COPD. Through this body of work I hypothesise that COPD and lung cancer result from aberrant

immune responses that are open to modification from systemic approaches (see below) and that

they are directly related through overlapping genetic pathways via smoking-by-gene, gene-by-gene

and smoking-by-ethnicity effects (Chapter 1).

2. The genetic basis of lung cancer is in part mediated by genetic susceptibility to COPD. Identifying this 
relationship requires extensive use of spirometry in genetic studies of lung cancer. I propose that by 
ignoring this overlapping genetic effect, the potential for confounding exists due to a failure to 
realise the important effect that COPD has on lung cancer biology and hence outcomes. Lastly this 
work identifies that the nicotinic receptor gene (CHRNA, Chr 15q25) is one of the most significant 
overlapping genetic factors underlying COPD and lung cancer risk, this finding has great relevance to 
the recent increase in nicotine-based vaping (Chapter 2).

3. It is possible to combine genetic risk variants with clinical variables to develop a personalised gene-

based approach to assessing risk of lung cancer, and that this requires validation in different cohorts

in prospective studies. My work also proposes that there is evidence from psychological models, and

pilot clinical studies, to suggest that smokers may respond positively to knowing their genetic risk in

the context of quitting smoking and participating in lung cancer screening (Chapter 3).

4. The risk of developing COPD and lung cancer may be reduced through modification of the innate

immune system where drugs such as statins, (HMG-CoA reductase inhibitors), (Chapter 4), and high

fibre diets (Chapter 5), can directly attenuate systemic inflammation (primarily driven by IL-6) and

confer protective effects in smokers.  This effect may reduce hospitalisation and death from COPD

and/or lung cancer.

5. By better understanding the important effects of COPD on lung cancer diagnosed early through

screening, outcomes from screening can be optimised. I also show that for lung cancer screening,

high rates of unrecognised COPD drastically affects outcomes through reduced life expectancy and
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lower surgical rates, making lung cancer screening very different to that of bowel and breast cancer 

screening (Chapter 6). 

I conclude that COPD and lung cancer are closely related on a genetic, epidemiologic and pathophysiological 

basis. I contend that the routine use of spirometry to better characterise high risk smokers has a useful role 

in optimising outcomes and reducing mortality. 
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Introduction 

This thesis represents the compilation of 92 scientific papers that summarises 16 years of research endeavour 

examining the relationship between chronic obstructive pulmonary disease (COPD) and lung cancer.  While both of 

these diseases result, in the main, from decades of smoking exposure, at the time I started this research programme 

many investigators had suggested they were linked by other factors.  As the basis of this relationship was not well 

understood, and considerable advances in molecular genetic sciences were being made, I decided to apply this new 

epidemiological tool to interrogate this topic further. 

My interest in this topic stemmed from the following findings or observations known to me after review of the 

literature between the years 1998-2004. 

1. The prevalence of COPD among those with lung cancer was higher than expected by chance alone. 

2. The greater the severity of airflow limitation, the greater the risk of lung cancer. 

3. In multivariate regression analysis, reduced Forced Expiratory Volume in 1second (FEV1) conferred a greater 

risk for lung cancer than age and pack years. 

4. Lung cancer affected about 15% of smokers and COPD affected about 30-50% of smokers. 

5. In families where lung cancer was common, so was the presence of COPD. 

From these observations, and inspired by the work of Professor Tom Petty (University of Colorado), I decided to 

explore the relationship between COPD and lung cancer from a genetic perspective, (see page 9).  I hypothesised 

that the genetic basis of lung cancer might be mediated in part by genetic factors leading to COPD. 

However, as with many research journeys, I was taken down many related pathways that kept bringing me back to 

this recurring theme, ‘COPD and lung cancer were related by more than smoking alone’.  Put simply “There was 

much to learn about lung cancer by also studying COPD”. The following work encompasses 92 published peer-

reviewed articles with over 3,000 citations to date and has for me been truly a voyage of discovery. 

 “The real voyage of discovery consists, not in seeking new lands, but seeing with new eyes.” 

Marcel Proust (French Novelist, died 1922). 

My thesis includes the interrogation of both my own data and that of others, and I believe reflects a novel 

contribution to this area of scientific exploration.    

The structure of this thesis. 

I have presented my published work in 6 chapters in broad chronological order (see Figure 1).  Chapter 1 outlines my 

work on the epidemiological link between COPD and lung cancer and why this is important to consider while trying 

to better understand the genetic basis of these diseases. Chapter 2 outlines my genetic studies on COPD and lung 

cancer highlighting methodological considerations and the key role of the nicotinic receptor gene. Chapter 3 outlines 

my work in developing a gene-based risk tool for lung cancer and its clinical potential in smoking cessation and lung 

cancer screening. Chapter 4 and Chapter 5 outline the scientific evidence suggesting that immune modulation by 

statins and dietary fibre may confer beneficial effects on smokers who develop COPD and lung cancer. Chapter 6 

outlines the impact that having pre-existing airflow limitation and/or COPD has on lung cancer screening outcomes.  
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Statutory Declaration 

I confirm that this body of work is original and has not previously been submitted or accepted for another university 

qualification (unless stated‡). I confirm that in all but a handful of papers, these articles have been constructed and 

substantively written by me (unless stated ɸ) with input from others. While I have had collaborators, both co-

investigators and invited co-authors, this body of work represents my intellectual input.  As such I am listed as first, 

second or last author in nearly all of these articles (94%). In four papers, my research colleague (Ms R Hopkins‡), is 

lead author for work to be submitted for her PhD thesis (University of Auckland, Dec 2020). In two articles, a 

Consensus Statement from an International Genetics of COPD Conference (2010)ɸ and Consensus Statement for the 

American Thoracic Society on Comorbid Disease in Lung Cancer Screening (2018)ɸ,  I am among a large list of many 

internationally recognised researchers  who contributed in varying degrees to these publications. In six papers I am 

3rd or 4th author for studies proposed and initiated by me but conducted primarily by co-investigators (Wu et al, 2004 

and 2011, Marcus et al, 2016, Hanson et al, 2016; Gordon et al, 2010 and Lawes et al, 2012).    
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Figure 1.  Outline of my DSc thesis. 
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Thesis Aim, Hypothesis and Overview 

Aim: To better understand the relationship between COPD and lung cancer with respect to their underlying 

pathophysiology, prevention and outcomes. 

Null hypothesis: That while COPD and lung cancer are common complications of smoking, their underlying 

pathophysiology and clinical outcomes are unrelated.  

Overview: I have been the principal investigator in a research program that has spanned over 16 years that 

examines the relationship between chronic obstructive pulmonary disease (COPD) and lung cancer.  These two lung-

related complications of smoking account for about 50% of all deaths from smoking. This thesis amalgamates 92 

publications (with over 3,000 citations to date) and encompasses, the Epidemiology of COPD and Lung cancer 

(Chapter 1), the Genetics of COPD and Lung cancer (Chapter 2), the development, validation and early use of a gene-

based biomarker test of Lung cancer (Chapter 3), the potential role of statins in COPD and Lung cancer (Chapter 4), 

the possible role of dietary fibre and the microbiome in COPD and Lung cancer (Chapter 5) and most recently, the 

relevance of COPD in the clinical setting of CT-based Lung cancer screening (Chapter 6). 

My group have been among the first in the world to  

- better describe  the close relationship between COPD and lung cancer (Chapter 1), 

- identify the genetic overlap between COPD and lung cancer susceptibility (Chapter 2), 

- develop a gene-based risk tool for lung cancer and explore it’s possible clinical utilities (Chapter 3), 

- describe the potential benefit of statins in patients with COPD or at risk of lung cancer (Chapter 4), 

- describe the potential role of the microbiome and benefits of dietary fibre in the development  of COPD and 

lung cancer (Chapter 5), 

- show the important impact COPD has on affecting outcomes in lung cancer screening, particularly 

attenuation of the risk-benefit relationship of screening (Chapter 6). 

Collectively, this body of work argues that identifying unrecognised COPD, through the wide use of quality 

spirometry, has considerable potential in identifying a significant proportion of the population (primarily current or 

former smokers over 40 years of age) for whom targeted interventions such as lung cancer screening or smoking 

cessation may confer considerable benefits.   

This work has arisen from my extensive review of the literature over a 16 year period together with key scientific 

studies from my group. I have written the first draft for 89/92 (89%) and first authored 80/92 (80%) of these papers 

(See Appendix 1). I have contributed the vast majority of the intellectual input in to this body of work but do 

acknowledge my co-investigator  Ms Raewyn Hopkins (nee Scott) (Bachelor of Nursing, MPH) who has worked with 

me over this entire period and provided valuable feedback (or assistance)  to the study design, data collection, data 

analysis, manuscript preparation and administrative tasks. I am very grateful for her collegiality and support 

throughout this period, in particular bringing to my attention interesting articles related to our topic of research. 

Four papers‡, which have been submitted by Ms Raewyn Hopkins as part of her PhD thesis, are included in this body 

of work (underlined in the references).  

I conclude that COPD represents the single most important comorbid disease underlying the development 

(pathophysiology), progression and outcomes from lung cancer and confers a greater risk of lung cancer, beyond 

that conferred by smoking. 
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While I read many articles between 2000 and 2005 that shaped my thinking about the possible relationship between 

COPD and lung cancer, it was the one written by Professor Tom Petty titled “Are COPD and Lung Cancer Two 

Manifestations of the Same Disease?,  (Chest 2005; 128: 1895-1897), that piqued my interest in this topic.  A copy of 

this article is found below. 

 

 

 



Note to Our Readers—
You may have noticed that recent journals have been exceptionally large. This increase in

the number of articles per issue is short term. We are temporarily increasing the size of the
journal to decrease time from acceptance to publication, eliminate backlog, phasing out an old
manuscript system, and preparing for changes beginning with the January 2006 issue.

Richard S. Irwin, MD, FCCP
Editor in Chief, CHEST

Are COPD and Lung Cancer
Two Manifestations of the
Same Disease?*

COPD and lung cancer loom as two of our
greatest challenges in pulmonary medicine.

Both are smoking-related diseases that cluster in
families and worsen with age. COPD and lung
cancer are often related to smoking and/or various
occupational exposures,1,2 but this remarkable asso-
ciation remains yet to be better studied and ex-
plained.

The pathogenesis of COPD is currently being
understood through intense studies originating from
many laboratories.3 Mechanisms in the pathogenesis
of lung cancer are also being aggressively ap-
proached concurrently. Are these really two diseases
or two manifestations of the same disease with
genetic predisposition, smoking, and environmental
exposures as common denominators? This commen-
tary explores the pathogenesis of COPD and lung
cancer and considers common factors in the associ-
ation between these two rising killers.

Considering their relationship, we might consider
both COPD and lung cancer as genetically deter-
mined diseases3 that create a predisposition for
personal and environmental insults that result in
clinical expressions of both diseases. Smoking and
occupational toxins, as well as community air pollu-
tion, may impose a series of accumulated and dam-
aging mutations that ultimately inflame and destroy
airways alveoli and also induce dysplastic and ulti-

mately neoplastic changes in the lungs of patients
with COPD and lung cancer. The exact mechanisms
by which lung inflammation occurs and dysplastic
changes are induced continue to be explored, and
new theories are evolving.

In contrast to alveolar inflammation in the spec-
trum of interstitial lung diseases, alveolar damage in
emphysema is apparently not a result of alveolitis.
No fibrosis occurs in uncomplicated emphysema.
Studies from Kasahara et al4,5 indicate that loss of
alveolar walls is a consequence of loss of capillaries
from reduced vascular endothelial growth factor
(VEGF). The pulmonary capillary bed is comprised
of the alveolar nutrient vessels.4,5 As capillaries drop
out through accelerated apoptosis, so do alveolar
walls. Thus, while the airway lesions are inflamma-
tory in nature, the alveolar lesions might best be
conceptualized as ischemic.

In moderate stages of COPD, VEGF may be
involved in adverse pulmonary vascular responses
resulting in pulmonary hypertension. However, in
advanced emphysema, VEGF was found to be re-
duced in tissues obtained at resection for lung cancer
or for lung volume reduction surgery.6

Beyond the study of genetic background factors
and environmental provocations and their resultant
lesions, it is important to consider COPD as a
systemic disease.7 Specific questions to be answered
are why do individuals with only mild-to-moderate
COPD have impaired exercise tolerance and inabil-
ity to achieve a targeted heart rate, as well as failure
to achieve targeted oxygen uptake? Could this exer-
cise impairment already be due to emerging pul-
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monary hypertension and right ventricular afterload
in mild-to-moderate COPD?8 Mild-to-moderate
COPD is usually not associated with hypoxemia, so
perhaps other mechanisms are involved.9

Since oxygen uptake indicates the sum of meta-
bolic activities at the tissue level, these observations
suggest impaired oxygen utilization. Perhaps poor
oxygen utilization may be caused by inflammatory
cytokines involved in COPD, and perhaps lung
cancer that somehow are toxic to mitochondria and
their ability to create energy through the metabolism
of foodstuffs made possible by oxygen.7 The body
wasting with weight loss and skeletal muscle atrophy
are further manifestations of the systemic nature of
COPD, but the mechanisms are unknown.8 Muscle
wasting is common in symptomatic stages of lung
cancer.

Centrilobular emphysema is primarily an upper-
lobe destructive process. Why does lung cancer
locate in the apices in smoking-related centrilobular
emphysema? One hypothesis is that it may be due to
the relative hypoxia of the apices. It is known that
there are hypoxia-related genes that may promote
angiogenesis.10,11 Evidence suggests that angiogenic
dysplasia is a prelude to invasive carcinoma.12 Is
VEGF the cause of angiogenic dysplasia that appears
to be a precancerous lesion?12

Today we need expanded research in both COPD
and lung cancer, but we also need applied clini-
cal research programs to improve patients now.
The National Lung Health Education Program
(NLHEP), as well as the Global Initiative in Chronic
Obstructive Lung Disease (GOLD), promote the
early identification and intervention in COPD and
related disorders. The NLHEP has stimulated the
production of simply new practical office spirom-
eters, which have been validated in field testing.13,14

The NLHEP recommends that all smokers, both
current and former � 45 years old, should have
simple spirometric testing.13 The GOLD classifies
early abnormality as an FEV1/FVC ratio of � 70%,
even with a normal absolute FEV1 percentage of
predicted � 80%.14 The NLHEP recommends using
the forced expiratory volume in 6 s as a surrogate for
FVC.13,14

What about steroids in COPD and in lung cancer?
Controlled clinical trials do not show a reduction in
the decline of FEV1.15–18 Other studies19 suggest a
reduction in fall of FEV1 and even the possibility of
reduced mortality is associated with the use of
inhaled corticosteroids in COPD. Could budesonide
also be effective in the chemoprevention of lung
cancer?20 Can steroids and Cox-2 inhibitors be used
in the chemoprevention of lung cancer?21

Can industry produce a well-tolerated bronchodi-
lator that can retard the rate of decline of FEV1 in

COPD? Ipratropium was effective in the Lung
Health Study22 throughout 5 years of observation,
but it did not slow the rate of decline of FEV1.
Perhaps the newly introduced anticholinergic, tiotro-
pium, may be more effective in both physiologic
improvement and control of symptoms,23 and in
slowing of FEV1 decline over time. The slowing of
lung function decline could also be a favorable factor
in lung cancer prevention.

In summary, huge challenges in COPD and lung
cancer exists for basic scientists applied scientists
and clinicians. These can only be solved by well-
organized and orchestrated collaborative efforts.

Thomas L. Petty, MD, Master FCCP
Snowdrift Pulmonary Conference

Denver, CO

*Based on the Keynote Speech, Lovelace Respiratory Research
Institute, Annual Scientific Meeting, Santa Fe, NM, October 10,
2003.
Reproduction of this article is prohibited without written permission
from the American College of Chest Physicians (www.chestjournal.
org/misc/reprints.shtml).
Correspondence to: Thomas L. Petty, MD, Master FCCP, Profes-
sor of Medicine, University of Colorado, 899 Logan St, Suite 203,
Denver, CO 80203; e-mail: tlpdoc@aol.com
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Treatment for Secondary
Pulmonary Hypertension

N o therapy for idiopathic pulmonary fibrosis
(IPF) has been proven to improve mortality or

quality of life. However, like many diseases for which
we now have cures, disease pathogenesis needed to
be understood first before we could develop effec-
tive medications. Most of us have thought for a long
time that pulmonary hypertension (PH) is a very bad

marker of IPF severity. In this issue of CHEST (see
page 2393), Nadrous et al1 report on the outcome of
a large cohort of patients at the Mayo Clinic showing
that PH has a significant correlation with mortality
due to IPF. While not surprising, there is certainly a
more positive spin to these data that needs to be
explored.

The primary IPF symptom is dyspnea. Despite the
fact that FVC remains the most robust correlate of
IPF prognosis,2,3 the cause of exercise intolerance is
not the associated limitation of exercise tidal volume.
Instead, exercise intolerance is related more to car-
diovascular limitations, including the oxygen desatu-
ration associated with poor ventilation and perfusion
matching.4 Maybe, if we cannot change ventilation,
we should explore methods to change perfusion.

The pathogenesis of PH in IPF has not been
comprehensively studied. Historically, the feeling
has been that lung fibrosis also envelopes some of
the vasculature. Therefore, the treatment of second-
ary PH is to reverse lung fibrosis. At this level of
understanding, the refractoriness of secondary PH to
vasodilators is no surprise.

In patients with IPF, areas of honeycomb lung at
the lung bases that involve the pulmonary vascula-
ture will transition pulmonary artery blood flow
toward the lung apex, an area of the lung that is more
rarely involved with fibrosis. As � 50% of the vascu-
lature is obliterated, pulmonary artery pressure will
rise. The first possible detection of elevated pulmo-
nary artery pressure will occur when exercise in-
creases cardiac output through an increased pulmo-
nary vascular resistance. Only later will resting
echocardiography detect disease. Using this model,
the height of systolic pulmonary artery pressure
should mirror the extent of lung fibrosis.

However, in the case series by Nadrous et al, the
correlation between FVC and pulmonary artery
pressures as detected by echocardiography did not
even reach statistical significance. The correlation
with the diffusing capacity of the lung for carbon
dioxide was present but not robust. If this is true,
then we must redefine our understanding of PH in
IPF patients. Some of this discordance may relate to
cigarette smoking and falsely preserved FVC
through air trapping. However, there is much that is
not understood about this observation.

We will continue to debate the issue of whether
echocardiography is sufficiently accurate for the
diagnosis of pulmonary arterial hypertension. In
secondary PH, the debate is just as robust. In the
Mayo Clinic series, the subgroup in which PH could
not be estimated because of the lack of tricuspid
regurgitation did not have the longest survival time.
Therefore, should we advance to clinical trials, right

www.chestjournal.org CHEST / 128 / 4 / OCTOBER, 2005 1897
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Chapter 1 Epidemiology - Not all smokers are the same. 

1.1 Background 

At the time I started this research programme my primary interest was the genetic basis of COPD.  This 

was based on literature suggesting that the heritability of COPD, characterised by airflow limitation, was 

high at about 50-70%.  This suggested that genetic factors may contribute to the development of COPD 

and that some smokers were more susceptible than others.  Indeed the early epidemiological studies of 

Tockman 1987, and Burrows 1977, both showed that compared to lifelong non-smokers, where the 

distribution of lung function was normally distributed around the expected range (100% predicted FEV1),  

current or former smokers stratified by smoking pack years showed an increasing tendency to shift left 

towards lower levels of lung function (FEV1) with increasing exposure.  What I observed as the single most 

interesting aspect of this leftward shift was that only a proportion of smokers moved left and there 

always seemed to be a proportion of heavy smokers, representing about 50-60% of each smoking cohort, 

that remained normally distributed around their expected value (100%).  As the smoking exposure 

(measured as pack years) got greater one, or possibly 2 more, group/s emerged in what I described as a 

bimodal or tri-modal distribution (ref  1, 355 citations). I believed this fitted a genetic model much like the 

early pharmaco-genetic studies of drug metabolism where genes were implicated in widely varying drug 

levels despite standardised drug dosing.  This raised the possibility that differences in genetic make-up 

might contribute to variation in lung function following decades of smoking exposure.  Some genes might 

confer a “protective effect” regardless of exposure, and other genes might confer greater susceptibility.  

This bimodal or tri-modal distribution in lung function in heavy smokers might also result from the 

combined effects of many genes along with other largely unknown environmental factors (such as diet or 

occupation).  In a highly cited review, I proposed that reduced FEV1, was not only a biomarker of airflow 

limitation (the defining feature of COPD), it also identified smokers at greater risk of lung cancer, 

cardiovascular disease and premature death (ref 1).  Little did I know then just what that might mean in 

regards to the current recommendation to screen “high risk” ever smokers for lung cancer (see Chapter 

6). This body of work has been based on 14 publications, including 3 key articles (totalling >1000 

citations), confirming that COPD and lung cancer are linked by more than smoking exposure alone as 

outlined in a letter published in Lancet Oncology, 2011. 

 

1.2 Related papers: Epidemiology of COPD and Lung cancer 

1. Young RP, Hopkins R, Eaton TE. FEV1: not just a test of lung function but a biomarker of premature 

death from all causes. Eur Resp J 2007; 30: 616-622.   

2. Young RP, Hopkins RJ, Christmas T, et al. COPD prevalence is increased in lung cancer, independent 

of age, sex and smoking history. Eur Respir J 2009; 34: 380-386.  

3. Young RP, Hopkins RJ, Eaton T. Comorbidities in COPD. Eur Respir J 2009; 34: 1497-1500.  

4. Young RP. Hopkins RJ. Link between COPD and lung cancer. Respir Med 2010; 104: 758-759. 

5. Young RP, Hopkins RJ.  Lung Function predicts lung cancer. Eur Respir J  2010; 35: 1421-1422  

6. Young RP, Hopkins RJ, Etzel C, El-Zein R. Genetics of lung cancer susceptibility and COPD. Lancet 

Oncol 2011; 12: 622-623. 

7. Young RP, Hopkins RJ. COPD and Lung Cancer linked at a molecular genetic level. CHEST 2011; 140: 

266-267. 

8. Young RP, Hopkins RJ, Gamble GD, et al. Genetic evidence linking lung cancer and COPD: A new 
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9. Young RP, Hopkins RJ. How the genetics of lung cancer may overlap with COPD. Respirology 2011; 

16: 1047-1055. 

10. El-Zein RA, Young RP, Hopkins RJ, Etzel CJ.  Genetic Predisposition to Chronic Obstructive Pulmonary 

Disease and/or Lung Cancer: Important Considerations When Evaluating Risk. Cancer Prev Res 2012; 

5(4): 522-527. 
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11. Young RP, Hopkins RJ. A Clinical Practice Guideline Update on the Diagnosis and Management of 

Stable Chronic Obstructive Pulmonary Disease Ann Int Med 2012; 156 (1): 68-69. 

12. Young RP, Hopkins RJ. Primary and Secondary prevention of Chronic Obstructive Pulmonary 

Disease: Where to Next? Am J Respir Crit Care Med 2014; 190:839-840. 

13. Hopkins RJ‡, Duan F, Chiles C, Greco EM, Gamble GD, Aberle D, Young RP. Reduced expiratory 

flow rate among heavy smokers increases lung cancer risk: Results from the National Lung 

Screening Trial-American College of Radiology Imaging Network Cohort. Ann Am Thorac Soc 2017; 

3:392-402. 

14. Hopkins RJ‡, Kendall C, Gamble GD, Young RP. Are New Zealand Maori more susceptible to 

smoking related lung cancer? EC Pulmonology and Respiratory Medicine 2019; 8(1): 72-91. 

 

1.3 Conclusions 

Fundamental to my studies has been the epidemiology supporting my hypothesis proposing that COPD is 

closely related to lung cancer and that airflow limitation (reduced FEV1% predicted)  is a biomarker 

predicting greater risk for premature  death from lung cancer, ischaemic heart disease and respiratory 

disease (respiratory failure and pneumonia).  Since this seminal paper was published in 2007 (ref 1, 355 

citations), we have proposed that airflow limitation (low FEV1) results from the combined effects of 

smoking and the body’s genetically programmed response to the chronic smoking. This hypothesis has 

been supported by 3 reviews citing my work and is generally accepted in the wider literature.1-3 This turns 

the pathophysiology of COPD on its head by suggesting that the origins of COPD may, to some degree, lie 

outside the lung, and that reduced FEV1 might also reflects accelerated aging in parts of the body other 

than the lung.  This might explain why COPD is not just related to lung cancer (ref 2, 604 citations), it is 

also closely associated with ischaemic heart disease and other epithelial cancers (refs 3-4, 44 citations).   

It was around this time that my group had reported the first of our genetic studies showing a possible 

genetic link between COPD and lung cancer (refs 5-10, 202 citations). This observation means that 

reduced FEV1 is not just useful in the diagnosis of COPD, but also in identifying people who do badly with 

smoking.2 On this basis we challenged the current recommendation not to screen asymptomatic smokers 

for the presence of airflow limitation because treatment of this group with COPD-related treatment had 

not been shown to be helpful (ref 11, 16 citations).  But a lack of evidence supporting a respiratory 

benefit  does not mean a lack of overall benefit. Indeed in our post-hoc analysis of the National Lung 

Screening Trial (NLST) cohort, we subsequently found that reduced FEV1 among heavy smokers predicted 

an increased risk of a cardiovascular death in non-diabetics at about the same incidence as we observed 

in diabetic smokers with normal lung function (paper currently under consideration).   This finding 

suggests that smokers with low FEV1 or diagnosed with COPD might do better with statin therapy 

prescribed for primary prevention treatment (ref 12, 8 citations, see Chapter 4).  This concurs with 

targeted primary prevention strategies taken by cardiologists in high risk healthy people in which reduced 

cardiovascular death rates have been achieved with statins.   

In a post-hoc analysis of data from the National Lung Screening Trial (NLST), we were able to show a clear 

linear dose-relationship between reduced FEV1 (severity of airflow limitation) and risk of lung cancer in a 

large prospective study (ref 13, 29 citations). In this analysis we were able to confirm that the effect of 

moderate reductions in FEV1 (GOLD 2-4), on the risk of developing lung cancer was greater than for age 

and pack years.  This is very important when assessing for the risk of lung cancer, which is currently based 

on clinical factors, primarily age and pack years (see Chapter 5).  

Lastly, in a case-case study design we show the indigenous Polynesian population of New Zealand (Maori) 

might be particularly susceptible to lung cancer (relative to Caucasian New Zealanders), in part due to 

their apparent increased susceptibility to COPD as suggested by worse lung function and more aggressive 

forms of lung cancer despite similar smoking histories (ref 14).  Another aspect of this study was the 
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higher rates of mortality from lung cancer despite similar smoking exposure and similar stage at 

diagnosis. This challenges current views about poor outcomes in Maori being based solely on access to 

healthcare. 

1.4 Summary 

From this body of work I have drawn the following conclusions; 

- Airflow limitation (COPD) predicts risk of lung cancer in a simple linear relationship, 

- Airflow limitation affects between 50-70% of those developing lung cancer and that this is nearly 

two-fold higher than in a background smoking population, 

- Airflow limitation represents a significant risk factor for lung cancer beyond that of age and 

smoking,  

- Airflow limitation is an important contributor to identifying who is most likely to get lung cancer 

and the basis of different susceptibility according to ethnic background. 

1.5 Limitations, controversies and future work 

There remains debate around the relative roles of airflow limitation (increased airflow resistance), and 

emphysema (destruction of lung parenchyma), in the pathogenesis of lung cancer.  While we do not 

disagree that there is a link between emphysema and lung cancer, we believe it is of lesser clinical utility. 

This is because emphysema;   

- remains a difficult phenotype to quantify (no widely agreed method), 

-  appears to have an unexplained nonlinear relationship with lung cancer risk, and 

- requires expensive imaging to characterise, making it a less useful epidemiological or clinical tool 

to apply to the wider population at risk. 

Larger studies and advances in the measurement of emphysema may allow a greater understanding of 

the differing roles airflow limitation and emphysema play in COPD, and the development of lung cancer.   

My group  is currently undertaking a study using data from the UK Biobank (N=500,000 subjects),  to 

confirm our NLST-based findings related to the prevalence of airflow limitation (COPD), among high risk 

smokers with and without lung cancer, prospectively diagnosed over a 5-10 year follow-up period. 

1.6 References/Supporting Publications 

1. Dai J, Yang P, Cox A, Jiang G. Lung cancer and chronic obstructive pulmonary disease: from a 

clinical perspective. Oncotarget 2017; 8: 18513-18524.  10 citations from my body of work. 

2. Durham AL, Adcock IM. The relationship between COPD and lung cancer. Lung Cancer 2015; 90: 

121-127. 2 citations from my body of work. 

3. Houghton AM. Common mechanisms linking COPD and lung cancer.  Annals ATS 2018; 15: S273-

S277. 1 citation from my body of work. 

Collectively, these review articles concur with my conclusion that their exist overlapping pathogenic 

pathways linking COPD and lung cancer. 

 



PERSPECTIVE

Forced expiratory volume in one second:

not just a lung function test but a marker of

premature death from all causes
R.P. Young*, R. Hopkins# and T.E. Eaton#

ABSTRACT: The clinical utility of spirometric screening of asymptomatic smokers for early signs

of air flow limitation has recently come under review. The current authors propose that reduced

forced expiratory volume in one second (FEV1) is more than a measure of airflow limitation, but a

marker of premature death with broad utility in assessing baseline risk of chronic obstructive

pulmonary disease (COPD), lung cancer, coronary artery disease and stroke, collectively

accounting for 70–80% of premature death in smokers.

Reduced FEV1 identifies undiagnosed COPD, has comparable utility to that of serum

cholesterol in assessing cardiovascular risk and defines those smokers at greatest risk of lung

cancer. As such, reduced FEV1 should be considered a marker that identifies smokers at greatest

need of medical intervention.

Smoking cessation has been shown to attenuate FEV1 decline and, if achieved before the age of

45–50 yrs, may not only preserve FEV1 within normal values but substantially reduce

cardiorespiratory complications of smoking.

Recent findings suggest inhaled drugs (bronchodilators and corticosteroids), and possibly

statins, may be effective in reducing morbidity and mortality in patients with chronic obstructive

pulmonary disease. The current authors propose that spirometry has broad utility in identifying

smokers who are at greatest risk of cardiorespiratory complications and greatest benefit from

targeted preventive strategies, such as smoking cessation, prioritised screening and effective

pharmacotherapy.

KEYWORDS: Baseline risk, chronic obstructive pulmonary disease, epidemiology, lung function,

premature death, spirometry

I
n 1977, FLETCHER and PETO [1] published their
seminal paper in the British Medical Journal,
demonstrating the existence of a subgroup of

smokers highly susceptible to accelerated decline
in lung function, as measured by forced expira-
tory volume in one second (FEV1). With continued
smoking, these smokers developed chronic
obstructive pulmonary disease (COPD) and died
prematurely. Subsequent studies have shown that
reduced FEV1 in smokers is not only associated
with a significantly increased risk of COPD, but
also lung cancer, acute coronary syndromes and
stroke [2–8], which collectively account for 70–80%
of premature death in smokers [9, 10]. Import-
antly, if susceptible smokers quit before reaching a
critical threshold, this accelerated decline in FEV1

could be attenuated to that of nonsmokers, thereby

preserving lung function, reducing morbidity and
preventing premature death [1, 11]. The current
authors argue that FEV1 is more than a test of lung
function essential in quantifying airflow limita-
tion, it is a marker of premature death with broad
clinical utility in baseline risk assessment and
possible prevention of both respiratory (COPD
and lung cancer) and cardiovascular (coronary
artery disease (CAD) and stroke) diseases. It has
been noted that reduced FEV1 may also reflect
restrictive lung disease that: 1) is not infrequently
found in population studies; 2) may in part be due
to nonpulmonary factors such as obesity and heart
failure (particularly in nonsmokers); and 3)
remains a marker of overall mortality [12]. For
the purposes of the present study, the current
authors have focused on the clinical utility of
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spirometry in smokers where obstructive lung disease is most
relevant.

THE NATURAL HISTORY OF LUNG FUNCTION DECLINE
In 1977, FLETCHER and PETO [1] published a prospective study
that monitored decline in FEV1 and made several key
observations. First, in contrast to nonsmokers, smokers who
continued to smoke showed a wide variability in FEV1 decline
(fig. 1a). This decline ranged from normal age-related decline
(as seen in lifelong nonsmokers) to a steep decline resulting in
COPD, disabling breathlessness and premature death. Based
on these observations, they proposed that a subgroup of
smokers were ‘‘susceptible’’, characterised by an accelerated
FEV1 decline leading to COPD and premature death. Recent
studies suggest this decline is likely to occur in discrete steps,
secondary to pulmonary insults, such as chest infections (or
COPD exacerbations), potentially attenuated by preventive or
early treatment [13]. Studies by BURROWS et al. [14] and
DOCKERY et al. [15] further clarified the distribution of FEV1

according to smoking exposure dose. Despite being cross-
sectional studies, both showed that after an accumulated 20–
30 pack-yr history of smoking, the normal unimodal distribu-
tion of FEV1 seen in light or never-smokers (fig. 2a) had skewed
left towards reduced lung function. After o60 pack-yrs of
smoking, the unimodal distribution had changed to some-
thing approaching a bimodal or even trimodal distribution
(fig. 2b). Based on these studies and a recently published
prospective study [16], the current authors conclude that
,60% of lifelong smokers maintained near-normal FEV1

(‘‘resistant’’), while ,10–20% suffered mild loss of FEV1

(‘‘intermediate’’) and the remaining 20–30% of smokers had
significant loss of FEV1 to levels consistent with COPD
(‘‘susceptible’’; fig. 2b). Given that the smokers in the studies
by BURROWS et al. [14] and DOCKERY et al. [15] had the same
heavy smoking history (.60 pack-yrs), the widely differing
lung function clearly indicates that factors other than
smoking exposure dose per se are at play in determining
which smokers develop severe COPD and die prematurely.

The second observation made by FLETCHER and PETO [1] was
that in the early stages, FEV1 decline is insidious, with smokers
generally remaining asymptomatic until FEV1 has fallen to
f50% of its maximal value, well below the threshold defining
a spirometrically based diagnosis of COPD [17, 18]. The third,
and probably most important, observation was that if a
susceptible smoker quit smoking, the rate of decline in FEV1

could reduce towards that of a lifelong nonsmoker (fig. 1b).
Importantly, if the majority of smokers achieved smoking
cessation before 40–45 yrs of age, their FEV1 can be maintained
within normal age-referenced values. This observation has
been confirmed in other prospective studies [11] and is central
to the current authors’ hypothesis that because FEV1 decline
can be attenuated by smoking cessation, it can be considered
‘‘modifiable’’. Crucially, these observations show that the
earlier a susceptible smoker quits, the greater the preservation
of FEV1, the greater the delay to debilitating breathlessness and
the longer their survival.

REDUCED FEV1 AND FUTURE MORBIDITY/MORTALITY
Smoking, FEV1 and COPD
COPD is almost invariably a disease that results from smoking.
Of those affected, 90% have a current or past history of

smoking exposure. The lifetime risk of COPD in smokers is
estimated to be 20% [2, 14], although if a mild degree of airflow
limitation is included (Global Initiative for Chronic Obstructive
Lung Disease stage 1 COPD) then up to 50% of smokers maybe
affected [19]. As decline in lung function is so insidious, COPD
commonly remains undetected until quite late (if indeed at all),
and explains why as many as 50% of patients with COPD
remain undiagnosed and, therefore, untreated [19]. This
underscores the importance of spirometry in the early
identification of susceptible smokers.

Smoking, FEV1 and lung cancer
Lung cancer is also almost invariably a disease of smokers. Of
those diagnosed, 85–90% have a current or past history of
smoking exposure. Studies show that, after adjustment for age
and smoking, reduced FEV1 is associated with an increased
risk of lung cancer [2, 20–22]. Smokers with reduced FEV1

carry as much as a five to six-fold risk of lung cancer compared
with smokers with normal lung function [2, 20–22]. Other
factors identifying a smoker at high risk of lung cancer include:
the magnitude of smoking exposure (.30 pack-yrs or .30 yrs
duration); age .50 yrs; family history of lung cancer; and
previous asbestos exposure [23]. In a primary care screening
study, these factors, in combination with impaired lung
function, were shown to cost-effectively identify smokers or
ex-smokers at high risk of lung cancer for computed
tomography (CT) screening purposes [23].

Smoking, FEV1 and coronary artery disease
Smoking is one of the most important risk factors for coronary
artery disease, along with elevated cholesterol and blood
pressure. Interestingly, the younger the age of CAD onset, the
greater the importance of smoking. Several studies have now
shown that the smoking prevalence in premature CAD (age
,40–50 yrs) is as much as 80%. What is generally not
appreciated is that a reduced FEV1 is a strong marker for
CAD [3–5] and mortality from cardiovascular disease [5–7].
Indeed for males, the combination of reduced FEV1 and
smoking exposure are better predictors of future mortality
from heart disease than serum cholesterol levels [10]. In the
present study, where FEV1 was compared with traditional risk
factors, it is striking that reduced FEV1 ranks second only to
smoking, well above blood pressure, social class and choles-
terol [10, 19] as a predictor for all-cause mortality in both males
and females.

To illustrate to what extent lung function is relevant to
cardiovascular mortality, the current authors refer to data
from two studies that showed, after adjustment for other
variables, that reduced FEV1 is more important than smoking
exposure (figs 3a and b). Among smokers of comparable
smoking exposure, reduced FEV1 was associated with up to
three to four-fold greater cardiovascular mortality [6, 7].
Remarkably, this effect also extends to nonsmokers, in whom
poor FEV1 predicts a risk two to three-fold greater than that of
heavy smokers with normal lung function. The current authors
conclude that FEV1 is an important marker of future
cardiovascular mortality and that its effects on mortality are
both independent from and synergistic with those from
smoking.
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Smoking, FEV1 and overall mortality
A consistent observation in all these epidemiological studies is
that smokers with reduced FEV1 have considerably higher
morbidity and mortality than smokers with normal lung
function. The basis of this observation is not yet understood.
This may be an epiphenomenon, reflecting the shared risk
factor of smoking, but is otherwise unrelated. Alternatively, it
may be indicative of an underlying susceptibility to chronic
inflammation [19] that has now been implicated in all three
diseases [24–26]. Smoking initiates and maintains an inflam-
matory stimulus which is ubiquitous, affecting lung epithe-
lium and arterial endothelium. However, factors specific to
susceptible smokers, such as aberrant cellular response and
repair processes [19], may, over time, promote airway fibrosis
and lung destruction in COPD [24], failed apoptosis in lung
cancer [25] and plaque instability in acute coronary syndromes
[26]. Accordingly, the lungs function as the body’s most
important ‘‘sampler and filter’’ of the environment, and FEV1

as a barometer of the body’s response to systemic inflammation
from chronic aero-pollutant exposure, in particular smoking.

REDUCED FEV1 AND CLINICAL UTILITY

Smoking cessation
There is no dispute that spirometry is integral to the screening,
diagnosis and monitoring of respiratory disease. However,
debate remains as to the benefit of screening to detect early
sub-clinical COPD [27]. Several studies have demonstrated the
importance of identifying asymptomatic smokers with
impaired lung function, and the subsequent improvement in
smoking cessation rates [28, 29]; although this has not been a
universal finding [27]. None of these studies utilised the wider
implications of identifying smokers susceptible to reduced
FEV1. Specifically, apart from diagnosing COPD early in its
natural history, smokers with reduced lung function are also at
high risk of lung cancer and premature cardiovascular death.
This observation has not been widely integrated into these
cessation studies and may be important in motivating smokers
to quit given that lung cancer and heart attack are perceived as
significantly more life-threatening than COPD. The smoking
cessation rate of patients identified with COPD is only 5–15%,
comparable to that seen in healthy smokers motivated to quit
and given nicotine replacement therapy [30]. In contrast, 50%
of smokers who suffer heart attacks [31] and up to 40% of
smokers identified with suspicious lung nodules on spiral CT
scans quit smoking [32]. This suggests that when smokers are
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FIGURE 1. Forced expiratory volume in one second (FEV1) decline in a) never-

smokers and smokers and b) in susceptible smokers after quitting smoking. &:

death; &: severe disability; &: onset of symptoms. ––––: susceptible smokers

(chronic obstructive pulmonary disease); - - - - -: intermediate smokers: ??????????:

never smokers; – – – – –: not susceptible to smoke; –– - –– - –– -: resistant smokers;

-- -- -- --: susceptible smoker, stopped smoking at age 45 yrs; –– - - –– - - ––:

susceptible smoker, stopped smoking at age 65 yrs. Modified from [1].
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FIGURE 2. Distribution of forced expiratory volume in one second (FEV1) %

predicted in a) nonsmokers and light smokers and b) heavy smokers. - - - - -:

normal distribution; –––––: resistant smokers; – – – – –: intermediate smokers; –– -

–– - ––: susceptible smokers. Modified from [14].
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confronted with these ‘‘more lethal’’ complications, signifi-
cantly greater rates of cessation can be achieved. This is most
likely explained by the combined effects of increasing motiva-
tion towards cessation (by enhancing motivational tension and
triggering action) [33], and overcoming the natural tendency of
optimistic bias (denial of one’s own risk), considered one of the
most important barriers in smoking cessation [34].

Baseline risk assessment
Existing public health strategies for smoking prevention
currently focus on tobacco advertising restrictions, health
warnings, taxes and smoking bans in public places. These
population-based strategies should be augmented with indi-
vidual patient education, utilising baseline risk assessment that
personalises and quantifies that risk. This has become the basis
of prevention of CAD, where risk factors are measured and
individual treatments or lifestyle interventions are initiated as
necessitated by the degree of risk identified. Although it has
been shown that smoking rates have been successfully reduced
with the nontargeted population-based strategies described
previously (akin to the population prevention axiom [35]),

FLETCHER and PETO [1] and others have shown that risk from
smoking is concentrated in only a proportion of smokers [16].
With relevance to outcome, it has recently been argued that the
broader benefits of population-based prevention strategies
may be inferior to those in which an intervention is targeted at
those with high baseline risk [35]. Adopting this approach,
primary prevention of smoking-related complications would
target (or prioritise) those at greatest risk based on reduced
FEV1 in conjunction with other risk factors. This is analogous
to existing primary prevention strategies in cardiovascular
disease where those with elevated blood pressure, blood
glucose or serum cholesterol are identified by widespread
screening and aggressively treated with lifestyle and/or
pharmacological interventions. Just as the aim in CAD
prevention is to maintain blood pressure and serum choles-
terol at near-normal levels, maintaining FEV1 within the
normal range (% of predicted) could be viewed in the same
way. In addition to its potential clinical utility in smoking
cessation, impaired lung function provides a useful screening
tool (and ‘‘teachable moment’’) for identifying smokers most at
risk of lung cancer, heart attack and stroke. In this setting,
reduced FEV1 could help prioritise which smokers might
benefit most from aggressive screening for these smoking
related complications. Recently, a study has shown that
screening for lung cancer using spiral CT scans is more cost-
effective when smokers and ex-smokers are prioritised using
impaired FEV1 in combination with other risk factors for lung
cancer [23].

Disease prevention
Given the importance of reduced FEV1 in cardiovascular risk,
the current authors support others who propose that it be used
in conjunction with existing risk markers [36], such as blood
pressure and serum cholesterol, to assess risk and target
preventive treatment. Improved outcome from such an
approach is suggested by three recent large observational
studies showing that patients with COPD who took statins
(hydroxymethyl-glutaryl CoA reductase inhibitors) had sub-
stantial reductions in both morbidity and mortality, compared
with those with COPD who did not [37–39]. Strikingly, those
with COPD who took statins had a o50% reduction in all-
cause mortality [37–39], 50% reduction in myocardial infarc-
tion [37] and 30% reduction in hospitalisation from COPD [37].
Moreover, in a recently reported nonrandomised study of lung
function screening in smokers and ex-smokers, those taking
statins had an 85% reduction in annual FEV1 decline and 35%
reduction in COPD-related hospitalisation, compared with
those not taking statins [40]. These observational data are
remarkably consistent and suggest the mortality benefit in
COPD patients taking statins was approximately two-fold
greater than the mortality benefit seen with inhaled corticos-
teroid therapy (o25% reduction) [41] or corticosteroid therapy
combined with long-acting bronchodilators (o35% reduction)
[42]. Moreover, the reduction in hospitalisation with the statin
therapy was comparable to that achieved with local-acting
inhaled corticosteroids [43]. Perhaps of greater significance
was that reduction in myocardial infarction seen with the statin
therapy was two-fold greater in patients with COPD than in
the coronary artery primary prevention studies [44]. Finally,
statin use has also been associated with reduced risk of lung
cancer [45]. As these statin studies were only observational
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FIGURE 3. Relationship between forced expiratory volume in one second

(FEV1), smoking status and a) odds ratio for cardiovascular mortality and b) all

cause mortality rate. a) &: current smoker; h: ex-smoker; &: never-smoker. b) &:

heavy smoker; &: moderate smoker; h: ex-smoker; &: non-smoker. a, b) Modified

from [6] and [7], respectively.
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studies [37–40, 45], the potential for confounding exists and
randomised clinical trial data will be required to confirm these
interesting findings.

There is now considerable evidence suggesting statins have
immunomodulatory effects that could attenuate the inflam-
matory effects of smoking on the lung [46], not just the arteries.
These include reducing neutrophil migration, cytokine pro-
duction, adverse matrix remodelling and small airways
inflammation [47]. The current authors suggest that identifying
smokers with significant air flow limitation (FEV1 ,70% pred)
could be considered analogous (in terms of future cardiovas-
cular risk) to identifying those with elevated cholesterol
(together with other CAD risk factors), thus prompting
consideration of primary preventive treatment with statin
therapy in those with multiple risk factors. Given the
substantial risk of CAD conferred by a reduced FEV1, it is
not surprising that patients with COPD appear to gain greater
cardiovascular benefit from statin therapy than those with
normal lung function from the primary prevention studies.

IS POPULATION-WIDE SCREENING WITH SPIROMETRY
A REALISTIC GOAL?
It is noteworthy that respiratory specialist societies are globally
unified in their recommendation that all smokers .40–45 yrs
of age should be screened using spirometry. This age band is
important in the natural history of lung function decline as 40–
50 yrs of age is a time-frame when the spirometric threshold of
COPD diagnosis usually begins to be reached [1] and when
smoking cessation is most beneficial [9]. To achieve this goal it
is essential that quality spirometry be widely available and
accessible to primary care providers [48]. To facilitate this,
spirometers are now available that are highly portable,
inexpensive and utilise technology that obviates the need for
calibration. Importantly, the new generation of spirometers
provides immediate quality feedback, which has been identi-
fied as the key limitation of spirometry performed in the
primary care setting [49]. Acknowledging the difficulties of
performing spirometry in general practice, studies have shown
that outsourcing of spirometry to community-based allied
healthcare professionals who are specifically trained and
dedicated to spirometric measurement, is a viable approach
to enhancing accessibility to spirometry in the community [50]
and improves primary care management of COPD [51].

DISCUSSION
There is overwhelming evidence from large scale epidemiolo-
gical studies demonstrating impaired lung function, charac-
terised by reduced FEV1, is a powerful marker of future
morbidity and mortality. Specifically, reduced FEV1 not only
establishes the presence and severity of COPD, leading to
improved treatment [51], but is a powerful predictor of
increased risk of lung cancer, cardiovascular disease and
premature death. The present study proposes that such
knowledge could lead to improved (and better targeted)
patient care, with improved clinical outcomes.

Evidence from several epidemiological studies has shown that
FEV1 is a potentially modifiable marker (fig. 1b), specifically
that its rate of decline can be attenuated by smoking cessation.
Although one might challenge the concept that FEV1 (or FEV1

decline) be viewed as modifiable, only loosely analogous to

serum cholesterol and blood pressure in the current paradigm
of cardiovascular preventive medicine, the current authors
believe it remains a helpful concept in empowering doctors
(and their patients) to commit to and embrace smoking
cessation and smoking cessation interventions. There are
now many intervention and observational studies that have
irrefutably established that risk of COPD, lung cancer and
CAD can be substantially reduced by smoking cessation.
Moreover, studies suggest that if smoking cessation is achieved
by 40–45 yrs of age then not only can lung function be
maintained at or near normal levels for the majority of prior
smokers but, albeit independently, the risk of these smoking-
related complications may be virtually reduced to those of a
lifelong nonsmoker [9]. This raises the question as to if (or
how) these two outcomes from smoking cessation might be
related. Although it is accepted that the preservation of lung
function after smoking cessation confers protection from
COPD-related mortality, it is not clear if this confers a
reduction in cardiovascular mortality. Many studies suggest
that they may be related through an inflammatory mechanism
[3, 19, 52]. It is possible that smoking cessation, particularly
early in the habit, may attenuate inflammatory processes in the
respiratory and arterial tree, reducing lung function decline
and reducing atheromatous plaque progression and instability.
Such a hypothesis is supported (but not confirmed) by a study
that showed a borderline significant interactive effect between
reduced FEV1 and smoking cessation on cardiovascular
mortality [53, 54].

It is not enough to promote smoking cessation to all smokers.
The current authors suggest greater effort needs to be made to
recognise susceptible smokers, identified through greater
utilisation of FEV1 screening. Those smokers with increased
susceptibility should be aggressively assisted to quit smoking,
as even modest gains in smoking cessation in this high-risk
group would be expected to translate into substantial reduc-
tions in population morbidity and mortality [55]. Such a
targeted approach typifies the 80:20 rule, where 80% of the
gains would come from smoking cessation in those 20% of
smokers who are most susceptible. The current authors also
propose that FEV1 screening be widely utilised in baseline risk
assessment of smokers for primary prevention of COPD, lung
cancer, CAD and stroke in order to personalise risk, prioritise
screening or consider initiating therapeutic interventions.

In conclusion, this is likely to be a cost-effective approach
augmenting existing population based strategies intended to
reduce smoking-related complications and premature death.
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COPD prevalence is increased in lung

cancer, independent of age, sex and

smoking history
R.P. Young*, R.J. Hopkins*, T. Christmas#, P.N. Black", P. Metcalf+ and G.D. Gamble*

ABSTRACT: Chronic obstructive pulmonary disease (COPD) is a common comorbid disease in

lung cancer, estimated to affect 40–70% of lung cancer patients, depending on diagnostic criteria.

As smoking exposure is found in 85–90% of those diagnosed with either COPD or lung cancer,

coexisting disease could merely reflect a shared smoking exposure. Potential confounding by

age, sex and pack-yr smoking history, and/or by the possible effects of lung cancer on spirometry,

may result in over-diagnosis of COPD prevalence.

In the present study, the prevalence of COPD (pre-bronchodilator Global Initiative for Chronic

Obstructive Lung Disease 2+ criteria) in patients diagnosed with lung cancer was 50% compared

with 8% in a randomly recruited community control group, matched for age, sex and pack-yr

smoking exposure (n5602, odds ratio 11.6; p,0.0001).

In a subgroup analysis of those with lung cancer and lung function measured prior to the

diagnosis of lung cancer (n5127), we found a nonsignificant increase in COPD prevalence

following diagnosis (56–61%; p50.45). After controlling for important variables, the prevalence of

COPD in newly diagnosed lung cancer cases was six-fold greater than in matched smokers; this is

much greater than previously reported.

We conclude that COPD is both a common and important independent risk factor for lung

cancer.

KEYWORDS: Chronic obstructive pulmonary disease, epidemiology, lung cancer, risk, spirometry

A
s only 10–15% of chronic smokers get
lung cancer [1], host susceptibility factors
have been implicated. Age, smoking

history, family history and impaired lung func-
tion have been identified as key risk factors [2].
The question that then arises is: does the
association between chronic obstructive pulmon-
ary disease (COPD) and lung cancer come down
to more than a shared smoking history?

Cross-sectional studies show that the prevalence
of COPD is 40–70% of those diagnosed with lung
cancer [3, 4], although prevalence is highly
dependent on diagnostic criteria, age, sex and
smoking exposure [5]. As none of these studies
compared the prevalence of COPD in their lung
cancer cohorts with a smoking cohort matched
for these variables, the significance of this finding
is uncertain. Moreover, none of these studies
considered that lung cancer may itself cause an
obstructive effect on spirometry. It is possible
that potential confounding by age, sex and pack-
yr smoking history on COPD prevalence, and/or
the possible effects of lung cancer per se on

spirometry, could result in over-diagnosis of
COPD and a falsely increased association
between COPD and lung cancer.

An alternative explanation is that COPD is
independently and closely related to lung cancer
[6] and that these diseases even share underlying
host susceptibility factors [7, 8]. This is clinically
important for three reasons. First, an exaggerated
or maladaptive response to smoking (or other
aero-pollutant), i.e. induced airway inflamma-
tion, could be the basis of this susceptibility [8]
and the target for future preventive drug thera-
pies [9]. Evidence to support this proposition
comes from recently reported genetic studies
showing that both COPD [10] and lung cancer
[11, 12] were associated with a genetic variant in
the a5 subunit of the nicotinic acetylcholine
receptor gene, previously implicated in smoking-
induced lung inflammation [9]. Secondly, risk
assessment tools designed to identify those at the
greatest risk of lung cancer who may benefit from
preventive strategies may incorporate these
genetic variants, along with a history of COPD
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[13]. Thirdly, the diagnosis of COPD should alert patients to
their elevated risk of lung cancer [14], much as elevated blood
pressure does for the risk of stroke. This increased risk is
independent of smoking status [15] and may have utility in
prompting high-risk people to present early with new
symptoms suggestive of lung cancer [16] or be a selected
group for future lung cancer screening programmes. With
these observations in mind, we undertook a simple cross-
sectional study to ascertain the prevalence of COPD in recently
diagnosed lung cancer cases, to determine the effect of the
cancer on spirometry and to establish to what degree (if any)
COPD is found more often in lung cancer cases compared with
an appropriately matched control group randomly recruited
from the community.

MATERIALS AND METHODS

Study subjects
Patients with lung cancer (n5446) were consecutively
recruited between 2004 and 2007 following referral to a
specialist lung cancer clinic at a local tertiary hospital (Green
Lane Clinical Centre, Auckland, New Zealand). These patients
were .40 yrs of age, of Caucasian ancestry (all four grand-
parents of Caucasian descent) and the diagnosis was con-
firmed through histological or cytological specimens in 95% of
cases. Nonsmokers with lung cancer were excluded from this
study and only those cases of primary lung cancer with the
following pathological diagnosis were included: adenocarci-
noma, squamous cell cancer, small cell cancer and nonsmall
cell cancer (generally large cell or bronchoalveolar subtypes).
Spirometry in the lung cancer cases was performed using
American Thoracic Society (ATS) criteria within 3 months of
lung cancer diagnosis, prior to surgery and in the absence of
pleural effusions or lung collapse (partial or complete) on plain
chest radiographs. Spirometry was performed after with-
holding short- and long-acting bronchodilators for a minimum
4 and 12 h, respectively. Among the lung cancer cases, we
identified those with previous lung function testing, which
was carried out on average 2 yrs prior to diagnosis (range
1–5 yrs). This was performed by the hospital lung function
laboratory using ATS criteria. In a subgroup that underwent
surgery for their lung cancer, we obtained lung function
o6 weeks after lobectomy. Control subjects were recruited
from the same city suburbs from which the lung cancer cases
came, during the years 2002–2005. Subjects were recruited
through a random sample from the Auckland electoral rolls
(response rate of 60%) [17]. Subjects completed an investigator-
administered questionnaire that covered details of ethnicity,
smoking history and previous medical history. We selected
those respondents between the ages of 40 and 75 yrs, with self-
declared European ancestry and a minimum 10 pack-yr
smoking history (n5654). Matching of the lung cancer cases
with controls from the community-based survey was done by
our biostatistician (G.D. Gamble) using the following para-
meters, matching one for one for each of the following: age at
recruitment within 5 yrs, smoking history at recruitment
within 5 pack-yrs and matching of sex. All participants gave
written informed consent and the study was approved by the
local ethics committee (Auckland Ethics Committee, Auckland,
New Zealand). We used pre-bronchodilator spirometry and
subjects were classified as having COPD according to Global

Initiative for Chronic Obstructive Lung Disease (GOLD)
criteria 2 or more [5, 18].

Statistical analysis
Patient characteristics in the cases and controls were compared
by unpaired t-tests for continuous variables and a Chi-squared
test for discrete variables (Mantel–Haenszel odds ratio).

RESULTS
Table 1 summarises the clinical characteristics of our
unmatched and matched lung cancer and community-based
smoking controls. From a total cohort of 654 community-based
randomly selected smokers aged 40–75 yrs, we identified a
subgroup of 301 subjects that were closely matched one for one
with the lung cancer cases. From the tertiary hospital clinic, we
identified 446 lung cancer cases of Caucasian ancestry. For the
community-based smoking controls, apart from age and pack-
yr smoking history (where the total group (unmatched n5654)
is younger and smoked less than the matched subgroup
(n5301)), the smoking control subgroup is very similar in
baseline characteristics to the total group. Similarly for the lung
cancer cases, apart from age and pack-yr smoking history
(where the total (unmatched) group is older and smoked more
than the matched subgroup), the lung cancer subgroup
(n5301) is very similar in baseline characteristics to the total
group (n5446) recruited from the clinic. In the matched
comparison, weight was higher among controls (p,0.001) and
current smoking less among controls (p,0.001) when com-
pared with lung cancer cases (table 1). In contrast, lung
function and prevalence of COPD were significantly different
in the matched comparison (table 1). The demographic
variables, staging and histological subtypes of the lung cancer
cases in this study (tables 1 and 2) are comparable to a large
series published from a cohort in the USA [19], suggesting that
our lung cancer cohort is representative (histology: 17% small
cell, 10% nonsmall cell, 43% adenocarcinoma, 24% squamous
cell and 5% unknown histology; staging: 29% stage 1, 10%
stage 2, 31% stage 3 and 30% stage 4).

On comparing lung function (table 1), we found that the lung
cancer cases had consistently greater airflow limitation,
regardless of COPD severity, than the matched community-
based smokers. Specifically, the forced expiratory volume in
1 s (FEV1), FEV1 % predicted and FEV1/forced vital capacity
(FVC) ratio were lower in the lung cancer cases compared with
controls. More importantly, the prevalence of COPD (pre-
bronchodilator GOLD 2+ criteria) was 50% in the matched lung
cancer cases compared with 8% in the matched smoking
controls (n5602; OR 11.6; p,0.0001) corresponding to a six-
fold greater prevalence. This prevalence is only slightly
different to that seen in the unmatched cohorts. Figure 1
shows the distribution of FEV1 % pred in our lung cancer cases
(n5301) compared with control smokers in a local population
matched for age, ethnicity and smoking exposure (n5301).
Figure 2 shows the estimated proportion of lung cancer cases
from smokers with COPD compared with those with normal or
near normal lung function based on a GOLD 2+ prevalence of
50% among those diagnosed with lung cancer. GOLD 2+
criteria was chosen to define COPD to 1) minimise potential
over-diagnosis of COPD in these older cohorts (mean age
64–65 yrs), in which low FEV1/FVC ratio (i.e. GOLD 1+) is
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commonly seen [18], and 2) best reflect older definitions of
COPD (European Respiratory Society and ATS) [5]. The
prevalence of restrictive lung function (FEV1/FVC .70% and
FVC ,80%) was comparable in the cases and controls (,12%)
but may in part reflect differences in body mass index (BMI)
between the cases and controls [18, 20]. No relationship with
lung function (or COPD prevalence) was seen after subgroup-
ing lung cancer cases according to staging although COPD
prevalence was slightly higher in small cell and squamous cell
lung cancers (table 2).

In a subgroup analysis of inoperable lung cancer cases
(n5127), we identified lung cancer cases who had already
undergone lung function testing on average 21 months (range
1–5 yrs) prior to lung cancer diagnosis. Although spirometry
was slightly reduced at the time of diagnosis (table 3), we
found the prevalence of COPD (as defined) only increased
from 56% to 61% (p50.45). The higher frequency of COPD in
this subgroup likely reflects the greater impairment of lung
function and associated inoperability.

In a second subgroup analysis of operable lung cancer cases
(n5100), we identified lung cancer cases who had undergone
lobectomy for their lung cancer and had repeat lung function
testing on average 23 months (range 1–5 yrs) after surgery.
This group was comparable to the larger lung cancer cohorts:
51% male, mean age 68 yrs, mean smoking history 37 pack-yrs,
mean height 167 cm and mean weight 72 kg. In this subgroup
we found post-operative lung function was reduced (table 3)

and the prevalence of COPD (as defined previously) increased
from 44% to 60% (p50.02).

DISCUSSION
In the present study, we found the prevalence of COPD (pre-
bronchodilator GOLD 2+) to be 50% in 301 lung cancer cases
and 8% in our matched sample of community-based smoking
controls with no lung cancer. In a subgroup analysis of lung
cancer cases, in whom spirometry had been carried out prior to
and after diagnosis (n5127), we found a small and nonsignifi-
cant increase in the prevalence of COPD following lung cancer
diagnosis (56% and 61%, respectively; p50.45). The 8%
prevalence of COPD in the community-based smoking controls
reported here is consistent with recently published prevalence
studies worldwide [5]. We show that the prevalence of COPD
was more than six-fold greater in the lung cancer cohort
compared with matched smoking controls and that this did not
result from over-diagnosis. We believe this may be the first
case–control study of COPD prevalence in lung cancer where
controls were carefully matched and the effects of lung cancer
on spirometry was examined.

A number of studies have reported the results of their
spirometry in newly diagnosed lung cancer [3, 4]. Although
these studies use different spirometric criteria, they show that
approximately 40–70% of lung cancer cases have coexisting
COPD. Although our study showed a comparable COPD
prevalence of 50%, these are all cross-sectional studies. In a
prospective study, baseline spirometry was carried out and

TABLE 1 Summary of characteristics of the lung cancer cases and control smokers before and after matching

Parameter Unmatched cohorts Matched cohorts p-value#

Control smokers Lung cancer Control smokers Lung cancer

Subjects n 654 446 301 301

Males % 57 53 53 53

Age yrs 59¡10 69¡10 64¡9 65¡9 0.23

Height cm 170¡0.09 167¡0.08 168¡0.09 168¡0.08 0.58

Weight kg 80¡16 69¡15 78¡15 71¡16 ,0.001

Smoking history

Age started smoking yrs 18¡4 17¡4 18¡4 18¡4 0.62

Cigarettes?day-1 17¡9 20¡10 20¡7 19¡9 0.33

Current smokers % 24 35 22 39 ,0.001

Pack-yrs 35¡20 41¡25 38¡18 38¡18 0.93

Lung function

FEV1 L 2.84¡0.82 1.86¡0.69 2.56¡0.80 1.90¡0.69 ,0.001

FEV1 % pred 97¡18 73¡23 96¡20 71¡23 ,0.001

FEV1/FVC % 81¡9 64¡13 80¡10 64¡13 ,0.001

Prevalence of COPD %

GOLD 1+ 10 60 15 65 ,0.001

GOLD 2+ 6 51 8 50 ,0.001

GOLD 3+ 1.2 14 1.3 15 ,0.001

History of comorbidities %

Chronic bronchitis 5 18 6 16 ,0.001

Asthma 12 12 11 13 0.45

Data are presented as mean¡SD, unless otherwise stated. FEV1: forced expiratory volume in 1 s; % pred: % predicted; FVC: forced vital capacity; COPD: chronic

obstructive pulmonary disease; GOLD: Global Initiative for Chronic Obstructive Lung Disease. #: comparison for matched cohorts only.
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incident lung cancer cases were identified over a 20-yr follow-
up period [21]. In the present study, 48% of those diagnosed
with lung cancer had pre-existing COPD (based on the similar
spirometric criteria) on baseline spirometry. We assume that
had spirometry been done closer to the time of diagnosis, the
prevalence of COPD would have been somewhat higher. These
findings support those of a recently reported prospective study
by WILSON et al. [22], in which lung cancer (n599) was
diagnosed following yearly computed tomography (CT)
screening. In the WILSON et al. [22] study, the prevalence of
COPD according to GOLD 1+, 2+ and 3+ criteria was 67%, 51%
and 15%, respectively, almost identical to those reported here.
As expected, the prevalence of COPD (GOLD 2+) in that study
was 29% in the nonrandomised ‘‘noncases’’ who were younger
and had smoked less. In contrast to the current study,

emphysema was systematically scored for severity by WILSON

et al. [22] and, consistent with others, shown to be indepen-
dently associated with lung cancer. We found ,12% of our
lung cancer cases had restrictive lung function comparable to
other studies [21]. However, we did not find any difference in
restrictive lung function between cases and controls, although
differences in BMI may be, in part, obscuring any difference
[18, 20].

Although the above studies are in agreement, and confirm that
a half or more of lung cancer cases have coexisting COPD, it is

TABLE 2 Lung function and chronic obstructive pulmonary disease (COPD) prevalence according to stage and histology in the
lung cancer cohort#

Lung cancer histology" Subjects n Staging+ Spirometry COPD prevalence

GOLD 2+ %

FEV1 L FEV1 % pred FVC L FEV1/FVC %

Small cell1 78 1.88¡0.46 72¡17 2.95¡0.71 64¡7 53

26 Limited 1.81¡0.63 72¡19 2.86¡0.77 63¡12 50

52 Extensive 1.92¡0.44 73¡17 3.00¡0.71 64¡7 54

Nonsmall celle 100 Stage 1 1.89¡0.72 78¡27 2.87¡0.83 66¡15 46

34 Stage 2 1.77¡0.43 71¡19 2.68¡0.71 67¡13 42

107 Stage 3 2.11¡0.33 76¡10 3.23¡0.52 65¡14 46

103 Stage 4 1.93¡0.87 70¡25 2.97¡0.67 65¡11 48

Histological subtype

Adenocarcinoma 191 1.96¡0.65 77¡26 2.96¡0.44 66¡13 45

Squamous 108 1.85¡0.29 70¡22 2.93¡0.47 63¡12 51

Nonsmall 45 1.78¡0.55 71¡19 2.89¡0.87 62¡11 47

Data are presented as mean¡SD, unless otherwise stated. FEV1: forced expiratory volume in 1 s; % pred: % predicted; FVC: forced vital capacity; GOLD: Global Initiative

for Chronic Obstructive Lung Disease. #: n5446; ": histology not available in 5% of all lung cancer cases; +: data for accurate staging was available in 85% of nonsmall

cell lung cancer cases; 1: total n578, 17%; e: total n5344, 77%.
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FIGURE 1. Frequency distribution of forced expiratory volume in 1 s (FEV1) %

predicted in smoking controls (h) and lung cancer cases (&) (n5602) matched for
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FIGURE 2. Relationship between lifetime risk of chronic obstructive pulmonary

disease (COPD; Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2+)

and lung cancer in chronic smokers (n5100). Assuming ,20 (20%) out of 100 of

smokers get COPD (GOLD 2+; &) and ,10 (10%) out of 100 of smokers get lung

cancer (&) then if 50% of the latter have pre-existing COPD then five (25%) out of 20

with COPD get lung cancer while five (6%) out of 80 with ‘‘normal’’ lung function get

lung cancer.
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not clear whether (or by how much) the presence of lung
cancer may alter lung function at the time of diagnosis of lung
cancer. The question then arises: Does the presence of lung
cancer itself alter the spirometry and cause an over-estimate of
COPD prevalence? To the best of our knowledge, no studies
have attempted to assess the change in lung function before
and after lung cancer diagnosis. In a subgroup analysis of lung
cancer cases (n5127), we have identified patients with lung
function tests prior to their diagnosis of lung cancer (mean
21 months). These patients had undergone spirometry primar-
ily for symptoms of breathlessness. In comparing lung function
before and after diagnosis of lung cancer, we found only a
small reduction in lung function (table 3) and a nonsignificant
increase in COPD prevalence from 56% to 61% in this cohort
(p50.45). Lung function was measured on average 21 months
(range 1–5 yrs) before the diagnosis of lung cancer. This
observation suggests that over-diagnosis of COPD resulting
from lung cancer per se is only modest relative to the
prevalence observed in a matched smoking control cohort.
Support for this conclusion comes from the study of WILSON et
al. [22], where early stage lung cancers were diagnosed
prospectively during CT screening and yet COPD prevalence
at baseline was very comparable to prevalence reported in the
present study (i.e. no suggestion of over-diagnosis of COPD
due to the presence of more advanced stages of lung cancer
itself). Further support for this comes from the observation that
lung function (or COPD prevalence) was not significantly
affected by lung cancer stage (table 2). In contrast, the effect of
surgery to resect the tumour might alter the prevalence of
COPD. Studies examining lung function after lobectomy
suggest that lung function is only mildly affected [23, 24].
The results from our study are very similar to those from WIN

et al. [23], who in a similarly sized study reported pre-operative
FEV1 of ,2 L, dropping on average 600 mL, compared with
400 mL in our study (table 3). Not surprisingly, this results in a
significant increase in the prevalence of COPD from 44% to
60% (p50.02) in the group who have had surgery.

The confirmation that ,50% of lung cancer cases have co-
existing moderate-to-severe (GOLD 2+) COPD has a number of
implications. First, it suggests that a disproportionate number
of lung cancer cases occur in smokers with pre-existing COPD
compared with those with normal (or near normal) lung

function (fig. 2). Prospective studies suggest that 20% of
smokers get COPD [25] and prevalence studies suggest
,10% of the smoking population, in a comparable age band
to those with lung cancer (40–75 yrs), have COPD [5]. On the
basis that ,50% of lung cancer cases have co-existing moderate
to severe COPD and, conservatively, 10% of chronic smokers
get lung cancer, then a disproportionate number of lung cancer
cases stem from patients with pre-existing COPD (one in four
or 25% get lung cancer) compared with those smokers with
‘‘normal’’ lung function (one in 16 or 6% get lung cancer;
fig. 2). We suggest that the risk of lung cancer among those
with COPD may be closer to six-fold higher, much greater than
the estimated two-fold increased risk previously associated
with COPD [26]. Our results are consistent with those of
prospective studies which also show, after adjustment for
smoking, that COPD (based on GOLD 2+) confers up to a six-
fold greater risk for lung cancer when compared with smokers
with truly normal lung function [6, 21, 27]. These studies
suggest that impaired lung function (based on reduced FEV1)
is more important than age or smoking exposure (measured as
pack-yrs) [15, 27]. In a small CT screening study from Spain,
the vast majority of lung cancer cases (20 (87%) out of 23) had
either spirometric evidence of COPD (16 (69%) out of 23 with
GOLD 1+) or radiological evidence of emphysema of variable
severity (17 (74%) out of 23) [28]. Furthermore, mortality
studies of patients with COPD suggest 20–30% die from lung
cancer [29]. Such a strong association suggests COPD should
be considered the most important underlying risk factor for
lung cancer, greater than that attributed to smoking dose or
age. Such a view is supported by a recently published study
showing that even in nonsmokers, impaired lung function is
associated with an increased risk of lung cancer [15].
Collectively, these studies show that not only is COPD (or
airflow limitation) closely associated with lung cancer,
independent of smoking exposure dose and age, but the
magnitude of the association is much greater than generally
appreciated.

Certainly if obstructive pulmonary function carries up to a six-
fold increase in risk for lung cancer, it is much greater than that
seen for other clinical variables, such as elevated blood
pressure or cholesterol (each conferring a two-fold increased
risk for coronary artery disease) that are routinely measured

TABLE 3 Spirometry and chronic obstructive pulmonary disease (COPD) prevalence in lung cancer cases before and after
diagnosis and lobectomy for lung cancer

Lung function Lung cancer diagnosis# Lobectomy for lung cancer"

Before After Mean difference Before After Mean difference

FEV1 L 1.73¡0.71 1.60¡0.69 -0.123 2.05¡0.80 1.67¡0.69 -0.380

FEV1 % pred 68¡18 65¡23 -3 81¡20 69¡23 -13

FVC L 2.71¡0.73 2.79¡0.65 0.06 3.11¡0.82 2.77¡0.77 -0.340

FEV1/FVC % 63¡9 58¡13 -5 66¡10 61¡13 -5

Spirometric COPD

GOLD 2+ %

56 61+ 44 601

Data are presented as mean¡SD, unless otherwise stated. FEV1: forced expiratory volume in 1 s; % pred: % predicted; FVC: forced vital capacity; GOLD: Global Initiative

for Chronic Obstructive Lung Disease. #: n5127; ": n5100; + p50.45; 1: p50.02.
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for risk assessment and targeted cardiovascular prevention.
This argues strongly for the routine use of spirometry in
smokers to identify those with COPD and those with a
significantly elevated risk for lung cancer, both of which have
previously been shown to assist in smoking cessation [30–32].

A second implication from this strong association between
COPD and lung cancer is the possibility that both diseases result
from shared pathogenic mechanisms. It has been hypothesised
that COPD is due to an inherent susceptibility (exaggerated or
maladaptive response) to chronic inflammation [7–10, 14].
Interestingly, smoking-induced airway inflammation typically
persists in those smokers with COPD for many years after
quitting smoking [33]. This persistent inflammation may, in
part, explain why ,50% of lung cancer cases are found in
ex-smokers [3, 10, 19]. We propose that susceptibility to lung
cancer and COPD results from overlapping or shared genetic
effects [7–10, 13, 14], most likely expressed through smoking-
induced inflammation. Support for this hypothesis comes from
recently reported genetic association studies identifying a
genetic variant in the a5 subunit of the nicotinic acetylcholine
receptor gene, which has been implicated in smoking-induced
lung inflammation [9], with both COPD [10] and lung cancer
[11, 12]. Assuming this is true, and that other genetic variants
confer susceptibility to both lung cancer and COPD [7], then
common pathological pathways could be targeted for preven-
tive treatment.

A third implication of the apparently close relationship
between COPD and lung cancer is in the development of risk
tools designed to identify those at greatest risk of lung cancer.
As is the case for risk tools for other common conditions such
as breast cancer (Gail Score for breast cancer) and coronary
artery disease (Framingham score for myocardial infarction),
increasing age is central to the assessment of the risk of lung
cancer [13, 34]. Other variables used in lung cancer risk tools
include smoking history, asbestos exposure and the presence
of pre-existing lung disease, notably COPD [10, 13, 34]. The
results of our study and the other studies discussed above
emphasise the importance of COPD as an important and
independent risk variable in the risk assessment of lung cancer.
We believe that, just as it is important to measure and
document blood pressure (for risk of future stroke), bone
mineral density (for risk of future fractures) or BMI (for risk of
future diabetes), lung function should be measured and
recorded for assessing the risk of future lung cancer [10, 13–
15, 34]. The assessment of lung cancer risk and the utility of
measuring lung function have potential clinical benefits in
smoking cessation [30–32] and targeted CT screening [35].
There may also be utility in the early diagnosis of lung cancer
where delays in the diagnosis [16], tumour size and mortality
are closely related [36].

In summary, the close relationship between COPD and lung
cancer identified in this and other studies is not just about a
shared smoking exposure, but likely to reflect in part, a shared
genetic susceptibility to chronic smoking-induced inflamma-
tion. This association has clinical implications for the wider use
of spirometry for the early identification of those at the greatest
risk of lung cancer [10, 13–15, 34] and those who will have the
most to gain from targeted smoking cessation and early
diagnostic work-up for lung cancer [35].
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CORRESPONDENCE

Comorbidities in COPD
To the Editors:

We read with great interest the recent review article by BARNES

and CELLI [1] outlining the systemic manifestation of chronic
obstructive pulmonary disease (COPD) and the potential
benefits of statin therapy in the management of COPD. In this
article, the authors propose that statins may have a dual role in
reducing pulmonary and systemic inflammation, through
inhibition of cell signalling molecules (Ras, Rho and Rac).
Attenuation of pulmonary inflammation would result from
inhibition of inflammatory cell migration and associated
cytokine release into lung tissue. Attenuation of systemic
inflammation would result from a reduction in pulmonary
inflammation (reduced ‘‘spill over’’ into the systemic circula-
tion) and inhibition of interleukin (IL)-6 and C-reactive protein
synthesis from the liver and other tissues [2]. We suggest the
pharmacological and clinical benefits of statins in COPD [3]
may be even greater than described in this review.

With respect to the possible inhibition of pulmonary inflamma-
tion, a recent systematic review of observational studies showed
that patients with COPD taking statins had consistently better
outcomes than those not taking statins [4]. Benefits included less
COPD exacerbations (30% reduction), lower mortality from chest
infections (40–50% reduction), a slower decline in forced
expiratory volume in 1 s (FEV1) and lower all-cause mortality
(50% reduction). In addition to these findings, we have shown
that three large observational studies consistently show a reduced
risk of lung cancer in those taking statins (30–50% reduction) [3].
The latter benefit is of considerable importance as lung cancer
accounts for the greatest proportion of deaths (33%) in patients
with COPD [5]. Moreover, along with other studies, we have
recently shown that as many as 70% of patients with lung cancer
have pre-existing COPD [6]. If statins confer a chemopreventive
action as suggested, then widespread use of statins in patients
with COPD might, along with reduced smoking rates, reduce the
incidence of lung cancer in the near and long term. The
mechanism for this chemopreventive effect has been elucidated
in studies showing that statins not only inhibit the pulmonary
inflammatory and remodelling processes underlying COPD [1,
3], but also inhibit (or even reverse) subsequent epithelial
mesenchymal transition, recognised in pre-clinical studies as
the precursor to lung malignant transformation [7, 8].

The second important implication from this review article
stems from the hypothesis that systemic inflammation in
patients with COPD (‘‘spill over’’ effect) is associated with the
development of coronary artery disease (CAD) and can be
modified by statin therapy [1]. The former would explain why
reduced FEV1 has been shown to be a strong predictor of CAD,
comparable to cholesterol level and independent of smoking
history [3]. Given the strong relationship between COPD and
CAD, and that CAD is a common cause of death in patients
with COPD (23%) [5], it could be argued that COPD patients

might benefit from statin therapy for this reason alone. In our
review we showed that about 20–30% of patients with COPD
are currently taking statins [3], although many more may
benefit from this therapy.

Lastly, in their review, BARNES and CELLI [1] voice concerns that
statins may have a detrimental effect on skeletal muscle.
However, elevated IL-6 is an important factor underlying
skeletal and respiratory muscle dysfunction or wasting [9]. As
statins inhibit IL-6 synthesis in both the liver and other tissues
(including inflammatory cells in the lung), then they could
potentially improve muscle function. Such a finding was
reported in a small randomised control trial where exercise
tolerance in patients with COPD was improved by .50% in
those receiving statin therapy for 6 months compared with
placebo [10].

We conclude that the recently published review by BARNES and
CELLI [1] highlights the need to look beyond the lungs in
treating patients with COPD [1]. Specifically, they suggest that
addressing co-existing systemic inflammation may result in a
considerable improvement in morbidity and mortality. In
contrast, limiting COPD treatment to symptom control with
bronchodilators might appear analogous to limiting treatment
of CAD to sublingual glyceryl trinitrate. We suggest that
considerable clinical and pre-clinical data exist to show that
statins inhibit pulmonary inflammation through mechanisms
that explain all of the respiratory benefits reported to date.
Although randomised control trials are needed to confirm and
quantify these pulmonary effects, there is no doubt that statins
reduce systemic inflammation, reduce mortality and, thus,
have potential in the management of COPD.
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From the authors:

We thank R. Young and co-workers for their constructive
comments on our review [1] and we fully agree with them on
the potential benefits of statins in chronic obstructive pulmon-
ary disease (COPD) patients. The new information they
provide about the potential for statins in reducing lung cancer
is particularly important, as this is one of the most common
causes of death amongst COPD patients, particularly in those
with severe disease. The potential anti-inflammatory effects of
statins highlighted in our review might account for the
reduction in cancer, although it is possible that statins have
additional effects on the signalling pathways which lead to
epithelial cancers [1]. For example, lovastatin inhibits the
growth of lung cancer cell lines in vitro, in part, by increasing
activity of the tumour suppressor protein p53 and the cell-cycle
check-point inhibitors p21WAF and p27KIP [2]. Although the
pleiotropic effects of statins provide a convincing scientific

rationale for their potential benefit in COPD patients, a note of
caution should be applied as the evidence for the benefits of
statins is derived solely from observational studies that may
have a selection bias. For example, patients with a better
prognosis or who receive more intense medical attention may
be more likely to be selected for statin therapy. What is needed
now is a large, long-term, randomised placebo-controlled
study investigating the addition of statins to usual therapy
across a range of COPD disease severity; measuring disease
progression, exacerbations, comorbidities and all-cause mor-
tality. However, the high costs of such a study and the
availability of generic statins mean that such a trial may be
difficult to fund. In the meantime, further research investigat-
ing the molecular mechanisms of action of statins may be
useful in identifying novel targets for the development of new
treatments for COPD and its comorbidities [3]. It should also
be remembered that there are differences between statins in the
range of pleiotropic effects, thus it may not be appropriate to
analyse all statins together.
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Penetrating missile pulmonary embolisation
To the Editors:

We read with interest the review by JORENS et al. [1]
highlighting the causes, diagnosis and treatment of nonthrom-
botic pulmonary embolism. Certainly, particulate material
embolisation, especially from an iatrogenic source, is becoming
more common. In fact, another well recognised source of
embolisation of cyanoacrylate glue and lipiodol is following
endoscopic injection of gastric or oesophageal varices [2, 3].

Embolisation of foreign material related to military trauma or
weapons ammunition has become more topical with the
presence of worldwide military conflicts in recent years [4].
The management of these patients can be very challenging
given the presence of multiple injuries and contaminated
wounds. Following adequate resuscitation, total body com-
puted tomography (CT) imaging is often advocated to guide
and prioritise treatment for the most life-threatening condition.
The CT images in figure 1 show a 36-yr-old male injured by a
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LETTER TO THE EDITOR

Link between COPD and lung cancer

Dear Editor

We read with interest the recent review on chronic
obstructive pulmonary disease (COPD) and lung cancer by
Potton et al.1 We agree with their conclusion that COPD and
lung cancer are closely associated and outline here a possible
pathogenic link that not only explains the basis of this rela-
tionship but also the potential for chemopreventive therapy.

As Potton et al. point out, only 10e20% of smokers
develop COPD or lung cancer. Not only do the epidemio-
logical studies show that COPD (i.e. spirometric evidence of
airflow obstruction) is the most important risk factor for
lung cancer, seen in both smokers and non-smokers,1 it
commonly pre-dates lung cancer in 50e90% of cases.2 This
frequency is dependent on both criteria for COPD (spiro-
metric definition and/or CT evidence of emphysema) and
the source population of the lung cancer cases. The key
conclusion from these studies is that smokers susceptible to
COPD are up to five fold more susceptible to lung cancer

than smokers with normal lung function. Such a finding
supports the view that FEV1 is a biomarker of wider respi-
ratory risk from smoking (i.e. a ‘‘barometer’’ identifying
susceptible smokers).3

We agree with Potton et al. that the pulmonary inflam-
mation and the lung matrix remodelling that underlies
COPD, maybe important precursors to lung cancer. We
suggest this relationship is much like that which exists
between obesity and type 2 diabetes, where one disease is
pathogenically related to the other. In this regard the
exaggerated release of growth factors and matrix metal-
loproteinases from matrix remodelling, maybe promoting
malignant transformation in the respiratory epithelium.4,5

This process is called epithelialemesenchymal transition
(EMT) and has been previously implicated in many cancers
including lung cancer.4e6 In this process, bronchial epithe-
lial cell (BEC) integrity and function is disrupted by matrix
remodelling and growth factor release that underlies COPD
(such as TGFB and MMPs) and together promote EMT
(Fig. 1). The effect of growth factors on EMT has been
shown to be promoted by collagen 1, directly linking lung
remodelling (COPD) with EMT.6 In animal models, the
GTPase proteins (Guanine triphosphatase binding proteins
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response

Matrix remodelling
Airway fibrosis

COPD 

Epithelial-Mesenchymal
Transition

Lung cancer

Genetically susceptible

IL-6 mediated

inflammation 

Inhibited by statins?

Smoking exposure

Figure 1 Proposed relationship between smoking, COPD and lung cancer e possible anti-inflammatory effects of statins.

0954-6111/$ - see front matter ª 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.rmed.2009.11.025

ava i lab le a t www.sc iencedi rec t .com

journa l homepage : www.e lsev ie r . com/ loca te / rmed

Respiratory Medicine (2010) 104, 758e759



Author's personal copy

eg Ras, Rho and Rac) have been linked to the development
of lung cancer, with NF-kB mediating this effect in a COPD
mouse model.5,7 In vitro studies show that inhibition of
GTPases can reverse EMT and restore epithelium to its
normal morphology.8

Although several pathological pathways are likely to be
involved in the development of COPD and EMT, the majority
are mediated intracellularly by GTPases.4,5,9 These signalling
molecules require isoprenylation to be active and are critical
for cellular function through up-regulating effects on tran-
scription binding factors such as NF-kB and AP-1 central to
gene expression in COPD9 and lung cancer development.5 If
EMT is an important pre-malignant event, then the inflam-
mation and matrix remodelling processes that lead to COPD
may also lead to lung cancer thereby explaining this close
relationship inanoverlapping group of genetically susceptible
smokers (Fig. 1).1,9,10 If this were true, then any pharmaco-
logical agent that could attenuate the inflammatory and
matrix remodelling processes underlying COPD might also
reduce the risk (and development) of lung cancer.4 In this
regard it is interesting that Potton et al. implicate the
inflammatory action of IL-6 in COPD and lung cancer and its
down-streameffectonStat3.1 Interleukin-6hasbeenstrongly
implicated in both COPD11 and lung cancer.12 It has recently
been shown that anti-IL-6 based treatment suppresses
tumorigenesis.13 In a recently published review of the phar-
macological actions of statins in COPD,4 we present data from
both observational studies and pre-clinical studies showing
that statinsmay inhibit thetendency toCOPDand lungcancer.
In addition we suggest that the statin effect occurs through
known inhibitory action on GTPase isoprenylation with
subsequent down regulation of IL-6 activity4 through inhibi-
tion of Stat314,15 and reversal of EMT.16 We conclude that not
only is COPD closely linked to lung cancer through epidemio-
logical studies, genetic studies and pathogenic pathways,
they may also both benefit from the chemopreventive
potential of anti-inflammatory therapies such as statins.4
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Lung function predicts lung cancer
To the Editors:

We read with great interest the recent article by CALABRO et al.
[1] showing the close relationship between obstructive lung
disease and lung cancer. In particular, we are interested in
their suggestion that spirometry might play a very useful role
in improving patient selection for targeted lung cancer
screening.

Recently, we and others have shown that between 50 and 80%
of patients diagnosed with lung cancer had pre-existing
chronic obstructive pulmonary disease (COPD) [2–4] consis-
tent with the findings of CALABRO et al. [1]. In our series of 446
lung cancer patients, we reported that 60–65% had pre-
bronchodilator Global Initiative for Obstructive Lung Disease
(GOLD) 1+ spirometric criteria for COPD [2] consistent with
other published studies [3, 4]. This compared with a
prevalence of only 15% in a randomly selected population of
smokers matched for pack-yrs, sex, ethnicity and smoking
exposure [2]. This suggests that the association between COPD
and lung cancer is strongly independent of smoking exposure
dose. Indeed, the risk of lung cancer conferred by a reduced
forced expiratory volume in 1 s (FEV1) has been shown to be
greater than that conferred by smoking dose (pack-yrs) [5].
When chest CT scan evidence of emphysema is included in the
COPD (spirometric) criteria, the proportion of those with lung
cancer showing signs of airway disease (small airways disease
and/or emphysema) may even be higher than 80% [3]. Of
interest, the study by CALABRO et al. [1] confirmed that even
mild reductions in FEV1 (,90% predicted) are associated with
lung cancer. In our series of nonscreened lung cancer cases [2],
80% had FEV1 % pred ,90% (unpublished data).

We have previously suggested that reduced FEV1 is a
biomarker of susceptibility to smoking for both COPD and
lung cancer [6]. Here we differ with the views of CALABRO et al.
[1] who consider FEV1 to be a surrogate marker of exposure to
carcinogens from smoking [1]. Although smoking exposure is
an important pre-requisite for most lung cancer, the contribu-
tion of smoking dose to the variance in FEV1 is modest and
much less than that from genetic factors [7–9]. This would
accord with data from epidemiological studies of chronic
heavy smokers where the distribution of FEV1 is bi- or tri-
modal rather than unimodal as it is in light- and never-
smokers [6]. In combination, these observations lead us to
suggest that FEV1 is a very useful marker of ‘‘susceptibility’’
rather than exposure. This susceptibility of the lungs to
smoking is probably due to the combined effects of exagger-
ated inflammation and/or aberrant repair [10]. The former
being supported by the close correlation between elevated
inflammatory markers (e.g. C-reactive protein or interleukin-6)
and FEV1 decline in prospective studies [10].

The basis of the COPD-lung cancer association may be due to
overlapping pathogenetic pathways, where exaggerated
inflammation and/or lung remodelling leads to COPD (with
release of matrix metalloproteinases and growth factors) and
subsequent malignant transformation through epithelial
mesenchymal transition [10]. Recent genome-wide association
studies show that some of the genes implicated in lung cancer
are also implicated in COPD [11]. Specifically, we and others
reported in 2008 that the chromosome 15q25 locus, initially
associated with lung cancer, is also associated with COPD [12].
One important clinical application of the COPD-lung cancer
association highlighted by CALABRO et al. [1] is the use of
spirometry to better target CT screening for the early detection
of lung cancer [1]. Such an approach has already been reported
by BECHTEL et al. [13] where including spirometric criteria for
CT screening eligibility resulted in a lung cancer pick up rate of
6%, much greater than <1.0% reported by CALABRO et al. [1]
and others [14] where selection is based on age and smoking
history alone. Given the constraints of cost and harms from
nontargeted screening with CT, we believe maximising
specificity over sensitivity is a much more desirable approach
to lung cancer screening. By targeting screening for lung
cancer to those smokers with evidence of airway obstruction
and/or lung parenchymal damage (emphysema), lung cancer
pick up can be substantially improved [13]. We advocate the
use of other biomarkers of lung risk, such as gene-based lung
cancer risk assessment [15], to further improve pick up rates
(specificity) for those undergoing screening for lung cancer. In
this regard, we strongly agree with CALABRO et al. [1] in
advocating the use of available risk biomarkers (spirometry
and genes) to better target lung cancer screening to those
smokers at greatest risk.
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Genetics of lung cancer 
susceptibility and COPD
We read Paul Brennan and colleagues’1 
Review of the genetics of lung cancer 
susceptibility with interest. However, 
we were surprised that the Review 
included little reference to recent 
evidence suggesting that genes 
for lung cancer overlap with those 
for chronic obstructive pulmonary 
disease (COPD). COPD is the most 

important risk factor for lung cancer 
in smokers, and predates lung cancer 
in up to 70–80% of cases (fi gure).2,3 

COPD is characterised by a reduced 
forced expiratory volume in 1 s (FEV1). 
A low expiratory volume is a highly 
heritable trait that increases the 
risk of lung cancer in smokers by 
six times compared with those with 
normal lung function.2 In view of 
these observations, genetic factors 
underlying COPD could be related to 
lung cancer susceptibility.3

Tockman and colleagues4 fi rst 
proposed that genes underlying a 
susceptibility to COPD might also 
be relevant to lung cancer. Not until 
the era of genome-wide association 
(GWA) studies could such a hypothesis 
be reliably tested. Results of GWA 
studies show that candidate loci for 
COPD and lung cancer overlap.5 By 
comparing smokers with COPD or 
lung cancer with healthy smokers 
(who have a normal FEV1), we have 
reassessed the GWA genetic variants 
associated with COPD and lung 

cancer, to investigate whether any 
mediating or overlapping eff ects 
could be identifi ed when all three 
groups were compared.3 We noted 
that the most strongly replicated 
genetic loci on chromosome 15q25 
(the nicotinic acetylcholine receptor 
gene), which had been associated 
with an increased  susceptibility to 
lung cancer in the fi rst GWA studies, 
was independently linked to an 
increased risk of COPD.3 Subsequent 
GWA investigations substantiated 
this fi nding.1,6 Moreover, functional 
studies supported the dual role for 
this candidate gene.1,3 Additionally, 
we have shown that genetic variants 
associated with a reduced risk of 
COPD in GWA studies (protective 
variants on chromosomes 4q31 and 
4q22) are independently associated 
with a reduced risk of lung cancer.3 
These fi ndings are analogous to the 
overlapping relation of the FTO gene 
with type 2 diabetes that is mediated 
largely through its association with 
obesity. 

Two trials that are underway, the 
CReST trial (ISRCTN13846816) and 
the ESCO study (NCT00591695) 
will hopefully provide further data 
regarding silent perforation, and 
follow-up data on stenting as a 
bridge to surgery from previous 
series might provide insight into the 
clinical signifi cance of silent and overt 
perforations.

We believe that the equipoise 
principle certainly persists for specifi c 
groups of patients with acute 
malignant colonic obstruction, such 
as those with high operative risk, 
with partial obstruction, or patients in 
tertiary referral centres. 
PF’s institution has received research grants from 
Olympus Medical Systems, Boston Scientifi c, and 
Cook Endoscopy; and PF has been a consultant for 
Ethicon Endosurgery, Covidien, Cook Endoscopy, 
and Torax Medical. JEvH, WAB, and MGD declare 
that they have no confl icts of interest. 
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Figure: Overlap of chronic obstructive pulmonary disease and lung cancer in smokers
In epidemiology studies of chronic smokers, spirometric testing shows that about 20% have chronic 
obstructive pulmonary disease (COPD).3 This approach gives three groups of chronic smokers for comparison: 
those with normal lung function, COPD, and lung cancer. Lung cancer cases are further subdivided according 
to COPD phenotype.3
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This so-called overlap eff ect is 
relevant for many reasons. Most 
importantly, if genes underlying 
COPD and lung cancer do overlap, 
it would naturally follow that the 
pathogenic pathways leading to 
these diseases might also be related. 
Considerable molecular evidence 
suggests that COPD is linked to lung 
cancer through infl ammatory or 
immune-modulating pathways,3,7 
which are potentially amenable 
to chemopreventive agents.7 In 
particular, pulmonary infl ammation 
induced by smoking, which leads 
to aberrant epithelial and airway 
remodelling, is thought to underlie 
COPD and be characterised by 
elevated growth factors and 
matrix metalloproteinases. In this 
microenvironment, premalignant 
trans formation of the airway 

epithelium (termed epithelial-
mesenchymal transition) is known to 
occur, potentially linking COPD with 
the development of lung cancer.7

We suggest that future genetic 
epidemiological studies of lung 
cancer might benefi t greatly from 
the exploration of this overlap by 
subphenotyping cases and controls 
for coexisting COPD.
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          COPD and Lung Cancer Linked at a 
Molecular Genetic Level   

                 To the Editor: 

 We read with interest the recent editorial by Strange 
(December 2010),  1   who suggests that with a greater understand-
ing of COPD may come a greater understanding of lung cancer 
biology. Here, we review evidence from recently published genetic 
epidemiologic studies that supports this view by showing COPD 
and lung cancer are linked at a molecular genetic level. 

 In 2009, we showed that COPD affects between 50% and 80% 
of those diagnosed with lung cancer (depending on diagnostic 
criteria), more than sixfold that seen in smokers with compara-
ble smoking histories randomly recruited from the community.  2   
Recent advances in genetic epidemiology have identifi ed genetic 
loci implicating three genes in the development of COPD: the 
nicotinic acetylcholine receptor gene ( a  3 / a  5  subunits) on chromo-
some 15q25 ( CHRNA3/5   ) (susceptibility effect), the hedgehog 
interacting protein on chromosome 4q31 ( HHIP ) (protective 
effect), and the family with sequence familiarity 13 member A 
gene on chromosome 4q22 ( FAM13A ) (protective effect). Although 
these genes were fi rst identifi ed through genome-wide asso-
ciation studies involving thousands of subjects, their dual role 
in COPD and lung cancer was established in a case-control study 
wherein these genetic associations were examined in smokers 
with normal lung function, those with COPD (GOLD [Global 
Initiative for Chronic Obstructive Lung Disease] 2 1  criteria) and 
those with histology-confi rmed primary lung cancer (subgrouped 
by COPD subphenotype).  3 - 5   Using this approach, we found the 
 CHRNA  gene, originally associated with an increased risk of lung 
cancer, was also associated with an increased risk of COPD,  3   and 
the  HHIP  and  FAM13A  genes originally associated with reduced 
risk of COPD were independently associated with a reduced 
risk of lung cancer.  4 , 5   These fi ndings provide compelling evidence 
that COPD and lung cancer are directly linked at a molecular 
genetic level. 

 Importantly,  CHRNA3/5  subunits are expressed throughout 
the bronchial epithelium, are activated by nicotine, and appear to 
modulate pulmonary infl ammation.  3   Similarly,  HHIP  is expressed 
on bronchial epithelium and modulates epithelial repair, smoke-
induced epithelial-mesenchymal transition (premalignant transfor-
mation), and cigarette smoke-induced oncogenic transformation 
of bronchial epithelial cells.  4   Although little is known of  FAM13A  
function, it is also expressed on the bronchial epithelium and 
sequence analysis indicates  FAM13A  has Rho GTPase activating 
protein activity, suggesting both antiinfl ammatory and tumor 
suppressor function.  5   Although these genetic associations and 
their biologic effects require confi rmation in further studies, these 
fi ndings provide the fi rst evidence that COPD and lung cancer 
share pathogenetic mechanisms that are mediated by bronchial 
epithelial (airway) responses to cigarette smoke exposure.   

    Robert P.     Young   ,   MD, PhD  
   Raewyn J.     Hopkins   ,   RN, MPH  

  Auckland, New Zealand    

   Affi liations:   From the Schools of Biological Sciences and Health 
Sciences, University of Auckland        . 
    Financial/nonfi nancial disclosures:  The authors have reported 
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companies/organizations whose products or services may be dis-
cussed in this article  .  
   Correspondence to:  Robert P. Young, MD, PhD, Respira-
tory Genet ics Group, PO Box 26161, 1344 Epsom, Auckland, 
New Zealand; e-mail:  roberty@adhb.govt.nz     

 In addition, Dr Casoni and colleagues underline that metal 
particle concentrations are not indicated in the article. We agree 
that data on metal particle concentrations would be important 
when discussing potential adverse effects; however, all tested 
needles were washed with the same volume (2 mL) of distilled 
water prior to mineral analysis, and the density of particles 
observed on the grids was, therefore, correlated to the amount 
of particles released by the needles. However, the metal particle 
concentration is not the only parameter involved in the potential 
impact on health: The size of the particles; their chemical composi-
tion, shape, and surface; and the fact that they penetrate directly 
into the node without being phagocytosed by alveolar macro-
phages (as in the case of inhaled particles) must also be taken 
into account.  2   The particles observed on light microscopy exami-
nation of the samples were 0.64 to 5.33  m m long, but could consist 
of aggregates of fi ner particles. On electron microscopy exam-
ination, the isolated particles measured 0.2 to 0.5  m m and were 
classifi ed into fi ne to ultrafi ne particles. Fine and ultrafi ne par-
ticles are not only directly toxic but also are known to induce 
immuno allergic reac tions not necessarily correlated to the quan-
tity of particles.  3   Publi cations on sarcoidosis have suggested the 
possible involvement of particles as a cause of the disease,  4 , 5   and 
the potential risk of gran ulomatous reactions must be considered. 
In conclusion, although the health consequences of the release 
of metal particles by one type of dedicated EBUS-TBNA needle 
is a subject of debate, it seemed important to inform the med-
ical community about this risk in order to discuss potential med-
ical implications and for health administrators to assume their 
responsibilities.   

    Valérie     Gounant   ,   MD  
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          Serious Fun 
 Adding Summative Simulation-Based Testing 
to the CHEST Challenge                   

 To the Editor: 

 In a recent issue of  CHEST  (January 2011), Khouli et al  1   con-
fi rmed the power of simulation-based education for assessing 
trainee performance in a risk-free environment and improving 
that performance compared with traditional apprenticeship or 
video training. There was even an association with a clinical out-
come, namely, reduced catheter-related blood stream infections, 
although the patient outcome control groups were historical or 
in different populations (surgical ICU vs medical ICU). 

 For educators starting or improving their own simulation-based 
medical training programs, the right conditions and best practices 
from the Agency for Healthcare Research and Quality and Best 
Evidence in Medical Education Collaborative are reviewed in a 
 CHEST  supplement.  2   Use of simulation for summative, high-
stakes evaluation, such as certifi cation and licensing examinations, 
is increasing.  3   Some suggestions for designing one’s own summa-
tive evaluations are introduced here. 

 CHEST Challenge  4   is the annual international contest of the 
American College of Chest Physicians in which teams of fel-
lows in training compete by answer ing questions online and in 
live game show-style experiences. In 2010, skills assessment using 
high-fi delity medical simulation was added, constituting 10% to 
20% of the total points awarded. 

 Evidence for defi ning skills, developing metrics, and evaluating 
reliability and validity of these assessments has been described.  3   
Prior to beginning the simulation component of the CHEST 
Challenge, the facilitator and graders practiced the clinical sce-
narios and agreed on standardized scoring by consensus. Players 
were oriented to the capabilities and limitations of the mannequin. 
Graders utilized valid, behaviorally anchored checklists (core actions 
were either present or not), although holistic (global) scoring also 
has value. Two graders were used for interrater reliability, but 
adding simulation tasks (broader domain sampling) may best 
improve overall reliability. Generalizability studies, if done, can 

further assess the sources and magnitude of measurement errors 
and help with test design. A trained facilitator played the role of 
the ICU nurse to ensure consistency and respond to participants 
for all technical limitations (eg, simulator does not sweat or have 
changes in skin color). As much as possible, player participants 
had to perform rather than just verbalize interventions. Finally, 
encounters were recorded on video; although intended for pro-
motional value and quality assurance and not necessarily consid-
ered better than oral debriefi ng,  5   these recordings can provide 
learners with valuable feedback and insights. 

 In a post-simulation anonymous survey (24/27, 89%), 58% of 
players indicated that they had used simulation equipment at 
their home institutions (usually for bronchoscopy or advanced 
cardiac life support training); 42% had participated in a sim-
ulation activity of the American College of Chest Physicians, 
and 29% did so elsewhere. Using a 5-point Likert scale, fellows 
responded that they were very comfortable with the simulator 
(mean  6  SD, 3.96  6  0.85; 71% positive vs 4% negative responses). 
Most enjoyed the testing (3.90  6  1.06, 67% vs 13%) and believed 
that it was fair (3.96  6  1.20, 75% vs 17%), and the majority 
would like even more added to next year’s CHEST Challenge 
(3.63  6  1.35, 54% vs 21%). Some recommended additional expo-
sure to the simulator prior to testing. Identifi able player informa-
tion would be required to assess criterion-related validity. 

 Since 2002, CHEST Challenge has offered a fun forum, 
reward ing fellows for their medical knowledge and professional 
attitude. With more experience and guided by best evidence, we 
believe that summative simulation-based testing also will allow 
us to measure skills both in our game and in our fellowship train-
ing programs.   
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Abstract: Epidemiological studies indicate that tobacco smoke exposure accounts for nearly 90% 

of cases of chronic obstructive pulmonary disease (COPD) and lung cancer. However, genetic fac-

tors may explain why 10%–30% of smokers develop these complications. This perspective reviews 

the evidence suggesting that COPD is closely linked to susceptibility to lung cancer and outlines 

the potential relevance of this observation. Epidemiological studies show that COPD is the single 

most important risk factor for lung cancer among smokers and predates lung cancer in up to 80% 

of cases. Genome-wide association studies of lung cancer, lung function, and COPD have identi-

fied a number of overlapping “susceptibility” loci. With stringent phenotyping, it has recently been 

shown that several of these overlapping loci are independently associated with both COPD and lung 

cancer. These loci implicate genes underlying pulmonary inflammation and apoptotic processes 

mediated by the bronchial epithelium, and link COPD with lung cancer at a molecular genetic level. 

It is currently possible to derive risk models for lung cancer that incorporate lung cancer-specific 

genetic variants, recently identified “COPD-related” genetic variants, and clinical variables. Early 

studies suggest that single nucleotide polymorphism-based risk stratification of smokers might 

help better target novel prevention and early diagnostic strategies in lung cancer.

Keywords: lung cancer, chronic obstructive pulmonary disease, association study, single 

nucleotide polymorphism, risk model

Introduction
Lung cancer and chronic obstructive pulmonary disease (COPD) are pulmonary  diseases 

that result from the dual effects of smoking exposure and genetic susceptibility.1,2 Lung 

cancer was rare before 1900,3 but by 2008 accounted for nearly 30% of all cancer-related 

deaths in the US, ie, more than the combined deaths from cancers of the breast, colon, 

prostate, and ovary.4 Despite decades of various chemotherapy regimens, survival 

for lung cancer remains poor, with over 160,000 deaths per annum in the US alone.4 

COPD is believed to affect more than 15 million people in the US, and is predicted 

to become the third leading cause of death by 2020. Citing past and present scientific 

literature, this perspective paper challenges current dogma and proposes that COPD 

and lung cancer might be related through overlapping pathogenetic pathways activated 

by smoking. This has relevance in the development and clinical utility of gene-based 

risk assessment for smoking-related lung disease.

Link between COPD and lung cancer
Epidemiological studies suggest that although tobacco smoke exposure accounts for 

nearly 80%–90% of COPD and lung cancer cases, only 10%–15% of smokers develop 
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lung cancer while 20%–30% develop clinically significant 

COPD.5–7 Genetic factors may underlie these observations 

because the heritability (genetic contribution) of lung 

 cancer and reduced forced expiratory volume in one second 

(FEV
1
) that defines COPD is estimated to be 15%–25% and 

40%–77%, respectively.8,9 It has been shown that smokers 

with COPD (irreversible airflow limitation based on reduced 

FEV
1
) have a 4–6 fold-increased risk of lung cancer when 

compared with smokers with normal lung function10 or 

smokers randomly recruited from the community.11  Studies 

dating back 30 years show that the distribution of FEV
1
 

is bimodal or trimodal in heavy smokers and unimodal in 

light smokers.12–14 This observation suggests genetic sus-

ceptibility, rather than smoking exposure alone, underlies 

the development of COPD,15 and the maladaptive lung 

remodeling (FEV
1
) response to chronic smoking exposure 

(Figure 1).12–14 Importantly, 50%–80% of those diagnosed 

with lung cancer have pre-existing COPD compared with 

a COPD prevalence of 15%–20% in randomly selected 

community-based smokers.10,16,17 This means lung cancer is 

not just a “complex genetic disease” resulting from smok-

ing exposure in genetically susceptible people, but that it is 

disease of mixed phenotype that includes spirometrically 

defined COPD as a subphenotype.10 These observations 

show that most smokers with lung cancer have underlying 

COPD and suggest that smokers who are susceptible to 

getting COPD are also susceptible to getting lung cancer 

(Figure 1). Conversely, smokers who maintain normal lung 

function (resistant smokers) are unlikely to get lung cancer. 

Studies of molecular pathways suggest that the inflammatory, 

repair, and remodeling processes underlying COPD might 

be linked to lung cancer through excessive release of matrix 

metalloproteinases and growth factors that lead to epithelial–

mesenchymal transition. Epithelial–mesenchymal transition, 

which has recently been shown to be present in smokers with 

COPD,18 is a known precursor to lung cancer.19–21 The COPD-

lung cancer association may stem from either the matrix 

remodeling of emphysema, airway inflammation  associated 

with small airways disease, or both. It is very possible 

that genetic epidemiological studies will help answer this 

 question. Given the observations described above, one asks 

“Do genetic effects underlying spirometry defined COPD 

also confer susceptibility to lung cancer?”

Genetics of COPD and lung cancer
Recently published genome-wide association studies of 

lung cancer, lung function, and COPD have identified sev-

eral chromosomal regions and candidate genes,  including 

1q21–23 (CRP, IL-6R),22,23 4q22 (FAM13A),24 4q24 

(GSTCD),24,25 4q31 (HHIP, GYPA23–27), 5p15 (CRR9),1,23,28 

5q32–33 (HTR4, ADAM1924,25, 6p21 (BAT3, AGER1,23–25), 

6q24 (GPR126),24 and 15q25 (CHRNA3/5,1,23,25,28,29 Table 1). 

Interestingly, several of the COPD and lung cancer disease 

loci in this table overlap. In a case-control study, where 

lung cancer cases and controls were further phenotyped for 

COPD according to spirometry, the CHRNA3/5 (Chr 15q25) 

locus was found to be associated with susceptibility to both 

COPD and lung cancer.30 Using the same approach, vari-

ants in the HHIP (Hedgehog interacting protein, Chr 4q31) 

and FAM13A gene (Family with sequence similarity 13, 

member A, Chr 4q22) loci, previously associated with lung 

function,24,27 have been linked to a reduced risk of COPD and 

lung cancer.31,32 These findings suggest the possibility that 

shared pathogenetic pathways may underlie “susceptibility” 

to these two smoking-related diseases (Figure 2). Based 

on the candidate genes implicated to date, it appears that 

epithelial-based receptors may be orchestrating some of the 

downstream effects on inflammation33 and apoptosis32,34 that 

underlie both COPD and lung cancer. Given the increased 

risk of other inflammatory extrapulmonary diseases in 

smokers with COPD,15 these genetic variants may have 

effects beyond the lungs. The FAM13A (Chr 4q22) link is 

particularly interesting because it suggests that activity of 

the intracellular signaling molecule, Rho A, implicated in 

both COPD35 and lung cancer,36 may represent a possible 

chemopreventive target.32 In this regard, it is very interest-

ing that statins (inhibitors of Rho A) have been shown in 

observational studies to improve outcomes for smokers with 

respect to both COPD and lung cancer.37

The aforementioned epidemiological, molecular, and 

genetic findings suggest that lung cancer and COPD may not 

be discrete diseases related only through smoking exposure, 

but that many of the smokers who are susceptible to COPD 

are also susceptible to lung cancer through overlapping 

molecular pathways.10–14,19–21,30–39 Such a hypothesis was 

proposed by Petty five years ago38 and recently reviewed 

by Punturieri et al.41 Assuming susceptibility or protective 

loci have overlapping effects, it is possible that some of the 

genetic factors implicated in COPD might also be relevant 

in lung cancer.38,41 This may be analogous to the overlap-

ping pathogenetic pathways underlying obesity and type 2 

diabetes, where the fat mass and obesity-associated gene 

has been implicated in the propensity to developing both 

obesity and diabetes.42 In this context, body mass index is the 

physiological biomarker used to define the subphenotype of 

obesity (heritability 50%–70%) in those with type 2 diabetes 
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(heritability 20%–30%), just as the spirometry measure of 

FEV
1
 defines COPD in those with a propensity to develop 

lung cancer. In other words, because body mass index reflects 

a propensity (or susceptibility) to obesity following a high 

calorie diet, FEV
1
 reflects an inherent genetic susceptibility 

to COPD (or exaggerated pulmonary inflammation) and lung 

cancer after chronic smoke exposure.43 If there is an overlap 

in genetic susceptibility between COPD and lung cancer,44 

“Should an alternative approach to current case-control study 

designs be considered to help better identify COPD-related 

genes in lung cancer?”

Genetic epidemiology of COPD  
and lung cancer: choice of controls
The above observations suggest that an alternate genetic 

approach to current case-control studies could be used for genetic 

association studies in lung cancer.40,44 This approach would use 

“healthy” smoker controls (Figure 3A)23,28,29 in preference to the 

unselected smokers used in the recent genome-wide association 

case-control studies, where genetic effects are explored in lung 

cancer cases and smoking controls with unknown but likely 

different lung function (Figure 3B). As stated earlier, studies 

to date suggest the prevalence of COPD in randomly selected 
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FEV1 % predicted is normally distributed (unimodal) in
light or never smokers.13 In the absence of significant 
smoking exposure, no strong genetic effect is evident.
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FEV1 % predicted is bimodal or trimodal in chronic (60+ pack-year)
smokers, with 60% of smokers maintaining normal or near-normal
lung function (resistant smokers, blue box) and approximately 
20% with COPD (red box).12, 13 This is consistent with a strong 
genetic effect.
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In a case series of 422 lung cancer cases,10  approximately 80%
had FEV1 % predicted < 90% (about 80% of lung cancer cases with 
coexisting “COPD”, green dotted oval). Most smokers with lung cancer
had underlying COPD or impaired FEV1% predicted.  

Figure 1 Distribution of Fev1 among light smokers and heavy smokers, COPD, and lung cancer.10,12–14 (A) Light or never smokers (0-20 pack-years). (B) Heavy smokers (60+
pack-years) – COPD versus “resistant smokers”. (C) Heavy smokers (60+ pack-years) – Lung cancer.
Abbreviations: COPD, chronic obstructive pulmonary disease; Fev1, forced expiratory volume in one second.
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Table 1 Chromosomal loci associated with COPD, reduced lung 
function, and lung cancer identified by GWA studies and overlap 
suggested by case-control study, modified with permission from 
PLoS One. Young RP, Hopkins RJ, Whittington CF, et al. Individual 
and cumulative effects of GWAS loci in lung cancer: associations 
after sub-phenotyping for COPD. PLoS One. 2011;6:e16476.44

Disease GWA study* Chromosomal 
region

Candidate 
genes

COPD 
(Fev1)

Wilk et al27 1q23 iL6r
Hancock et al24

Cho et al52

4q22 FAM13A

repapi et al25

Hancock et al24

4q24 GsTCD

Wilk et al27

Pillai et al26

repapi et al25

Hancock et al24

4q31 HHiP/GYPA

repapi et al25

Hancock et al24

5q33 HTr4/ADAM19

repapi et al25

Hancock et al24

6p21 BAT3/AGer

Hancock et al24 6q24 GPr126
Pillai et al26 15q25 CHrNA 3/5

Lung cancer Amos et al23 1q21 CrP
Amos et al23 4q31 GYPA
Amos et al23

Hung et al28

5p15 Crr9 (TerT)

Amos et al23

Hung et al28

6p21 BAT3

Young et al88 6q24 rGs17§

Amos et al23

Hung et al28

Thorgeirsson  
et al29

15q25 CHrNA 3/5

COPD and 
lung cancer 
overlap

Case-control studies
Young et al30 15q25 CHrNA 3/5
Young et al31 4q31 HHiP/GYPA
Young et al32 4q22 FAM13A

Notes: *Available at www.genome.gov/gwastudies. Accessed 16/03/2011; §associated 
with familial lung cancer.88 
Abbreviations: COPD, chronic obstructive pulmonary disease; GWAS, genome-
wide association study; iL6r, interleukin-6 receptor; FAM13A, family with sequence 
similarity 13, member A; GsTCD, glutathione s-transferase, C-terminal domain 
containing; HHiP, Hedgehog interacting protein; GYPA, glycophorin A; HTr4, 
5-hydroxytryptamine receptor 4; ADAM19, a disintegrin and metalloproteinase 
domain 19; BAT3, HLA-B associated transcript 3; AGer, advanced glycosylation end 
product-specific receptor; GPR126, G protein-coupled receptor 126; CHRNA3/5, 
locus containing both cholinergic receptor, nicotinic, alpha 3 and 5 genes; CrP, 
C-reactive protein; Crr9, cisplatin resistance-related protein; TerT, telomerase 
reverse transcriptase; rGs17, regulator of G-protein signaling 17.

smokers is 15%–20% and in lung cancer cases 50%–80%. In 

studies aiming to understand better the complex relationship 

between COPD and lung cancer, all subjects (smokers in both 

cases and controls) should ideally be matched for smoking 

exposure and have COPD status confirmed by spirometry testing 

(Figure 3A). This is because the prevalence of COPD in smokers 

used as controls is highly dependent on the recruitment method 

and population sampled (range 10%–40%).10,31,45–48

In lung cancer association studies, subphenotyping for 

spirometry-defined COPD44 is relevant for two reasons. First, 

significant differences in the prevalence of COPD among 

comparator populations might result in a modifier/confounder 

effect from COPD and explain why several associations were 

not replicated both within and across cohorts in the genome-

wide association studies of lung cancer.23,28,29 The possibility 

that coexisting COPD in lung cancer cases might introduce 

a modifier or confounder effect in lung cancer association 

studies has been previously discussed.30,49 Spirometry, which 

is inexpensive and safe to perform, is necessary to define the 

presence of COPD because airflow limitation characterizing 

COPD is insidious in onset and is underdiagnosed in 50%–80% 

of cases10,45,46 due to widespread underutilization of spirometry. 

By subphenotyping for reduced FEV
1
, three smoking cohorts 

would be defined among the smokers, ie, those with normal or 

near-normal FEV
1
 (“resistant” controls), those with reduced 

FEV
1
 (COPD), and those with lung cancer subphenotyped 

for coexisting COPD (Figure 3A). Using this approach, stud-

ies have shown that the chromosome 15q25 locus, originally 

associated with susceptibility to lung cancer in genome-wide 

association studies,23,28,29 is also associated with susceptibility 

to COPD.30,44 This finding has recently been replicated in both 

genome-wide association25 and candidate gene studies.50 It has 

also been verified in a post hoc analysis of one of the original 

lung cancer genome-wide association studies.51

The second reason for using healthy smoking controls 

in the lung cancer studies, and examining lung cancer cases 

with COPD separately, is that it may be a better approach to 

identifying genes conferring a “protective” effect. Using this 

approach, it has recently been reported that the chromosome 

4q31 locus and 4q22 locus, associated with a reduced risk 

of COPD (protective effect),24–27,52 are also independently 

associated with a reduced risk of lung cancer (Figure 4).31,32,44 

This apparent protective effect might be overlooked in 

studies where lung cancer cases are compared with controls 

that include a high proportion of subjects with COPD. This 

possibility is best illustrated by comparing the allele and 

genotype frequencies for the protective variants of HHIP 

and FAM13A between COPD and lung cancer cases where 

they appear very similar (Table 2), and might explain why 

lung cancer genome-wide association studies to date have 

not identified these protective loci.

In designing the most appropriate study to identify genetic 

susceptibility genes, it is noteworthy that COPD and lung 

cancer are distinctive from other complex genetic diseases, 

especially other cancers. The gene–environment interaction 

in COPD and lung cancer is considerably strengthened by 
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COPD

Lung cancer cases
sub-phenotyped by COPD

Lung cancer cases
with unknown lung function

Smokers with normal lung function

Smokers with unknown lung function

A

B

Figure 3 Case-control study design for lung cancer genetic association studies. 
(A) subphenotyping for COPD in lung cancer study.30–32 Current and former 
smokers with .15 pack-year smoking history and spirometry performed to allow 
subphenotyping in order to establish associations better. (B) COPD status of cases 
and controls unknown – GWAS approach.23,28,29 Current and former smokers with 
variable smoking exposure and unknown COPD status could result in spurious 
associations (confounding/modifying effect) or no association (dilution effect).
Abbreviations: COPD, chronic obstructive pulmonary disease; GWAS, genome-
wide association study.

Lung cancer 

1q21-CRP

5p15-CRR9/TERT 

6p21-BAT3

6q24-RGS17§ 

4q31-GYPA/HHIP 

15q25-CHRNA 

4q22-FAM13A

COPD (lung function)

1q23-IL6R 

5q33-ADAM19/HTR4 

6p21-AGER 

6q24-GPR126 

Loci from GWA*

Possible overlapping loci

Figure 2 Chromosomal loci associated with COPD (reduced lung function) and lung cancer from GWA studies22–29 with possible overlapping loci.30–32

Notes: *Available at www.genome.gov/gwastudies. Accessed October 23, 2010; §associated with familial lung cancer.88 
Abbreviations: COPD, chronic obstructive pulmonary disease; GWA, genome-wide association; IL6R, interleukin-6 receptor; FAM13A, family with sequence familiarity 
13, member A; GsTCD, glutathione s-transferase, C-terminal domain containing; HHiP, Hedgehog interacting protein; GYPA, glycophorin A; HTr4, 5-hydroxytryptamine 
receptor 4; ADAM19, a disintegrin and metalloproteinase domain 19; BAT3, HLA-B associated transcript 3; AGER, advanced glycosylation end product-specific receptor; 
GPr126, G protein-coupled receptor 126; CHrNA3/5, locus containing both cholinergic receptor, nicotinic, alpha 3 and 5 genes; CrP, C-reactive protein; Crr9, cisplatin 
resistance-related protein; TerT, telomerase reverse transcriptase; rGs17, regulator of G-protein signaling 17.

the fact that smoking exposure, almost a prerequisite to 

developing these pulmonary diseases, is measurable, albeit 

retrospectively. Quantifying this exposure is very important 

because gene penetrance may be significantly affected by the 

degree of exposure, and it enables stratification,  matching, 

or  adjusting for tobacco exposure in the study design or 

analysis.53,54 A good example of the gene–environment 

 (penetrance) effect is seen in α1-antitrypsin deficiency where 

disease status (COPD phenotype) is highly dependent on 

the degree of smoking exposure.55 In the majority of cases, 

Healthy smokers (n = 80)

Lung cancer
(n = 10)

4q31 and 4q22
(G0)

COPD (n = 20)

6p21
(G1)

5p15
(G3)

15q25
(G2)

Figure 4 Loci conferring a nonresponder phenotype (resistant smoker, G0) and 
responder phenotype (susceptibility to COPD [G1], lung cancer [G3] or both [G2]): 
a pharmacogenetic approach to chronic smoke exposure,* modified with permis-
sion from PLoS One. Young RP, Hopkins RJ, Whittington CF, et al. Individual and 
cumulative effects of GWAS loci in lung cancer: associations after sub-phenotyping 
for COPD. PLoS One. 2011;6:e16476.44

Note: *Assumes 20% of smokers get COPD and 10% get lung cancer where 70% 
of the latter have pre-existing COPD in 100 chronic smokers. G0 = genes primarily 
conferring protection (or resistance) to both COPD and lung cancer (eg, 4q31-HHiP, 
4q22 – FAM13A),31,32,44 G1 = genes primarily conferring protection or susceptibility 
to COPD only (eg, 6p21-AGer),24,25,44 G2 = genes primarily conferring susceptibility 
to COPD and lung cancer (eg, 15q25-CHrNA),1,23,25,28–30,44 G3 = genes primarily 
conferring protection or susceptibility to lung cancer only (eg, 5p15-Crr9).1,23,28,44 
Abbreviation: COPD, chronic obstructive pulmonary disease.
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Table 2 Comparison of allele and genotype frequencies of candidate sNPs30–32 reported by GWA studies for COPD (lung function) 
and lung cancer,23–29 and examples of overlapping effects44

Cohorts Alleles Genotypes

FAM13A32 
(rs7671167)

C T OR 
P value

CC CT TT OR 
P value

resistant 530 
(55%)

440 
(45%)

–
–

145 
(30%)

240 
(49%)

100 
(21%)

–
–

COPD 448 
(49%)

468 
(51%)

0.79 
0.01

107 
(23%)

234 
(51%)

117 
(26%)

0.71 
0.02

Lung cancer 427 
(48%)

471 
(52%)

0.75 
0.002

96 
(21%)

235 
(52%)

118 
(26%)

0.64 
0.003

Lung cancer 
with COPD#

212 
(49%)

218 
(51%)

0.81 
0.07

47 
(22%)

118 
(55%)

50 
(23%)

0.66 
0.03

Lung cancer only# 185 
(47%)

229 
(53%)

0.67 
0.0007

41 
(20%)

103 
(50%)

63 
(30%)

0.58 
0.006

HHIP31 
(rs1489759)

G A OR 
P value

GG AG AA OR 
P value

resistant 389 
(40%)

579 
(60%)

–
–

83 
(17%)

223 
(46%)

178 
(37%)

–
– 

COPD 320 
(35%)

594 
(65%)

0.80 
0.02

50 
(11%)

220 
(48%)

187 
(41%)

0.59 
0.006

Lung cancer 327 
(37%)

563 
(63%)

0.86 
0.13

56 
(13%)

215 
(48%)

174 
(39%)

0.70 
0.05

Lung cancer 
with COPD#

134 
(31%)

292 
(69%)

0.68 
0.002

24 
(11%)

86 
(40%)

103 
(48%)

0.61 
0.05

Lung cancer only# 136 
(33%)

276 
(67%)

0.73 
0.01

27 
(13%)

82 
(40%)

97 
(47%)

0.73 
0.18

CHRNA3/5 α30 
(rs16969968)

A G OR 
P value

AA AG GG OR 
P value

resistant 295 
(31%)

655 
(69%)

–
–

45 
(9%)

205 
(43%)

225 
(47%)

–
–

COPD 339 
(38%)

551 
(62%)

1.37 
0.002

60 
(14%)

219 
(49%)

166 
(37%)

1.47 
0.06

Lung cancer 335 
(38%)

539 
(62%)

1.38 
0.001

68 
(16%)

199 
(46%)

170 
(39%)

1.76 
0.005

Lung cancer 
with COPD#

225 
(43%)

297 
(57%)

1.68 
0.000004

50 
(19%)

125 
(48%)

86 
(33%)

2.26 
0.002

Lung cancer only# 105 
(31%)

231 
(69%)

1.01 
0.95

18 
(11%)

69 
(41%)

81 
(48%)

1.15 
0.64

Notes: #COPD defined according to prebronchodilator GOLD 2+ spirometry criteria, Or comparing referent allele and genotypes (underlined) of resistant smokers to other groups. 
Abbreviations: COPD, chronic obstructive pulmonary disease; GOLD, Global initiative for Chronic Obstructive Lung Disease; Or, odds ratio; sNPs, single nucleotide 
polymorphisms; GWA, genome-wide association.

the genotype conferring α1-antitrypsin deficiency is not 

expressed (low penetrance) in lifelong nonsmokers.

Furthermore, the potential to misclassify “randomly 

recruited” controls is problematic when comparing unselected 

(or unscreened) control smokers with cases because the 

prevalence (and lifetime risk) of COPD among these chronic 

smokers is estimated to be 20%–30% and that 20%–30% of 

smokers with COPD will get lung cancer.6,7,56 It has been esti-

mated that the prevalence of COPD is in the order of 30%–40% 

in community-based smoking volunteers or random hospital/

clinic based controls.10,31,46 The true prevalence of COPD has 

been shown to be about 10%–20% when spirometry is used in 

truly randomly selected populations.48 On this basis, it could 

be argued that smokers matched for ethnicity, gender, and 

pack-years, with normal or near-normal lung function would 

minimize any potential to misclassify controls up to 30% of 

the time. Although the healthy smoker control group might be 

described as an “extreme” phenotype, and their use as controls 

contravenes traditional epidemiological views of controls that 

requires a “representative” sample, they are actually represen-

tative of the majority of chronic smokers (60%–70%)6,7 who 

are “resistant” or “low responders”. Importantly, they can be 
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unambiguously phenotyped as normal by spirometry (see dis-

cussion earlier on underdiagnosis of COPD).45,46 Moreover, it 

is this group of chronic smokers who can be defined as “nor-

mal” (resistant) in the bimodal/trimodal distribution of FEV
1
 

(Figure 1) with a low risk of lung cancer.14 It should not be 

overlooked that genetic factors might actually define this “low 

responder” but well defined group (“resistant smokers”,15 

Figures 1 and 3) rather than those susceptible to disease. For 

example, genetic effects selected through evolutionary pres-

sures57 conferring a “protective (hyporesponsive) phenotype” 

might emerge as an alternative to a “susceptibility (hyper-

responsive) phenotype”. Unlike the susceptibility phenotype, 

which confers an excessive pulmonary inflammatory response 

(eg, pneumonia complicated by acute respiratory distress 

syndrome), the “protective (hyporesponsive) phenotype” 

minimizes the inflammatory response.15,55,58 In circumstances 

of chronic inflammation from an exposure like smoking, 

these genetically determined “phenotypes” determine which 

smokers have aberrant lung remodeling (“hyper-responsive”) 

and develop COPD and which smokers maintain near-normal 

lung function (“hyporesponsive”). This is somewhat analo-

gous to the sickle cell trait which was initially “selected” for 

its protective effect on survival from malaria but can cause 

mild forms of hemolytic anemia at times of acute stress or 

drug exposure.

Lastly, if smoking was considered a drug and FEV
1
 the 

physiological marker of smoking susceptibility (or exaggerated 

inflammatory response),14,43 then it would make good method-

ological sense in a pharmacogenetic experiment to distinguish 

hyporesponders (those with normal lung function) from hyper-

responders (those with COPD, see Figure 4). In this instance, 

it would be preferable to exclude people who have not taken 

the drug (nonsmokers) or those with little drug exposure (light 

smokers). Nonsmokers and light smokers have been used as 

controls in the lung cancer case-control genome-wide associa-

tion studies,23,28,29 but this may obscure or attenuate any genetic 

effects due to insufficient exposure (reducing penetrance, odds 

ratios, and statistical significance). Importantly, there are pre-

liminary findings to suggest different genes may be relevant 

in nonsmokers with lung cancer59 or COPD.60 A further reason 

for using “resistant” (or hyporesponsive) controls is that mini-

mizing misclassification of controls increases the power of the 

study to detect significant effects or associations,61 particularly 

as the contribution of “protective” (hyporesponsive) genes may 

be as relevant as the susceptibility genes31,32,44,58 (Figure 4). 

In the COPD gene study (www.copdgene.org) smokers with 

normal lung function and no radiological evidence of emphy-

sema (“super controls”) are being studied separately from those 

with normal lung function but varying degrees of emphysema 

on computerized tomography (CT). However, the heritability 

of this “emphysema only” phenotype is poorly understood, 

and the epidemiological, pathological, and clinical relevance 

of this phenotype remains somewhat unclear.62 Most studies 

suggest that the presence of CT-based emphysema is related 

to a risk of lung cancer independent of airflow limitation.16,62 

However, recent prospective CT-based studies suggest mild 

emphysema, in the absence of airflow limitation, may lead 

to overinflation (from air trapping) that heralds subsequent 

accelerated FEV
1
 decline.62 Regardless, the vast majority 

of those with emphysema on CT have underlying airflow 

limitation characterized by a reduced FEV
1
.16 We conclude 

that subphenotyping of lung cancer cases and controls using 

spirometry, and possibly CT, will help minimize misclassifi-

cation of controls in the COPD and lung cancer studies, and 

further strengthen the likelihood that robust associations will be 

identified. However, it is accepted that effect sizes conferring 

risk determined by comparing cases with “resistant” or super 

controls may be reduced in population studies where controls 

are unselected. Although this is relevant in the clinical utility 

of risk prediction according to the population under study, it is 

outweighed by the potential to identify important pathogenetic 

pathways that might be used to target preventive therapies. We 

conclude that COPD and lung cancer represent unique disease 

models for study from a complex genetics perspective. This 

is because the susceptibility phenotype, defined by reduced 

FEV
1
. with high heritability and a strong association with lung 

cancer susceptibility, can be compared with a nonresponsive or 

resistant phenotype confirmed by spirometry and well matched 

for smoking exposure.10–17,63

Genetic association 
and risk modeling
Currently, COPD and lung cancer account for approximately 

50% of annual deaths from smoking in the US, nearly two-

fold that of deaths from cardiovascular disease (26% for heart 

attack and stroke).4 Diagnosis is generally late in the natural 

history of both respiratory complications, where survival five 

years after diagnosis is 50% in severe COPD and only 15% in 

lung cancer. Both are potentially preventable diseases, particu-

larly if smokers quit before 40 years of age.64,65 Although the 

clinical utility of identifying smokers at greatest risk of lung 

cancer and COPD remains to be confirmed, possible benefits 

may include targeted prevention-based approaches or more 

cost-effective screening approaches. There is preliminary data 

to suggest genetic testing might help some smokers quit.66,67 

Using a risk model (or test) to stratify smokers may make 

an important contribution to tobacco control that currently 

relies solely on nonpersonalized public health messaging 

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.codpgene.org


The Application of Clinical Genetics 2011:4submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

106

Young et al

or disincentives. Over the last three decades, there has been 

a considerable reduction in coronary artery disease mortality 

through risk assessment and lifestyle modification. In contrast, 

there is no personalized or targeted risk assessment in the 

prevention of smoking-related lung disease. This is important 

because smoking, through the smoking-related disorders of 

COPD and lung cancer, directly accounts for the 2nd and 

4th leading causes of death in the US.4 The clear potential 

for prevention of COPD and lung cancer, through lifestyle 

modification, is another unique feature of these complex 

diseases where environment (smoking exposure) plays such 

a significant role. This contrasts strongly with the other com-

mon cancers where the preventive effect of lifestyle choice 

is in most cases unknown. We suggest that identification of 

single nucleotide polymorphism associations in COPD and 

lung cancer to develop risk models may offer very important 

clinical utilities in risk prediction and risk stratification to 

enhance early detection or prevention strategies.

There are several existing risk models for lung cancer that 

include clinical variables such as age, smoking history, fam-

ily history, and past history of pneumonia.40,44,68–70 Only three 

of these models incorporate COPD as a risk variable40,44,70 

despite the finding that reduced FEV
1
 confers a greater risk 

than age and smoking exposure.63 As more single nucleotide 

polymorphism associations are being identified for complex 

diseases, attention has turned to the utility of using single 

nucleotide polymorphism markers in combination to risk 

stratify people according to genotype.71 The offering of 

tests using single nucleotide polymorphism markers has 

been appropriately criticized due to their potential to pro-

vide misleading information when used in isolation and 

in the absence of important environmental factors or other 

clinical risk factors.72 In contrast, adding single nucleotide 

polymorphism markers to established risk models which are 

based on clinical variables has, in some cases, been shown 

to add, albeit modestly, to the clinical performance of these 

models.71,72–74 With this in mind, two research groups have 

developed risk models for lung cancer that combine clinical 

variables (age, family history, and prior diagnosis of COPD) 

with a panel of 20 single nucleotide polymorphisms,40 

three single nucleotide polymorphisms,75 and nine single 

nucleotide polymorphisms.44 The 20 single nucleotide poly-

morphism panel of Young et al included candidate single 

nucleotide polymorphisms previously associated with COPD 

and incorporates both susceptibility and protective single 

nucleotide polymorphisms identified using healthy smoker 

controls (area under the curve [AUC] 0.79).40 This model, 

which assigns smokers to either moderate, high, or very high 

risk of lung cancer, has been validated in a small prospective 

study76 but requires further validation in other populations. 

The three single nucleotide polymorphism model of Spitz 

et al includes three susceptibility genome-wide association-

related single nucleotide polymorphisms and was based on 

current or former smokers who volunteered as controls (AUC 

0.67).75 This panel shares the CHRNA3/5 (15q25) loci with 

the 20 single nucleotide polymorphism panel (the single 

nucleotide polymorphisms are in tight linkage disequilibrium 

with the same allele frequency). A recently reported nine 

single nucleotide polymorphism panel includes genome-wide 

association-related single nucleotide polymorphisms only 

and used the same model (clinical variables and algorithm) 

as the 20 single nucleotide polymorphism model (AUC 0.69). 

This model shares two of the three loci (CHRNA3/5 [15q25] 

and TERT [5p15] single nucleotide polymorphisms) with the 

three single nucleotide polymorphism model.44 In contrast 

with the three single nucleotide polymorphism model of Spitz 

et al, the 20 and nine single nucleotide polymorphism models 

proposed by Young et al use genotypes rather than alleles, 

and in order to maximize the discriminatory utility, combine 

susceptible and protective single nucleotide polymorphisms 

in a simple additive model to distinguish best lung cancer 

cases from healthy (“resistant”) smoking controls.40,44 Further 

studies in diverse populations will be required to validate 

these single nucleotide polymorphism-based approaches.

Although “risk alleles” may be used in risk models to 

define high-risk subgroups,73,74 there are several reasons why 

“risk genotypes” might be a useful alternative. Although 

an additive allelic model might explain variation across 

populations for physiological phenotypes like lung function 

 (“passive” phenotype),24,25 the important effect that environ-

mental exposures like smoking has on penetrance, might be of 

over-riding importance. The disease α1-antitrypsin deficiency 

is very illustrative of this point because the serum level of 

α1-antitrypsin is allele-dependent but the disease phenotype 

of COPD, expressed after smoking exposure (“dynamic” 

phenotype), is genotype-dependent (autosomal recessive 

inheritance).55 It has been argued that a per- genotype analysis 

of association makes fewer assumptions about interallelic 

effects and presence of Hardy–Weinberg equilibrium.77 

Indeed, most single gene diseases are autosomal reces-

sive rather than dominant, just as most pharmacogenetic 

effects (also “dynamic”  phenotype) result from the effects 

of  genotypes rather than alleles on drug responsiveness.78 

Interestingly, all of the single nucleotide polymorphism-

based lung cancer risk models described above include 

single nucleotide polymorphisms underlying susceptibility 
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to COPD,40,44,70 just as the panels for type 2 diabetes include 

obesity-related single nucleotide polymorphisms.73,74 It is 

likely that future single nucleotide polymorphism-based 

models will incorporate either alleles or genotypes depend-

ing on how each contributes to optimizing the discriminatory 

utility of each model.

In contrast with single gene diseases, where the genotype 

result is dichotomized to the presence or absence of a disease-

related mutation (eg, BRCA1 for risk of future breast cancer), 

multi/single nucleotide polymorphism tests allow a score to 

be derived over a continuous linear scale.40,44,71 This offers 

several advantages which include the following: it allows 

many disease-related variants to contribute to risk assessment 

(increasing total attributable risk), it allows for genetic hetero-

geneity where any one person’s lung cancer may be due to a 

variable combination of single nucleotide polymorphisms; risk 

is not limited to yes or no outcomes (or high and low risk) based 

on genetic profile; clinical variables can be added to genotype 

data; and, most importantly, it allows optimization of the test 

through receiver-operator curve (ROC) analyses (sensitivity 

and specificity) according to the inclusion of different single 

nucleotide polymorphisms or clinical variables.40,44,70 Family 

history is one such clinical variable that has been incorporated 

in the risk tests for prostate cancer and diabetes71,73,74 as it has 

in the lung cancer models.40,44,70 A similar approach is taken 

by the Framingham risk score for cardiovascular disease or 

Gail score for breast cancer risk, each incorporating a number 

of independent risk factors to derive a global risk score. What 

is consistently found in these models is that clinical variables 

contribute considerably to the risk and that the single nucle-

otide polymorphisms provide additional discriminatory utility, 

particularly if they measure effects not already accounted for 

by the clinical risk variables. Importantly, the risk associated 

with specific single nucleotide polymorphisms is very impor-

tant in younger subjects where, due to the natural history of the 

disease, the clinical variables (eg, family history or diagnosis 

of COPD) have not yet become manifest.40,44 Other genetic 

variants associated with risk, including structural variation 

(copy number variants, deletions, duplications, and microsat-

ellites) or epigenetic variation, could also contribute to risk 

models in the future.

Most importantly, a linear composite score allows all 

smokers (and exsmokers) to be assigned some level of risk of 

lung cancer whether it is moderate, high, or very high.76 Given 

the multitude of other lethal complications of smoking, there 

is no reason to suggest a moderate risk level might somehow 

condone continued smoking or falsely reassure smokers,82 

just as a normal fasting cholesterol in an obese person would 

not condone a diet high in unsaturated fats. A risk stratifica-

tion approach to tobacco control might strongly augment 

the waning effect of the current public health approach, 

typified by a recent study that reported over 50% of smokers 

with lung cancer had considered themselves at no risk.79 An 

additional clinical utility of a gene-based risk assessment, 

assigned according to a linear score, is the ability to define 

cutoff criteria according to the clinical use, specifically to 

optimize sensitivity (low cutoff) for smoking cessation and 

closer surveillance (eg, spirometry) for smokers given the 

broad benefits and optimize specificity (high cutoff) for early 

detection or chemoprevention given the potential harms. It 

is accepted that where risk tests (or models) can achieve a 

reasonable level of discrimination (sensitivity and specificity 

with area under a ROC approximating 0.70) then the test has 

utility for screening purposes.80

Utility of a single nucleotide 
polymorphism-based risk  
model for lung cancer
A gene-based risk model (or test) for stratifying lung cancer 

susceptibility has several possible clinical utilities, including 

targeted prevention and targeted screening for early diagnosis. 

Such a test would also have several potential clinical advan-

tages over other tests of common complex diseases (sum-

marized in Table 3). The group requiring risk stratification 

is easily defined by their smoking history. Given that nearly 

50% of those diagnosed with lung cancer are exsmokers, this 

would include current or former smokers with chronic (over 

20 pack-years) smoking exposure. In lung cancer there is an 

irrefutable intervention that will mitigate the risk, namely 

smoking cessation. Indeed, the very basis of smoking today, 

despite public health initiatives, is the high degree of opti-

mistic bias (denial of risk) and low motivational tension to 

quit smoking.79,81 A lung cancer risk test, educating smokers 

about their personalized risk, aims to undermine this barrier to 

quitting (see above) and in preliminary studies shows promise 

in improving smoking cessation.66,67,81,82 Preliminary results 

from a feasibility study found that 32% of randomly recruited 

smokers who took a single nucleotide polymorphism-based 

risk test for lung cancer had quit smoking six months after 

testing.82 That gene-based risk prediction might assist smokers 

to quit was first suggested by Dr Francis Collins in 1999,83 

who described a 26-year-old smoker called John attending his 

primary care physician who, based on John’s genetic profile 

indicating susceptibility to smoking, strongly recommended 

John quit smoking. Other clinical applications where iden-

tifying smokers at greatest risk of lung cancer is beneficial 
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Table 3 Lung cancer as a complex genetic disease, and utility of screening

Feature Relevance to lung cancer

Polygenic segregation and pedigree studies suggest lung cancer results from smoking and the effects of many 
genes. Twin studies suggest concordance of only 15%–25%.

environment Approximately 90% of lung cancer can be attributed to smoking exposure although other 
environmental factors are relevant in a minority of cases.

Gene-environment Genetic associations can be examined in people with smoking exposures which can be quantified  
to allow for matching, adjustment or stratification.

subphenotyping Lung cancer can be subphenotyped into subgroups according to age of onset, histology, or coexisting 
COPD (spirometry or CT emphysema). COPD, characterized by a low Fev1, is highly heritable and 
can be quantified by spirometry, identifying smokers at greatest risk of COPD. The distribution of 
Fev1 in heavy smokers is bimodal or trimodal, suggesting factors other than smoking exposure alone 
determines susceptibility to COPD.

Family history Among smokers, the presence of a first-degree relative with lung cancer increases the risk by  
approximately two-fold. This increases to three-fold if there are more than two affected first-degree 
relatives. Family history alone has low sensitivity.

Identifiable group Current or former smokers at greatest risk of lung cancer include those over 40 years  
old with .20 pack years of smoking exposure.

risk modeling in addition to chronic smoke exposure, studies show that age, Fev1, family history, asbestos 
exposure, and lung disease are associated with an increased risk of lung cancer.

Genetic tests and patient responses Preliminary studies suggest that genetic testing improves smoking cessation. Testing personalizes risk 
and undermines optimistic bias (the tendency to underestimate personal risk).

risk mitigation and early diagnosis Quitting smoking has been shown in prospective studies to reduce the risk of lung cancer 
substantially. The National Lung Cancer screening Trial has shown a 20% reduction in lung cancer 
deaths in those undergoing annual low-dose CT screening compared with chest x-ray.

Abbreviations: CT, computed tomography; COPD, chronic obstructive pulmonary disease; Fev1, forced expiratory volume in one second.

include CT screening84 or chemoprevention,85 where the costs, 

risks, and benefits require careful appraisal. Results from 

the National Lung Cancer Screening Trial were reported in 

November 2010, showing a 20% reduction in lung cancer 

mortality in current and former smokers undergoing yearly 

low-dose CT screening compared with yearly chest x-rays. 

Preliminary data using a single nucleotide polymorphism-

based risk model for lung cancer estimates that over 50% of 

all lung cancer could be identified by CT screening only in 

those smokers at greatest risk (20% of eligible smokers).86 The 

cost implications of such an approach are enormous. Recently, 

a study from the Centers for Disease Control and Prevention 

found that genetic testing prompted changes in management 

by doctors in 75% of cases.87 Current or former smokers 

in the higher-risk categories for lung cancer might benefit 

from closer observation by their physician, with more use of 

routine spirometry and earlier referral for CT imaging when 

symptoms persist despite aggressive treatment for COPD.79 

The factors suggesting that a lung cancer risk stratification test 

may have clinical utility in the general screening of smokers 

are summarized in Table 3.

Summary
Here we have reviewed the scientific literature suggesting 

that COPD and lung cancer may share overlapping molecular 

genetic pathways and genetic “susceptibility” genes. We have 

also reviewed recent literature suggesting that single nucle-

otide polymorphism-based risk stratification of smokers is 

possible, and may have clinical utility as suggested a decade 

ago by Dr Francis Collins, director of the National Institutes 

of Health. We conclude that smoking causes the vast major-

ity of COPD and lung cancer in most developed countries, 

and remains a public health problem despite decades of 

public health initiatives. Recently, the link between COPD 

and lung cancer has been identified at a molecular18–21 and 

genetic level,30–32 identifying novel pathways with potential 

for chemopreventive strategies. Smoking cessation remains 

the single most important intervention at a personal and 

population level, and can significantly reduce the burden 

of disease from smoking. While a better understanding of 

the molecular genetic pathways underlying COPD and lung 

cancer is emerging, it is clear that the selection of carefully 

phenotyped controls is critical to this understanding and the 

ability to identify relevant genetic associations.30–32,44 With 

the identification of novel single nucleotide polymorphism 

associations, along with the development of clinically use-

ful risk prediction tools for risk stratification,40,44,70 a new 

era in preventive medicine may unfold where some smok-

ers may benefit from novel preventive and/or diagnostic 

approaches.66,67,81–83 Preliminary data suggest that gene-based 
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risk tools have utility in this setting.81,82,84,87 We suggest that 

single nucleotide polymorphism-based risk models, derived 

from well designed epidemiological studies, may allow the 

translation of recent advances in genomic medicine to per-

sonalized medicine to address what remains the single biggest 

and most preventable health issue of the 21st century.
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ABSTRACT

Over the last 30 years, epidemiological studies have
shown that COPD is the single most important risk
factor for lung cancer after smoking exposure. Recent
genetic studies using genome-wide approaches suggest
that the genetic risk factors predisposing smokers to
COPD and lung cancer may overlap. The genes identi-
fied by these studies suggest that this overlapping
genetic susceptibility may be mediated through recep-
tors expressed on the bronchial epithelium that impli-
cate molecular pathways underlying both COPD and
lung cancer. Furthermore, it appears that aberrant
inflammatory and/or immune-modulatory pathways
leading to excess matrix metalloproteinases, growth
factors and airway remodelling in COPD may also be
promoting malignant transformation of the bronchial
epithelium. The process linking inflammation, remod-
elling and cancer formation is called epithelial-
mesenchymal transition. There are several clinical
implications arising from the COPD–lung cancer
overlap. First, if COPD is a precursor disease to lung
cancer then efforts to prevent COPD, might be even
more important. Second, if drugs targeting the overlap-
ping molecular pathways can be identified, chemopre-
vention that reduce the propensity to COPD and lung
cancer is an attractive option. Finally, if low-dose
computerized tomography can identify treatable lung
cancer, gene-based tests of susceptibility might help
identify those smokers who should undergo radiologi-
cal screening.

Key words: chronic obstructive pulmonary disease,
genetics, lung cancer, tobacco.

INTRODUCTION

Lung cancer and COPD are both lung diseases that
are thought to result from the combined effects of
smoking exposure and an underlying genetic (inher-
ent) susceptibility.1,2 Although smoking accounts for
between 80% and 90% of all lung cancer and COPD
cases, only the minority of smokers are affected by
these diseases. Lung cancer was rare before 19003

but now accounts for over 20% of all cancer-related
deaths, more than the combined deaths from cancers
of the breast, colon, prostate and ovary.4 The epidemic
of lung cancer, which peaked in the 1960s, followed
several decades of exponential growth in cigarette
consumption popularized in the early 1900s. Despite
over 50 years of various chemotherapy treatment
regimens, 5-year survival from lung cancer remains
poor at 10–15% and over one million deaths per
annum worldwide are attributed to lung cancer.4

COPD is believed to affect 10% of adult populations5

and is soon to be the 3rd leading cause of death in
developed countries.6 Based on these and other epi-
demiological observations, it can be concluded that
cigarette smoke exposure accounts for the vast major-
ity of lung cancer and COPD. From a genetic and evo-
lutionary perspective, smoking is a relatively new
environmental exposure that adversely affects the
lungs of the minority of smokers and in doing so
unmasks inherent differences in ‘genetic susceptibil-
ity’ among smokers (discussed further below).

THE LINK BETWEEN COPD AND
LUNG CANCER

Epidemiological studies show that although tobacco
smoke exposure accounts for over 80% of COPD and
lung cancer cases, only 10–15% of smokers develop
lung cancer while 20–30% develop clinically signifi-
cant COPD.7–9 Genetic factors might explain these
observations. Based on twin studies, the heritability
of lung cancer and reduced FEV1 is estimated to be
15–25% and 40–77% respectively.10,11 This observation
suggests that among smokers, genetic factors appear
to play a greater role in the susceptibility to COPD
than in lung cancer.

Epidemiological studies of smokers, dating back
30 years, consistently show that reduced FEV1 (or
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COPD) is strongly associated with an increased risk
for lung cancer.12–15 One of these studies also showed
that reduced FEV1 conferred a greater risk for lung
cancer than age and pack years exposure.12 These
cross-sectional studies, together with recently pub-
lished prospective studies,16 show smokers with
COPD (or reduced FEV1) have up to a 4- to 6-fold
increased risk of lung cancer when compared with
smokers with normal lung function16 or smokers ran-
domly recruited from the community.17 These studies
consistently show that after allowing for cigarette
smoke exposure, reduced FEV1 (COPD) is the single
most important risk factor for lung cancer and that
these two diseases are linked by more than smoking
exposure alone. This observation, together with the
high heritability of reduced FEV1 suggests that sus-
ceptibility to lung cancer may involve (or overlap)
with susceptibility to COPD, a concept first proposed
by Tockman and colleagues over 30 years ago.13

Importantly, the early spirometry-based studies,
that stratified smokers by increasing smoking
exposure dose, showed that although the distribution
of FEV1 in light smokers was unimodal, it shifts
towards bi- or tri-modal in heavy or chronic smokers
(Fig. 1).12,14 In these studies, heavy smokers could be
approximately divided into three groups who were
either resistant (60%), intermediate (20%) or suscep-
tible smokers (20%), where the latter reflected those
with clinically significant COPD.18 Collectively, these
studies reveal two important observations about
FEV1-related responsiveness to smoking. First that
FEV1 in smokers of the same smoking exposure
became more disparate (or heterogenous) the longer
or more they smoked (suggesting a possible threshold
effect) and second, that smoking exposure dose per se
accounted for only a small part of this heterogeneous
response reflected in FEV1 (suggesting a genetic
effect). Indeed the researchers of this study concluded
that the contribution of genetic factors to the variance
in FEV1 is much greater than that from smoking
exposure dose.12 Collectively, these observations
suggest that in chronic smokers, airflow limitation (or
reduced FEV1) is a strongly genetically determined
response to smoking.18 This tri-modal distribution
in FEV1 responsiveness raises the possibilities that
not only are there genes conferring susceptibility to
COPD among some smokers but that there are also
genes conferring a protective effect (or ‘resistant’
phenotype). It is proposed here that the effects of
these genes (more correctly genetic variants in these
genes) become clinically evident (or penetrant) only
after several decades of smoking in a classical gene–
environment interaction where decades of smoking
exposure (or other aero-pollutant exposure) is for
most a necessary ingredient. These observations have
important implications in the design of present day
genetic epidemiological studies where smoking expo-
sure dose may be critical to identifying susceptibility
and resistant gene effects.

Although the strong link between reduced FEV1

and lung cancer has been known for over 30 years,
recently published studies of the genetics of lung
cancer have largely overlooked this important obser-
vation. We propose in this review that the failure to

account for this relationship may have significantly
undermined the findings of several recently pub-
lished genome-wide association (GWA) studies.19–21

Specifically, by failing to identify those cases and con-
trols with and without COPD, these lung cancer GWA
studies may have missed important genetic effects
or wrongly attributed them to lung cancer instead of
COPD. The former is relevant if protective genes are
important in determining which smokers get COPD
(and/or lung cancer) and requires a comparison with
healthy smokers (i.e. normal lung function).22 The
latter possibility is particularly important as recent
evidence highlights that between 50–80% of those
with lung cancer have pre-existing COPD.17,23–25 We
found in our lung cancer case series (n = 446),17 pre-
existing COPD was undiagnosed nearly 50% of the
time (29% self-reported COPD vs 65% identified by
spirometry, unpubl. findings, 2009). This finding is in

Figure 1 Distribution of % FEV1 chronic smokers, COPD
and lung cancer. (a) Chronic smokers—non-normal dis-
tribution in %FEV1 after 40+ pack years. FEV1 % predicted
is bi- or tri-modal in chronic smokers suggesting a
genetic basis.12,14 Red box defines COPD while blue box
defines healthy (‘resistant’) smokers. This suggests
factors other than exposure determine propensity to
COPD. (b) Distribution of %FEV1 in chronic smokers and
lung cancer cases. In a series of 422 lung cancer cases
spirometry showed approximately 80% had FEV1% pre-
dicted <90% (green dotted oval).17 This suggests that
‘resistant’ smokers, matched for smoking, be used as
controls in genetic epidemiological studies of lung cancer
and COPD.
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keeping with Hill et al., showing COPD is undiag-
nosed 50–80% of the time.26 This high prevalence of
COPD in lung cancer cases contrasts with randomly
selected community-based smoking controls where
the COPD prevalence is 15–20%.17,26 This means lung
cancer is not just a ‘complex genetic disease’, resulting
from smoking exposure in genetically susceptible
people, but that it is a disease of mixed phenotype
that includes COPD as a sub-phenotype (Fig. 2).17

Given the very high prevalence of reduced FEV1 (or
COPD) in smokers with lung cancer (50–80%) com-
pared with those randomly selected from community
studies (15–20%), it suggests FEV1 (a physiological
marker of airway damage) is an important biological
marker of a smoker’s susceptibility to lung cancer.18

This is much like the relationship between obesity
and type 2 diabetes mellitus (T2DM) where obesity
(defined by body mass index or BMI) is highly heri-
table (nearly twofold that of T2DM) and an important
precursor disease to T2DM. In this context, BMI is
the physiological biomarker used to define the sub-
phenotype of obesity in those with type 2 diabetes
just as FEV1 defines COPD in those with lung cancer.
In other words, as BMI reflects an inherent propensity
(or genetic susceptibility) to obesity following a high
calorie diet, FEV1 reflects an inherent genetic suscep-
tibility to COPD (or exaggerated pulmonary inflam-
mation) after chronic smoke exposure.18 Recent
genetic epidemiological studies of obesity and T2DM
show an overlapping effect from the ‘fat mass and
obesity’ gene.27 Although the concept that lung cancer
and COPD share a common ‘familial component’
was first suggested by Tockman in 1977,13 interest
in this hypothesis has only recently re-emerged.28,29

However, it has only been in the last 2 years that genes
conferring ‘susceptibility’ to COPD have been shown
to be relevant in lung cancer susceptibility.30–32

GENETICS OF LUNG CANCER
AND COPD

Over the last 30 years there have been a number
of case–control genetic epidemiological studies of
lung cancer or COPD reporting associations with
several genetic variants from a number of potential
candidate genes (reviewed in references 33–36).
These studies have generally been underpowered
and replication of the associations mostly lacking.
Meta-analytical studies have identified some genetic
variants that appear to be replicated and therefore
robust (Table 1). Recently published GWA studies
of lung cancer,19–21 lung function37–40 and COPD41,42

have identified several chromosomal regions and
candidate genes including 1q21-23 (CRP, IL-6R),
4q22 (FAM13A), 4q24 (GSTCD), 4q31 (HHIP, GYPA),
5p15 (CRR9), 5q32-33 (HTR4, ADAM19), 6p21 (BAT3,
AGER), 6q24 (GPR126) and 15q25 (CHRNA). Interest-
ingly, several of these disease loci from the GWA
studies of lung cancer, lung function and COPD
overlap (Table 1).

Although these genes were first identified through
GWA studies, involving thousands of subjects, an
overlapping role in COPD and lung cancer was only
established in a case–control study where these
genetic associations were examined in all affected
(phenotypic) groups: smokers with normal lung
function, smokers with COPD (GOLD 2 + criteria)
and smokers with histology confirmed primary lung
cancer (subgrouped by COPD sub-phenotype).30–32

Using this approach the CHRNA gene, originally asso-
ciated with an increased risk of lung cancer,19–21 was
also associated with an increased risk of COPD30 and,
the HHIP and FAM13A genes originally associated
with reduced risk of COPD40,42 were independently
associated with a reduced risk of lung cancer.31,32

Importantly, CHRNA subunits 3a and 5a are expressed
throughout the bronchial epithelium, are activated by
nicotine and appear to modulate pulmonary inflam-
mation.44 Similarly HHIP is expressed on bronchial
epithelium and modulates epithelial repair, smoke-
induced epithelial-mesenchymal transition (prema-
lignant transformation) and cigarette smoke-induced
oncogenic transformation of bronchial epithelial
cells.45 Although little is known of FAM13A function, it
is also expressed on the bronchial epithelium and
sequence analysis indicates FAM13A has Rho GTPase
activating protein (Rho-GAP) activity suggesting both
anti-inflammatory and tumour suppressor function.46

Although these genetic associations and their biologi-
cal effects require confirmation in further studies,
these findings provide the first evidence that COPD
and lung cancer share pathogenetic mechanisms
that are mediated by bronchial epithelial (airway)
responses to cigarette smoke exposure.

Based on the overlapping candidate genes impli-
cated to date, it appears that epithelial based recep-
tors may be orchestrating some of the downstream

Figure 2 Overlap between COPD and lung cancer
among smokers. Epidemiological studies suggest the
majority of smokers with lung cancer have coexisting
airflow limitation (COPD) much like the majority of those
with type 2 diabetes have obesity.
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effects on smoking-induced inflammation44 and apo-
ptosis45,46 that underlie both COPD and lung cancer
(Fig. 3). Given the increased risk of other inflamma-
tory extra-pulmonary diseases in smokers with
COPD,18 these genetic variants may have effects
beyond the lungs. The FAM13A gene (Chr 4q22)
overlap is particularly interesting as it suggests that
activity of the intracellular signalling molecule Rho A,
implicated in both COPD47 and lung cancer,48 may
represent a possible pharmacological target.49 In this
regard, it is very interesting that statins (known Rho A
inhibitors) have been shown in observational studies
to improve outcomes for smokers with respect to both
COPD and lung cancer (discussed further below).49

Collectively, these findings provide further evidence
that COPD and lung cancer are directly linked at a
molecular genetic level and suggest the airway epi-
thelium response to smoking may be critical to this
overlap.50

To conclude, the above epidemiological and
genetic findings suggest that lung cancer and COPD
are not discrete diseases related only through
smoking exposure, but that many of the smokers who
are susceptible to COPD are also susceptible to lung
cancer.13,15,17,18 Such a suggestion was made by the late
Dr Tom Petty 5 years ago28 and recently reviewed by
others.29,51 Given the apparent overlap in susceptibil-
ity loci, it appears plausible that some of the genetic
factors implicated in COPD might also be relevant in
lung cancer.52–56 Given the possible overlap in genetic
susceptibility between COPD and lung cancer, ‘Is

there evidence of a molecular biological overlap
between COPD and lung cancer?’

EVIDENCE FOR A MOLECULAR
BIOLOGICAL LINK

It has recently been suggested that with a greater
understanding of COPD may come a greater under-
standing of lung cancer biology.57 Indeed the close
association between COPD and lung cancer from epi-
demiological studies has led to several hypotheses
linking COPD and lung cancer at a molecular biologi-
cal level.51,53,58–66 Early theories suggested that COPD
and lung cancer maybe linked through factors such as
hypoxia from COPD promoting angiogenesis and
mutagenesis or from reduced clearance of carcino-
gens secondary to COPD leading to greater likelihood
of DNA damage promoting premalignant transforma-
tion.61 These hypotheses can be ruled out primarily
because the link between COPD and lung cancer is
present at even mild degrees of airflow limitation,25,51

long before hypoxia or clearance of carcinogens are
likely to be important. If such a hypothesis were true,
then only those with severe COPD would be diag-
nosed with lung cancer, which is not the case.17

A more widely held hypothesis, supported by the
authors, suggests that a genetically determined aber-
rant (or exaggerated) inflammatory-repair response
to smoking (or other aero-pollutants) might link
COPD with lung cancer.18,49,51,58–60 Specifically, that this

Table 1 Proposed chromosomal loci and/or candidate genes associated with COPD, lung function and lung
cancer19–21,33–42

Study type COPD (Lung function) Lung cancer

Candidate genes (variants or SNP) GSTM1 (null genotype) GSTM1 (null genotype)
TGF-b1 (rs 1800470) XRCC3 (T241M)
TNF-a (rs 1800629) XPD (K571Q)
SOD3 (rs 1799896) TP53 (R72P)

OGG1 (S326C)
GWAS—chromosomal loci (candidate genes) 1q23 (IL6R) 1q21 (CRP)

4q22 (FAM13A) 4q22 (FAM13A†)
4q24 (GSTCD)
4q31 (HHIP/GYPA) 4q31 (HHIP†/GYPA)
5q33 (HTR4/ADAM19) 5q33 (ADAM19†)
6p21 (BAT3/AGER) 6p21 (BAT3)
6q24 (GPR126) 5p15 (CRR9/TERT)
15q25 (CHRNA) 15q25 (CHRNA†)

† To date four candidate genes expressed on bronchial epithelium, implicated from COPD GWA studies, have also
been associated with lung cancer.30–32,43

ADAM19, a disintegrin and metalloproteinase domain 19; AGER, advanced glycosylation end product-specific recep-
tor; BAT3, HLA-B associated transcript 3; CHRNA, locus containing both cholinergic receptor, nicotinic, alpha 3 and 5
genes; CRR9, cisplatin resistance related protein; FAM13A, family with sequence similarity 13, member A; GPR126, G
protein-coupled receptor 126; GSTCD, glutathione S-transferase, C-terminal domain containing; GSTM1, glutathione
S-transferase Mu1; GWAS, genome-wide association study; GYPA, glycophorin A; HHIP, hedgehog interacting protein;
HTR4, 5-hydroxytryptamine receptor 4; IL6R, interleukin-6 receptor; OGG1, 8-2Oxoguanine DNA glycosylase; SNP,
single nucleotide polymorphism; SOD3, superoxide dismutase 3; TERT, telomerase reverse transcriptase; TGF-b,
transforming growth factor-b; TNF-a, tumour necrosis factor-a; TP53, transformation-related protein 53; XPD, Xero-
derma Pigmentosum Complementation Group D; XRCC3, X-ray repair cross-complementing protein 3.
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exaggerated inflammatory response leads to aberrant
airway epithelial and matrix remodelling character-
ized by excessive growth factor release and elevated
matrix metalloproteinases (MMP).49,51,58–67 A role
for aberrant immuno-surveillance and secondary
autoimmune processes may also contribute to main-
taining or amplifying pulmonary inflammation, even
after smokers quit.68–70 This aberrant response might
also involve processes leading to excessive oxidative
stress that has been proposed to link COPD and lung
cancer.66 In these circumstances, smokers with this
inherent (genetic) susceptibility to this type of exag-
gerated response to smoking are at increased risk of
lung cancer due to the COPD-related remodelling
processes that lead to epithelial mesenchymal transi-
tion (EMT). EMT has recently been identified in
COPD71 and is a known precursor to many forms of
epithelial cancers including lung cancer.72–74

It is well accepted that EMT, initiated by exagger-
ated release of growth factors and MMP that
result from matrix remodelling,49,51,67 maybe promot-
ing malignant transformation in the respiratory
epithelium.72–74 In this process, bronchial epithelial
cell integrity and function is disrupted by matrix

remodelling and growth factor release that underlies
COPD (such as TGF-b and MMP) and together
promote EMT (Fig. 3). The effect of growth factors on
EMT has been shown to be promoted by collagen 1,73

directly linking lung remodelling (COPD) with
EMT.71,72,74 In animal models, the GTPase proteins
(Guanine triphosphatase binding proteins, e.g. Ras,
Rho and Rac) have been linked to the development
of lung cancer, with NF-kB mediating this effect in a
COPD mouse model.72,75 In vitro studies show that
inhibition of GTPases can reverse EMT and restore
epithelium to its normal morphology.76 Also of inter-
est is the likely role of inflammation in promoting the
lung matrix remodelling of COPD67 and elevation of
inflammatory cytokines such as interleukin-6 (IL-6),
interleukin-8 (IL-8) and tumour necrosis factor-a
(TNF-a).67 In this respect, elevated IL-6 has been
implicated in the development of both COPD77 and
lung cancer.78,79 Recent data have shown that anti-IL-6
based treatment suppresses tumorigenesis.80 We and
others have proposed that smoking incites an inflam-
matory response in the lungs that is mediated by
genetic predisposition and involves an excessive
effect from inflammatory cytokines that promote
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Figure 3 Proposed overlapping pathogenic pathways underlying COPD and lung cancer. ADAM19, a disintegrin
and metalloproteinase domain 19 gene; AP1, activator protein 1; CHRNA, cholinergic receptor, nicotinic, alpha 3 and 5
subunit genes; EMT, epithelial mesenchymal transition; FAM13A, family with sequence similarity 13, member A gene;
FGF, fibroblast growth factor; HHIP, hedgehog interacting protein gene; IL-6, interleukin-6; IL-8, interleukin-8; MMP,
matrix metalloproteinases; NE, neutrophil elastase; NF-kB, nuclear factor kappa B; PI3K, phosphatidylinositiol 3-kinase;
STAT3, Signal Transducer and Activator of Transcription 3; TGF-b, transforming growth factor-b; TNF-a, tumour necrosis
factor-a. Red superscript numbering corresponds to the proposed site of action or pathway for those genes encoding
the epithelial based receptors implicated by GWA studies.
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aberrant epithelial and airway remodelling leading to
pathological changes characteristic of COPD.49,67,80

At a subcellular level, it has been shown that many
of the intracellular signalling pathways implicated in
COPD are also important in lung cancer (Fig. 3).
These include the GTPase signalling pathways,47–49,72

PI3K,60 NF-kB49,53,60,62,67 and STAT3 signalling mol-
ecules.49,59,64 These pathways are probably activated
as part of an inflammatory-repair process that pro-
motes EMT and involves embryological pathways.81

If these overlapping pathways can be better under-
stood, the possibility of a drug to target this overlap
is very attractive from a chemo preventive stand
point.49,59,82,83 Specifically, if smoking activates inflam-
matory or immune-modulating pathways mediated
by the upstream effects of GTPases implicated in
COPD and lung cancer47,48 then inhibition of
this pathway may have beneficial effects on both
diseases.49 After reviewing the potential role of statins
in COPD, we have suggested that there is considerable
laboratory evidence that statins inhibit inflammatory
pathways in the lung to reduce the production of
inflammatory cytokines (e.g. IL-6, IL-8, IL-1b and
other inflammatory mediators, e.g. TNF-a) and could
attenuate damaging remodelling effects.49 In addition,
we suggest that the statin effect occurs through
known inhibitory action on GTPase isoprenylation
with subsequent downregulation of IL-6 activity49

through inhibition of STAT349,64 and reversal of
EMT.76,84 Statins have been shown to have anti-oxidant
and anti-apoptotic effects, which could also be rel-
evant to minimizing airway remodelling.49 Although
observational, there is considerable clinical data sug-
gesting patients with COPD do better when taking
statins.49 Clinical data to support the above hypoth-
esis include reduction on lung function decline and
lower lung cancer incidence in those taking statins.49

As statins have been shown to reverse EMT,84 the
finding of reduced lung cancer incidence could be
explained. In this respect, we believe that the consis-
tently reported beneficial effects of statins shown in
animal, human in vitro, and clinical studies could be
mediated through statin-mediated inhibition of RhoA
leading to a downstream reduction in inflammatory
cytokines such as IL-6 and even reversal of EMT.82,84

Such effects would explain at the pharmacological
level how statins might reduce lung function decline,
COPD-related morbidity from chest infection or exac-
erbation and even reduce lung cancer incidence.49,85

We conclude that not only is COPD closely linked to
lung cancer through epidemiological studies, genetic
studies and pathogenic pathways, they may both
benefit from the chemo preventive potential of anti-
inflammatory therapies such as statins.49,85

CLINICAL IMPLICATIONS

There are several important implications that stem
from the link between COPD and lung cancer.18,49,58,86

First, it is apparent that COPD is an important marker
of future risk of lung cancer among smokers but to
date remains underdiagnosed in the community.25,26

Although controversy, and a degree of nihilism,

surrounds the benefits of diagnosing COPD early it
should become an important health priority for
primary care physicians heavily promoted by respira-
tory specialists. The data showing the benefits of quit-
ting smoking are both substantial and irrefutable,87

and there is now much greater support for smokers to
quit. With the identification of genetic markers of risk
from epidemiological studies, there are efforts being
made to improve existing risk models for lung cancer
using these markers.43,54,55,88 These models may have
important clinical utility in risk stratification and
smoking cessation. Already several recently reported
studies suggest that genetic testing may have utility in
smoking cessation.89–91 This is not surprising because
at any point in time about 70% of smokers want to
quit but the majority are not sufficiently motivated by
the non-personalized health warnings or other public
health strategies to reduce smoking.89 There is consis-
tent data to show that when smokers are confronted
with a personal health scare they quit smoking at
much higher rates than when well and in denial about
the hazards of smoking to their health.89 Genetic
testing of susceptibility provides personalized feed-
back that appears to help up to 30% of smokers quit
following testing.91 Consistent with other clinical
settings, where personal biodata forms the basis
of risk stratification (cholesterol measurement and
Framingham risk assessment) for heart attack pre-
vention, genetic testing for lung cancer appears to
help motivate smokers to quit.89–91

Another application of susceptibility testing for
lung cancer risk is in targeting smokers for low-dose
computerized tomography (CT) screening for early
diagnosis of lung cancer.50,86,92 The recently reported
National Lung Cancer Screening Trial (NLST) study
showed a 20% reduction in lung cancer mortality in
those who were in the CT screening arm compared
with those screened with CXR. It has been estimated
that approximately 7–8 million current and former
smokers in the USA alone would be eligible for CT
screening based on age and smoking exposure alone.
Under these eligibility criteria, the pick up of lung
cancer on yearly screening is only about 1% raising
issues about cost-effectiveness and harms-to-benefit
analyses.92,93 When smokers are targeted for CT
screening based on other clinical variables such as
lung function, there is a much higher pick-up rate.
Such an approach has already been reported by
Bechtel et al.92 where including spirometric criteria
for CT screening resulted in a lung cancer pick-up rate
of 6%,92 much greater than approximately 1.0%
reported by Calabra25 and others93 where selection is
based on age and smoking history alone. Given the
constraints of cost and harms from non-targeted
screening with CT, we believe maximizing specificity
over sensitivity is a much more sensible approach to
lung cancer screening. By focusing the CT screening
for lung cancer to those smokers with evidence of
airway obstruction and/or lung parenchymal damage
(emphysema), lung cancer pick up can be substan-
tially improved.92 We suggest the use of alternative
biomarkers of lung risk, such as gene-based lung
cancer risk assessment,55,56,86 to further improve
pick-up rates for those undergoing screening for lung
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cancer. In this regard the authors agree with those
advocating the greater use of available risk biomark-
ers (spirometry and genes) as a means to specifically
target lung cancer screening to those smokers with
the greatest risk and potentially the most to gain.25

Studies are underway to assess whether genetic risk
might help to better rationalize low-dose CT screen-
ing for early detection of lung cancer.

CONCLUSION

In the last 30 years there have been numerous studies
showing that reduced FEV1 (COPD) is an important
risk factor for lung cancer independent of smoking.
Today support for this comes from recent evidence
showing that the majority of lung cancer sufferers
have underlying (and often undiagnosed) COPD.
Recently published GWA studies suggest there maybe
an overlap between genetic susceptibility to COPD
and lung cancer by identifying overlapping genetic
regions. The genes identified to date that overlap
implicate airway epithelial based receptors involved
in mediating pulmonary inflammation and apopto-
sis. However, further studies will be required to
confirm their respective roles in COPD and lung
cancer.

In addition to the genetic overlap from epidemio-
logical studies, there is growing evidence at the
molecular biological level suggesting that inflamma-
tory and/or immune-modulating pathways involved
in intracellular signalling are also shared between
COPD and lung cancer in particular those mediated
by GTPases, PI3K, NF-kB and STAT3. There is now
evidence that EMT is present in both COPD and lung
cancer and this may represent the histological marker
linking COPD and lung cancer. This is because the
microenvironment of lung matrix remodelling under-
lying COPD (excessive growth factors and MMP) is
also known to promote EMT. These data suggest a
plausible molecular link with COPD and lung cancer
that provide further evidence supporting the inflam-
matory or immune-modulatory link, possibly orches-
trated by the epithelial response to chronic smoke
exposure.

Significant clinical benefits might come from con-
firming these observations including novel smoking
prevention strategies, early lung cancer detection and
possibly chemoprevention. It is time to better test
these observations by careful clinical characterization
of smokers according to their lung function and
radiology. This will ensure accurate interpretation of
future genetic epidemiological studies in COPD and
lung cancer.
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MiniReview

Genetic Predisposition to Chronic Obstructive Pulmonary
Disease and/or Lung Cancer: Important Considerations
When Evaluating Risk

Randa A. El-Zein1, Robert P. Young2, Raewyn J. Hopkins2, and Carol J. Etzel1

Abstract
Chronic obstructive pulmonary disease (COPD) is defined as a disease causing an airflow limitation that

is not fully reversible. COPD is phenotypically complex and characterized by small-airway disease and/or

emphysema that result from the interaction between host genetic susceptibility and environmental

exposures. As in lung cancer, smoking exposure is the most important risk factor for the development

of COPD, accounting for 80% to 90%of all cases. COPDaffects an estimated 8% to 10%of the general adult

population, 15% to 20% of the smoking population, and 50% to 80% of lung cancer patients (with

substantial smoking histories). In prospective studies, COPD has been found to be an independent risk

factor for lung cancer, conferring a three- to 10-fold increased risk of lung cancer when compared with

smokers without COPD. These findings suggest that smokers have a host susceptibility to COPD alone,

COPD and lung cancer (i.e., overlap), and lung cancer in the absence of COPD. This minireview focuses on

important points that need to be addressed when studying genetic susceptibility factors for COPD and its

complex relationship with susceptibility to lung cancer. Cancer Prev Res; 5(4); 522–7. �2012 AACR.

Introduction
Chronic obstructive pulmonary disease (COPD) is an

important public health problem, with approximately 24
million affected individuals andmore than 125,000 annual
deaths in theUnited States. TheWorldHealthOrganization
predicts that by 2020, COPD will become the third leading
cause of mortality and the fifth leading cause of death
worldwide (1). COPDhas been found tobe an independent
risk factor for lung cancer, conferring a 3- to 10-fold
increased risk of lung cancer when compared with smokers
without COPD. Three separate absolute risk models for
lung cancer have been developed: The Bach (2), Spitz (3),
and Liverpool Lung Project (LLP; ref. 4) models. Well-
documented risk factors such as smoking duration and
occupational exposure to asbestos are common to all 3
models. The original Bach model did not include COPD.
The LLP and Spitz models include lung-related comorbid-
ities of COPD (Spitz) and pneumonia (LLP) and family
cancer history. By including COPD among smokers, the
Spitzmodel had a higher discriminatory power than did the

Bach model (5). Recently, Maisonneuve and colleagues (6)
updated the Bach model on the basis of data from the
COSMOS screening trial, which included COPD. The
updated Bach model showed a high discriminatory power
and good calibration, which measures the agreement
between observed results and the predictions of the model
(6). In addition, Tammemagi and colleagues generated an
extended Prostate, Lung, Colorectal, and Ovarian (PLCO)
lung cancer risk model (7), which included COPD; this
model has the highest discriminatory power reported to
date. All of these models were based on predominantly
Caucasian participants. In 2008, Etzel and colleagues (8)
observed that COPD is also a major risk factor for lung
cancer among African Americans and added it to the Spitz
lung cancer risk model.

Cigarette smoking is themajor cause of COPD, as of lung
cancer, although only 15% to 30% of smokers develop
either disease. Between 50% to 80% of lung cancer patients
have preexisting COPD, compared with a 15% to 20%
prevalence of COPD in the general smoking population
(9–11), and studies consistently have shown that smokers
whohaveCOPDare at an increased risk for developing lung
cancer (1, 12). Smokers with mild and moderate COPD
have a 3-fold risk of developing lung cancer within10 years,
which increases to a 10-fold risk with severe COPD, when
compared with smokers with normal lung function (as
determined by the specific spirometric criteria FEV1/FVC
less than 70 and FEV1% predicted less than 80%; ref. 1). It
has been reported that the risk of developing lung cancer
does not disappear completely after smoking cessation,
with a roughly equal proportion of lung cancers being
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diagnosed in former smokers or current smokers (approx-
imately 40% to 45% each; refs. 9, 13). The damage induced
by cigarette smoke in COPD patients is not fully reversible
and also persists in these patients after smoking cessation,
thus explaining the persistence or even the progression of
the disease in former smokers (14).

COPD biology
COPD is a phenotypically complex disease characterized

by small-airway disease and/or emphysema that results
from the interaction between host genetic susceptibility
and environmental exposures; this disease is not fully
reversible. The major cause of death among COPD patients
is lung cancer. Given the same degree of pulmonary func-
tion impairment and smoking history, patients showing
predominantly small-airway disease are at a greater risk of
lung cancer compared with those with a predominance of
emphysema (15). For patients with predominantly emphy-
sema who do develop lung cancer, however, the survival
rate following surgery for early-stage lung cancer is lower
than for lung cancer patients with airway COPD (16). It has
been suggested that the mixed-phenotype disease lung
cancer includes COPD defined as a subphenotype by the
pulmonary function test spirometry (9, 11, 17). The
mechanisms linking COPD to lung cancer remain unclear;
a number of hypotheses are being tested, however, such as a
shared genetic risk between these 2 disorders (17) and
delayed clearance of inhaled carcinogens inCOPDpatients.
Cigarette smoke contains a number of known carcinogens
and a very high concentration of oxidants (18) that in
combination induce inflammation leading toDNAdamage
and mutations in lung and airway tissues. With airflow
impairment, patients are not able to fully clear the tobacco
carcinogens, thus increasing the opportunity to induce
DNA damage and mutations (19). In addition, the chronic
and persistent oxidative stress and local inflammation have
also been implicated in the pathogenesis of lung cancer
(20). To date it is unclear how COPD contributes to lung
cancer risk or whether both COPD and lung cancer are the
result of common underlying exposures or whether some
combination of both scenarios applies.
COPD is a genetically complex disease inwhich about 1%

of affected patients are a-1 antitrypsin deficient and hence
genetically predisposed to the development of the disease.
This deficiency accounts for a small proportion of COPD
among never smokers. Themajority of COPD cases reflect a
complex interplay between genetic and environmental
interactions. Several studies have reported on the associa-
tion between genetic variants and COPD, with inconsistent
results. The discrepancy in reported findings could be
attributable to several issues such as improper selection of
the candidate genes, study sample size (21), the unclear
definitions or smoking habits of cases and controls, and a
lack of proper disease classification in lieu of simply con-
firming the presence or absence of disease (17).
Genome-wide association studies (GWAS) of lung cancer

and COPD have independently identified several chromo-
somal regions and candidate genes, including chromosome

1q21 (CRP, IL-6R), 4q22, -24, and -31 (FAM13A, GSTCD,
HHIP, and GYPA), 5p15 (CRR9), 5q32 (HTR4, ADAM19),
6p21, 6q24 (BAT3, AGER1, and GPR126), 15q25
(CHRNA3/5), and 19q13 (RAB4B, EGLN2, MIA, and
CYP2A6; refs. 22–32), that are associated with host suscep-
tibility to the development of lung cancer and/or COPD,
with some loci showing significant overlap between COPD
and lung cancer. Young and colleagues reported a case–
control study in which all subjects were phenotyped for
COPD according to spirometry; the CHRNA3/5 (15q25)
and HHIP (4q31) loci were associated with both COPD
(heritability estimated to be 40%–75%) and lung cancer
(heritability estimated to be 15%–25%, an estimate based
on concordance in twin studies adjusted for smoking;
refs. 33, 34). A variant in the FAM13A gene on 4q22
(associated with lung function; ref. 25) is similarly linked
to a reduced risk of COPD and lung cancer (35). It is
interesting that extending the lung cancer risk models by
addition of the top single-nucleotide polymorphism (SNP;
P < 10�7) identified through GWAS has not necessarily
further improved the discriminatory power of models com-
pared with their epidemiology-based counterparts because
these top SNPs confer only small to modest degrees of risk
for disease, even though each individual SNP has genome-
wide significance (36). Likewise, extension of the PLCO
lung cancer risk model by adding pulmonary function or
other markers such as sputum DNA image cytometry
(SDIC) did not substantially improve the discriminatory
power of the model, although both pulmonary function
and SDIC are significantly associated with lung cancer risk
(37). As Tammemagi and colleagues explained, factors
which are significantly associated with lung cancer may not
contribute substantially to prediction because association is
measured with effect estimates and prediction is measured
by estimating discrimination and calibration (37).

Several recent studies have focused on the role of genetic
variants in association with smoking behavior. In more
than 10,000 participants from the general population of
Denmark, Kaur-Knudsen and colleagues (38) examined the
association between nicotinic acetylcholine receptor geno-
type and smoking behavior and the added effect of this
association on the risk of tobacco-related diseases such as
lung and bladder cancer, COPD, and cardiovascular dis-
eases. They reported an association between the nicotinic
acetylcholine receptor genotype and daily tobacco con-
sumption, cumulative tobacco consumption, and smoking
inhalation but not with age of smoking onset, age of
smoking cessation, or smoking duration. Furthermore, a
nicotinic acetylcholine receptor polymorphism was associ-
ated with an additional increased risk of lung and bladder
cancer andCOPDafter adjustment for smoking.Hamidovic
and colleagues (39) investigated the association between
genetic variability and smokingpersistence inAfricanAmer-
icans and identified a locus downstream of the brain-
derived neurotrophic factor 30-untranslated region as a
mediator of smoking behavior. In addition, smoking per-
sistence in African Americans was associated with indepen-
dent variants in the cluster of genes encoding nicotinic
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acetylcholine receptor subunits (CHRNA5–CHRNA3–
CHRNB4) on 15q25.1. This evidence suggests that lung
cancer and COPD may not be discrete diseases but rather
may develop through overlapping molecular pathways in a
proportion of smokers susceptible to the development of
both COPD and lung cancer (1, 9, 40–48). This inference is
analogous to the relationship between obesity (heritability
of 60%) and type 2 diabetes (heritability of 20%), in which
excessive calorie intake (relative to requirement) affects a
genetically susceptible subgroup of the population.

Considerations when attempting to identify
susceptibility factors for COPD

Wang and colleagues (49) recently reported that the
CHRNA5-A3 region on chromosome 15q24–25 is not only
associated with lung cancer risk but also with lung cancer
risk through its effects on both smoking exposure and
COPD. Using mediation analysis methods, the authors
concluded that COPD is a mediating phenotype that
explains part of the effect of smoking exposure on lung
cancer and that smoking behavior is a mediator of the
relationship between the SNP rs1051730 (from the chro-
mosome 15q25 locus) and COPD risk. Previously, Spitz
and colleagues and Etzel and colleagues (3, 8) included
COPD as an independent risk factor for lung cancer in their
risk assessment models among Caucasians and African
Americans. Therefore, (i) including COPD as an indepen-
dent ormediating variable in riskmodels evaluating genetic
susceptibility to lung cancer is crucial for an accurate risk
assessment for lung cancer and (ii) participants with and
without COPD are needed in evaluations of the suscepti-
bility to lung cancer.When elucidating susceptibility factors
for COPD among smokers, however, several issues (as
follow) need to be considered.

Choice of controls
It is well documented that the prevalence of COPD in

smokers enrolled as study controls in any epidemiologic
study is highly dependent on the recruitment method and
sampled population. The prevalence of COPD is 30% to
50% in "convenience samples" such as community-based
smoking volunteers, computed tomography (CT) screening
participants, or randomhospital/clinic–based controls. The
true prevalence of COPD, as shown by spirometry evalua-
tion in randomly selected populations of smokers, is about
10% to 20%. Spirometry is the internationally accepted
method of diagnosing and classifying COPD. Thus in the
absence of spirometry findings, the prevalence of COPD in
lung cancer cases and control smokers is likely to be dif-
ferent; based on the discrepant prevalences in convenience
sample versus randomly selected smokers it couldbe argued
that smokers matched for ethnicity, gender, and pack-years
and with normal or near-normal lung function would
minimize any potential to misclassify smokers with COPD
as "controls" (50–53). Matching (or stratifying) for smok-
ing exposure is particularly important because the clinical
expression of genes conferring "susceptibility" or "resis-
tance" to COPD (i.e., penetrance) is dependent on the

smoking exposure dose (cigarettes per day, years smoked,
and total pack-year exposure). This dependence makes
COPD (and lung cancer) "dynamic" phenotypes, occurring
almost exclusively after exposure to smoking (or other aero-
pollutants; ref. 17). Similarly, healthy or resistant smokers
(controls) for COPD studies can only be reliably identified
by spirometry. Comparing COPD smokers with healthy/
resistant control smokers is critical for identifying protective
genetic effects (34, 35).

We note that the common approach of adjusting for
variation in smoking exposure between cases and controls
(rather than stratifying) may be problematic if there is a
threshold effect on COPD (48, 54) or if the relationship
of smoking exposure dose to lung function is not linear
(55). Conversely, it is as important to exclude nonsmo-
kers from the case and control comparison groups
because including nonsmokers may obscure or attenuate
any genetic effects (especially with a disproportion of
nonsmokers in cases compared with controls), as they
have an insufficient exposure to tobacco smoke carcino-
gens. Recent studies suggest that the etiologies of COPD
among never smokers and ever smokers are potentially
quite different, as exemplified by the 10% to 15% of
COPD attributable to a1-antitrypsin deficiency, dust
exposure, or chronic asthma. Furthermore, Li and collea-
gues and Sampsonas and colleagues reported that differ-
ent genes may be relevant in nonsmokers (vs. smokers)
with lung cancer or COPD (56, 57).

Classification of COPD patients
The accurate classification of the clinical phenotypes of

COPD is essential to the success of identifying genetic
variants associated with such a complex and phenotyp-
ically variable disease. Such classification would refine the
current concept of COPD from a unique disease to a
syndrome with multiple phenotypes that are expressed
because of different underlying pathobiologic processes
(58–61). To date, the most important and most studied
phenotype of COPD is airflow limitation defined by
pulmonary function testing (spirometry). In 2010, how-
ever, the International COPD Genetics Conference
reported that additional phenotypic expressions should
be considered (21). These phenotypes should include the
degree, type, and distribution of emphysema; extent of
thickening of airway walls; presence and degree of dys-
pnea; quality of gas exchange in the lungs; and presence
of systemic inflammation. The report concluded that
determination of these phenotypes will not only provide
interesting scientific mechanisms for the disease but also
will have clinical prognostic and therapeutic value. It
should be stressed that although a medical history of
COPD correctly identifies COPD in 80% to 90% of cases
(a small proportion have asthma), history alone is not
sufficiently accurate to classify (or phenotype) all subjects
in genetic epidemiologic studies. When depending solely
on diagnosis through symptoms and medical history,
between 50% to 70% of COPD is missed because of a
lack of lung function testing (spirometry; refs. 49–51),
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especially in asymptomatic smoking controls or lung
cancer patients (in whom routine spirometry suggests
that 50%–70% have COPD).

COPD–lung cancer "overlap" and selectionof cases and
controls
Whether COPD and lung cancer are related directly

through shared genetic susceptibility or through mechan-
isms related to the differential effect of smoking exposure
and/or inflammation in smokers with COPD, it is impor-
tant to subphenotype for COPD in any epidemiologic study
of lung cancer. The evidence to date suggests that smokers
who develop COPD—either COPDand then lung cancer or
lung cancer in the absence of COPD—are likely to be
distinct phenotypic groups. This subphenotyping is not as
easy as it sounds because age is also relevant to the correct
phenotyping of smokers; the vast majority of COPD and
lung cancer cases are diagnosed in people 50 years or older
(including up to 90 years old). To date, the vast majority of
genetic studies of COPD and lung cancer have been done
independently of each other, with no regard for the medi-
ating or confounding effect ofCOPDon lung cancer (or vice
versa). Therefore, any genetic associations reported for lung
cancer may in fact be related to or mediated by COPD, a
finding described by Young and colleagues in several pub-
lished studies (22, 33, 62). de Andrade and colleagues (63)
recently used a convenience sample of lung cancer cases
with and without COPD to evaluate the effect of genetic
variants in glutathione metabolism, DNA repair, and
inflammatory response pathways to identify susceptibility
markers for COPD risk. It is particularly problematic to use
samples of convenience in genetic epidemiologic studies to
identify susceptibility or protective genetic variants because
patients with COPD and lung cancer may not represent
those with COPD alone.
One way to overcome this issue is to subphenotype lung

cancer cases by pulmonary function tests and chest CT into
thosewith andwithout COPDand then test for associations
separately (64). This ascertainmentmight be possible in the
COPDGene study currently underway in the United States
(www.COPDGene.org). It may also be possible in CT
screening trials, in which both pulmonary function tests
and baseline CT data are available on smokers who are
followed prospectively. In the Pittsburgh Lung Screening
Trial (10), nearly 50% of screenees had COPD (on the basis
of pulmonary function tests and/or CT evidence of emphy-
sema at baseline), compared with COPD in 85% of those
who subsequently developed lung cancer (Fig. 1). This
study suggests that 85% of lung cancers detected prospec-
tively in a CT screening trial had underlying evidence of a
disposition to COPD at baseline and that this disposition
accounted for about 5-fold more lung cancers (detection
rate of 5%) thandidnormal lungs at baseline (detection rate
of 1%; ref. 10 and Fig 1). It has been suggested that a COPD-
based and/or gene-based approach to CT screening for lung
cancer may help better target people at the greatest risk
(11, 17, 47, 64, 65). These approaches are but examples of
the potential clinical use to which a better understanding of

the relationship between COPD and lung cancer and, in
particular, of the contribution of genetic susceptibility (or
resistance) to adverse smoking outcomes can be put.

Conclusion
Epidemiologic studies to date indicate that COPD,

defined by spirometric criteria, is common among smokers
(estimated to affect about 20%) and even more common
among smokers diagnosed with lung cancer (estimated to
affect about 50%–70%). Although the basis of this strong
association is not yet understood at a molecular level,
genetic epidemiologic studies are now uniquely placed to
clarify this important relationship. However, future studies
must consider COPD–lung cancer overlap by carefully
phenotyping all study participants according to accepted
criteria. Studies of the genetic predisposition to COPD and
lung cancer should avoid samples of convenience and
should take into consideration (i) the importance of smok-
ing exposure and age-to-gene penetrance and (ii) the com-
plex subphenotypes underlying smoking-related lung dis-
ease such as small-airway disease and emphysema. Ideally,
these prospective studies should incorporate data on pul-
monary function testing and CT-detected emphysema into
the design.
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Figure 1. The relationship between spirometry-based COPD (dark-gray
box) and CT evidence of mild-to-severe emphysema (medium-gray box)
in a CT screening study. COPD in the figure reflects severity criteria (I–IV)
of the global initiative for chronic obstructive lung disease, which
established the internationally accepted spirometry criteria for defining
COPD and its severity. The overlap of both diseases with CT-detected
lung cancer (LC; light-gray oval) is also shown (10).
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COMMENTS AND RESPONSES

Redesigning After-Hours Primary Care

TO THE EDITOR: The editorial by Margolius and Bodenheimer (1)
in response to the successful Dutch after-hours primary care model
reviewed by Giesen and colleagues (2) does not mention several
essential differences between the U.S. and Dutch health care systems
that would make the process of adopting such a model in the United
States difficult.

The Netherlands and most of Western Europe have invested in
more developed primary care systems than the United States and
seem to value primary care physicians more—there is a notably
smaller salary gap between specialists and primary care providers in
those countries. Specialty societies in the United States are adamant
about not reducing their members’ income to enhance that of the
primary care sector. Health insurance is mandatory in the Nether-
lands, enhancing access and limiting out-of-pocket expense. Taking
time off from work to see a physician is not as anxiety-provoking.
Here, at least in Boston, extending office hours seems only to shift
the time of regular patient visits from weekdays to evenings and
weekends. Recently, “patient-directed” (that is, higher deductibles
and copayment) insurance plans have led to more telephone calls
during off hours to manage patient problems without an office visit,
and its fee.

Primary care providers are disproportionally burdened in the
United States. Too many hours, administrative hassles, less compen-
sation, and the unmistakable feeling of an increasingly salary-
threatening schizophrenic demand to boost productivity while being
tasked with constraining health care system costs does not make for
a very attractive career choice. The creeping “conditional” nature of
the mechanism for enhancing one’s salary is most marked in primary
care. Surgeons and specialty physicians do not conditionally generate
additional income by not operating or by performing fewer proce-
dures. Asking primary care organizations to now assume a dispropor-
tionally large share of financial risk for the provision of care to a
population of patients only worsens the environment. Medical stu-
dent internship choices show that idealism and altruism—often ac-
companied by substantial debt—will significantly limit those same
choices, more often away from primary care.

Accountable care organizations will certainly promote less emer-
gency department use to reduce cost or financial risk, but the elephant
in the boardroom will be the one who gains control of the organization.
It’s not only hospital administration versus physicians—there could be
“blood on the floor” as specialists and primary care physicians vie for
the power of the purse. Experience unfortunately holds out scant
hope for increasing the value of primary care cognitive services in the
accountable care organization as opposed to the procedure-oriented
services of the specialties.

My longitudinal view of 30 years in primary care—from
friendly to managed competition; to oppressive managed care HMO
gatekeepers; to expensive preferred and exclusive provider organiza-
tions; to urgent, large-scale institutional consolidation; to cut-throat
competition; to high deductible, cost-shifting, patient-directed plans,
and currently accountable care organizations—parallels the clear de-
cline in its practice environment, prestige, relative compensation,
and numbers of newly minted primary care physicians.

Until our country’s health care system radically evolves to a
value-driven (that is, primary care–driven) institution that covers all
Americans, we can only admire how far ahead of us—at least in
certain system-related aspects—are the Dutch and the other Euro-
pean primary care structures. All the while, our patients experience
even longer waits and incur even greater expense in our state-of-the-
art emergency rooms.

Michael E. Miller, MD
Boston University Affiliated Physicians
Boston, MA 02199
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TO THE EDITOR: Many of the innovations recommended by Mar-
golius and Bodenheimer (1) for after-hours primary care in the U.S.
health care system are already present in England’s National Health
Service (NHS) (1). All residents of England have access to free after-
hours primary care services from the NHS, either provided by their
own primary care physician or by their local primary care trust (that
is, the organization responsible for funding primary care services).
After-hours primary care in England is defined as care that occurs
outside the hours of 8 a.m. to 6:30 p.m., Monday through Friday, in
contrast to some other countries, in which primary care physicians
may offer narrower access to routine services (2).

When primary care physicians provide after-hours services
themselves, it is usually through a cooperative system. In areas where
primary care physicians do not provide after-hours care, it is usually
provided by a commercial provider and is funded by the local pri-
mary care trust. In addition to these primary care–based services,
residents of England also have access to a 24-hour telephone advice
line (NHS Direct) that has been available nationwide since 2000 (3).
Other recent innovations in emergency and after-hours care intro-
duced urgent care centers and minor injury units that are staffed by
primary care physicians and nurses, and employment of primary care
physicians in emergency departments to handle patients who present
with problems that do not need to be managed by specialist emer-
gency physicians.

Despite the wide availability of primary care services and a read-
ily accessible 24-hour helpline, patient attendance at emergency de-
partments, urgent care centers, and minor injury units in England
continues to rise—a 35% increase from 15.3 million first atten-
dances (2003–2004) to 20.7 million (2010–2011) (4). The explana-
tions for this continued demand for emergency care in a health
system with good primary care, during both routine hours and after
hours, are complex but seem to be linked to sociocultural reasons,
such as the desire of patients to be seen when it is convenient for
them (5). The lesson from England for the United States and other
countries with more fragmented and less widely available after-hours
primary care services is that a health system can strive hard to im-
prove access to after-hours primary care, but this by itself may not be
enough to curtail the demands placed on emergency departments.
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IN RESPONSE: We thank Dr. Miller and Dr. Majeed for their letters.
We have no disagreements with their comments, which underline the
challenges facing primary care. Emergency departments have a great
access advantage over traditional primary care practices—patients can go
in at 6 p.m. or 1 a.m. and be seen the same day. However, the
benefits of continuity of care through improved preventive and
chronic care, higher patient satisfaction, and lower costs (1), can only
be achieved by empanelling patients to a primary care home and
ensuring prompt access to that medical home. Shining examples exist
of primary care practices in the United States that provide both
prompt access and continuity (2). It can be done.
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A Clinical Practice Guideline Update on the Diagnosis and
Management of Stable Chronic Obstructive Pulmonary
Disease

TO THE EDITOR: We read with disappointment the first recommen-
dation of recently published guidelines (1) on the diagnosis and
management of stable chronic obstructive pulmonary disease
(COPD). This recommendation states, “Spirometry should not be

used to screen for airflow obstruction in individuals without respira-
tory symptoms” (1). In our opinion, this would be like recommend-
ing that fasting blood glucose not be measured in obese patients until
angina develops. Even if spirometry does not in itself modify the
underlying risk (smoking cessation) or warrant immediate treatment
(use of bronchodilators), airflow limitation is a marker of premature
death from all causes—in particular, heart attack and lung cancer
(2, 3).

We believe this recommendation reflects an unduly nihilistic
attitude toward the wider use of spirometry, primarily owing to its
poor implementation to date rather than poor clinical utility. By not
screening high-risk individuals, such as chronic asymptomatic smok-
ers, we are losing a teachable moment that demonstrates to smokers
their inherent susceptibility and irreversible end-organ damage.

That smokers do not quit smoking in greater numbers in re-
sponse to poor spirometry results is possibly because physicians do
not sufficiently emphasize the substantial increased risk for heart
attack and lung cancer conferred by reduced FEV1 (2, 3). Moreover,
if we wait for symptoms before spirometry is offered, many smokers
will have irreversibly lost as much as 50% of lung function (2).
Evidence shows that the greatest potential to optimize lung health
(preservation of lung function and reduced lung cancer risk) comes
from quitting smoking before significant airflow limitation is
established.

Another lost opportunity would be in identifying smokers most
at risk for lung cancer (3) at a time when computed tomography
(CT)–based screening for lung cancer seems to show a significant
survival benefit (4). For lung cancer screening to be widely and
cost-effectively adopted, it is necessary to identify current and former
smokers at greatest risk, over and above that conferred by age and
exposure (3).

If we abandon spirometric screening of asymptomatic smokers,
we will lose this opportunity, as we and others have shown reduced
FEV1 confers a 6-fold greater risk for lung cancer compared with
smokers with normal lung function (5). We believe that the utility of
spirometry as a diagnostic test is far outweighed by its ability to
establish end-organ lung damage, increased all-cause mortality, and
targeted risk-mitigating interventions. In our view, to abandon spi-
rometry in asymptomatic smokers will certainly promote (if not
worsen) the continued underdiagnosis and underresourcing of
COPD.
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IN RESPONSE: We thank Dr. Young and Ms. Hopkins for their
comments regarding the recent joint clinical guideline from the
American College of Physicians, American College of Chest Physi-
cians, American Thoracic Society, and European Respiratory Society
on the diagnosis and management of stable COPD. However, we
respectfully disagree with their argument that the recommendation
against spirometry for screening asymptomatic patients is nihilistic.

There are agreed-upon criteria that define when to consider
screening (1): There should be an accepted treatment available, and
if treatment is started at an early stage, it must be beneficial and
change clinical outcomes compared with waiting until patients de-
velop signs or symptoms of disease. The current evidence indicates
that identification and treatment of individuals with asymptomatic
airflow obstruction does not improve clinical outcomes and that
spirometry does not act as a motivator to help patients stop smoking
(1–4).

In addition, we found no evidence to support the use of routine
periodic spirometry after initiation of therapy to monitor disease
status or to guide therapy modification. On the contrary, spirometry
in asymptomatic patients may be associated with such harms as “la-
beling,” follow-up visits, repeated office spirometry, full pulmonary
function tests with bronchodilator testing, lung imaging, and use of
unnecessary and ineffective treatments (5). With this evidence in
mind, there is no net benefit to obtaining spirometry in asymptom-
atic individuals.

Amir Qaseem, MD, PhD, MHA
American College of Physicians
Philadelphia, PA 19106

Timothy J. Wilt, MD, MPH
Minneapolis Veterans Affairs Center for Chronic

Disease Outcomes Research
Minneapolis, MN 55417

Paul Shekelle, MD, PhD
Greater Los Angeles Veterans Affairs Health

Center/RAND
Santa Monica, CA 90401
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NICE Guideline for Management of Chronic Heart Failure
in Adults

TO THE EDITOR: The National Institute for Health and Clinical
Excellence (NICE) guidelines presented by Mant and colleagues (1)
for management of chronic heart failure in adults describe the prob-
lem as “a complex clinical syndrome.” The diagnostic algorithm be-
gins with a detailed history and a clinical examination.

However, the authors then say, “Clinical signs and symptoms
are of limited use in the diagnosis of heart failure” (1). This must
surely be a misprint.

The next node down in the algorithm is either “Specialist as-
sessment and Doppler echocardiography” or “Measure serum natri-
uretic peptide.” Are these the real tools to diagnose of heart failure? It
seems to be another example of gizmo idolatry (2).

Clinical evaluation is central to nearly all complex clinical syn-
dromes; history is almost everything in diagnosing ischemic heart
disease, stroke, dementia, and more. Downplaying history and phys-
ical examination is harmful to physicians and their patients in many
ways. And it seems to belittle the diagnosis and management of heart
failure by physicians around the world who lack access to these tech-
nologies and must rely solely on clinical skills.

Thomas E. Finucane, MD
Johns Hopkins Bayview Medical Center
Baltimore, MD 21224
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TO THE EDITOR: I accept the evidence-based suggestion in Mant
and colleagues’ article (1) that specialists and coordinated care in
heart failure clinics can create better outcomes than “usual” care. But
I cannot find the evidence base that supports the need for specialist
assessment to diagnose chronic heart failure in patients with prior
myocardial infarction.

Generalists are capable of reviewing echocardiogram reports
(generated by appropriately trained echocardiographers) that tell
them whether a patient has preserved ejection fraction, systolic dys-
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function, or other cardiac abnormality, which can help to further
classify patients with heart failure. If these physicians are able to
diagnose chronic heart failure in patients without myocardial infarc-
tion, they ought to be able to do so in patients with prior myocardial
infarction.

I have no problem with referral to cardiologists or chronic heart
failure management clinics at this point, but I do not see the evi-
dence for referral to a “specialist assessment” to make the diagnosis in
the first place.

David L. Simel, MD, MHS
Duke University
Durham, NC 27705
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IN RESPONSE: We are grateful to Dr. Finucane for his comments
and agree with him regarding the central role of history and physical
examination in the evaluation of heart failure (and other complex
clinical syndromes). It is through history and examination that a
clinician will suspect heart failure as a diagnosis and consider poten-
tial aggravating factors and alternative diagnoses (1). However, the
limitations of symptoms and signs alone need to be acknowledged.

A systematic review of the evidence found that individual symp-
toms and signs are of limited use in the diagnosis of heart failure (2).
Furthermore, diagnoses of heart failure by generalists may be inac-
curate: A review of 103 patients with a diagnostic label of heart
failure in primary care in the United Kingdom confirmed this diag-
nosis in 35 patients (34%) after echocardiography and examination
(3).

Echocardiography is required in persons with suspected heart
failure not only to help establish whether the syndrome is present but
also to help identify the underlying cardiac abnormality, such as left
ventricular systolic dysfunction or valve disease. This is vital, because
subsequent management is underpinned by such knowledge (1).
There is a strong evidence base that measurement of serum natri-
uretic peptides is useful to rule out heart failure and thus can reduce
the use of echocardiography in people with normal heart function (1,
2). The central role of natriuretic peptides and echocardiography in
the NICE guideline does not reflect “gizmo idolatry,” rather a con-
sidered application of the principles of evidence-based medicine.

We are also grateful to Dr. Simel for his comments, but we
believe that he may have misinterpreted the algorithm. The guide-
lines recommend that all patients with heart failure should have
specialist assessment and echocardiography. People with a history of
myocardial infarction who present with symptoms and signs sugges-
tive of heart failure have a higher likelihood of a positive diagnosis
than someone without such a history (2). Cost-effectiveness analysis
suggests that it is more cost-effective to refer such people immedi-
ately for echocardiography and specialist assessment without the
prior use of natriuretic peptide testing as a “rule out” test (2). In the
case of patients with symptoms and signs of heart failure but no
history of myocardial infarction, the diagnostic algorithm recom-

mends that the generalist refer them for echocardiography and spe-
cialist assessment if serum natriuretic peptide levels are increased.

Jonathan Mant, MD
University of Cambridge
Cambridge CB2 0SR, United Kingdom
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Hip Fracture: A Complex Illness Among Complex Patients

TO THE EDITOR: Hung and Morrison’s editorial (1) on manage-
ment of hip fracture does not address the patient in whom hip
fracture will not be surgically repaired. I have had only a couple such
patients who made the decision not to have surgery and were more
than a few days from death. Both were competent to make their own
choices, and despite encouragement to reconsider, these elderly pa-
tients stood firm and chose to die in their beds.

In caring for these patients, I could not convince anesthesiologists
to consider regional approaches that might mitigate the need to use
substantial narcotic analgesia and that might make it easier to maintain
hygiene and to keep skin intact. PIER (http://pier.acponline.org) does
mention the need to provide “adequate” doses of narcotic analgesia in
persons who will not have surgical repair, thus at least noticing the
problem. However, regional anesthesia could be continuous (for exam-
ple, epidural) and could allow for a much more comfortable course. We
should test this approach and report on the results so that patients
and their physicians who choose this course have the benefit of prior
experience.

Joanne Lynn, MD, MA, MS
Altarum Institute
Washington, DC 20036
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TO THE EDITOR: Hung and Morrison’s editorial (1) states that high-
quality care requires optimization of 5 core elements. Most hip frac-
tures are secondary to osteoporosis. I was, therefore, surprised to see
that there was no mention in the editorial of screening and treating
osteoporosis as part of the treatment plan.

Rajiv K. Dixit, MD
Northern California Arthritis Center
Walnut Creek, CA 94598
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IN RESPONSE: Although the vast majority of hip fracture patients are
treated surgically, approximately 6% do not receive surgery (1).
There are a paucity of data to guide treatment decisions in this
population, and well-designed prospective studies are needed. In the
absence of such data, extrapolation from studies that have used re-
gional techniques (for example, femoral nerve blocks) before and
after surgical repair suggests that they are viable and effective options
for reducing systemic opioid requirements and improving the man-
agement of hip fracture pain (2). A more definitive study on efficacy
is currently under way. Nevertheless, pain control in patients under-
going nonsurgical care may require a combination of regional block
and a systemic analgesic program.

Dr. Dixit makes an excellent point that osteoporosis care is
an important aspect of post– hip fracture care. Treatment with
bisphosphonates—namely zoledronic acid, a mainstay of osteopo-
rosis treatment—initiated within 90 days after fracture may re-
duce clinical fractures and mortality at a median follow-up of 1.9
years (3). However, the mechanism of the mortality benefit seems
to be mostly related to reduction in cardiovascular events and
pneumonia rather than in subsequent fracture prevention (4).
The role of osteoporosis screening and treatment in the immedi-
ate perioperative period is less clear and as such was not addressed
in our editorial.

William W. Hung, MD
James J. Peters Veterans Affairs Medical Center
Bronx, NY 10468

R. Sean Morrison, MD
Mount Sinai School of Medicine
New York, NY 10029
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CORRECTIONS

Correction: Therapy-Related Acute Myelogenous Leukemia
Four authors were inadvertently omitted from a recent letter

(1). These authors and their affiliations are as follows: Deepika S.
Darari, Irina Maric, Zachariah McIver, and Diane C. Arthur.

This has been corrected in the online version.
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1. Taylor JG, Darari DS, Maric I, McIver Z, Arthur DC. Therapy-related acute

myelogenous leukemia in a hydroxyurea-treated patient with sickle cell anemia [Letter].

Ann Intern Med. 2011;155:722-4. [PMID: 22084346]

Correction: Diagnostic Imaging for Low Back Pain
In the guideline by Chou and colleagues (1), the third statement

in the section “Defer imagining after a trial of therapy” in Table 4
should read as follows: “Risk factors for vertebral compression frac-
ture (history of osteoporosis, use of corticosteroids, significant
trauma, or older age [�65 y in women and �75 y in men]).

This has been corrected in the online version.

Reference
1. Chou R, Qaseem A, Owens DK, Shekelle P, for the Clinical Guidelines Committee

of the American College of Physicians. Diagnostic imaging for low back pain: advice

for high-value health care from the American College of Physicians. Ann Intern Med.

2011;154:181-189. [PMID: 21282698]

Correction: Oseltamivir Compared With Chinese Traditional
Therapy

The Patients section in the abstract of a recent article (1) should
read as follows: 410 persons aged 15 to 69 years with laboratory-
confirmed H1N1 influenza.

This has been corrected in the online version.
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ment of H1N1 influenza. A randomized trial. Ann Intern Med. 2011;155:217-25.

[PMID:22025253]

Correction: Liquid-Based Cytology and Human Papillomavirus
Screening for Cervical Cancer

The first full paragraph on page 693 (1) of a recent article
should read as follows:
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Four large, fair-quality RCTs compared cotesting with
cytology screening alone in European women aged 30
to 64 years (Table 3) (46–49). These 4 studies in-
cluded NTCC phase 1, POBASCAM, Swedescreen,
and ARTISTIC, and comprised 82 390 participants. In
contrast to HPV screening alone, cotesting did not de-
tect more CIN3� after 2 screening rounds than cytol-
ogy alone (Table 3). Round-specific screening results
were not completely consistent. Generally, cotesting de-
tected relatively more CIN2� (and sometimes CIN3�)
after 1 screening round, compared with cytology alone.
Cotesting identified less CIN3� (and, where reported,
cancers) after the second round, tending toward fewer
cancers cumulatively. Interpreting these mixed results is
complicated by uncertainty about the completeness of
outcome ascertainment for cancers and high-grade pre-
cancers due to between-trial differences in duration and

completeness of follow-up for the entire screened pop-
ulation and screening episode (15); lack of consensus
on the appropriate surrogate outcome (15), with possi-
ble asymmetry bias due to limited long-term follow-up
(1); and screening protocol differences (Table 3 and
Appendix Table) between trials and with U.S. practice.

Also, on the right-hand column on page 695, in the first full
paragraph, the third sentence should cite reference 67; the fifth sen-
tence of that paragraph should cite reference 1, not reference 67.

This has been corrected in the Online version.
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treated side conferred some protection against VIDD (11).
Therefore, our data may underestimate the benefits of
intermittent phrenic nerve stimulation to diaphragm fiber function.
However, our intrasubject design was sufficiently sensitive to
detect significant differences in function that may be obscured
by the large variability in an intersubject design resulting from
factors such as age, sex, genetics, duration of surgery, and so on.

We cannot determine whether a 30% increase in diaphragm
fiber force is clinically relevant. Of note, an increase in
inspiratory/diaphragm muscle strength elicited by inspiratory
strength training is associated with greater weaning rate than
standard care in chronic failure-to-wean patients (12). Phrenic
nerve stimulation has been shown to increase the type 2 fiber cross-
sectional area in sheep (4), mitochondrial respiration rates (5), and
specific force in rats (6) and humans, as shown for the first time to
our knowledge in the present study. These observations suggest
that intermittent diaphragm activity during MV offers some
protection against VIDD. Thus, intermittent diaphragm activity may
ultimately prove to be a useful clinical strategy to prevent or
attenuate VIDD in a subset of patients that has yet to be identified
in larger trials. n

Author disclosures are available with the text of this letter at
www.atsjournals.org.
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Primary and Secondary Prevention of
Chronic Obstructive Pulmonary Disease:
Where to Next?

To the Editor:

We read with interest the editorial by Kiley and Gibbons
highlighting the important but long-overdue concepts of “lung
health” and primary prevention in chronic lung disease (1). We
summarize here data from preclinical and clinical studies
identifying systemic inflammation as a modifiable phenotype in
chronic obstructive pulmonary disease (COPD) and as a potential
target for effective preventive interventions (2–6).

Large prospective studies have recently shown that systemic
inflammation predicts a greater decline in lung function, a
greater tendency to infective exacerbations and mortality in COPD,
and an increased risk for lung cancer (2–5). Animal studies suggest
that systemic inflammation, or exaggerated expression of
inflammatory cytokines (i.e., IL-6), results in features consistent
with COPD (4). Numerous observational studies have suggested
that use of statins, inhibitors of both pulmonary and systemic
inflammation, reduces “exacerbation-related” mortality, lung
function decline, and lung cancer incidence but improves exercise
tolerance (4, 5). We conclude that considerable evidence exists
suggesting that systemic inflammation is an important and
modifiable phenotype mediating COPD outcomes (4, 5). Moreover,
systemic inflammation affects up to 70% of patients with COPD (2,
5) and predicts increased risk for important COPD-related
comorbidities such as coronary heart disease, osteoporosis, and
lung cancer (5). Collectively, these studies suggest systemic
inflammation might be an easily identified therapeutic target in
patients with COPD that can be modified and, hence, be the basis
for an effective primary and secondary prevention approach (1, 5).

An important feature of the prevention paradigm of COPD
is the need to identify those at greatest risk for or in the earliest
stages of COPD, so that risk-mitigating interventions are
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possible (1). This would involve the routine use of COPD “risk
assessment tools” in primary care to identify those most likely
to develop clinically significant COPD. These tools might
include smoking and occupational history; history of infective
exacerbations, lower respiratory tract infection, or pneumonia;
symptom scores to assess exertional breathlessness, productive
cough, and lethargy (Medical Research Council scale and
COPD Assessment Test scores); spirometry to assess airflow
limitation; and measurement of serum markers of inflammation
(C-reactive protein, fibrinogen, or IL-6). In addition to smoking
cessation, other interventions include regular exercise and,
in those with systemic inflammation, anti-inflammatory
treatments (e.g., statins) (4, 5). Other potentially useful
interventions include a diet high in fiber, which has been shown
to reduce the risk of developing COPD (6). We conclude that
the call to research primary prevention interventions, aimed at
maintaining lung health, is timely and founded on numerous
epidemiological studies showing there are many potentially
effective interventions, in addition to smoking cessation, that
require further investigation. n

Author disclosures are available with the text of this letter at
www.atsjournals.org.

Robert P. Young, M.D., Ph.D.
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Reply

From the Editorialists:

We thank Dr. Young and Ms. Hopkins for supporting the National
Heart, Lung, and Blood Institute (NHLBI) recent call to action
to develop a research agenda for the study of primary prevention of
chronic lung disease (CLD) and lung health (1). They refer to

building evidence that chronic obstructive pulmonary disease
(COPD) pathogenesis could be modified with therapies targeting
systemic inflammatory processes. An important first step, they
point out, is identification of those at greatest risk of developing
COPD, so that risk-mitigation strategies can be tested. This is
certainly one approach to pursue in this area of research.

The NHLBI is embarking on a strategic visioning process for
heart, lung, blood, and sleep research, and compelling questions
and critical challenges related to primary prevention of CLD will be
key components of the process. We agree with Dr. Young and
colleagues that the time is right for research in CLD primary
prevention. As a first step, the scientific community identified
a number of gaps, challenges, and opportunities, which have been
published as a series of papers from the NHLBI Primary Prevention
of Chronic Lung Disease workshop (2–8). A necessary step for
the development of primary prevention interventions is to clarify
what defines disease onset and/or the presymptomatic stages of
disease to identify critical windows for primary intervention. The
identification of risk factors for chronic lung disease permits risk
stratification of populations for targeted primary prevention
strategies to be tested. Robust measures of both lung health and
disease need to be developed to provide biologic plausibility for the
identification and validation of biomarkers that will distinguish
among health, presymptomatic stages of disease, and disease onset.
Novel technologies and approaches that can identify early
perturbations in lung structure, function, and defense, as well as
early integration of mechanistic and clinical studies, are necessary
to identify modifiable intervention points in an efficient and timely
manner.

We believe that with the joint efforts of the National Institutes
of Health and the global research community, optimal and sustained
respiratory health is within our reach, with the potential to
improve the lives of millions of individuals. n

Author disclosures are available with the text of this letter at
www.atsjournals.org.
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Abstract

Rationale: Although epidemiological studies consistently show
that chronic obstructive pulmonary disease is associated with an
increased risk of lung cancer, debate exists as to whether there is a
linear relationship between the severity of airflow limitation and lung
cancer risk.

Objectives:We examined this in a large, prospective study of older
heavy smokers from the American College of Radiology Imaging
Network subcohort of the National Lung Screening Trial (ACRIN).
Airflow limitation was defined by prebronchodilator spirometry
subgrouped according to Global Initiative for Chronic Obstructive
Lung Disease (GOLD) grades 1–4.

Methods: In the National Lung Screening Trial–ACRIN cohort of
18,473 screening participants, 6,436 had airflow limitation (35%) and
12,037 (65%) had no airflow limitation. From these groups, 758 lung
cancer cases were prospectively identified. Participants with airflow

limitation were stratified according to GOLD groups 1 (n = 1,607), 2
(n = 3,528), 3 (n = 1,083), and 4 (n = 211). Lung cancer incidence at
study end (mean follow-up, 6.4 yr)was compared between theGOLD
groups and those with no airflow limitation (referent group).

Measurements and Main Results: Compared with those with
no airflow limitation, where lung cancer incidence was 3.78/1,000
person years, incidence rates increased in a simple linear relationship:
GOLD 1 (6.27/1,000 person yr); GOLD 2 (7.86/1,000 person yr);
GOLD 3 (10.71/1,000 person yr); and GOLD 4 (13.25/1,000 person
yr). All relationships were significant versus the reference group at a
P value of 0.0001 or less.

Conclusions: In a large prospective study of high-risk cigarette
smokers, we report a strong linear relationship between increasing
severity of airflow limitation and risk of lung cancer.

Keywords: National Lung Screening Trial; chronic obstructive
pulmonary disease; airflow limitation; lung cancer; risk
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Over the past 30 years, both cross-sectional
and prospective studies have consistently
shown that the presence of chronic obstructive
pulmonary disease (COPD), characterized by
irreversible airflow limitation and reduced
expiratory flow rates, confers a greater risk
of lung cancer (1–10). This association is
independent of smoking history and,
strongest when COPD is defined by
spirometry with the control group confirmed
to have normal lung function (1, 4, 5).

In the population-based National
Health and Nutrition Examination Survey
(4), increasing severity of spirometry-
defined COPD was associated with greater
risk of lung cancer. The risk associated with
mild COPD was triple that of smokers with
normal baseline lung function and sixfold
greater in those with moderate to
severe COPD (4).

A similar magnitude of risk (four- to
sixfold) was found in a cross-sectional study
of moderate to heavy smokers with lung
cancer when compared with a randomly
selected group matched for age, sex, and
smoking histories (5). When the lung
cancer risk conferred by FEV1 was
examined, an inverse dose–response
relationship was found where even a small
decrease in percent predicted FEV1 (,90%)
was associated with an increased risk of
lung cancer (8).

This increased risk extends to those
with “restrictive” lung disease (4). However,
in a recent study using a clinic-based
COPD cohort, subjects with Global
Initiative for Chronic Obstructive Lung
Disease (GOLD) grades 1–2 were found
to have a greater risk of lung cancer
than those of GOLD grade 4 (10). This
unexpected observation argues against
a linear relationship between airflow
limitation and lung cancer risk, leading
to some debate (11, 12).

Underlying this debate is the
observation that reduced expiratory flow
rates have also been associated with
increased all-cause, lung cancer and
cardiovascular mortality (3), implicating
a differential survival effect (11). This
debate is highly relevant to the current era
of screening for lung cancer by chest
computed tomographic (CT) imaging,
because risk stratifying eligible smokers
is considered a key element of screening,
where the risk of lung cancer must be
balanced against the harm-to-benefit
ratio of screening relative to dying of
other causes (9).

Why smokers with underlying airflow
obstruction are at greater risk of lung
cancer than smokers with normal lung
function remains unknown (13–16).
Early hypotheses suggested that patients
with COPD have a greater accumulation
of carcinogens in the airway (1, 2).
Other hypotheses link lung cancer
with underlying emphysema and
lung remodeling (13, 14). The innate
immune response has been implicated
in both COPD and lung cancer in large
prospective studies (15–18). Systemic
inflammation, reflecting innate immune
hyperresponsiveness, has been linked to
both progression of lung remodeling
leading to COPD and DNA damage
leading to lung cancer (18).

In 2009, it was suggested that the
microclimate of remodeling underlying
COPD, characterized by excess
metalloproteinases and growth factors,
might initiate premalignant transformation,
termed epithelial–mesenchymal transition
(EMT) (15). Since 2010, when EMT was
first identified in patients with COPD (19),
it has been associated with worsening
airflow limitation, and has subsequently
been reported by three further research
groups using surgical samples from patients
with or without COPD with lung cancer (20).
EMT is considered a precursor to many other
epithelial-based cancers, and has been shown
to be potentially reversible with immune-
modulatory treatment (15).

As spirometry is not routinely performed
in the workup of all unscreened cases of lung
cancer, unbiased data on airflow limitation in
lung cancer are limited. With the recent
interest in CT screening for lung cancer, the
relationship between airflow limitation and
lung cancer can be more robustly examined
(6–8). Using data from the American College
of Radiology, Imaging Network (ACRIN)
cohort of the National Lung Screening Trial
(NLST), a large, prospective study in 18,714
subjects, we re-examined the relationship
between GOLD-based airflow limitation and
the development of lung cancer. Preliminary
results of this study have been reported in
abstract form (21).

Methods

Subjects
The recruitment and study design of the
full NLST, involving 53,452 screening
participants, yielding 2,058 histology-

confirmed lung cancers, has been described
elsewhere (22). In the ACRIN cohort of the
NLST, participants from 23 centers agreed
to undergo baseline prebronchodilator
spirometry (n = 18,714). From this cohort,
768 histology-confirmed lung cancer
cases were diagnosed over the study
period of 7.5 years (22).

Pulmonary Function Testing
In the NLST-ACRIN cohort,
prebronchodilatory spirometry was
measured at baseline screening (T0) in
the majority of participants meeting the
following criteria: no chest infection in the
preceding 3 weeks and no use of a short-
acting bronchodilator inhaler in the
preceding 6 hours, or long-acting
bronchodilator in the preceding 24 hours.
Those not meeting these criteria were
rescheduled for spirometry testing at a later
visit. The spirometry was measured by
trained staff using a Spiropro spirometer
(eResearchTechnology, GmbH, Estenfeld,
Germany). The severity of airflow limitation
was defined according to the GOLD criteria
grades 1–4 (www.GOLD.org, accessed
February 24, 2016).

Lung Cancer Case Rates
Lung cancer cases included all those
diagnosed during the trial, whether screen
or nonscreen detected, or prevalent
(diagnosed during the first year or T0) or
incident lung cancers (diagnosed during
subsequent years [T1–T6]; lung cancer
prevalence is the number of lung cancer
cases diagnosed as a percentage of the total
number of screening participants including
both prevalent lung cancers [diagnosed in
the first year of screening (T0)] and
incident cancers [diagnosed during
subsequent years T1–T6], described as a
percentage; lung cancer incidence rate [IR]
is the number of lung cancer cases
diagnosed over a defined period as a
function of the total number of person
years calculated according to the total
number of screening participants and years
of screening, described as rate/1,000
person years; lung cancer IR ratio (IRR) is
the ratio of one lung cancer IR relative to a
reference lung cancer IR, and provides a
crude estimate of relative risk, but in the
context of comparing two IRs rather
than two prevalence rates). All lung
cancers cases were confirmed on
histological sampling according to
accepted international classification
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criteria (21). We report the old
bronchioloalveolar cancer (BAC) subgroup
separately from adenocarcinomas,
because they have been previously
associated with “histology shift” and
overdiagnosis (22).

Lung function results and lung
cancer histology results were available for
758 of the 768 lung cancer cases (99% of
total). In a sensitivity analysis, in which
only spirometry meeting strict American
Thoracic Society criteria (grade A) were
included in the analysis (n = 13,530, 72%
of the total), the relationships identified
in the larger cohort (n = 18,714)
were reanalyzed.

For comparative purposes, the lung
cancer IRs (per 1,000 person yr) and
incident rate ratios (IRR) in this NLST-
ACRIN cohort were compared with
those from two other prospective lung
cancer studies, a non-screening study (4)
and screening study (7), where
airflow limitation was assessed

using spirometry at study baseline.
In a further analysis we sub-grouped
those with no airflow obstruction and
compared lung cancer IRs in those with
restrictive lung disease (4) and GOLD
unclassified (GOLD U) (23), relative to
“healthy” smokers.

Statistical Analysis
Differences in lung cancer IRs, stratified
by severity of airflow limitation based
on GOLD grades 1–4 were compared.
Differences in lung cancer IRs were
compared using IR per 1,000 person years
and IRR. Differences in lung cancer
histology were compared according to
GOLD status using Fisher’s exact test
and mid-P exact test. Confidence
intervals for IRs and IRRs were estimated
using the exact method. Significance
was defined as a two-tailed P less than
0.05. All statistical analyses were performed
using SAS (v9.4, SAS Institute, Cary, NC)
or STATA statistical software (StataCorp,

2015. Stata Statistical Software; Release 14;
College Station, TX).

Results

Table 1 shows a comparison of the
demographic characteristics of the full
NLST trial cohort (n = 53,452) and lung
cancer cases (n = 2,058) compared with the
NLST-ACRIN cohort (n = 18,714) and lung
cancer cases (n = 768). The NLST-ACRIN
cohort participants are very similar to the
full NLST study participants (22). Based
on the prebronchodilator pulmonary
function testing in the NLST-ACRIN
cohort, 64.3% had no airflow limitation,
a further 27.4% had airflow limitation
approximating GOLD 1–2 COPD, 5.8%
had GOLD 3, and 1.1% had GOLD 4
severity COPD (Table 1). There were
missing lung function data for 239
participants and missing FEV1 % predicted
in 7 participants with airflow limitation.

Table 1. Comparison of baseline demographics of the Full National Lung Screening Trial Study subjects and National Lung
Screening Trial–American College of Radiology Imaging Network cohort where spirometry defines severity of airflow limitation using
global initiative for chronic obstructive lung disease grading

Screening Trial NLST–Main Study
(n = 53,452)

NLST–ACRIN Cohort
(n = 18,714)

Screening Participants Lung Cancer
Cases

Total Cohort Lung Cancer
Cases

Subject demographics
Number 53,452 2,058 18,714 768
Mean age (SD), yr 61.4 (5.0) 63.7 (5.3) 61.6 (5.0) 63.6 (5.2)
Male, % 59 60 55 56
Mean pack years (SD) 56.0 (23.9) 64.9 (27.1) 55.9 (23.5) 63.9 (27.0)
Current smokers, % 48 60 50 60
Family history of lung cancer, % 22 26 23 26
Self-reported COPD, %* 17 27 20 32
Body Mass Index (SD) 27.9 (5.0) 26.8 (4.7) 27.8 (5.1) 26.9 (4.9)

Pulmonary function tests
Total† ND ND 18,714 768
GOLD 1 ND ND 1,607 (8.6%) 78 (10.2%)
GOLD 2 ND ND 3,528 (18.9%) 213 (27.7%)
GOLD 3–4‡ ND ND 1,294 (6.9%) 109 (14.2%)
GOLD U

(due to missing height data)x
7 (,1%) 1 (,1%)

Airflow limitation ND ND 6,436 (34.4%) 401 (52.2%)
No airflow limitation ND ND 12,037 (64.3%) 357 (46.5%)
Missing spirometry data ND ND 241 (1.3%) 10 (1.3%)

Definition of abbreviations: ACRIN = American College of Radiology Imaging Network; COPD= chronic obstructive pulmonary disease; GOLD =Global
Initiative for Chronic Obstructive Lung Disease; GOLD 1 = FEV1/FVC, 0.70, FEV1 % predicted> 80%; GOLD 2 = FEV1/FVC, 0.70, FEV1 % predicted =
50–79%; GOLD 3 = FEV1/FVC, 0.70, FEV1 % predicted = 30–49%; GOLD 4 = FEV1/FVC, 0.70, FEV1 % predicted, 30%; GOLD U =GOLD
unclassified; ND = not done; NLST =National Lung Screening Trial.
*Self-reported COPD in the NLST was based on questionnaire responses referring to the past diagnosis of COPD, emphysema, chronic bronchitis, or a
combination of these.
†Pulmonary function results were available for 99% of screening participants and lung cancer cases.
‡Stage 4 COPD—1.1% in total cohort and 2.7% in lung cancer cases.
xAirflow limitation based on FEV1/FVC, 0.70, but FEV1 % predicted not known.
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A comparison of the demographic
variables, lung cancer rates, and histology,
according to the presence or absence of
airflow limitation, is shown in Table 2.
Regardless of the screening interval, airflow
limitation was associated with a twofold
greater lung cancer IR than those with no
airflow limitation (P, 0.0001 for screening
and follow-up intervals). Airflow limitation
was also associated with significantly less
BAC (now redefined as adenocarcinoma in
situ or minimally invasive adenocarcinoma)
and significantly more non–small cell lung
cancer histology (Table 2). Airflow

limitation was also associated with
marginally more squamous cell cancers and
marginally less adenocarcinoma. These
differences are compared further in Table 3,
where demographic variables, lung
function, and cancer histology are
compared across severity of airflow
limitation based on GOLD grade.

The lung cancer incidence (per 1,000
person yr) and IRRs (referenced against
those with no airflow limitation or GOLD
1 airflow limitation), are shown in Table 4
and Figure 1. In the whole cohort (n =
18,714), the incidence in each of the GOLD

groups 1–4 were significantly greater than
for the referent group with “no airflow
limitation,” and showed a linear
relationship indicating that increasing
severity of airflow limitation is directly
associated with an increased risk of lung
cancer (P, 0.001 for trend). This linear
relationship extended to include GOLD U
(see Table 5 and Figure 2).

In a sensitivity analysis, when only
those whose spirometry met strict American
Thoracic Society criteria were included (73%
of the total, n = 13,530), we found almost
identical lung cancer IRs across the GOLD
groups (see Table 4; see also Figure E1 in
the online supplement). The relationship
between severity of airflow limitation
and risk of lung cancer was again linear
(P, 0.001 for trend).

In Table 4, lung cancer incidence
stratified by GOLD grade according to
baseline spirometry, is compared with two
other prospective studies (4, 7), one a
nonscreening study (4) and the other a
screening study (7). Despite representing
different risk populations and having
different study designs, the lung cancer
incidence (and thus risk) consistently
shows a linear relationship, with GOLD 3–4
subjects having a three- to sixfold greater
risk for lung cancer than those with no
airflow limitation and two- to threefold
greater risk for those with GOLD 2 COPD.
We found the same relationship across
GOLD groups regardless of whether
lung cancer was diagnosed in the CT or
chest X-ray arms, where the latter better
simulates unscreened lung cancers (Table
E1). We also found that FEV1 % predicted
less than 90% was inversely related to lung
cancer incidence (Figure E2). In addition,
lung cancer rate ratios were increased for
those with restrictive spirometry (Figure 2).

Importantly, although lung cancer
prevalence was linearly related to the
severity of airflow obstruction after
stratification for smoking status, lung
cancer detection status, and radiological
presence of emphysema at baseline (Figure
E3), this association was much reduced for
lung cancer mortality. Lastly, we assessed
the relative contribution of age, pack-years,
and FEV1 % predicted to lung cancer risk in
a multivariate analysis comparable to that
reported by Tockman and colleagues (1).
This showed that FEV1 % predicted was
the single most important predictor of
lung cancer relative to age or pack-years
(Table E3).

Table 2. Comparison of the demographics, lung cancer prevalence, lung cancer
incidence rate, and histology according to airflow limitation in the National Lung
Screening Trial–American College of Radiology Imaging Network cohort (n = 18,473)

Characteristics No Airflow
Limitation

Airflow
Limitation

Total P Value

n (%) 12,037 (65.2) 6,436 (34.8) 18,473 —
Mean age (SD), yr 61.0 (4.9) 62.5 (5.2) 61.6 (5.1) ,0.0001
Male, % 53 60 55 ,0.0001
Mean pack-years (SD) 53.8 (22.3) 59.7 (24.9) 55.8 (23.4) ,0.0001
Current smokers, % 47 56 50 ,0.0001
Family Hx of lung cancer, % 23 24 23 0.55
Self-reported COPD, % 14 31 20 ,0.0001
Mean BMI (SD) 28.5 (5.2) 26.7 (4.8) 27.8 (5.1) ,0.0001
Lung cancers by screening arm, n (%) 357 (47) 401 (53) 758 ,0.0001
CXR 164 (45) 201 (55) 365 0.27
CT 193 (49) 200 (51) 393 ,0.0001

Lung cancer prevalence (%)* 2.97 6.23 4.10
Lung cancer incidence rate per 1,000

person years
T0–T6 (total study) 3.78 8.12 5.27 ,0.0001†

T0–T2 (screening interval) 6.01 12.73 8.33 ,0.0001‡

T3–T6 (follow-up interval) 2.36 5.14 3.31 ,0.0001x

CXR 4.28 9.66 ,0.0001jj

CT 4.99 9.82 ,0.0001¶

Histology, n (%) 0.0035
Small cell 51 (14) 60 (15) 111 (15)
Squamous cell 73 (20) 95 (24) 168 (22)
Adenocarcinoma 129 (36) 127 (32) 256 (34)
BAC** 40 (11) 19 (5) 59 (8)
Large Cell 14 (4) 16 (4) 30 (4)
Non–small cell 50 (14) 81 (20) 131 (17)
Other 357 3 (,1) 3 (,1)

Total 401 758

Definition of abbreviations: BAC = bronchioloalveolar cancer; BMI = body mass index; COPD=
chronic obstructive pulmonary disease; CT = computed tomography; CXR = chest X-ray;
Hx = history; T0 = baseline; T6 = combination of follow-up years 6 and 7.
*Combines prevalent lung cancers (T0) and incident lung cancers (T1–T6).
†Incidence rate ratio (IRR) = 2.15 (95% confidence interval [CI] = 1.86–2.48).
‡IRR = 2.12 (95% CI = 1.76–2.55).
xIRR = 2.18 (95% CI = 1.72–2.76).
jjIRR = 2.26 (95% CI = 1.84–2.77).
¶IRR = 1.97 (95% CI = 1.62–2.40).
**BAC has been redefined as adenocarcinoma: in situ and minimally invasive adenocarcinoma
and defined separately above from adenocarcinoma as they are representative of lung cancers
identified by CT screening and associated with “histology shift” and “overdiagnosis” relative to CXR
screening (21).
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Discussion

In an analysis of the NLST-ACRIN cohort,
we found a direct linear relationship
between increasing severity of airflow
limitation, according to GOLD 1–4
spirometry grade, and increasing risk of
lung cancer. To our knowledge, this is the
largest prospective study to date that has
looked at this relationship. In a second
analysis (Figure 2), we found that this linear
relationship extended to smokers meeting
GOLD U and restrictive spirometry (4, 23)
with a magnitude comparable to those with
airflow limitation of GOLD 1–2 severity.
This study also shows that, not only is a

reduced expiratory flow rate an important risk
variable for developing lung cancer among
heavy smokers, it is also one of the most
important risk variables relative to those of
age and pack-years (Tables 1 and 2, Table E3)
(1, 2, 5, 8, 24). This suggests that airflow
limitation represents a global barometer of
susceptibility to the key smoking-related lung
diseases, including lung cancer (25).

The results reported here, showing that
the severity of airflow limitation according
to GOLD grade correlates in a linear
relationship with lung cancer risk, are
consistent with several other published studies
(4, 7, 8). This finding extends to even mild
to moderate reductions in airflow limitation

(Figure E1) according to FEV1 % predicted (8),
a finding confirmed in a meta-analysis (26).

These findings contrast with those
reported by de Torres and colleagues (10),
who found that lung cancer risk is greatest
in those with mild to moderate COPD.
Relative strengths of the NLST are the
prospective design, large sample size, and
focus on older, asymptomatic smokers,
otherwise eligible for CT screening. This
contrasts with the participants studied by
de Torres and colleagues, who were
symptomatic patients with COPD of
greater severity. In the de Torres study, the
risk of lung cancer was greatest in those who
had higher FEV1, but lower diffusing capacity

Table 3. Demographics and lung function at baseline in the Full National Lung Screening Trial–American College of Radiology
Imaging Network cohort and those with lung cancer, according to severity of airflow limitation by global initiative for chronic
obstructive lung disease

Cohorts, Demographic Variables Presence of Airflow Limitation and Its Severity

No Airflow Limitation GOLD 1 GOLD 2 GOLD 3–4 P Trend P Trend
GOLD*

Full cohort at baseline (n = 18,466) 12,037 1,607 3,528 1,294
Mean age (SD) 61.0 (4.9) 62.2 (5.3) 62.5 (5.2) 63.2 (5.2) ,0.0001 ,0.0001
Male, % 53 64 58 58 ,0.0001 0.0006
Mean pack years (SD) 53.8 (22.3) 56.6 (23.0) 59.8 (24.7) 63.4 (27.2) ,0.0001 ,0.0001
Current smokers, % 47 57 58 53 ,0.0001 0.0159
Family history of lung cancer, % 23 24 23 25 0.63 0.51
Self-reported COPD, %† 14 17 29 55 ,0.0001 ,0.0001
Mean body mass index (SD) 28.5 (5.2) 25.9 (4.0) 26.9 (4.8) 26.9 (5.5) ,0.0001 ,0.0001
Mean observed FEV1 (SD) 2.7 (0.8) 2.9 (0.7) 2.1 (0.5) 1.2 (0.3) ,0.0001‡ ,0.0001‡

Mean FEV1 % predicted (SD) 89.2 (16.8) 91.1 (12.2) 65.9 (8.3) 38.8 (8.4) ,0.0001‡ ,0.0001‡

Mean FEV1/FVC (SD) 78.7 (54.7) 65.4 (4.9) 61.5 (6.8) 48.3 (10.4) ,0.0001‡ ,0.0001‡

Lung cancer cases (n = 757) 357 78 213 109
Mean age (SD) 62.8 (5.2) 65.2 (5.4) 64.0 (5.0) 64.3 (5.3) 0.0003 ,0.0001
Male, % 52 69 58 57 0.0324 0.16
Mean pack-years (SD) 60.9 (24.6) 64.5 (28.6) 63.4 (26.4) 69.6 (33.4) 0.0288 ,0.0001
Current smokers, % 56 68 67 53 0.0151 0.0413
Family history of lung cancer, % 27 19 25 28 0.52 0.42
Self-reported COPD, %† 22 14 39 58 ,0.0001 ,0.0001
Mean body mass index (SD) 27.8 (5.1) 25.3 (3.7) 26.1 (4.8) 26.8 (4.7) ,0.0001 ,0.0001
Mean observed FEV1 (SD) 2.5 (0.8) 2.9 (0.9) 2.0 (0.5) 1.2 (0.3) ,0.0001‡ ,0.0001‡

Mean FEV1 % predicted (SD) 85.1 (17.9) 93.8 (19.1) 64.4 (8.2) 38.5 (8.2) ,0.0001‡ ,0.0001‡

Mean FEV1/FVC (SD) 76.9 (7.4) 64.9 (5.5) 60.8 (6.9) 49.2 (8.2) ,0.0001‡ ,0.0001‡

Small cell, % 14 12 17 14 0.70x 0.55x

Squamous cell, % 20 18 23 28 0.27 0.26
Adenocarcinoma, % 36 36 32 28 0.43 0.56
Bronchioloalveolar, %jj 11 9 4 4 0.003 0.19
Large cell, % 4 6 5 1 0.20 0.10
Non–small cell, % 14 19 19 24 0.08 0.55
Other, % 0 0 1 1

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; GOLD =Global Initiative for Chronic Obstructive Lung Disease; GOLD 1 =
FEV1/FVC, 0.70, FEV1 % predicted> 80%; GOLD 2 = FEV1/FVC, 0.70, FEV1 % predicted = 50–79%; GOLD 3 = FEV1/FVC, 0.70, FEV1 % predicted =
30–49%; GOLD 4 = FEV1/FVC, 0.70, FEV1 % predicted, 30%.
*Testing difference between GOLD categories only.
†Self-reported COPD in the National Lung Screening Trial was based on questionnaire.
‡Please note that, as GOLD was defined by spirometry parameters, differences are highly significant
xP values from the exact test of the association between each histology (yes/no) and COPD groups. The significance level was adjusted via Bonferroni
correction to be 0.05/6 = 0.008 to control for multiple comparisons.
jjBronchioloalveolar cancer has been redefined as adenocarcinoma: in situ and minimally invasive adenocarcinoma.
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of carbon monoxide (DLCO) and lower body
mass index (10). In their study, variables,
such as age and pack-years, were no longer a
risk factor for getting lung cancer.

These findings are hard to reconcile
with other larger prospective studies that
report age, pack-years, and worsening
COPD as the strongest risk variables for
lung cancer (1, 4, 27–29). One possible
explanation for these conflicting results is
the very high proportion of patients with
COPD with GOLD 3–4 severity present
in the clinic population reported in the
de Torres study (44%) compared with

participants in NLST (20%) and Pittsburgh
Lung Screening Study (PLuSS) (15%). This
suggests that the clinic population, while being
representative of symptomatic severe COPD,
and very likely worse emphysema, are not
representative of the larger group of relatively
unselected smokers at risk of lung cancer.

This is important for several reasons.
First, although cancer is one of the most
important causes of death among patients
with COPD with mild disease (40–50%),
respiratory disease, cardiovascular disease,
and non–cancer-related causes are more
common in moderate to severe COPD

(where cancer accounts for only 20% of
deaths) (30). It has been argued that, in a
clinic COPD population, the frequency of
lung cancer was higher in those with mild
COPD secondary to a survivor effect, where
those with GOLD 3–4 severity are dying
before cancer develops (11, 12). Unlike the
strong linear association between severity of
airflow limitation and risk of lung cancer
(Figures 1 and 2), the association with lung
cancer mortality is substantially weakened
(Figure E3). This contrasts with the strong
linear association we found between
severity of airflow limitation and non–lung

Table 4. Lung cancer incidence rate per 1,000 person years and incidence rate ratio, according to severity of airflow limitation in
screening and nonscreening prospective studies (4, 7, 10)

Study (Follow-Up) Total Cohort n Lung Cancer
Cases n

Absolute
Incidence

Rate Versus No Airflow
Limitation

Rate versus Gold 1
Airflow Limitation

IR IR 95% CI IRR* IRR 95% CI IRR† IRR 95% CI

ACRIN 18K (6.4 yr) 18,466 758
No Airflow limitation 12,037 357 3.78 3.40–4.19 Ref — — —
GOLD 1 1,607 78 6.27 4.96–7.82 1.66‡ 1.28–2.12 Ref —
GOLD 2 3,528 213 7.86 6.85–8.99 2.08x 1.75–2.47 1.25 0.96–1.65
GOLD 3 1,083 88 10.71 8.60–13.18 2.83x 2.22–3.89 1.71‡ 1.25–2.35
GOLD 4 211 21 13.25 8.22–20.19 3.51x 2.14–5.44 2.11jj 1.24–3.46
Airflow limitation 6,429 401 8.11 7.34–8.94 2.14x 1.85–2.48 — —

ACRIN 13K (6.4 yr) 13,522 546
No Airflow limitation 8,995 269 3.81 3.37–4.30 Ref — — —
GOLD 1 1,157 56 6.25 4.73–8.11 1.64jj 1.21–2.19 Ref —
GOLD 2 2,482 136 7.10 5.96–8.39 1.86x 1.50–2.30 1.14 0.83–1.58
GOLD 3 751 70 12.39 9.67–15.62 3.25x 2.46–4.24 1.98‡ 1.37–2.87
GOLD 4 137 15 14.68 8.24–24.09 3.85x 2.12–6.46 2.35jj 1.23–4.21
Airflow limitation 4,527 277 7.96 7.06–8.96 2.09x 1.76–2.48 — —

PLuSS (3 yr)7 3,638 99
No Airflow limitation 2,085 32 5.12 3.50–7.22 Ref — — —
GOLD 1 493 16 10.82 6.18–17.57 2.12 1.16–3.85 Ref —
GOLD 2 828 36 14.49 10.15–20.06 2.83x 1.76–4.56 1.34 0.74–2.41
GOLD 3–4 232 15 21.55 12.05–35.55 4.21x 2.28–7.78 1.99 0.99–4.03
Airflow Limitation 1,553 67 9.07 7.37–11.04 1.77jj 1.19–2.64 — —

NHANES (17.9 yr)4 5,402 291
Normal lung function 2,359 165 0.92 0.66–1.26 Ref — — —
Mild COPD 296 14 2.64 1.44–4.43 2.86jj 1.55–5.27 Ref 1.55–5.27
Mod/Severe 393 38 5.40 3.82–7.41 5.85x 3.74–9.14 2.86‡ —
All COPD 689 52 4.22 3.15–5.53 4.57x 3.01–6.91 — —
Restrictive 300 12 2.24 1.13–3.90 2.42jj 1.27–4.62 — —
Nonsmokers 2,054 10 0.27 0.13–0.50 0.29‡ 0.15–0.59 — —

de Torres (5 yr)10 2,588 215
GOLD 1 362 37 20.40 14.60–27.88 — — Ref —
GOLD 2 1,086 98 18.10 14.73–21.90 — — 0.88 0.60–1.29
GOLD 3 802 69 17.21 13.49–21.65 — — 0.84 0.56–1.26
GOLD 4 338 11 6.51 3.42–11.31 — — 0.31‡ 0.16–0.62
All COPD (100%) 2,588 215 16.62 14.50–18.95 — — — —

Definition of abbreviations: ACRIN=American College of Radiology Imaging Network; CI = confidence interval; COPD=chronic obstructive pulmonary disease;
GOLD=Global Initiative for Chronic Obstructive Lung Disease; GOLD 1=FEV1/FVC, 0.70, FEV1 % predicted> 80%; GOLD 2=FEV1/FVC, 0.70, FEV1 %
predicted =50–79%; GOLD 3=FEV1/FVC, 0.70, FEV1 % predicted =30–49%; GOLD 4 = FEV1/FVC, 0.70, FEV1 % predicted, 30%; IR = incidence rate;
IRR = IR ratio; NHANES = National Health and Nutrition Examination Survey; PLuSS = Pittsburgh Lung Cancer Screening Study; Ref = referent group.
*IRR compares GOLD groups with no airflow limitation (referent).
†IRR compares GOLD groups with GOLD 1 or mild COPD (referent).
‡P, 0.001.
xP, 0.0001.
jjP, 0.01.
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cancer–related mortality in this cohort
(unpublished data), which is the subject of
further publications.

Second, in PLuSS, the odds ratio for lung
cancer shows a linear relationship for GOLD
1–4 (Table 4), but a curvilinear (nonlinear)
relationship for CT-based emphysema (CTE)
severity (semiquantitative), where the highest
risk for lung cancer was conferred by mild
emphysema (Table E2) (7). It is therefore
possible that the GOLD 1–2 group, identified
by de Torres to be at greatest risk of lung
cancer, had a greater prevalence of mild
emphysema than our screening participants
and more severe emphysema overall. This is
consistent with their findings that low DLCO
and low body mass index also confer
increased lung cancer risk (10). Lastly, in the
de Torres study (10), over 90% of subjects
were men and, given potential sex differences
in susceptibility, aeropollutant exposures,
COPD prevalence, and histological subtypes,
their results may consequently be specific to
the cohort they studied. In the current study,
where 55% of screening participants were
male, we found no difference in lung cancer
incidence between genders.

The results of the current study are
notable in showing that the prevalence of
airflow limitation in the NLST-ACRIN
screening cohort of high-risk smokers (35%)
was substantially higher in those who went on
to develop lung cancer (53%). This means that
past lung cancer epidemiological studies,
which have almost exclusively failed to account
for this difference in prevalence of airflow
limitation (or COPD), may spuriously report
associations with lung cancer that result from
confounding effects with COPD (31–34).

Our results extend those of other
studies showing worsening airflow
limitation is also associated with more
aggressive lung cancer histological
subtypes (i.e., less BAC/adenocarcinomas
and more squamous/non–small cell
cancers) (21, 35–37), most notable in those
with severe disease (Table 3). In a secondary
analysis, we also show that smokers meeting
GOLD U criteria (also labeled as spirometry
grade-undefined [SGU] or preserved ratio
impaired spirometry [PRISm]) have an
increased risk of lung cancer relative to
healthy smoker (nearly twofold) and
comparable to those with GOLD 1–2 airflow
limitation. In the latter smokers, with only
mild reductions in expiratory flow rates,
more than 70–80% do not know they have
airflow limitation (COPD), conferring a
greater risk of lung cancer.
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Figure 1. Comparison of incidence rate (IR), IR ratios, and 95% confidence interval in the lung cancer
studies according to severity of airflow limitation in the National Lung Screening Trial–American
College of Radiology Imaging Network (ACRIN) cohort (A and B), Pittsburgh Lung Screening Study
(PLuSS) (7) screening cohort (C ), and chronic obstructive pulmonary disease clinic population (10) (D).
GOLD=Global Initiative for Chronic Obstructive Lung Disease.
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With the recent interest in CT screening
for lung cancer, there is growing interest in
better defining those smokers at greatest risk
to maximize the benefit and minimize the
harms from screening (9). Our results
confirm that smokers with underlying airflow
limitation are at greater risk of lung cancer,
and this is associated with a two- to
fourfold greater lung cancer incidence in
screening studies (9, 38). In a simulation
study, Lowry and colleagues (39)
examined the effect of competing causes of
death in CT screening participants, and
concluded that those with COPD may
disproportionately benefit from lung
cancer screening. However, some argue
that screening patients with COPD may
not necessarily translate into mortality
benefit due to factors such as competing
causes of premature death (40).

In a preliminary analysis of the NLST-
ACRIN cohort, we have found that lung
cancer-specific mortality reduction was
attenuated in those with airflow limitation
(15%, P. 0.05) and enhanced in those with
no airflow limitation (28%, P, 0.05) (41).

We suggest that, in those with airflow
limitation, more aggressive lung cancers
(see previous descriptions here) or
competing cause of premature death from
causes other than lung cancer may indeed
be an issue (11, 41). This also suggests
that those at greatest risk of lung cancer
may not necessarily achieve the greatest
benefit from screening (40, 42). This is
important, because risk models for lung
cancer share the same variables associated
with COPD (24), often including a past
diagnosis of COPD (27, 28), or the
presence of airflow limitation based on
spirometry (29).

Personalized risk prediction is a
recognized feature of CT screening for lung
cancer and helps assess the relative benefits and
harms of screening (43). Our results in the
NLST-ACRIN cohort not only suggest that
the severity of airflow limitation confers
differential effects on lung cancer risk and
histology (22), but that it may also affect
outcomes according to lung cancer–specific
and all-cause mortality (41). The latter is
termed the “competing cause of death” effect,

and is beyond the scope of this study.
However, this effect has relevance to
optimizing the selection of “healthy”
smokers for lung cancer screening (the “sweet
spot” [44]) and is the subject of further
investigations in this cohort.

Limitations
There are several limitations to this study.
First, although comparable with other
CT screening studies (7, 45–47), spirometry
in the NLST was performed as a
prebronchodilator measurement rather
than postbronchodilator, as recommended
for clinical purposes. This means that a
proportion of subjects we have classified as
having airflow limitation may have had
asthma or COPD–asthma overlap rather than
COPD (i.e., full, partial, or minimal reversible
airflow limitation, respectively), although
this is likely to be only a small proportion of
this elderly cohort of chronic smokers (mean
age, 64 yr, and minimum 30 pack-years
of smoking).

A second limitation of the study is that
people with a life expectancy of less than

Table 5. Lung cancer incidence rate per 1,000 person years and incident rate ratio, according to GOLD grade severity with
subphenotyping of those with no airflow limitation into those who are “healthy” smokers, those with “restrictive” spirometry (4), or
those with GOLD unclassified criteria (23)

Subphenotype Total Cohort n Lung Cancer
Cases n

Absolute
Incidence

Rate versus
Healthy Smokers

Rate versus GOLD U or
Restrictive

IR IR 95% CI IRR* IRR 95% CI IRR† IRR 95% CI

ACRIN 18K (6.4 yr) 18,466 757

Healthy smokers 8,845 212 3.04 2.65–3.48 Ref — — —
GOLD U‡ 3,192 145 5.85 4.94–6.88 1.92x 1.55–2.39 Ref —
GOLD 1 1,607 78 6.27 4.96–7.82 2.06x 1.57–2.68 1.07 0.80–1.42
GOLD 2 3,528 213 7.86 6.85–8.99 2.58x 2.13–3.14 1.34jj 1.08–1.67
GOLD 3 1,083 88 10.71 8.60–13.18 3.52x 2.71–4.53 1.83x 1.39–2.40
GOLD 4 211 21 13.25 8.22–20.19 4.35x 2.64–6.83 2.26jj 1.36–3.59

Healthy smokers 8,436 214 3.23 2.81–3.69 Ref — — —
Restrictive¶ 3,601 143 5.10 4.30–6.00 1.58x 1.27–1.96 Ref —
GOLD 1 1,607 78 6.27 4.96–7.82 1.94x 1.48–2.53 1.23 0.92–1.63
GOLD 2 3,528 213 7.86 6.85–8.99 2.44x 2.01–2.96 1.54** 1.24–1.92
GOLD 3 1,083 88 10.71 8.60–13.18 3.32x 2.56–4.27 2.10x 1.59–2.76
GOLD 4 211 21 13.25 8.22–20.19 4.11x 2.49–6.44 2.60** 1.56–4.13

Definition of abbreviations: ACRIN = American College of Radiology Imaging Network; CI = confidence interval; GOLD =Global Initiative for Chronic
Obstructive Lung Disease; GOLD 1 = FEV1/FVC, 0.70, FEV1 % predicted> 80%; GOLD 2 = FEV1/FVC, 0.70, FEV1 % predicted = 50–79%; GOLD
3 = FEV1/FVC, 0.70, FEV1 % predicted = 30–49%; GOLD 4 = FEV1/FVC, 0.70, FEV1 % predicted, 30%; GOLD U =GOLD unclassified; IR = incidence
rate; IRR = IR ratio; Ref = referent group.
*IRR (per 1,000 person years) referenced against “healthy smokers.”
†IRR (per 1,000 person years) referenced against GOLD U or restrictive.
‡GOLD U = FEV1/FVC> 0.70 and FEV1 % predicted, 80%.
xP, 0.0001.
jjP, 0.01.
¶Restrictive = FEV1/FVC> 0.70 and FVC % predicted, 80%.
**P, 0.001.
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5 years were excluded from the NLST (22).
This might explain the relatively low
prevalence of subjects with GOLD grade
3 and 4 in this study. A third limitation is
that we do not yet have any measure of
emphysema severity in the NLST-ACRIN
screening participants so that the relationship
between emphysema score (severity) and
lung cancer incidence could not be
examined across the screening participants.
Moreover, other CT-based phenotypes,
such as airway size, gas trapping, and
interstitial lung disease, were not routinely
recorded in the NLST study. There remains
much debate as to which of the COPD
phenotypes, airflow limitation or CTE, is
more closely associated with lung cancer
risk (6, 7).

A fourth limitation of our study is that
lung cancers identified during CT screening
are not identical to those diagnosed in an
unscreened cohort (22, 48, 49). Results from
the full NLST bear this out with an excess
of both adenocarcinomas and BAC (now
subclassified under adenocarcinomas)
reflecting an “histology shift” (22).
Collectively, these results suggest that the
lung cancers identified during screening
include more indolent lung cancers than
occurs without screening (47). Results from
the Dutch–Belgian Lung Cancer Screening
Trial (NELSON) trial using volumetric
assessment will help answer this question. If

the Danish Lung Cancer Screening Trial is
representative of the histological
differences observed between screened
and unscreened lung cancer (46), then 38
cancers of the 45 excess cancers diagnosed
in the CT arm (65% excess compared
with no screening) were BAC and
adenocarcinoma subtypes. A similar
excess was reported by the Detection and
Screening of Early Lung Cancer with
Novel imaging Technology (DANTE)
trial, suggesting that CT screening
identifies a subgroup of cancers that
would not otherwise come to clinical
attention if no screening was done (48, 49).
A comparison of the lung cancer
histology, after stratification by COPD,
from the European trials will help confirm
this observation.

Lastly, although we have been able
to show that the GOLD severity
relationship with lung cancer risk is
maintained after stratification by
screening arm (Table E1), smoking status,
presence of CTE, lung cancer detection
(Figure E3), and sex (unpublished
findings), we are unable to comment on
ethnicity, due to insufficient numbers in
minority groups.

Conclusions
The presence of airflow limitation
identifies smokers at greatest risk for

developing lung cancer, with increasing
severity being associated with an
increased lung cancer IR (37, 38). Airflow
limitation is also associated with marginally
more aggressive cancers and significantly
less (or minimal) overdiagnosis (22).
Another finding of this study is that
the risk of lung cancer is directly related
to a reduced FEV1 % predicted in a
simple linear relationship, where even
only minor reductions in expiratory
flow rate (,90% in FEV1 % predicted,
GOLD U, or restrictive subgroups)
confer an increased risk. Our results do
not support the view that smokers
with mild to moderate COPD are at
more risk than those with GOLD
3–4 (10–12). The results of this study
confirm previous studies, showing
the severity of airflow limitation
contributes substantially to differentiating
smokers at low or high risk of lung cancer
(7, 9, 28, 29, 38).

We believe that our findings
support the routine use of spirometry
in asymptomatic adult smokers (50),
especially those otherwise eligible for CT
screening, where a “sweet spot” may help
define those who will achieve the greatest
benefit. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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Abstract

Introduction

Keywords: Lung Cancer; Histology; Polynesian Ancestry; Maori; COPD

Rationale: Māori have one of the highest incidences of lung cancer in the world, even after adjustment for age and smoking preva-
lence. Why this indigenous Polynesian population of New Zealand (NZ) appears so susceptible to lung cancer remains unknown.
Objective: We compared demographic characteristics and risk factors between Māori and NZ Caucasians diagnosed with lung cancer.
Methods: Between Jan 2004-Nov 2014, we identified 472 lung cancer cases in Māori. Data was collected retrospectively and includ-
ed demographic data, histological type, spirometry, clinical stage and survival. This was compared to 415 NZ Caucasian lung cancer 
patients recruited from the same referral centre. 
Measurements and Main Results: Relative to Caucasians, despite comparable smoking exposure, we found Māori lung cancer pa-
tients were younger at the time of diagnosis (61 vs 67 years old) and had more aggressive histological subtypes, with fewer Adeno-
carcinomas (P < 0.05). More importantly at lower smoking exposure (< 20 pack years), the expected dose-response relationship 
observed between smoking dose and airflow limitation in Caucasians was absent in Māori where the prevalence of airflow limitation 
in the latter was two-fold higher (P < 0.05). In a Cox-Proportional analyses we found that ethnicity was independently associated with 
all-cause mortality (Māori HR = 1.4, P = 0.03), after allowing for advanced clinical stage (Staging HR = 2.6, P<0.0001) and histology 
(Histology HR = 1.4, P = 0.04).
Conclusion:  We found that Māori have more aggressive forms of lung cancer and their greater susceptibility may be mediated in 
part through a greater susceptibility to COPD, specifically an increased prevalence of COPD, and a loss of the expected dose-response 
relationship, at lower smoking exposure. We propose that an ethnicity-by-smoking interaction exists, whereby Māori ancestry con-
tributes directly to worse outcomes from smoking that require greater recognition in future NZ tobacco control policies.

Lung cancer is the leading cause of cancer deaths among men and women, attributed in the main, to smoking [1]. Epidemiological 
studies show that with increasing smoking exposure, the risk of lung cancer increases in a linear or curvilinear dose-response relationship 
[2,3]. Other factors known to contribute to an increased risk of lung cancer include; increasing age, the presence of chronic obstructive 
pulmonary disease (COPD), exposure to other aero-pollutants (asbestos, other occupational dusts, air pollution and radon), maternal 
smoking, lower socio-economic status (SES), poor diet and ethnicity [2-6]. In a large cases series, comparing five different ethnic groups in 
the United States (US), it was found that, relative to Caucasians, age adjusted lung cancer incidence in ever smokers was greatest for those 
of Polynesian (Native Hawaiian) or African American ancestry, while lowest in those of Hispanic (primarily Mexican) and Asian ancestry 
[5,6]. These findings could not be explained by differences in diet, smoking exposure and high school education, where educational level 

Abbreviations

NZ: New Zealand; COPD: Chronic Obstructive Pulmonary Disease; SES: Socio-Economic Status; US: United States; ICD 10 C34: Inter-
national Classification of Diseases Coding System; CT: Computed Tomography; GOLD: Global Obstructive Lung Disease; FEV1/FVC: Forced 
Expiratory Volume in 1 Second/Forced Vital Capacity; FEV1: Forced Expiratory Volume in 1 Second; Yrs: Years; Vs: Versus; CYP2A: Cyto-
chrome P450 2A6; NNK: Nicotine-derived Nitrosamine Ketone
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Methods
This study involved a retrospective review of case records from the same geographical region of the greater Auckland metropolitan 

area which included a referral base that encompassed the upper half of the North Island of New Zealand (approximately 40% of the popu-
lation, 1.5 million). 

Lung cancer cases were identified using local district health board databases where lung cancer was reported as the 1st, 2nd or 3rd di-
agnosis according to the International Classification of Diseases coding system(ICD 10 C34). “Māori ancestry” was assigned according to 
self-reported ethnic identification in hospital records. Four hundred and seventy-two Māori patients diagnosed with lung cancer between 
January 1st, 2004 and December 31st 2014 were retrospectively identified. Four hundred and fifteen NZ Caucasian patients diagnosed 
with lung cancer were prospectively identified as part of a separate epidemiological study [19], between January 1st 2004 and December 
31st 2008. Data collected on basic demographic characteristics included; age at diagnosis, gender, ethnicity, smoking history, histological 
subtype, stage at diagnosis, months of survival from diagnosis, spirometry and date of diagnostic computed tomography CT or diagnostic 
histology. Never smokers with lung cancer were included in this study.

Date of diagnosis of lung cancer was defined by date of the most definitive investigation, with a descending preference given for histol-
ogy result or radiological imaging. Staging was defined according to lung cancer staging I-IV in accordance with current guidelines [21]. 
Histological subtype was identified from pathology reports and classified as small cell, adenocarcinoma, squamous cell, non-small cell 
(for cancers with no more precise classification), or other which encompassed the remainder of cancers but excluded carcinoid tumours, 
secondary tumours or benign tumours of the lung. The presence of chronic obstructive pulmonary disease (COPD) was defined accord-
ing to sighted spirometry reports or lung function results, performed prior to or during the early work up of suspected lung cancer, us-
ing Global Obstructive Lung Disease (GOLD) criteria [19]. Smoking histories were exclusively based on recorded pack years of smoking 
exposure. If not otherwise specified, the average number of cigarettes smoked per day for Māori was calculated using the reported pack 
years smoked, age at diagnosis (current smokers) or age quit smoking (ex-smokers) and the previously published mean age of smoking 
uptake in Māori(16 years) [22]. 

Māori are the indigenous Polynesian people of New Zealand (NZ) and have about 3 - 4 times higher age-adjusted lung cancer incidence 
compared to Caucasians [10-13]. Māori, like Hawaiians, originate from the Pacific Islands and share their genetic ancestry with Polyne-
sians [14]. This Polynesian ancestry is genetically quite distinct from South-East Asians through admixture between Aboriginal Taiwanese 
and Micronesians [13]. Although smoking rates are two fold higher in Māori compared to NZ Caucasians, this does not explain the 3 - 4 fold 
greater lung cancer incidence [15]. In New Zealand large disparities for lung cancer mortality specifically [10,12,13] and smoking-related 
mortality overall [16,17], have been reported between Māori and NZ Caucasians. After a detailed examination of this disparity in smoking-
related mortality, investigators concluded that only about 50% of the difference could be explained by the higher smoking rates and lower 
SES found in Māori [16]. This raises the possibility that like Hawaiians, ethnicity-specific factors among Māori confer greater susceptibility 
to lung cancer [11,18]. We have previously shown that airflow limitation (or COPD) is associated with an increased risk of lung cancer 
[19] and propose that this might be relevant for the development of lung cancer in Māori, where COPD rates are two-fold higher [10]. The 
current study compares the clinical characteristics of Māori and NZ Caucasian diagnosed with lung cancer. Preliminary results have been 
previously reported in abstract form [20].

In two sensitivity analyses, we conducted an age-gender matched comparison (N = 331 Māori cases) and we restricted Māori lung 
cancer cases to those with Māori surnames (N = 249 Māori cases), to potentially enrich them for Māori ancestry. The demographic char-
acteristics were also compared after stratification according to gender, smoking status and presence of COPD, where the latter has been 
associated with more aggressive lung cancer histology [23]. A stratification approach was preferred over more complex multivariate 
analysis as most of the variables of interest were discrete and because linear relationships could not be assumed. However, for those di-
agnosed between 2004 - 2007, we compared survival and factors underlying survival in a Cox-proportional model to examine the relative 
importance of ethnicity and airflow limitation in the development of lung cancer.

Demographic variables were compared by unpaired t-test for normally distributed continuous variables and chi-squared test for dis-
crete variables with Mid-P Exact test on a two-tailed analysis (www.openepi.com access 18/12/2016). Survival was compared using Cox-

provides a surrogate of SES [7]. A striking finding of the US study was that while the expected dose-response relationship between increas-
ing cigarette exposure dose (up to 30 cigarettes/day) and lung cancer risk was shown for most ethnicities, it was absent in Hawaiians 
and African-Americans [8]. In a large prospective study of lung cancer, after adjustment for important risk variables, Hawaiian ancestry 
conferred the greatest risk of lung cancer relative to Caucasians [9]. This suggests that although smoking generates ethnicity-based differ-
ences in lung cancer incidence, these “disparities” appear to be due to factors other than cigarette exposure dose. 

Statistical Analysis
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Result

Proportional Hazards regression model, the assumption of proportionality was tested by including log time dependent variables in the 
model SAS statistical package (v 9.4, Cary, NC, USA was used. All tests were two tailed and P < 0.05 was considered significant.

Demographic characteristics are presented in table 1. Māori lung cancer cases were younger with a mean age at diagnosis of 61 yrs old, 
compared to 67 yrs old in NZ Caucasians. In comparison with Caucasians, Māori lung cancer cases were ≈2 fold more likely to be current 
smokers (67% vs 36%, P < 0.05) and less likely to be a never smokers (2% vs 7% respectively, P < 0.05), although Māori and Caucasians 
had similar pack years of smoking (39 vs 41 pack years respectively), irrespective of gender. The estimated average number of cigarettes 
consumed per day for Māori (17/day) [22], was comparable to that recorded for Caucasian lung cancer cases (16/day). The distribution of 
age at lung cancer diagnosis for Māori and NZ Caucasian is presented in figure 1a and shows that nearly one half (45%) of cases in Māori 
were diagnosed at 60 years of age or less, compared to 25% in NZ Caucasian cases (P < 0.05). Distribution according to smoking exposure 
by pack years is shown in figure 1b and suggests Māori with lung cancer were generally lighter smokers than Caucasians. 

Demographics

(a) % according to age at diagnosis of lung cancer. 

(b) % according to lifetime pack year smoking exposure.

Figure 1: Distribution of age at diagnosis of lung cancer (a) and pack year smoking exposure 
 (b), according to ethnicity among the lung cancer cases.
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Demographic Variable Māori (N = 472) Caucasian (N = 415) P value
Mean age at diagnosis (SD)

Range
61 yrs (9)
32 - 87 yrs

67 yrs (10)
40 - 92 yrs < 0.001

Male (%) 205 (43%) 213 (51%) 0.019
Smoking History

Smoking at diagnosis (%)
Current

Ex-smoker
Never smoker

Unknown

316 (67%)
136 (29%)

8 (2%)
12 (3%)

151 (36%)
236 (57%)

28 (7%)
0 (0%) < 0.001

Mean Pack years
Men

Women
Total

42 (10)
37 (17)
39 (18)

45 (25)
36 (17)
41 (22)

0.16
0.84
0.14

Estimated Cigs/day 17* 16 -
Lung function

% available 325 (69%) 258 (62%) 0.043
Mean FEV1 (SD) 1.71 (0.63) 1.81 (0.71) 0.067

Mean FEV1% predicted# 64% (19) 71% (24) < 0.0001
Mean FEV1/FVC 0.64 (0.12) 0.64 (0.14) 0.83

COPD status
No COPD 118 (36%) 91 (36%) -
GOLD 1
GOLD 2
GOLD 3
GOLD 4

27 (8%)
122 (38%)
51 (16%)

8 (2%)

32 (12%)
90 (35%)
32 (12%)
12 (5%) 0.21

Total COPD 208 (64%) 166 (64%) -
Histology

Adenocarcinoma
Squamous Cell
Non-small Cell

Small Cell

153 (32%)
124 (26%)
64 (14%)

102 (22%)

176 (42%)
100 (26%)
43 (10%)
73 (18%) 0.02

Other/Unknown 29 (6%) 23 (6%) -
Lung Cancer Stage

NSCLC Stage 1
NSCLC Stage 2
NSCLC Stage 3
NSCLC Stage 4

86 (18%)
46 (10%)
92 (19%)

146 (31%)

93 (22%)
45 (11%)
96 (23%)

105 (25%) 0.13
Small Cell - Limited

Small cell - Extensive
41 (9%)

61 (13%)
23 (6%)

50 (12%) 0.24
Unknown - 3 (1%) -

Table 1: Demographic variables in the Māori and Caucasian lung cancer cases series (Unmatched comparison).

#: Predicted values for Caucasians were used for Māori(24). *Ref 22 - based on age of initiation of smoking.

Spirometry performed during usual clinical work-up were available for 69% of Māori lung cancer cases and 62% of Caucasian cases 
(Table 1), reflecting that spirometry is not routinely done during the work-up and management of all lung cancer cases. The mean ratio of 
forced expiratory volume in 1 second/forced vital capacity (FEV1/FVC) was identical at 0.64 but the mean percent predicted FEV1 was sig-
nificantly lower in Māori compared to Caucasian (64% vs 71% respectively, P < 0.05). Across increasing pack year exposures, the distribu-
tion of lung function test results, and COPD prevalence, showed several differences when comparing Caucasian results with Māori, where 
the same normal reference values were used as previously indicated [24]. For FEV1% predicted, at every level of accumulated smoking 
exposure (pack years), we found the FEV1% predicted was lower in Māori compared to Caucasian lung cancer cases (Figure 2a). This was 

Lung function
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significant at low exposures (1 - 10 and 11 - 20 pack years). For the FEV1/FVC ratio, Māori had a significantly lower ratio than Caucasians 
(67% vs 75%) for those who had smoked 1 - 10 pack years (Figure 2b). When COPD prevalence is compared, we note for smokers of 1 - 10 
pack years, Māori have two fold greater COPD prevalence than Caucasians (64% vs 30%, P < 0.05) and the linear “dose-response” relation-
ship observed in Caucasians is lost in Māori (Figure 2c). 

(a) FEV1%predicted and smoking exposure.

(b) FEV1/FVC and smoking exposure.
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(c) COPD Prevalence (%) and smoking exposure.

Figure 2: Distribution of lung function (mean FEV1%predicted and FEV1/FVC ratio) and prevalence  
of COPD, according to smoking exposure (pack years) and ethnicity.

When the prevalence of each histological group was compared, Māori were found to have less adenocarcinomas than found in Cauca-
sian lung cancer cases (32% vs 42%) and marginally more of the other more aggressive histological subgroups (62% vs 52%, P = 0.02) 
(Tables 1 and 2, figure 3b and figure 4). This relative under-representation of adenocarcinoma histology in Māori compared to Caucasian 
was also found in the age-gender matched comparison (P = 0.07) (Table 2) and the Māori-enriched comparison where this under-rep-
resentation was greatest (P = 0.002) (Table 3). This under-representation of adenocarcinoma in Māori persisted after stratification for 
gender (female > male, P = 0.00002), smoking status (ex-smoker > current, P = 0.01) and presence of COPD (absence > presence, P = 0.01) 
(Figure 4 and tables 4-6). When the distribution of lung cancer stages were compared, we found only a marginally lower proportion of 
early stage (1 - 2) disease in Māori compared to Caucasian (28% vs 33% respectively, P > 0.05, table 1). This difference was significant in 
those with COPD (37% vs 51% respectively, P < 0.05, table 6). Using Cox-proportional survival curves, when the 1 year, 2 year, 5 year and 
10 year survivals were compared, we found that Māori (N = 81) had 1.4 fold lower survival than Caucasians (N = 312) and that stage, age, 
gender and histology were relevant to mortality but not COPD or smoking status (See discussion and figure 7). 

Histology, staging and survival

In this comparative study, where the demographic characteristics of 472 Māori lung cancer patients were compared with 415 Cauca-
sian lung cancer cases, we found a number of significant differences. Compared to Caucasians, Māori had a younger mean age at diagnosis 
(61 yrs old vs 67 yrs old), fewer never smokers (2% vs 7%), more aggressive histological subtypes and more advanced airflow limitation. 
These findings could not be explained by differences in mean pack years of smoking or cigarettes per day and in a sensitivity analysis 
persisted despite close matching for age, gender and smoking exposure (pack years and cigarettes/day). The differences in COPD preva-
lence and airflow limitation (FEV1% predicted and FEV1/FVC) were most apparent at lower smoking levels of exposure (< 20 pack years) 
and attenuated at higher exposure (Figure 2). The differences we report in mean age at diagnosis, smoking status and smoking exposure 
replicate those of a smaller previously published study which showed that despite comparable smoking exposure, Māori were younger at 
diagnosis (63 yrs old vs 71 yrs old) and less likely to be never smokers (1% vs 8% in Caucasians) [18]. However in our current study, Māori 

Discussion
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Demographic Variable Māori (N = 331) Caucasian (N = 330) P value
Mean age (yo) at diagnosis (SD)

 Range 

64 yrs (9)

40 - 87 yrs

64 yrs (10)

40 - 88 yrs 0.99
Gender - Male (%) 149 (45%) 167 (51%)
Smoking History

Smoking at diagnosis (%)

• Current

• Ex-smoker

• Never smoker

• Unknown

214 (65%)

102 (31%)

6 (2%)

9 (3%)

130 (39%)

179 (54%)

21 (6%)

0 (0%) P < 0.001
Mean pack years 

• Men

• Women

• Total

42 (20)

38 (17)

40 (18)

44 (23)

36 (17)

38 (20)

0.45

0.39

0.76
Lung Function 

% available 238 (72%) 202 (61%) 0.005
Mean FEV1 (absolute) 1.68 (0.59) 1.86 (0.72) 0.004

Mean FEV1 % predicted 65% (19) 70% (23) 0.008
Mean FEV1/FVC 0.64 (0.12) 0.61 (0.14) 0.95

COPD status
No COPD 83 (25%) 75 (22%) 0.005

• GOLD 1

• GOLD 2

• GOLD 3

• GOLD 4

18 (7.5%)

94 (28%)

37 (15.5%)

5 (2.1%)

21 (13%)

73 (38%)

20 (15%)

12 (5%) 0.08
COPD Total 154 (46%) 126 (38%) 0.036
Histology

Adenocarcinoma

Squamous Cell

Non-Small Cell

Small Cell 

106 (32%)

91 (28%)

44 (13%)

65 (20%)

142 (43%)

82 (25%)

33 (10%)

60 (18%) 0.06
Other/Unknown 25 (8%) 12 (4%)

Lung Cancer Stage 
NSCLC Stage 1

NSCLC Stage 2

NSCLC Stage 3

NSCLC Stage 4

65 (20%)

33 (10%)

64 (19%)

104 (31%)

61 (18%)

38 (12)

81 (25%)

87 (26%) 0.40
Small Cell Extensive

Small Cell Limited

39 (12%)

26 (8%)

42 (13%)

18 (5%) 0.24

Table 2: Demographic variables in the Māori and Caucasian lung cancer cases series (Matched comparison).
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Demographic Variable Māori (N = 249) Caucasian (N = 415) P value
Mean age at diagnosis (SD)

Range
61 yrs (9)
32 - 87 yrs

67 yrs (10)
40 - 92 yrs < 0.001

Male (%) 130 (52%) 213 (51%) 0.019
Smoking History

Smoking at diagnosis (%)
Current

Ex-smoker
Never smoker

Unknown

171 (69%)
70 (28%)

2 (1%)
6 (2%)

151 (36%)
236 (57%)

28 (7%)
0 (0%)

< 0.001

Mean Pack years
Men

Women
Total

43
37

40 (19)

45
36
41 0.14

Lung function
% available 178 (71%) 258 (62%) -

Mean FEV1 (SD) 1.79 (0.64) 1.81 (0.71) 0.054
Mean FEV1% predicted 65% 71% < 0.001

Mean FEV1/FVC 0.69 (0.12) 0.64 0.08
COPD status

No COPD 66 (37%) 92 (36%)
GOLD 1
GOLD 2
GOLD 3
GOLD 4

14 (12%)
72 (64%)
22 (20%)

4 (4%)

32 (19%)
90 (54%)
32 (19%)
12 (7%) 0.21

COPD Total 112 (63%) 166 (64%)
Histology

Adenocarcinoma
Squamous Cell
Non-small Cell

Small Cell

68 (27%)
70 (28%)
35 (14%)
58 (23%)

176 (42%)
101 (24%)
43 (10%)
73 (18%) 0.0020

Other/Unknown 18 (7%) 23 (6%)
Lung Cancer Stage

NSCLC Stage 1
NSCLC Stage 2
NSCLC Stage 3
NSCLC Stage 4

44 (18%)
24 (10%)
49 (20%)
77 (31%)

93 (22%)
45 (11%)
96 (23%)

105 (25%) 0.23

Small Cell - Limited
Small Cell - Extensive

22 (9%)
33 (13%)

23 (6%)
50 (12%) 0.32

Table 3: Demographic variables in the Māori and Caucasian lung cancer cases - Māori-Enriched.

#: Predicted values for Caucasians were used for Māori [24,25].
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Demographic Variable Māori Men  
N = 205

Caucasian Men  
N = 213

Maori Women  
N = 267

Caucasian Women 
 N = 202

Mean age at diagnosis (SD)
Range

61 yrs
40 - 81yrs

68 yrs
41 - 89 yrs

61 yrs
32 - 87 yrs

66 yrs
40 - 92 yrs

Male (%) 100% 100% 0% 0%
Smoking History

Smoking at diagnosis (%)
Current

Ex-smoker
Never smoker

Unknown

133 (65%)
61 (30%)

2 (1%)
9 (4%)

77 (36%)
129 (61%)

7 (3%)
-

183 (69%)
75 (28%)

6 (2%)
3 (1%)

74 (37%)
108 (53%)
20 (10%)

-
Mean Pack years

Range
41.5

(4 - 100)
44.7

(2 - 191)
36.6

(8 - 120)
36.3

(4 - 88)
Lung function 

% available 138 (67%) 129 (61%) 188 (70%) 128 (63%)
Mean FEV1 (SD) 2.09 (0.65) 2.03 (0.42) 1.49 (0.38) 1.58 (0.44)

Mean FEV1% predicted 63% 69% 66% 74%
Mean FEV1/FVC 0.62 0.63 0.65 0.64

COPD status
No COPD 43 (31%) 44 (34%) 75 (40%) 47 (37%)
GOLD 1
GOLD 2
GOLD 3
GOLD 4 

15 (11%)
52 (38%)
24 (17%)

4 (3%)

15 (12%)
45 (35%)
18 (14%)

7 (5%)

12 (6%)
70 (37%)
27 (14%)

4 (2%)

17 (13%)
45 (35%)
14 (11%)

5 (4%)
Total COPD 95 (69%) 85 (66%) 113 (60%) 81 (63%)
Histology

Adenocarcinoma#

Squamous Cell
Non-small Cell

Small Cell

55 (27%)
67 (33%)
27 (13%)
46(22%)

75 (35%)
69 (32%)
20 (9%)

38 (18%)

98 (37%)
57 (21%)
37 (14%)
56 (21%)

101 (50%)
31 (15%)
23 (11%)
35 (17%)

Other/Unknown 10 (5%) 11 (5%) 19 (7%) 12 (6%)
Lung Cancer Stage

NSCLC Stage 1
NSCLC Stage 2
NSCLC Stage 3
NSCLC Stage 4

33 (16%)
15 (7%)

44 (21%)
67 (33%)

44 (21%)
24 (11%)
49 (23%)
56 (26%)

53 (20%)
31 (12%)
48 (18%)
79 (30%)

49 (24%)
21 (10%)
47 (23%)
49 (24%)

Small Cell - Limited* 
Small Cell - Extensive 

14 (7%)
32 (16%)

8 (4%)
30 (14%)

27 (10%)
29 (11%)

15 (7%)
20 (10%)

Table 4: Demographic variables in the Māori and Caucasian lung cancer cases - stratified by gender.
#P = 0.00002, *P = 0.04.
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Demographic Variable Māori Current  
N = 316

Caucasian Current  
N = 151

Maori Ex-smoker  
N = 136

Caucasian Ex-smoker  
N = 237

Mean age at diagnosis (SD)
Range

60 yrs (8.8)
32 - 87 yrs

64 yrs (9.5)
40 - 84 yrs

64 yrs (8.0)
44 - 83 yrs

69 yrs (9.6)
41 - 92 yrs

Male (%) 133 (42%) 77 (51%) 61 (45%) 129 (54%)
Smoking History

Smoking at diagnosis (%)
Current

Ex-smoker
100%

0%
100%

0%
0%

100%
0%

100%
Mean Pack years

Men
Women

Total

44.0
37.8
40.4

52.7
39.2
46.1

37.7
36.5
37.1

40.0
34.3
37.4

Lung function 
% available 219 (69%) 78 (52%) 102 (75%) 163 (69%)

Mean FEV1 (SD) 1.74 (0.63) 1.76 (0.58) 1.62 (0.48) 1.81 (0.69)

Mean FEV1% predicted 65% 66% 63% 73%

Mean FEV1/FVC 0.64 0.61 0.64 0.64
COPD status

No COPD 84 20 33 59
GOLD 1
GOLD 2
GOLD 3
GOLD 4 

18(13%)
79 (58%)
32 (24%)

6 (4%)

4 (7%)
38 (66%)
12 (21%)

4 (7%)

8 (12%)
41 (59%)
18 (26%)

2 (3%)

26 (25%)
51 (49%)
19 (18%)

8 (8%)
Total COPD 135 58 69 104
Histology

Adenocarcinoma*
Squamous Cell
Non-small Cell

Small Cell

101 (32%)
85 (27%)
39 (12%)
75 (24%)

61 (40%)
28 (19%)
17 (11%)
38 (25%)

38 (28%)
37 (27%)
24 (18%)
25 (18%)

94 (40%)
70 (30%)
23 (10%)
35 (15%)

Other/Unknown 16 (5%) 7 (5%) 12 (9%) 15 (6%)
Lung Cancer Stage

NSCLC Stage 1
NSCLC Stage 2
NSCLC Stage 3
NSCLC Stage 4

53 (17%)
29 (9%)

65 (21%)
94 (30%)

27 (18%)
12 (8%)

33 (22%)
41 (27%)

29 (21%)
13 (10%)
24 (18%)
45 (33%)

58 (25%)
33 (14%)
55 (24%)
54 (23%)

Small Cell - Limited 
Small Cell - Extensive 

30 (9%)
45 (14%)

12 (8%)
26 (17%)

9 (7%)
16 (12%)

11 (5%)
24 (10%)

Table 5: Demographic variables in the Māori and Caucasian lung cancer cases - stratified by smoking status.

*P = 0.01.
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Demographic Variable Māori COPD  
N = 208

Caucasian COPD  
N = 166

Maori No COPD  
N = 118

Caucasian No COPD  
N = 91

Mean age at diagnosis (SD)
Range

64 yrs
42 - 83 yrs

69y rs
40 - 92 yrs

59 yrs
32 - 87 yrs

65 yrs
43 - 89 yrs

Male (%) 96 (46%) 85 (51%) 42 (36%) 44 (48%)
Smoking History

Smoking at diagnosis (%)
Current

Ex-smoker
Never smoker

Unknown

135 (65%)
69 (33%)
1 (0.5%)
3 (1%)

58 (35%)
104 (63%)

4 (2%)
-

81 (69%)
33 (28%)
2 (1%)
2 (1%)

20 (22%)
59 (65%)
12 (13%)

-

Mean Pack years
Men

Women
Total

41
38
40

46
41
44

44
34
37

39
34
37

Lung function 
% available 100% 100% 100% 100%

Mean FEV1 (SD) 1.56 (0.48) 1.59 (0.50) 1.99 (0.85) 2.22 (0.87)
Mean FEV1% predicted 59% 63% 74% 86.5%

Mean FEV1/FVC 0.57 0.56 0.76 0.78
COPD status

No COPD 0 0 118 91
GOLD 1
GOLD 2
GOLD 3
GOLD 4 

27 (13%)
122 (59%)
51 (24%)
8 (4%)

32 (19%)
90 (54%)
32 (19%)
12 (7%)

-
-
-
-

-
-
-
-

Total COPD 208 166 0 0
Histology

Adenocarcinoma*
Squamous Cell
Non-small Cell

Small Cell

68 (33%)
71 (34%)
22 (11%)
34 (16%)

69 (42%)
53 (32%)
17 (10%)
12 (7%)

39 (33%)
37 (31%)
16 (14%)
14 (12%)

50 (55%)
26 (29%)
6 (7%)
5 (5%)

Other/Unknown 13 (6%) 15 (9%) 12 (10%) 4 (4%)
Lung Cancer Stage
NSCLC Stage 1#

NSCLC Stage 2
NSCLC Stage 3
NSCLC Stage 4

49 (24%)
28 (13%)
48 (23%)
49 (24%)

58 (35%)
26 (16%)
41 (25%)
28 (17%)

32 (27%)
12 (10%)
30 (25%)
30 (25%)

28 (31%)
15 (16%)
23 (25%)
19 (21%)

Small Cell - Limited 
Small Cell - Extensive 

13 (6%)
21 (10%)

4 (2%)
8 (5%)

9 (8%)
5 (4%)

3 (3%)
2 (2%)

Table 6: Demographic variables in the Māori and Caucasian lung cancer cases - stratified by COPD status.
*P = 0.01, # P < 0.00001.
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Figure 3: Distribution of lung function (mean FEV1%predicted and FEV1/FVC ratio) and prevalence  
of COPD, according to smoking exposure (pack years) and ethnicity.

(b) Histology

(a) GOLD Severity
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Figure 4: Proportion of lung cancer cases having Adenocarcinoma histology subtype according to ethnicity, 
 before and after stratification by gender, smoking status and presence of COPD.

Figure 5: Risk of lung cancer according to smoking status and ethnicity in the US (Caucasian referent) (data taken from reference [6,8].
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Figure 7: Cox-proportional hazard ratio analyses for lung cancer mortality in Māori and  
Caucasian lung cancer cases series diagnosed between 2004 - 2007.

Figure 6: Risk of lung cancer according to smoking intensity (cigarettes/day) and ethnicity in the US 
(African-American referent) (data taken from reference [5]).
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were more likely to have squamous cell, small cell and non-small cell histology and less likely to have adenocarcinoma histology, rela-
tive to Caucasians (Figure 3). These inter-ethnic differences in histology were most apparent according to gender and COPD status (Figure 
4 and tables 3-6), where more aggressive histological subtypes have been reported in the latter [23]. Collectively these findings suggest 
that not only do Māori appear more susceptible to getting lung cancer, they have worse airflow limitation and more aggressive subtypes 
of lung cancer. The results of these two studies suggest lung cancer in Māori manifests differently to that in Caucasians and raises the 
questions, “Could this greater susceptibility to lung cancer in Māori be mediated through a greater susceptibility to COPD?” and “Could 
the greater incidence of lung cancer in Māori stem in part from a greater overall susceptibility to smoking?”. 

The first novel finding of our study is that at all levels of smoking exposure, Māori with lung cancer have greater airflow limitation 
(lower FEV1/FVC and FEV1% predicted) compared to Caucasian lung cancer cases (Figure 2a and 2b). More importantly, at low levels 
of smoking exposure, Māori had a two-fold greater COPD prevalence (Figure 2c). Indeed when smoking dose and prevalence of COPD 
was compared between Māori and Caucasian lung cancer cases, the expected dose-response relationship evident for Caucasians at lower 
smoking exposure (< 30 pack years) is lost in Māori (Figure 2c). This finding bares similarities with that found in Hawaiian suggesting 
an important ethnicity-smoking interaction which is most evident at lower smoking exposure levels (Figures 5 and 6) [8]. We propose 
that at these low exposure levels, Polynesians (and possibly African-Americans) have a heightened responsiveness to smoking not seen 
to the same degree in Caucasians [5,6,8]. In another US-based study, it was found that compared to Caucasians with the same severity of 
COPD, African-Americans were younger, smoked less and had greater lung function decline [25]. In Caucasians and other ethnic groups, 
where the dose-response relationship is evident [5,6,8], high smoking exposures (> 30 pack years or > 30 cigarettes/day, figure 2c, 5 and 
6) presumably overwhelm the innate capacity of smokers to tolerate smoke exposure at these higher exposures [2,3]. In the introduction 
to this paper we outline the results of the study by Haiman., et al. showing that in contrast to never smokers, where the risk of lung cancer 
in Polynesians (Hawaiians) and Caucasians is comparable (Figure 5), Polynesian current and former smokers had approximately 1.2 and 
1.8 fold greater risk of lung cancer respectively than Caucasians [5]. After consideration of other demographic data, Haiman., et al. suggest 
that an important smoking-by-ethnicity effect exists independent of smoking exposure, education and diet. On re-analysis of their data 
[8], it has been shown that the expected dose-response effect of increasing lung cancer risk with increased smoking exposure dose seen 
for Caucasians (and Asians and Hispanics) was lost for Polynesians (Figure 6). This suggests a greater propensity to lung cancer in Ha-
waiians relative to Caucasians, especially at lower smoking exposure. When lung cancer rates were calculated according to histology and 
gender, in heavy smokers Polynesian (regardless of gender) had greater squamous cell cancers and small cell cancers than corresponding 
Caucasians [5]. On this basis we decided to examine the difference in histology according to gender, smoking status and the presence of 
COPD using a stratified approach (Tables 4-6). Such an analysis underpins our view that important differences underlying lung cancer 
susceptibility may be missed if stratification for important contributing variables is not examined [26].

The second novel finding of this study is the relative decrease in the proportion of lung cancer cases in Māori that were adenocarcino-
mas (generally less aggressive biology) (Figure 4), especially in those with no COPD (Table 6) and of female gender (Table 4). Compensa-
tory increases were seen in Māori for squamous cell, non-small cell and small cell lung cancer, where the latter two histological subgroups 
contributed independently to greater all-cause mortality along with Māori ethnicity, age, male gender and stage (Figure 7). This is in con-
trast to our finding no differences according to severity of COPD (GOLD grade) and clinical stage at diagnosis (Tables 3-6). We found that 
the proportion of adenocarcinomas in Māori was less than for Caucasians, and that the proportion of other lung cancers such as squamous 
cell, non-small cell and small cell were correspondingly greater. This was the case despite comparable smoking exposure history (Tables 
1-6), matching age (Table 2) and stratifying by gender (Table 4), smoking status (Table 5) and the presence of COPD (Table 6). In contrast, 
we found no difference in the severity of COPD (GOLD grade) or the clinical stage, either before or after stratifying for the effects of gender, 
smoking status and COPD, or matching for age. This suggests that these differences in histology, where the prevalence of adenocarcinoma 
is reduced in Māori while other lung cancer histological subgroups are greater (Figure 4), is not the result of differences in age, gender, 
smoking status (current vs ex-smokers), smoking exposure or lung function. Differences in histology extended to small cell cancer where 
the prevalence was 2-fold greater in Māori relative to Caucasians stratified by the presence of COPD suggesting an ethnicity-by-COPD 
interaction (Table 6). We suggest that these differences in the lung cancer histology, reflects differences in the pathobiology of lung cancer 
in Māori. Our finding that Māori with lung cancer have worse lung function than Caucasians, at low smoking exposure, suggests Māori may 
be more “susceptible” to the adverse effects of smoking. Indeed, Māori have roughly 2-fold greater rates of COPD than Caucasians [10]. 
We and others have shown that in Caucasians with lung cancer, the presence of COPD is associated with more aggressive lung cancer such 
squamous cell, non-small cell and small cell cancers [23]. Interestingly in the US study [5], inter-ethnic differences between Polynesians 
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The significantly younger age at diagnosis in Māori might also indicate a greater susceptibility although ethnic differences in aging, 
age structure and age-specific mortality may be relevant here [personal communication with Dr T Blakely, NZ Epidemiologist [15,16]]. In 
the US-based lung cancer study [5], Hawaiian were noted to have the youngest mean age at diagnosis consistent with our finding in Māori, 
although this was only a small difference compared with other US-based ethnicities. Assuming that age of initiation of daily smoking is 
similar between Māori and Caucasian in New Zealand (16 yrs old) [22] and the pack year exposure history is comparable in our lung 
cancer case series (Table 1), it appears unlikely that differences in smoking exposure per se (i.e. cigarette consumption) account for the 
differences we observed. Further support for our hypothesis comes from New Zealand data showing after adjustment for age and smok-
ing, Māori are two-fold more likely to get COPD than Caucasians [10]. Indeed, two studies reported several decades ago showed that Māori 
men who smoked had worse lung function than their Caucasian counterparts suggesting greater susceptibility in Māori [28,29]. Collec-
tively, these findings demonstrate that the greater propensity to lung cancer in Polynesians relative to other ethnic groups is unrelated to 
lifetime differences in smoking exposure. Instead these differences result from a greater inherent susceptibility to the adverse effects of 
smoking on the lungs generally [5,6,8]. The basis of this hypothesis is discussed below. 

and Caucasians were greatest for adenocarcinomas and small cell cancers. Interestingly, in our study Small cell cancer prevalence was 1.5 
fold greater in current smokers compared to ex-smokers (Table 5), suggesting an interaction between histology and smoking status as 
previously described [27]. Based on our current study, we believe that the higher prevalence of more aggressive lung cancer histological 
subtypes in Māori may also be related to overlapping pathogenic pathways underlying airway remodelling (or COPD) [19]. Although the 
current study cannot prove this relationship, our robust finding that differences in lung cancer histology exists between Māori and Cauca-
sians requires further analyses. These apparent differences in the biology of lung cancer in Māori compared to Caucasian have important 
implications. Below we outline the results of an analysis on all-cause mortality in lung cancers diagnosed during this study.

As the increased incidence of lung cancer in Māori appears to be associated with earlier onset of disease, greater airflow limitation and 
a greater propensity to COPD at lower smoking exposure, we are of the view that Māori may be inherently at greater risk of lung cancer 
through as yet unknown pathogenic or sociocultural mechanisms. Differences in the metabolism of nicotine has been proposed to explain 
inter-ethnic differences, but the data are inconclusive [30]. In studies including Native Hawaiians, no significant difference in CYP2A 
enzyme activity was found compared to Caucasians [31]. Hawaiians have shared genetic ancestry with Māori and have the highest inci-
dence of lung cancer in the United States [3,5,9] suggesting shared genetic factors may in part underlie this increased susceptibility [5,6]. 
Further studies will be needed to test this hypothesis. Another possibility is the effect of high rates of maternal smoking among Māori 
women of reproductive age compared to Caucasian women [32]. Maternal smoking rates in Māori have been historically high for several 
decades relative to Caucasians, a feature of smoking prevalence shared with Hawaiian women. The contribution of marijuana smoking 
to lung cancer in Māori is also a possibility although this has been shown to be relevant in only a small proportion of lung cancer cases 
(primarily those < 50 yr old, ≈10%) so unlikely to explain our observations (Figure 1) [33]. Differences in the innate immune response to 
smoking and downstream exaggerated inflammation has been suggested as another possible mechanism underlying inter-ethnic differ-
ences in susceptibility to lung cancer [5,8,34]. We propose that the most likely factor underlying our observed differences are secondary 
to the biological difference in susceptibility of Māori to cigarette smoke, where Māori are more sensitive to one or combination of the 
addictive, carcinogenic or pro-inflammatory substances in smoke, compared to NZ Caucasians. Collectively, poorer lung function, higher 
COPD prevalence at low pack years, more aggressive subtypes of lung cancer and earlier age at lung cancer diagnosis [35-38], suggest that 
Māori have a different biological susceptibility to lung cancer than NZ Caucasians. 

We found that mean age at diagnosis was significantly lower in Māori compared to Caucasians (61 vs 67 yrs old, table 1) comparable 
to the study by Stevens., et al [18]. This difference persisted in our stratified comparisons, first using Māori enriched for Māori ancestry 
(Māori surname, table 3), and second after stratification for gender and the presence of COPD (Tables 4 and 6). Interestingly, after strati-
fication by smoking status (Table 5), we found age at diagnosis was lower in Māori by 4 years in current smokers (60 vs 64 yrs old) and 
5 years in ex-smokers (64 vs 69 yrs old). It is notable that the mean age at diagnosis is younger in current smokers, consistent with the 
literature [39], with Māori current smokers being on average 9 years younger than Caucasian ex-smokers (60 vs 69 yrs old). However 
after stratification by smoking status, we found the difference in age at diagnosis was reduced. Studies comparing Native Hawaiian with 
“non-Native Hawaiian” have also shown a younger age at diagnosis of about 5 - 6 years [40]. As previously noted, these age differences 
may reflect ethnic differences in age structure across each ethnic group. Unexpectedly, age was not a strong predictor of all-cause mortal-
ity in our study and this may be due to the strong independent effects we found for ethnicity (Māori), aggressive histology (Small cell and 



88

Are New Zealand Maori More Susceptible to Smoking Related Lung Cancer? - A Comparative Case-Case Study

Citation: Robert P Young., et al. “Are New Zealand Maori More Susceptible to Smoking Related Lung Cancer? - A Comparative Case-Case 
Study”.  EC Pulmonology and Respiratory Medicine 8.1 (2019): 72-91.

In order to minimise biases from variation in the investigation and treatment of lung cancer, or variations in temporal trends or in-
stitutional policy on lung cancer management, we compared the all-cause mortality of Māori and Caucasian lung cancer cases diagnosed 
from our single institution between 2004 and 2007. While it is unlikely that Māori lung cancer patients diagnosed in our hospital have 
been missed, lung cancers diagnosed in the community or on post-mortem may not have been included in this study. However the same 
can be said for our comparator population of NZ Caucasian lung cancer patients. Based on the results from 312 Caucasian cases and 81 
Māori cases (recruited between 2004 - 2007), we found the mean survival in months was significantly less in Māori 29.2 months (SE 3.2 
months) compared to Caucasians (35.3 months (SE2.3) (p < 0.05)). In a Cox-Proportional analyses we found that the Hazard Ratios (HR) 
for all-cause mortality were; ethnicity (Māori = 1.4, 95% Confidence Limits (95% CI) = 1.0 - 1.9, P = 0.03); gender (female HR = 0.8, 95% CI 
= 0.6 - 0.9, P = 0.04), advanced clinical stage (NSCLC Stage 4 or Small Cell-extensive = 2.6, 95% CI 2.0 - 3.4, P < 0.0001), and histology (small 
cell or non-small cell relative to adenocarcinoma = 1.4, 95% CI = 1.0 - 2.1, P = 0.04). Similar findings have been described for lung cancer 
mortality in Hawaii where Hawaiian ancestry conferred a hazard risk of 1.4 [40]. Importantly in our study, age, smoking status and COPD 
status were not significant contributors to all-cause mortality (Figure 7). We note that while clinical stage was an important determinant 
of all-cause mortality, it was not very different between Māori and Caucasian lung cancer cases. We do note that the non-significant deficit 
in early stage 1 disease in Māori (Table 1, 18% vs 22%, P > 0.05) is magnified in those with COPD (Table 6, 24% vs 35%, P < 0.05). This 
likely reflects that Māori ethnicity, advanced stage and aggressive histology independently obscure any effects of COPD on mortality. This 
observation casts some doubt on the currently accepted view that Māori lung cancer cases have greater mortality because of demographic 
variables such as smoking and presenting late due to poor access to doctors [18]. A similar conclusion was proposed from the study in 
Hawaiians [40]. Our results suggest poor outcomes for lung cancer may be in part related to both differences in the biology of the lung 
cancers (more aggressive histological subtypes) and greater disposition to airflow limitation, where non-respiratory mortality (cardio-
vascular disease and other cancers) has been shown to be greater [42]. Such an observation may have implications in the use of computed 
tomography for lung cancer screening or early case finding [23]. One reason for the ethnic differences in lung cancer susceptibility may 
be differences in how nicotine or carcinogens are absorbed or metabolised by different racial groups. With regards to absorption, one 
explanation may be that Māori smoke cigarettes differently to NZ Europeans, inhaling deeper per cigarette as has been proposed amongst 
African-Americans [30,31,43]. This behaviour has been associated with genetic polymorphisms of CYP2A enzymes, which are responsible 
for nicotine metabolism and activation of carcinogenic substances in cigarette smoke [30,31,44,45]. Increased CYP2A enzyme activity has 
been correlated to increased smoking depth, and consequently an increased dose of the carcinogen NNK per cigarette [30,44,45]. Dif-
ferences in smoking depth and nicotine metabolism remain possible explanations for greater susceptibility of lung cancer and COPD in 
Māori. Differences in nicotine addiction have been examined in different ethnic groups in Hawaii and, based on studies assessing nicotine 
consumption relative to nicotine metabolism, concluded that Hawaiians were more addicted to nicotine secondary to a higher rate of 
metabolism [46]. This was supported by an earlier study correlating higher addiction rates in Native Hawaiian compared to Caucasians 
[47]. Based on these studies, we propose that the one possible factor underlying greater “susceptibility” of Māori to cigarette smoke stems 
from Māori being more sensitive to the addictive properties of smoking relative to NZ Caucasians. Another possibility has been differences 
in diet such as fruit and vegetables which have been linked to lower rates of lung cancer [48]. However, in the study by Haiman and col-
leagues they could find no effect from the intake of fruit and vegetables to account for the ethnic differences they reported [5]. However, 
it also remains possible that through shared ancestry [49], Hawaiian and Māori have an exaggerated immune response to smoking in the 
lungs [5,6,8]. We conclude that any one, or combination, of these various factors could contribute to the greater rates of current smoking, 
earlier age of onset of lung cancer, worse airflow limitation and greater tendency to more aggressive forms of lung cancer in Māori rela-
tive to Caucasians. Regardless of the basis of these important differences, aggressive tobacco control measures are required if disparities 
between Māori and Caucasians are to be addressed.

Non-small cell), propensity to COPD at low smoking exposure and advanced clinical stage (see later). Our matched comparison (Table 2) 
was primarily done to match for age, in addition to gender and smoking exposure, where we found the most notable difference between 
Māori and Caucasian was for histology despite the smaller numbers (P = 0.07). We acknowledge that while surname has been used to help 
“enrich” ancestry in studies of indigenous peoples [41], where varying degrees of genetic admixture has occurred following colonisation, 
it remains inferior to formal genetic testing.
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We acknowledge that this study has several limitations. First, while the Caucasian lung cancer cases were collected prospectively from 
2004 - 2008, our Māori lung cancer cases were identified using a retrospective design. However, the Māori cases were identified from the 
same tertiary hospital, serving the same geographical region and during an overlapping time interval. Second, only about two thirds of 
our lung cancer case series had spirometry before or around the time of diagnosis. This is likely to introduce some bias but, as discussed 
above, it likely affects both groups equally and remains the more accurate way to report COPD prevalence compared to using COPD his-
tory as stated in medical notes [18]. Third, Māori ancestry was self-reported and was not confirmed (or quantified) on a genetic basis. It 
is likely that a large proportion of our ‘Māori’ population has a variable quantity of NZ Caucasian genetic ancestry (estimated to be about 
30% on average). This means our results might actually underestimate these ethnic differences compared to a study using genetically de-
fined ancestry. To test this hypothesis, we re-examined our results using only Māori lung cancer cases with a Māori surname and found the 
differences were slightly more marked with Adenocarcinoma prevalence of 27% in Māori compared to 42% in Caucasian (Figure 4 and 
table 3). While this approach has strengthened our original findings (rather than diluting them), we cannot be more definitive about this 
observation in the absence of using genetic ancestry markers to better assign ancestry. Given the retrospective recruitment of Māori lung 
cancer cases, we were not able to capture ancestry in their grandparents as we did for Caucasians. That said, it is likely we have captured 
a strongly Caucasian population and compared them to a Māori lung cancer cases series of variable Māori-Caucasian ancestry. Fourth, our 
case-case study design is inferior to a cohort study where lung cancer cases can be identified prospectively, with relevant demographic 
data collected prior to the diagnosis of lung cancer. 
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Chapter 2 Genetic susceptibility of lung cancer overlaps with COPD – Why it matters. 

2.1 Background 

At the outset of this work, my focus was on the genetic basis of COPD.  This was based on findings 

suggesting that lung function was highly heritable (see introduction) and that among smokers with 

comparable exposure, there were those that appeared highly susceptible and those who appeared 

resistant despite decades of smoking. It was not long after better understanding the epidemiology of 

COPD and then lung cancer, that I hypothesised that lung cancer may be due in part, to overlapping  

genetic susceptibility to COPD, and that this might be the basis of the close relationship between the two 

diseases. Following my growing belief that COPD and lung cancer may be related through overlapping 

genetic effects, we established a recruitment programme of smokers.  We identified 3 groups of smokers 

matched for age and smoking history with very different outcomes, specifically normal lung function, 

COPD, and lung cancer.  Our group of smokers with normal lung function were sourced from the 

community and are described as “resistant smokers” to best reflect those in the epidemiological studies 

whose lung function remained near normal despite long and heavy smoking exposure (see Introduction 

and Chapter 1).  We decided to apply a similar approach to our lung cancer case studies where we 

measured lung function in all those recruited into our lung cancer group so that we could distinguish 

genetic associations between those with lung cancer alone and those with COPD. We remain one of the 

few groups in the world to control for the possible confounding effects from unrecognised (spirometry-

defined) COPD in lung cancer biomarker studies.  This body of work is based on 18 publications including 

a publication where we report for the first time the presence of a genetic overlap between COPD and 

lung cancer. This finding has was recently confirmed by us in an independent cohort study and accepted 

for publication in the journal Thorax. 

2.2 Related papers: Genetics 

1. Wu L. Chau J. Young RP. Pokorny V. Mills GD. Hopkins R. McLean L. Black PN. Transforming 

growth factor-beta1 genotype and susceptibility to chronic obstructive pulmonary disease. 

Thorax. 59(2):126-9, 2004 Feb. 

2. Young RP, Hopkins R, Black PN, et al. Functional variants of anti-oxidant genes in smokers with COPD 

and in those with normal lung function. Thorax 2006; 61: 394-399. 

3. Young RP, Hopkins RJ, Hay,  BA, et al. Lung cancer gene associated with COPD: triple whammy or 

possible confounding effect? Eur Respir J 2008; 32: 1158-1164. 

4. Young RP, Whittington CF, Hopkins RJ, et al. Chromosome 4q31 locus in COPD is also associated with 

lung cancer. Euro Respir J 2010; 36:1375-1382. 

5. Silverman EK ɸ,  …Young RP,..Crapo JD. Opportunities and Challenges in the Genetics of COPD 2010; 

An International COPD Genetics Conference report. COPD 2011; 8: 121-135. 

6. Young RP, Hopkins RJ, Hay BA, et al. FAM13A locus in COPD is independently associated with lung 

cancer – evidence of a molecular genetic link between COPD and lung cancer. The Application of 

Clinical Genetics 2011; 4: 1-10. 

7. Young RP, Hay BA, Hopkins RJ. Does RAGE protect smokers from COPD? Eur Respir J 2011; 38:1-2. 

8. Young RP, Hopkins RJ, Whittington CF, et al. Individual and cumulative effects of GWAS susceptibility 

loci in lung cancer: associations after sub-phenotyping for COPD. PLoS ONE 2011; 6: e16476. 

9. Wu L, Merrilees M, Young RP, Black PN. The cyclooxygenase-2-765C promoter polymorphism 

protects against the development of chronic obstructive pulmonary disease. Resp Med 2011; 105: 

506-510. 

10. Young RP, Hopkins RJ, Hay Bay, et al. GSTM1 null genotype in COPD and lung cancer – evidence of a 

modifier or confounding effect. Appl Clin Genet 2011; 4: 137-144. 

11. Young RP, Hopkins RJ.  GWAS in lung disease. Thorax 2011; 66: 1012-1013. 

12. Young RP, Hopkins RJ, Hay BA. Joint Effect of Single-Nucleotide Polymorphisms and Smoking 

Exposure in Chronic Obstructive Pulmonary Disease Risk. Am J Respir Cell Mol Biol 2012; 185: 683. 
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13. Young RP, Hopkins RJ. Genetic Variation in Innate Immunity and Inflammation Pathways Associated 

with Lung Cancer Risk. Cancer 2013; 119 (9):1761. 

14. Hopkins RJ, Young RP. Gene by environment interaction linking the Chromosome15q25 Locus 

with cigarette consumption and lung cancer susceptibility – are African American affected 

differently? EBioMed 2016 (http://dx.doi.org/10.1016/j.ebiom.2016.01.005). 

15. Marcus MW, Raji OY, Duffy SW, Young RP, Hopkins RJ, Field JK. Incorporating epistasis interaction 

of genetic susceptibility single nucleotide polymorphisms in a lung cancer risk prediction model. 

Int J Oncol 2016; 49: 361-370. 

16. Young R P, Scott R J. Inhaled nicotine and lung cancer: Potential role of the nicotinic acetylcholine 

receptor. PNAS 2020; 117(9), 4460-4461. 

17. Hopkins RJ#, Duan F, Gamble GD,….Young RP. Chr15q25 locus independently confers risk of lung 

cancer, COPD and smoking intensity in a prospective study of high risk smokers. Thorax 2021; 

76:272-280.  

18. Young RP, Hopkins RJ, Duan F, et al. Genetic susceptibility to lung cancer and COPD in the NLST: 

differing roles of genes conferring risk in the screening settling. Am J Respir Crit Care Med 2019; 

199: A5893. 

2.3 Conclusion 

At the outset, my first genetic studies were 2 case-control studies where the frequency of candidate gene 

variants were compared between COPD cases and healthy smoking controls, (refs 1,2, 387 citations). 

Over the following years we substantially expanded our cohorts and published several studies using our 

novel case-control design identifying several novel findings implicating genes with different roles in 

various developmental, immune and inflammatory pathways (ref 3,4, 6-9, 400 citations).1,2 This work 

resulted in my invitation to attend an International COPD Genetics Conference and participation in 

authoring the conference report (ref 5, 50 citations).1 One of the most cited papers from this work 

showed how lung cancer associations with genetic variants identified in GWAS studies could be replicated  

using our approach and even combined to develop a composite risk score (see Chapter 3, Risk Tools) (ref  

8, 87 citations). An important aspect of this work was our novel observation that genetic associations 

with lung cancer were modified (weakened or strengthen) by the presence of pre-existing COPD (ref 3, 

117 citations). This finding was subsequently replicated by several research groups.3-7 What also came 

from this early work was the novel concept that there exists a proportion of chronic heavy smokers who 

maintained normal or near-normal lung function who would be ideal controls in our genetic studies (refs 

1,2, 5-11, also see chapter 1).1 According to past studies, this group of smokers with normal lung function 

accounts for about 50-60% of long-term smokers and were likely to harbour genetic variants that were 

protective (conferring lower risk). This group of smokers were generally free of most complications of 

smoking and had a normal life span.  Our definition of “resistant smokers”, which was adopted by the 

Harvard group in their COPDGene studies (www.COPDGene.org) , had normal lung function on 

spirometry (FEV1/FVC ≥0.70 and FEV1%predicted>80%) despite long-term smoking, (Forced VitalCapacity, 

FVC). 

In 2008 we published the first study that linked COPD to genetic variants of the nicotinic acetylcholine 

receptor (CHRNA) previously linked to lung cancer (ref 3, 117 citations).  This finding has been 

subsequently replicated in a large genome wide study and then several case-control studies.5,6  We have 

been able to confirm this finding in one of the largest prospective studies reported to date involving 

9,000 heavy smokers and again have been able to show that the genetic susceptibility to lung cancer 

conferred by the CHRNA variant is directly shared with COPD (ref 17, Thorax in press).  This highlights that 

we were the first to look at lung cancer subtyped by spirometric defined COPD and showed that the 

strength (or even presence) of genetic associations with lung cancer can be altered (mediated) by the 

presence of COPD. One implication of this work is that the extensive reporting of genetic associations 

with lung cancer may be mediated, masked or confounded by the presence of COPD (see above).  In a 

further paper we report our findings for GSTM1 genetic variants and show how studies reporting an 

http://dx.doi.org/10.1016/j.ebiom.2016.01.005
http://www.copdgene.com/
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association with lung cancer appear to have been entirely confounded by unrecognised COPD (ref 10, 7 

citations). In a follow up study, we recently showed that COPD again altered the strength and/or direction 

of several lung cancer SNP variants (Conference abstract, ref 18). If true, this casts substantial doubt on 

hundreds of studies reporting associations with lung cancer that may in fact relate to unrecognised COPD.   

Another key finding my group described early in our work, was the presence of genes that were 

protective for lung cancer, conferring resistance to developing lung cancer (refs 8, 11,12).  This finding 

along with the finding that the CHRNA receptors have relevance in both diseases has significance in the 

current setting of vaping where nicotine based products are consumed in an unregulated setting, based 

on the assumption that nicotine itself is harmless (ref 15,16). In a letter to PNAS we argue that the strong 

and recurring association between COPD and lung cancer with the CHRNA genetic variant, leads us to 

suggest that the two diseases are linked and that this receptor is mediating changes that might underlie 

these complications of smoking (i.e. inhaling nicotine).  If inhaling nicotine does lead to COPD and/or lung 

cancer, then the widespread uptake of unregulated vaping may have dire consequences.  

Lastly, we have shown that lung cancer risk genotypes can be combined in a simple algorithm with clinical 

variables to improve lung cancer prediction based on clinical variables alone (ref 8 and ref 15, 99 

citations) – see chapter 3 below. 

 

2.4 Summary 

From this body of work I have drawn the following conclusions; 

- Genetic susceptibility to lung cancer maybe mediated in part by genetic susceptibility to COPD, 

- the nicotinic receptor mediates susceptibility to COPD and lung cancer independently and that 

this confirms a molecular genetic link between these two diseases, 

- risk genotypes can be combined with clinical variables and improve risk prediction for lung 

cancer, 

- the strong genetic association linking COPD and lung cancer through the nicotine receptor gene 

implicates inhaled nicotine in the pathogenesis of lung cancer and questions the safety of vaping 

nicotine, and 

- the association between biomarkers and lung cancer may be strongly mediated by the presence 

of underlying, and largely unrecognised, COPD which has been largely ignored to date. 

 

2.5 Limitations, controversies and future work 

While our findings of an overlap in genetic susceptibility for COPD and lung cancer has been reported by 

3-4 other groups in modest sized data sets (see below) this finding has been largely ignored by the multi-

national genetic epidemiology groups with an interest in lung cancer.  This is because they do not study 

cohorts where spirometry has been routinely performed.  I remain concerned that an important COPD-

related effect may have considerable impact on the genetics of lung cancer which we hope to further 

explore in our UK Biobank study (N=500,000 subjects) where genetic data is readily available to further 

validate our findings to date. 
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Background: Only a few long term smokers develop symptomatic chronic obstructive pulmonary disease
(COPD) and this may be due, at least in part, to genetic susceptibility to the disease. Transforming growth
factor b1 (TGF-b1) has a number of actions that make it a candidate for a role in the pathogenesis of
COPD. We have investigated a single nucleotide polymorphism at exon 1 nucleotide position 29 (TRC) of
the TGF-b1 gene that produces a substitution at codon 10 (LeuRPro).
Methods: The frequency of this polymorphism was determined in 165 subjects with COPD, 140 healthy
blood donors, and 76 smokers with normal lung function (resistant smokers) using the polymerase chain
reaction and restriction enzyme fragment length polymorphism.
Results: The distribution of genotypes was Leu-Leu (41.8%), Leu-Pro (50.3%), and Pro-Pro (7.9%) for
subjects with COPD, which was significantly different from the control subjects (blood donors: Leu-Leu
(29.3%), Leu-Pro (52.1%) and Pro-Pro (18.6%), p = 0.006; resistant smokers: Leu-Leu (28.9%), Leu-Pro
(51.3%) and Pro-Pro (19.7%), p = 0.02). The Pro10 allele was less common in subjects with COPD (33%)
than in blood donors (45%; OR = 0.62, 95% CI 0.45 to 0.86, p = 0.005) and resistant smokers (45%;
OR = 0.59, 95% CI 0.40 to 0.88, p = 0.01).
Conclusions: The proline allele at codon 10 of the TGF-b1 gene occurs more commonly in control subjects
than in individuals with COPD. This allele is associated with increased production of TGF-b1 which raises
the possibility that TGF-b1 has a protective role in COPD.

A
lthough chronic obstructive pulmonary disease (COPD)
is a consequence of smoking, only 15–20% of long term
smokers develop symptomatic airflow obstruction.1

This suggests that there is a genetic predisposition to COPD
and this is supported by family studies,2 but the genetic
polymorphisms that have been identified—such as a1-
antitrypsin deficiency—only account for a small proportion
of the individuals who develop COPD.3

Transforming growth factor-b1 (TGF-b1) is a cytokine with
many different effects on cell proliferation and differentiation
and on inflammation.4 5 Some of these actions could protect
against the development of COPD. TGF-b1 can inhibit matrix
metalloproteinases that may contribute to the development
of emphysema through the digestion of elastic fibres.6 7 It also
promotes the formation of elastin8 9 and this could help repair
damage to the lungs of individuals who are smokers and who
are at risk of developing COPD. With these considerations in
mind, we have looked for an association between COPD and
one of the polymorphisms in the TGF-b1 gene.

Previous studies have identified a number of polymorph-
isms in the TGF-b1 gene.10–13 One of these is a polymorphism
at nucleotide +869 (T869C) that produces a LeuRPro
substitution in codon 10. This occurs in the signal peptide
sequence of the exon 1 and replaces one non-polar amino
acid (leucine) with another (proline). The Pro10 allele is
associated with increased formation of TGF-b1.14 15 An
association of this polymorphism has been reported with
scleroderma.16 The Pro10 allele has also been linked to bone
mineral density17 and the regulation of blood pressure.14 17 In
our study we have looked at the frequency of the
polymorphism at codon 10 in patients with COPD and in
two groups of control subjects (healthy blood donors and
smokers with normal lung function (resistant smokers)).
Polymerase chain reaction (PCR) and restriction enzyme
fragment length polymorphism (RFLP) were used to analyse
the genotype of the polymorphism.

METHODS
Blood samples were collected from two groups of patients
with COPD. The first group comprised 61 patients admitted to
Auckland or Waikato hospitals with an exacerbation of
COPD. Lung function in these subjects was measured
immediately before discharge. The second group comprised
104 outpatients with stable COPD. In both groups of
patients the lung function was measured after short acting
bronchodilators had been withheld for 6 hours or more.
Spirometric tests were performed according to ATS criteria.18

As well as having a doctor’s diagnosis of COPD, all of the
patients were >40 years old, had a smoking history of >20
pack years, forced expiratory volume in 1 second (FEV1) of
(60% predicted, and ratio of FEV1 to forced vital capacity
(FVC) of (70%. Subjects who were known to have
bronchiectasis or a primary diagnosis of asthma were not
included in the study. Blood samples were collected into
EDTA and/or CPT tubes (Becton Dickinson Vacutainer
Systems, Franklin Lakes, NJ, USA) before extraction of
DNA.

Blood samples were also collected from two groups of
control subjects. The first were 140 healthy blood donors and
samples were collected at the time they donated blood. All of
the blood donors completed a brief questionnaire that
included a question on ethnicity. Lung function was not
measured in this group but none had symptomatic COPD.
The second control group comprised individuals who had not
developed COPD despite smoking. They were members of the
Returned Services Association and were only included in the
study if they were >40 years old, had a smoking history of
>20 pack years, FEV1 >85% predicted, and FEV1/FVC >70%.
All of the patients and control subjects were of white ethnic
origin.

The study was approved by the North Health ethics
committee and all of the subjects provided written informed
consent.
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DNA extraction
CPT tubes were centrifuged at 1500 g for 20 minutes at room
temperature, the peripheral blood mononuclear layer was
harvested according to the manufacturer’s instructions, and
the cell pellet stored at 280 C̊ until DNA extraction. Blood
samples collected into EDTA tubes were treated with sucrose
lysis buffer and the nuclear cell pellet stored at 280 C̊ until
DNA extraction. Genomic DNA was extracted using DNAzol
(Invitrogen, Carlsbad, CA, USA) following standard protocols
given by the manufacturer. Stock DNA was stored at a
concentration of 500 ng/ml at 220 C̊ and PCR reactions were
prepared using working DNA stocks of 100 ng/ml.

PCR amplification
Reaction mixtures of 25 ml were prepared containing 200 ng
DNA, 1 U Taq polymerase (Invitrogen), 0.2 mM dNTPs,
0.5 mM of each primer (Invitrogen), PCR buffer (containing
10 mM Tris HCl, pH 8.3, 50 mM KCl) and 1.0 mM MgCl2.
The primer sequence was based on the study by Syrris et al.10

The forward primer sequence was
ACCACACCAGCCCTGTTCGC and the reverse primer
sequence was AGTAGCCACAGCAGCGGTAGCAGCTGC.
Using a PTC-100 Programmable Thermal Controller (MJ
Research, Watertown, MA, USA), PCR was performed with
an initial denaturation at 94 C̊ for 3 minutes. This was
followed by 33 cycles, with denaturation at 94 C̊ for
50 seconds, annealing at 66 C̊ for 1 minute, then elongation
at 72 C̊ for 1 minute. A final elongation of 10 minutes at 72 C̊
then followed. An amplification check was carried out using
electrophoresis with a 2.5% agarose gel (Invitrogen) in 0.5%
TAE buffer (40 mM Tris acetate, 5.7% glacial acetic acid,
2 mM Na2EDTA.2H2O) containing 0.25 ml ethidium bromide.
4 ml of amplification product and 3 ml of loading buffer
(consisting of 10 mM EDTA, 0.05% bromphenol blue, 0.05%
xylene cyanol) were added to each well. Electrophoresis was
performed in 200 ml 0.5% AE buffer with 2.5 ml ethidium
bromide with a voltage of 90 mV for approximately 80% of
the length of the gel.

Restriction enzyme digestion
3.0 ml of the amplification product was digested with 4 U PstI
restriction endonuclease enzyme (Roche Diagnostics, Hague
Road, IN, USA) in a 12 ml volume mixture containing 0.9 ml
SuRE/Cut Buffer H (Roche Diagnostics). The reaction
mixture was incubated at 37 C̊ for 1 hour. Restriction enzyme
digested PCR products were subjected to electrophoresis in a
2.5% agarose gel (Seakem; FMC, Rockland, ME, USA) at
270 mV for 2 hours in 200 ml TBE buffer. Using ultraviolet
transillumination after ethidium bromide staining, the
products were visualised and the size of the product was
determined using 123 bp ladder (Invitrogen). In each
digestion, control samples were included from subjects who
had been confirmed by DNA sequencing as Leu/Leu, Leu/Pro
and Pro/Pro, respectively. A gel of the RFLP digestion
products is shown in fig 1.

Sequencing
DNA sequencing was performed on 10 random samples to
confirm the match between the product sequence and the
established TGF-b1 sequence. PCR reactions were performed
as described above but scaled up to 100 ml. The PCR product
was purified using High Pure PCR Purification Kit (Roche
Diagnostics) following the manufacturer’s instructions.
500 ml of absolute ethanol and 15 ml 3 M NaOAC were used
to precipitate DNA from the 100 ml buffer (from the kit) that
was used to elute the DNA from the column matrix. The
mixture was left at –80 C̊ for 1 hour, centrifuged at
13000 rpm for 2 minutes, then the pellet was washed twice
with 500 ml 75% ethanol and redissolved in sterile double

distilled deionised water. Sequencing reactions were per-
formed using dye primer reactions with the above primers
and Big Dye (Applied Biosystems, Foster City, CA, USA)
chemistry and analysed on an ABI 377A apparatus (Applied
Biosystems).

Statistical analysis
The distribution of genotypes in the subjects with COPD,
blood donors, and resistant smokers was compared using 26
2 contingency tables with Fisher’s exact test or 2 6 3
contingency tables with the x2 test. These tests were all two
sided. In addition, the influence of smoking (pack years),
age, and sex on the risk of being a resistant smoker or a
patient with COPD for the different TGF-b1 genotypes was
modelled using logistic regression (SAS version 8, SAS
Institute, Cary, NC, USA). The baseline characteristics of
the different groups were compared using Fisher’s exact test
for sex and the Wilcoxon test for independent groups for
smoking history and age.

RESULTS
The characteristics of the 165 subjects with COPD are shown
in table 1. Information on duration of symptoms was
available in 145 patients. The first control group comprised
140 healthy blood donors. In a second control group of 76
smokers who had not developed COPD (resistant smokers)
the mean FEV1 was 95.8% predicted. The resistant smokers

Figure 1 Agarose gel showing RFLP for polymorphism in the TGF-b1

gene at nucleotide +869 (T869C) producing a LeuRPro substitution at
codon 10. Lane 1 shows 123 bp DNA ladder. Lanes 2, 4 and 5 show the
Pro-Leu genotype, lanes 3 and 7 show the Leu-Leu genotype, and lanes 6
and 8 the Pro-Pro genotype.

Table 1 Characteristics of subjects with COPD and
resistant smokers

COPD Resistant smokers
(n = 165) (n = 76)

Mean (SD) smoking history
(pack years)

44.9 (22.5) 45.8 (31.3)

Mean (SD) age (years) 66.8 (10.3) 53.7 (10.8)
Male (%) 55.2 56.0
Mean (SD) FEV1 (% predicted) 32.6 (13.3) 95.8 (10.9)

TGF-b1 genotype and COPD 127

www.thoraxjnl.com

http://thorax.bmj.com


did not differ from the patients with COPD in smoking
history or sex but were younger (p = 0.06, table 1).

Sequencing of the PCR product confirmed that the
observed sequence for the Leu10 and Pro10 alleles at codon
10 was the same as the expected sequences.

The distribution of genotypes was the same for the blood
donors (29.3% Leu-Leu, 52.1% Leu-Pro, and 18.6% Pro-Pro)
and the resistant smokers (28.9% Leu-Leu, 51.3% Leu-Pro,
and 19.7% Pro-Pro; p = 0.98). The distribution of genotypes
for the COPD subjects was 41.6% Leu-Leu, 50.0% Leu-Pro,
and 8.4% Pro-Pro, which was significantly different from the
blood donors (p = 0.006) and from the resistant smokers
(p = 0.02, table 2). There was no significant deviation in the
genotype frequency from the Hardy-Weinberg equilibrium.
The Pro10 allele occurred less frequently in the subjects with
COPD (33%) than in the blood donors (45%; odds ratio 0.62
(95% CI 0.45 to 0.86), p = 0.005) and the resistant smokers
(45%; odds ratio 0.59 (95% CI 0.40 to 0.88), p = 0.01)

In the logistic regression the odds of being a resistant
smoker as opposed to a COPD patient were modelled for the
Pro-Pro genotype versus the Leu-Leu genotype and for the
Pro-Pro genotype versus the Leu-Pro genotype. The unad-
justed odds ratio was 3.2 (95% CI 1.5 to 9.6, p = 0.003) for
Pro-Pro versus Leu-Leu. Following adjustment for age, sex,
and smoking history, the odds ratio did not change (3.2 (95%
CI 1.1 to 9.2), p = 0.03). For Pro-Pro versus Leu-Pro the
unadjusted odds ratio was 2.7 (95% CI 1.1 to 6.2), p = 0.02,
and the adjusted odds ratio was 2.2 (95% CI 0.8 to 6.0),
p = 0.13. Information on smoking history was not available
for most of the blood donors and they could not be included
in the logistic regression.

The three different genotypes within the patients with
COPD were compared to determine whether there were
differences in age, smoking, or lung function. Patients with
COPD with the Pro-Pro genotype had a higher mean smoking
history (53.9 pack years) than patients with the other
genotypes (Leu-Pro 44.4 pack years, Leu-Leu 43.7 pack years)
while having a similar mean age (Pro-Pro 65.0 years, Leu-Pro
67.7 years, Leu-Leu 66.1 years) and mean FEV1 % predicted
(Pro-Pro 34.3%, Leu-Pro 33.9%, Leu-Leu 30.6%), but none of
these variables differed significantly between the groups.

DISCUSSION
We have shown that the proline allele at codon 10 of the
TGF-b1 gene is less common in subjects with COPD than in
control subjects. The Pro10 allele has been shown to be
associated with higher levels of TGF-b1 in serum14 15 and
increased TGF-b1 mRNA in peripheral blood mononuclear
cells.14 Furthermore, the Pro-Pro genotype is associated with
higher serum concentrations of TGF-b1 than the Pro-Leu
genotype which, in turn, is associated with higher concen-
trations than the Leu-Leu genotype. This suggests that the
high producer genotype for TGF-b1 may protect against the
development of COPD. Our findings are consistent with those
reported by Arkwright et al in cystic fibrosis.19 They did not
find any difference in the frequency of the Pro10 allele
between controls and subjects with cystic fibrosis, but the
Pro10 allele was less common in subjects with cystic fibrosis
who had a rapid decline in lung function. In other words, the

Pro10 allele had a protective effect on lung function in their
study as it did in ours.

A recent study using an animal model of emphysema adds
plausibility to the suggestion that increased production of
TGF-b1 may protect against the development of COPD. The
integrin avb6 activates latent TGF-b.20 Mice that lack this
integrin (Itgb6 null mice) develop age related emphysema.
When transgenes for TGF-b1 were inserted into these mice so
that they constitutively expressed active TGF-b1, the changes
in the lung associated with the deletion of the integrin gene
no longer occurred. In these mice the protective effects of
TGF-b1 appear to be related to inhibition of macrophage
metalloelastase (MMP 12) which degrades elastin.

In any genetic association study there is always the
concern that there may be confounding because the cases
and controls are not well matched. The background
frequency of an allele can vary in different ethnic groups
and problems can arise if the ethnic background of the cases
and controls differs.21 We only included subjects of white
ethnic origin in this study because of evidence that there are
ethnic differences in the frequency of the Pro10 allele.
Suthanthiran et al reported that the Pro10 allele was
significantly more common in African-Americans than in
white subjects.14

Ideally, we would have reduced the chance of confounding
by identifying controls and cases in the same way—for
example, both groups would have been identified from a
cross sectional, community based cohort study. This would be
a much more difficult study to undertake because of the large
number of individuals that would have to be screened to
identify a sufficient number of patients with symptomatic
COPD. We were not in a position to undertake such a study.
Nonetheless, there are a number of features of our study that
make it less likely that our findings are due to confounding
by non-genetic factors. We undertook a logistic regression
controlling for age, sex, and smoking history and this did not
change the findings. The adjusted and non-adjusted odds
ratios were the same and the results remained statistically
significant. In addition, other studies of white subjects have
reported a distribution of genotypes similar to that in our
control group.14 17 The ECTIM study was one of the largest
studies of TGF-b1 polymorphisms. This study compared
subjects with myocardial infarction and control subjects
from three centres in France and one in Northern Ireland and
found no difference in the distribution of the codon 10
genotypes between cases and controls.13 For the 1192 subjects
the distribution of genotypes was Leu/Leu 34%, Leu/Pro 48%,
and Pro/Pro 17.8%. This distribution of genotypes is similar to
that seen in our control group. We also found the same
distribution of genotypes in the two different control groups
(blood donors and resistant smokers) that were identified
independently of each other. Although we think it is unlikely,
we cannot completely exclude the possibility that our results
are due to unexplained confounding so our findings need to
be confirmed by other studies.

In this study we did not include patients with a diagnosis
of bronchiectasis but some of the patients may still have had
a degree of bronchiectasis. O’Brien et al22 obtained high
resolution computed tomographic (CT) scans of 110 patients
presenting to their general practitioner with an acute

Table 2 Distribution of genotypes in COPD and control subjects

Leu-Leu Leu-Pro Pro-Pro

COPD patients (n = 165) 69 (41.6%) 83 (50.0%) 13 (8.4%)
Blood donors (n = 140) 41 (29.3%) 73 (52.1%) 26 (18.6%)
Resistant smokers (n = 76) 22 (28.9%) 39 (51.3%) 15 (19.7%)
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exacerbation of COPD; in 29% there was evidence of
bronchiectasis on the CT scan. We also excluded individuals
with a primary diagnosis of asthma, but some of the subjects
may have had co-existent asthma even though their
predominant problem was COPD. Further studies are
necessary to determine if subjects with COPD and co-existent
asthma or bronchiectasis differ from other subjects with
COPD in their distribution of codon 10 genotypes.

If TGF-b1 does indeed protect against the development of
COPD, our study does not establish a mechanism and any
speculation about this is tentative. In emphysema there is
disruption and fragmentation of elastic fibres in the alveolar
walls.23 The resulting loss of elastic recoil leads to premature
collapse of the small airways during expiration and this is
thought to explain the airflow obstruction that occurs in
COPD. TGF-b1 could conceivably act to prevent the degrada-
tion of elastin by inhibiting the expression of matrix
metalloproteases as it does in Itgb6 mice. It is also possible
that TGF-b1 may be acting to promote the synthesis of
elastin7 8 and, as a result, it could have a role in repairing the
loss of elastic fibres that occurs as a result of smoking. TGF-b1

also has anti-inflammatory actions3 4and these could be
relevant because COPD is characterised by inflammation
with increased numbers of CD8+ lymphocytes and macro-
phages in the airways,24 25 but additional research will be
necessary to elucidate the role of TGF-b1 in COPD.
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Background: Chronic obstructive pulmonary disease (COPD) is predominantly the consequence of chronic
smoking exposure, but its development may be influenced by genetic variants that affect lung remodelling,
inflammation, and defence from oxidant stress. A study was undertaken to determine whether genetic
variants within genes encoding the antioxidant enzymes superoxide dismutase (SOD) and catalase may
be associated with the development of impaired lung function.
Methods: In a case-control study, the allele and genotype frequencies of functional polymorphisms from
SOD1 (CuZnSOD), SOD2 (MnSOD), SOD3 (extracellular SOD), and catalase (CAT) were compared in
chronic smokers with normal lung function (resistant smokers) and in those with COPD.
Results: Significantly higher frequencies of the G allele and CG/GG genotype of the 213 SOD3
polymorphism were found in resistant smokers (odds ratios (ORs) 4.3 (95% CI 1.5 to 13.3) and 4.2, 95%
CI 1.4 to 13.3), Bonferroni corrected p = 0.02 and p = 0.02, respectively) than in those with COPD. There
were no differences between the COPD and resistant smokers for the SOD1, SOD2, or CAT
polymorphisms tested.
Conclusions: The 213Gly variant of the SOD3 gene may, through antioxidant or anti-inflammatory effects,
confer a degree of resistance in some smokers to the development of COPD.

I
t is estimated that over 90% of patients diagnosed with
COPD have been chronic smokers, yet only 15–20% of
smokers become symptomatically limited by COPD.1 In

addition, it has been estimated that only 15% of the variation
in lung function in smokers can be attributed to the degree of
smoking exposure2 while a little over 40% is conferred by
genetic factors.3 Epidemiological studies have consistently
shown that some smokers maintain relatively normal lung
function even after more than 40 pack years of smoking—
that is, they are ‘‘resistant’’4—and these individuals represent
about 40–50% of chronic smokers.2 5 These data, together
with family studies,6 suggest there is a substantial genetic
component to the susceptibility to developing COPD, and
suggest that COPD results from chronic smoking exposure in
those genetically predisposed to developing impaired lung
function.

Given the pathophysiological heterogeneity that exists in
COPD, it is not surprising that a number of genetic variants
have been implicated. This includes polymorphisms in genes
encoding proteins involved in matrix remodelling (such as
metalloproteases or their inhibitors), oxidative stress and
inflammation (most often cytokines).6 We propose that these
polymorphisms may confer susceptibility or resistance to
chronic smoke exposure either directly or through linkage
with functional genetic variants. Such genetic heterogeneity,
together with differences in study design, case and/or control
selection, small sample sizes and population admixture (or
stratification), is likely to account for much of the conflicting
findings reported in the COPD literature to date.

Although classical linkage studies have successfully iden-
tified genes implicated in Mendelian diseases, this approach
has had limited success in complex disorders. This is because
diseases of Mendelian inheritance generally involve genetic
variants with high penetrance, low population frequency and
little, if any, influence from other genetic or environmental
factors. In contrast, complex disorders such as COPD have
been shown to be strongly linked to the environment through

factors such as smoking exposure, occupation, diet, or
respiratory tract infections. Not surprisingly, recent linkage
studies in pedigrees characterised by poor lung function7 8

suggest that there is a strong gene-environment interaction
and linkage to several chromosomal regions have been
reported.

There is now growing interest in the use of case-control
association studies in complex disorders such as COPD to
identify genes of generally high frequency but low penetrance
and overall small effects.9–11 This may be particularly relevant
in COPD where genetic variants may confer either resistance
or susceptibility to COPD. Here we report a case-control
association study which examined the possible role of
candidate polymorphisms in the genes encoding the anti-
oxidant enzymes copper-zinc superoxide dismutase (SOD1),
manganese superoxide dismutase (SOD2), extracellular
superoxide dismutase (SOD3), and catalase (CAT).
Specifically, we have targeted single nucleotide polymorph-
isms (SNPs) for their likely functional role: SOD1 +35 A/C
which is located adjacent to a splice site, SOD2 Val16Ala
which has been suggested to alter protein structure and
function,12 SOD3 213 (+760) C/G which has been shown to
alter proteolytic processing,13 and catalase 221 A/T which is
located in the promoter region just proximal to the start site.14

The SOD3 candidate polymorphism is of particular interest
since the CRG substitution (+760) leads to an absence of
cleaved SOD3 in the serum of carriers in a bimodal
distribution.15 16 Moreover, this genetic variant has been
associated with altered antioxidant or anti-inflammatory
activity.17 18 Other studies suggest that SOD3 may also
influence matrix remodelling19–25 in the lung and this may
be relevant to the development of COPD.26

Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1,
forced expiratory volume in 1 second; FVC, forced vital capacity; SNP,
single nucleotide polymorphism; SOD, superoxide dismutase
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METHODS
Subject recruitment
Group 1: COPD (chronic smokers with impaired lung
function consistent with COPD)
We recruited subjects of European descent (all four grand-
parents European) with COPD who had been previously
diagnosed by a specialist physician and who met the following
criteria: .40 years of age, smoking history of >15 pack years,
forced expiratory volume in 1 second/forced vital capacity
(FEV1/FVC) ratio ,70%, and FEV1 ,80% predicted (ERS
criteria, ECCS reference values). Pre-bronchodilator spirometric
tests were performed according to ATS guidelines. COPD
subjects were identified following admission to hospital with
an infective exacerbation of COPD or following attendance at a
hospital outpatient clinic. They were assessed while in a stable
condition with spirometric measurements taken after with-
holding their usual COPD medications for the following periods:
short acting bronchodilators for 6 hours, long acting broncho-
dilators and inhaled corticosteroids for 12 hours. No subjects
had been on oral corticosteroids, inhaled long acting anti-
cholinergic inhalers, or oral bronchodilating agents in the
6 week period prior to testing. Those with a history of any of the
following were excluded: childhood or early adulthood asthma,
prior evidence of a .20% reversibility in FEV1 in response to
inhaled bronchodilator treatment, symptoms of breathlessness
before 40 years of age, or past lung surgery. COPD subjects were
also excluded if they answered yes to the question ‘‘Have you
ever been diagnosed with bronchiectasis?’’ or were diagnosed as
having bronchiectasis in their hospital records, or on clinical or
radiological grounds.

Group 2: Resistant smokers (chronic smokers with
near normal lung function)
We also recruited from the same community (from social
clubs for the elderly living in the same city suburbs as the
COPD cases) a cohort of resistant smokers of European
descent (all four grandparents European) who volunteered to
be studied and who met the following criteria: .40 years of
age, smoking history of >15 pack years, FEV1/FVC ratio of
70–90%, and FEV1 .80% predicted.

Using questions from the ATS Respiratory Questionnaire,
occupational exposure to dusts and fumes was recorded from
the COPD subjects and resistant smokers. Using a PCR based
method,27 we genotyped the COPD subjects and the resistant
smokers for the a1-antitrypsin mutations (S and Z variants)
and excluded those with the ZZ or SZ genotype. Those with
the MZ genotype were included and made up 5% of both the
COPD and resistant smoker cohorts.

Group 3: Blood donors
We also recruited 190 blood donors of European descent
(all four grandparents European) whose recruitment was

unrelated to smoking status and who were healthy with no
known respiratory illnesses.

The study was approved by the Auckland ethics committee
and all subjects gave informed written consent.

Genotyping
Genomic DNA was extracted from peripheral blood leuco-
cytes using standard phenol and chloroform methods.
Cohorts of patient and control DNA were configured into
96-well polymerase chain reaction (PCR) format containing
strategic negative controls. Details of each genotyping assay
are shown in table 1. These were modified from previously
published methods.14 28 PCR amplifications were performed
in 25 ml reaction volumes containing 50–80 ng genomic DNA,
10 pmol of each primer, 0.2 mM dNTPs, 1 X Qiagen Taq
polymerase buffer (containing 15 mM MgCl2) and 1 U
Qiagen Taq polymerase. Reactions were enhanced with 1 X
Qiagen Q solution when required as determined by the PCR
optimisation process. The samples were denatured for
5 minutes at 94 C̊, subjected to 32–35 cycles each of 1 minute
at 94 C̊, 1 minute at 60 C̊ (55 C̊ for the SOD1 gene
polymorphism), and 1 minute at 72 C̊, and elongated for 7–
10 minutes at 72 C̊ (MJ Research). Aliquots of PCR ampli-
fication product were digested for two hours with 5–10 U of
restriction enzymes (New England BioLabs) and separated
on conventional and molecular screening grade agarose gels
(Roche). Digested products were visualised by ultraviolet
transillumination following ethidium bromide staining and
migration compared against a 1 kb plus DNA ladder
(Invitrogen) and a positive RFLP control sample.

Statistical analysis
The demographic characteristics of the COPD and resistant
smokers were compared using Fisher’s exact test for sex and
the Student’s t test for unrelated groups for the continuous
normally distributed variables. Adjustment for pack years
was provided using analysis of covariance. Genotype fre-
quencies were compared with Hardy-Weinberg equilibrium
within each cohort. Allele and genotype frequencies were
compared between cohorts using the Mantel-Haenszel x2 test
to generate odds ratios with 95% confidence limits. Logistic
regression was used to provide the odds of COPD/resistant
smoking for each genotype after adjusting for age and pack
years. Analyses were conducted using procedures of SAS
Version 9.1 for Windows (SAS Institute Inc). All tests were
two tailed and p values were corrected for number of
polymorphisms examined with the Bonferroni method taking
p,0.05 as significant. Evidence for population stratification
was sought using Structure (v2.1).29 Using power calculations
we were able to estimate that sample sizes in excess of 200
would be sufficient to detect modest effects with genotype
frequencies for the minor allele (approximately 10% or more)
for three of the four polymorphisms at alpha = 0.05 assuming
80% power.30

Table 1 Polymerase chain reaction primers, restriction enzymes, and separation conditions for genotyping

Gene (polymorphism) Primer sequence
Restriction enzyme
(Temperature) Separation conditions

SOD1 (ARC, +35 exon3/intron3) Forward: 59CTATCCAGAAAACACGGTGGGCC39

Reverse: 59TCTATATTCAATCAAATGCTACAAAACC39

Hha I (37 C̊) 2% agarose

SOD2 (Val16Ala, TRC) Forward: 59CGCAGCCCAGCCGTGCGTA39

Reverse: 59GTGAGGTTCCAGGGCGCCGT39

Bsa WI (60 C̊) 2% agarose

SOD3 (Arg213Gly, ARG) Forward: 59GCAACCAGGCCAGCGTGGAGAACGGGAA39

Reverse: 59CCAGAGGAGAAGCTCAAAGGCAGA39

Mwo I (60 C̊) 3% MS agarose

Catalase (ART, promoter) Forward: 59AATCAGAAGGCAGTCCTCCC39

Reverse: 59TCGGGGAGCACAGAGTGTAC39

Hinf I (37 C̊) 2% agarose

Modified from previously published methods.14 28

Functional antioxidant polymorphisms in COPD 395

www.thoraxjnl.com



RESULTS
Subjects
The characteristics of the COPD and resistant smoker groups
are summarised in table 2. Consistent with our criteria for
recruitment of resistant smokers, lung function in this group
was near normal and significantly greater than the spiro-
metric means of the COPD group. In the blood donor cohort
63% were men and their mean (SD) age was 50 (10) years. At
the time of recruitment 63% had never smoked, 30% were ex-
smokers, and 7% were current smokers. Information on lung
function was not available in this group but none had a
diagnosis of COPD.

The COPD and resistant smokers had the same mean daily
cigarette consumption (24/day, p = 0.76), comparable age of
smoking onset (17 and 16 years respectively, p = 0.55),
comparable age when stopped smoking (58 and 51 years
respectively, p = 0.12), although the resistant smokers were
younger (59 v 65 years, p,0.001) with a lower pack year
history (42 v 50 pack years, p = 0.002) than smokers with
COPD. When the pack years were adjusted for age and the
same daily cigarette consumption allowed for, the smoking
exposures were not statistically different between the two
groups. We found no evidence for population stratification
between resistant smokers and those with COPD using 40
unlinked SNPs from different genes (mean x2 = 3.1,
p = 0.61).

We estimate that our analyses, which included a burn-in
period of 10 000 iterations to collect data for 10 000
iterations, had a power of more than 97% to detect
(p,0.05) population stratification (median p = 3.361025).
The SNPs were part of a panel derived for the purposes of a
case association study for coronary artery disease and were
not known to be associated with either of our smoking
phenotypes.

Allele and genotype frequency comparisons
The completion rate for all four genotypes was over 97% and
all were in Hardy-Weinberg equilibrium. The completion rate

for a1-antitrypsin genotypes was 100%, and those with the
MZ genotype were included making up 5% of both the COPD
and resistant smoker cohorts. Any subject with the ZZ
genotype was excluded and there were no SZ subjects.
Statistical differences between allele or genotype frequencies
were found for the SOD1 (intron 3), SOD2 (Val16Ala), and
CAT promoter polymorphisms (table 3).

The only significant difference between the groups was for
the SOD3 Arg213Gly polymorphism (table 4). To ensure
accuracy of the method, genotyping of this polymorphism
was repeated in all three cohorts using the same RFLP
method. We found a 2% error rate and assigned genotype
based on the results of a third assay for those genotypes
discordant from the first two assays. Resistant smokers had a
significantly higher G allele frequency (5% and 1% respec-
tively, OR 4.3, p,0.05) and a significantly higher CG/GG
genotype frequency than subjects with COPD (9% and 2%
respectively, OR 4.2, p,0.05). Combining the CG and GG
genotypes can be justified on an a priori basis as both are
associated with increased serum levels of SOD3.15 When an
older subgroup (>55 years) of 137 resistant smokers was
examined, they matched the COPD subjects more closely
(mean (SD) age 67 (8) years and mean (SD) pack years 48
(22)). In this comparison, higher G allele and CG/GG
genotype frequencies were still evident in the resistant
smokers (OR 4.2 and 3.8 respectively, uncorrected p = 0.01
and 0.02 respectively). A comparison of younger COPD
patients with the resistant smokers did not change the above
findings (data not shown). No subject with the MZ genotype
were carriers of the SOD3 G allele so, after excluding the
former, there was still a significant excess of the SOD 213 G
allele in the resistant smokers compared with those with
COPD.

After adjustment for age, sex and smoking history, logistic
regression of all COPD subjects and resistant smokers showed
that the odds of being a resistant smoker compared with
having COPD modelled for the CG/GG genotype versus the
CC genotype was 6.1 (95% CI 1 to 38), p = 0.05. The blood

Table 2 Mean (SD) characteristics of the COPD cohorts and resistant smokers

Parameter
COPD
(N = 230)

Resistant smokers
(N = 210)

Differences
(p value)

% men 59% 63% 0.88
Age (years) 65 (10) 59 (13) ,0.001
Pack years 50 (29) 42 (25) 0.002�
Cigarettes/day 24 (15) 24 (12) 0.76*
FEV1 (l) 1.6 (0.56) 2.9 (0.73) 0.01
FEV1 (% predicted) 42 (18) 96% (10) ,0.001
FEV1/FVC 51 (15) 82 (8) ,0.001

*There were also no significant differences in the age started smoking, age stopped smoking, or duration of
smoking.
�After correcting for age there was no difference in the pack years.

Table 3 SOD1, SOD2 and catalase polymorphism allele and genotype frequencies in
COPD patients and resistant smokers

Polymorphism Allele frequencies (%) Genotype frequencies (%)

SOD1–intron 3 SNP A C AA AC CC
COPD 95 5 92 7 1
Resistant smokers 94 6 90 9 1

SOD2–Val16Ala T C TT TC CC
COPD 49 51 23 52 25
Resistant smokers 49 51 22 54 24

Catalase–promoter SNP T A TT TA AA
COPD 28 72 7 41 52
Resistant smokers 31 69 10 42 48

No significant differences were found for either the allele or genotype (absolute) frequencies for all three
polymorphisms.
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donor controls, although younger, represent a relatively
unselected and ethnically matched cohort. With the limited
sample size, they provide a second group from which to
establish the allele and genotype frequencies in our general
population. These were comparable to those reported in other
studies.14 16 31 The allele and genotype frequencies for the
SOD3 variant in the blood donor group were similar to those
of the COPD cohort (despite the age difference) and, again,
less than that in the resistant smokers (p = 0.04 and p = 0.08
for genotype and allele frequencies, respectively). This
supports our view that the G allele is found more frequently
in resistant smokers rather than being less frequent in
smokers with COPD—that is, the G allele may confer
resistance to impaired lung function as suggested by its
functional effects. Adjustment for occupational exposure to
dust and fumes did not alter the findings of the logistic
regression analysis.

DISCUSSION
Using a case-control study, we have examined whether there
is an association between genetic variants of antioxidant
polymorphisms and susceptibility or resistance to COPD from
smoking. Our results suggest that the 213Gly SOD3 genetic
variant is associated with conferring resistance to COPD in
some smokers. We believe this observation was made
possible, in part, by using a case-control study design which
compared COPD patients and smokers with near normal lung
function matched for sex, ethnicity, city suburb, and smoking
exposure. This approach is based on three important
epidemiological studies that collectively show that (1) some
smokers maintain normal lung function despite decades of
heavy smoking exposure; (2) non-smokers and light smokers
(,20 pack years) have a normal distribution in lung
function; and (3) when the smoking exposure dose exceeds
about 30–40 pack years, the separation of smokers into those
resistant to smoking (in terms of normal lung function) and
those with impaired lung function (consistent with COPD)
becomes quite distinct.2 4 5 We found no evidence of popula-
tion stratification in our smoking cohorts and our genotype/
allele frequencies were in Hardy-Weinberg equilibrium.
Although a false positive result from sampling bias and/or
confounding (such as survival effect) is still possible, we
believe this is less likely given that the genetic frequencies
were no different between blood donors and COPD subjects,
in contrast to resistant smokers. We believe that, regardless
of the size of the study cohort or appropriate correction for
multiple comparisons, replication of our result in other
populations best substantiates our findings. In this regard, a
small case-control study in the United States and a larger
population study in Denmark have recently reported similar

findings.32 33 We conclude that the excess of the 213Gly SOD3
genetic variant in resistant smokers is of potential relevance.

There are now considerable data to support the hypothesis
that SOD3 functions as an important antioxidant or anti-
inflammatory protein in smokers and that the functional
genetic variant of the SOD3 gene may confer protection from
the adverse affects of cigarette smoke on the lung. Firstly,
SOD3 has been shown to be strongly localised in lung tissue18

where it is synthesised by type II pneumocytes tightly bound
to extracellular lung matrix20 and functions to protect the
lung.21 Secondly, in a transgenic mouse model, overexpres-
sion of SOD3 in the lungs resulted in markedly attenuated
oxidant mediated lung damage primarily through reducing
the recruitment of neutrophils.22 Lastly, the 213Gly variant of
the SOD3 polymorphism has been shown to account almost
exclusively for the high serum SOD3 activity (those with the
CG or GG genotpye), which segregates as a bimodal
distribution in the general population and confers a tenfold
or greater antioxidant activity.15

The mechanism by which the 213Gly variant confers this
protection comes from studies showing it alters the heparin
binding site of the SOD3 protein reducing its affinity for the
extracellular matrix and increasing its half life by reducing
normal proteolytic cleavage.17 It has been proposed that the
secretion of uncleaved SOD3 (generated by the 213Gly
variant) may result in a greater availability of SOD3 to
provide an antioxidant or anti-inflammatory response.17 22

However, it should be noted that a deleterious effect by
reducing bound SOD3 to extracellular matrix has also been
suggested.15 We believe that the significant excess of the
213Gly variant in resistant smokers compared with blood
donors and smokers with COPD is consistent with the
protective effects described above. Specifically, the 213Gly
variant may confer a degree of protection from the oxidant or
inflammatory challenge from smoking through one or more
of the following: (1) resistance to cleavage, (2) prolonging
tissue binding, and/or (3) reducing neutrophil influx. As only
9% of our resistant cohort carried a copy of this variant, other
protective genes will be implicated as discussed below. The
presence or absence of this genetic variant therefore
contributes to determining how smoking affects lung
function in some smokers. We propose that the protective
effect of the 213Gly genetic variant is especially relevant to
people with a smoking history where a gene-environment
interaction exists. This is supported by the Danish study33

where the protective effect of the 213Gly variant was
confined to smokers. Given these observations, it is perhaps
not surprising that this genetic variant was not found to be
associated with asthma where smoking is much less
prevalent and different pathological processes are impli-
cated.31 Of interest is the results of a genome wide scan of

Table 4 SOD3 C+760G (Arg213Gly) exonic polymorphism allele and genotype
frequency in COPD patients, resistant smokers, and blood donor controls

Groups (% genotyped)

Allele frequencies (%) Genotype frequencies (%)

C G CC CG GG

Smokers with COPD
N = 222 (97% of total)

439 (99%) 5 (1%) 217 (98%) 5 (2%) 0 (0%)

Resistant smokers
N = 203 (97% of total)

387 (95%) 19 (5%) 185 (91%) 17 (8%) 1 (1%)

Blood donor controls
N = 189 (99% of total)

369 (98%) 9 (2%) 182 (96%) 5 (3%) 2 (1%)

Allele frequency: G v C for resistant smokers compared with the COPD group: OR 4.3 (95% CI 1.5 to 13.3),
x2 = 8.6; uncorrected p = 0.004 (Bonferroni corrected p = 0.016).
Genotype frequency: CG/GG (co-dominant model) v CC for resistant smokers compared with the COPD group:
OR 4.2, 95% CI 1.4 to 13.3), x2 = 7.8; uncorrected p = 0.005 (Bonferroni corrected p = 0.02).
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pulmonary function (specifically FEV1/FVC) that identified a
locus on chromosome 4 (D4S403 and D4S1511), a region that
includes the gene encoding extracellular SOD (chromosome
4p16.3).34

We have previously described, in a subset of the cohorts
used in this study, a functional polymorphism in the gene
encoding transforming growth factor-b1, another protein
thought to modulate inflammatory processes in the lung that
also appears to confer a protective effect in smokers.35 These
two findings support our hypothesis that resistance or
susceptibility to smoking induced decline in lung function
is probably the result of many genetic variants that confer
either a protective or pathological phenotype leading to
resistance or COPD, respectively. Because of the modest
sample size and limited genotyping, the role of SOD1, SOD2,
and catalase on lung function in chronic smokers cannot be
ruled out by this study, although it is interesting that they
function primarily as intracellular rather than extracellular
enzymes in the antioxidant pathway.

Although the 213Gly polymorphism is functional and it is
plausible that it influences the development of COPD as
discussed above,26 32–34 we cannot confirm a directly causal
role. Similarly, we cannot rule out whether other genetic
variants in linkage disequilibrium with this polymorphism
are of functional importance. However, some support for a
direct role for the SOD3 213 variant comes from transgenic
mouse studies where overexpression of SOD3 attenuates the
lung tissue damage from air pollutants,36 particularly from
heavy metals found in cigarette smoke previously linked to
smokers with emphysema.37

In conclusion, we report the novel association between a
functional genetic variant of the SOD3 gene and resistance to
COPD. There are substantive data to implicate this poly-
morphism in lung development, lung function, and response
to oxidant load. In the current study we believe we have
addressed many of the concerns surrounding case association
studies.38 Specifically we have (1) achieved sample sizes
sufficiently powered to detect large differences, (2) prioritised
our SNP selection to functional variants in implicated
candidate genes, (3) excluded population stratification by
accepted methods, (4) corrected for multiple testing, (5)
avoided sub-analysis to generate associations, and (6)
compared cases with a control group well matched for
confounding variables and derived from the same ethnic,
socioeconomic, and geographical region. Despite this, we
believe replication in other cohorts is required to validate
associations such as this. To this end, we and others32 33 have
preliminary results that support our findings that the SOD3
213 G allele appears to confer a protective effect from
impaired lung function in smokers. To further confirm this
we are undertaking a second larger community based study
to test this association in greater detail. We conclude that,
inherent in the complex nature of the genetics of COPD,
genotyping a diverse range of genetic variants may be
necessary in order to better understand the contributing
effects of a number of genes which probably confer weak
effects only.
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Non-invasive ventilation improves survival in patients with motor neuron disease
m Bourke SC, Tomlinson M, Williams TL, et al. Effects of non-invasive ventilation on survival and quality of life in patients
with amyotrophic lateral sclerosis: a randomised controlled trial. Lancet Neurol 2006;5:140–7

T
his randomised controlled trial allocated patients with amyotrophic lateral sclerosis to
either standard care (n = 19) or non-invasive ventilation (NIV, n = 22). Patients were
randomised when they developed orthopnoea with a maximum inspiratory pressure of

,60% or symptomatic daytime hypercapnia. They were assessed with the SF-36 and sleep
apnoea quality of life index (SAQLI) scores. The authors found that quality of life scores
were maintained at 75% above baseline for longer in the patients randomised to NIV (192 v
46 days, p = 0.0013). Furthermore, in the patients with good bulbar function there was a
median survival benefit of 205 days (p = 0.006). The subgroup with poor bulbar function
had improved sleep related symptoms but no survival benefit.

This study confirms that, rather than prolonging suffering, NIV extends survival in motor
neuron disease with improved quality of life in those with good bulbar function, and
improves sleep symptoms in those with poor bulbar function.

A McKendrick
SHO, Kettering General Hospital, UK; avance@doctors.net.uk
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Lung cancer gene associated with

COPD: triple whammy or possible

confounding effect?
R.P. Young*,#, R.J. Hopkins*, B.A. Hay*, M.J. Epton", P.N. Black* and G.D. Gamble*

ABSTRACT: Recently, several large genome-wide association studies have identified a putative

‘‘lung cancer’’ locus in the nicotinic acetylcholine receptor subunit genes (nAChR) on 15q25.

However, these findings may be confounded by the presence of chronic obstructive pulmonary

disease (COPD), which is also strongly associated with smoking exposure and lung cancer. This

is likely as the prevalence of COPD in lung cancer cohorts is as much as two-fold greater than that

reported in smoking control populations (50 versus 20%).

The present authors compared the genotype frequencies of the most strongly associated single

nucleotide polymorphism (rs16969968) in the a5 subunit of the nAChR gene cluster between three

matched smoking cohorts.

The AA genotype was found to be more frequent and was seen in 437 (16%) lung cancer cases

and 445 (14%) COPD cases compared with 475 (9%) healthy smoking controls. More importantly,

when 429 lung cancer cases were divided according to spirometry results (performed within

3 months of diagnosis, prior to surgery and in the absence of effusions or collapse), the AA

genotype was present in 19 and 11% of cases with and without COPD, respectively.

These findings suggest that the association between the a5 subunit nicotinic acetylcholine

receptor single nucleotide polymorphism and lung cancer may, in part, be confounded by chronic

obstructive pulmonary disease.

KEYWORDS: Association study, chronic obstructive pulmonary disease, confounding, lung

cancer, nicotinic acetylcholine receptor, polymorphism

R
ecent genome-wide association studies
(GWAS) [1–3] have identified a putative
lung cancer locus in the nicotinic acetyl-

choline receptor (nAChR) subunit genes on
15q25. Some debate exists as to whether single
nucleotide polymorphisms (SNPs) in this region
are associated with lung cancer, nicotine addic-
tion or both. A large study by THORGEIRSSON et al.
[1] reports that most of the effect relates to
nicotine addiction, with only a small effect on
lung cancer risk and an even smaller effect
on peripheral arterial disease (PAD) risk. In
identifying this ‘‘nicotine addiction’’ gene,
THORGEIRSSON et al. [1] replicated the results of a
well-designed candidate gene study reported in
2007 of 1,800 smokers and ex-smokers [4].

The GWAS described previously did not consider
that the results may be confounded by the
presence of chronic obstructive pulmonary dis-
ease (COPD), characterised by reduced lung
function, which is also strongly associated with
smoking exposure, lung cancer, lung cancer

mortality and peripheral arterial disease [5–15].
Population studies show that COPD, defined by
the presence of air flow limitation on spirometry
(primarily reduced forced expiratory volume in
one second; FEV1), is consistently under-recog-
nised in the community, with as much as 50–80%
of cases remaining undiagnosed [5, 16, 17]. This is
due to the insidious decline in lung function in
COPD and the under-utilisation of spirometry to
screen those with a smoking history [10].
Smokers with reduced FEV1 carry as much as a
five- to six-fold risk of lung cancer compared to
smokers with normal lung function [11]. One
prospective study has shown that reduced FEV1

is the most important risk factor for lung cancer,
even more important than that conferred by age
and pack-yr history [9]. Several studies have
shown that 50–70% of patients diagnosed with
lung cancer have spirometric evidence of COPD
(based on Global Initiative of Obstructive Lung
Disease (GOLD) criteria) [18–21]. However,
studies of heavy smokers, who contribute to the
vast majority of controls in the GWAS, report that
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20–30% have COPD based on the same spirometric
criteria [6–8, 16]. Similar findings are reported in studies of
smokers admitted to hospital with a variety of acute medical
problems [17].

As the prevalence of COPD may be as much as two-fold
greater in lung cancer cases compared with smoking controls,
it is possible that any associations reported by these lung
cancer GWAS may be confounded by an association with
COPD. That is, the genetic variant putatively associated with
lung cancer may in fact be associated with COPD and not lung
cancer due to the difference in frequency of COPD between
lung cancer cases and controls. Where genetic variants are
found to be independently associated with both lung cancer
and COPD, it is possible that these variants confer suscept-
ibility to both through overlapping pathogenic pathways, such
as those underlying smoking-induced inflammation [22]. By
comparing the frequency of the candidate polymorphisms,
either between patients with COPD and lung cancer, or within
lung cancer cohorts in which lung function has been recorded
and coexisting COPD identified, these two possibilities can be
distinguished. Using both these approaches, the recently
reported GWAS lung cancer gene association study has been
re-assessed and the results presented herein.

MATERIALS AND METHODS

Study subjects
The present authors recruited people of Caucasian ancestry
based on their grandparents’ descent (all four grandparents of
Caucasian descent). Patients with lung cancer were identified
through hospital records and specialist clinics between 2004
and 2007. Lung cancer cases were aged .40 yrs and the
diagnosis was confirmed through histological or cytological
specimens in 95% of cases. Nonsmokers with lung cancer were
excluded from the study and only primary lung cancer cases
with the following pathological diagnosis were included:
adenocarcinoma, squamous cell cancer, small cell cancer and
nonsmall cell cancer (generally large cell or bronchoalveolar
subtypes). Spirometry in the lung cancer cases was performed
using American Thoracic Society (ATS) criteria within
3 months of lung cancer diagnosis, prior to surgery and in
the absence of pleural effusions or lung collapse on plain chest
radiographs. For lung cancer cases that had already undergone
surgery, pre-operative lung function performed by the hospital
lung function laboratory (using ATS criteria) was sourced from
medical records.

Patients with COPD were identified through hospital specialist
clinics between 2003 and 2007. Subjects recruited into the study
were aged .40 yrs, with a minimum smoking history of
15 pack-yrs and COPD confirmed by a respiratory specialist
based on spirometric criteria.

Control subjects were recruited based on the following criteria:
aged 45–80 yrs and with a minimum smoking history of
15 pack-yrs. Control subjects were volunteers who were
identified through either a community postal advert or while
attending community-based retired military/servicemen’s
clubs located in the same patient catchment as those serving
the lung cancer and COPD hospital clinics. All participants gave
written informed consent, and underwent blood sampling for
DNA extraction, spirometry and an investigator-administered

questionnaire. Controls with COPD (GOLD stage I or more)
were excluded from further analysis.

Spirometry was performed using a portable spirometer (Easy-
OneTM; ndd Medizintechnik AG, Zurich, Switzerland). A
modified ATS respiratory questionnaire was administered to
all cases and controls, which collected data on demographic
variables such as age, sex, medical history, family history of
lung disease, active and passive tobacco exposure, respiratory
symptoms and occupational aero-pollutant exposures. The
study was approved by the Local Ethics Committee
(Auckland, New Zealand).

Study design
The present retrospective case–control study compared smo-
kers of the same ethnicity and comparable demographic
variables (specifically age, sex and pack-yr smoking history).
However, in contrast to the majority of case–control studies,
the controls in the current study were carefully chosen to be
representative of the majority of smokers who have maintained
normal or near-normal lung function (estimated to be 80% by
excluding those with GOLD stage II COPD) despite decades of
smoking [6–8, 14]. Accordingly, such a group best reflects
those smokers least likely to get lung cancer, thus minimising
phenotype misclassification and improving the power to detect
differences between affected and unaffected smokers [23].

Methods
Genomic DNA was extracted from whole blood samples using
standard salt-based methods. Purified genomic DNA was
aliquoted (10 ng?mL-1 concentration) into 96-well plates and
genotyped on a SequenomTM Autoflex Mass Spectrometer
(Sequenom, San Diego, CA, USA) and a Samsung 24-pin
nanodispenser (Samsung, Suwon City, Korea) by the
Australian Genome Research Facility using sequences
designed in-house (table 1), and amplification and separation
methods (iPLEXTM; Sequenom) described herein. The condi-
tions used for the PCR multiplex reaction and the final
concentrations were as follows. Buffer: 15 mM MgCl2 1.256,
25 mM MgCl2 1.625 mM; dNTP mix: 25 mM 500 mM; primers:
4 mM 100 Nm; Taq polymerase (Qiagen hot start; Qiagen
GmbH, Hilden, Germany) 0.15 U?reaction-1; genomic DNA:
10 ng?mL-1. Cycling times were 95oC for 15 min, followed by
95oC for 15 s, 56oC for 30 s and 72oC for 30 s for 45 cycles, with
a prolonged extension time for 3 min at 72oC to finish. Shrimp
alkaline phosphatase (SAP) treatment (2–5 mL per PCR reac-
tion) was used as an incubator at 35uC for 30 min, followed by
an extension reaction (2–7 mL added after SAP treatment) with
the following volumes per reaction: water, 0.76 mL; homo-
logous mass extend (hME) 106 termination buffer, 0.2 mL;
hME primer (10 mM), 1 mL; MassEXTEND enzyme (Sequenom),
0.04 mL. The extension assay was terminated after single base
extension and allelic separation using a matrix-assisted laser
desorption/ionisation time-of-flight mass spectrometer, which
allowed genotypes for each SNP to be determined. The present
study compared the genotype frequencies of the two most
strongly associated SNPs (rs16969968 and rs1051730) in tight
linkage disequilibrium from the a5 and a3 subunits, respectively,
of the nAChR gene cluster with call rates of o96% for each SNP
in each cohort.
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Analysis
Patient characteristics in the cases and controls were compared
by ANOVA for continuous variables and Chi-squared test
for discrete variables (Mantel–Haenszel, odds ratio (OR)).
Genotype and allele frequencies were checked for each SNP by
Hardy–Weinberg Equilibrium (HWE). Population admixture
across cohorts was performed using structure analysis on
genotyping data from 40 unrelated SNPs [24]. Distortions in
the genotype frequencies were identified between cases and
controls using two-by-two contingency tables.

RESULTS

Demographic variables and genotyping
Characteristics of the lung cancer cases, COPD cases and
healthy control smokers are summarised in table 2. The
demographic variables and histological subtypes of the lung
cancer cases are comparable to a recently published series [25].
In the present study, staging at diagnosis was also comparable
to the previously published series (data not shown) suggesting
the current lung cancer cohort was representative. Although
the COPD cases have higher pack-yr exposure than the lung
cancer cases and healthy control smokers (p,0.05), this is no
longer the case after log transformation of pack-yrs (data not
shown) and reflects outliers with high smoking histories in the
COPD cohort. All cohorts were comparable with respect to age
started smoking, years smoked, years since quitting and
cigarettes smoked per day (table 2). Overall, the present
authors believe the three groups have comparable smoking
exposure and the pack-yr difference is of no clinical signifi-
cance. The lower frequency of current smokers in the lung
cancer and COPD cohorts compared with healthy smokers (35
versus 40 versus 48%, respectively) may reflect the presence of
COPD leading to higher quit rates. The lung cancer cases,
COPD cases and smoking controls were also comparable with
respect to other aero-pollutant exposures, although the lung
cancer and COPD cohorts had higher asbestos exposure (23
versus 22 versus 16%, respectively), slightly higher dust
exposure (63 versus 59 versus 47%, respectively) but comparable
fume exposure (41 versus 40 versus 38%, respectively). The lung
cancer cohort also had higher rates of family history of lung
cancer compared with the COPD cases and healthy smokers
(19 versus 11 versus 9%), whereas family history of COPD was
marginally higher in those with COPD (33 versus 37 versus
28%). As expected, lung function was worse in the lung cancer
and COPD cohorts compared with the healthy smoker
controls. Testing lung function in the lung cancer cases (as
described previously) allowed the present authors to test for

confounding by COPD. Genotype frequencies for the a5
nAChR G/A SNP (rs16969968) are shown in table 3. The
genotype frequencies for the a3 nAChR C/T SNP (rs1051730)
were virtually identical to those of the rs16969968 SNP (where
CC and GG are homozygous for the major allele, while TT and
AA are homozygous for the minor allele). The observed
genotypes for the two SNPs in the current study were .99%
concordant (as expected given tight linkage disequilibrium
between them) and, in HWE, significant genotyping error
could be excluded. No evidence was found for population
stratification between the cohorts using 40 unlinked SNPs from
unrelated genes (mean Chi-squared53.3, p50.58). The geno-
type frequencies were comparable to those reported in the
literature and from the International Hapmap Project [26].

TABLE 1 Primer sequences for iPLEXTM genotyping assay for the nicotinic acetylcholine receptor a5 and a3 subunit single
nucleotide polymorphism (SNP)

SNP ID First PCR primer Second PCR primer Extension primer

rs16969968 ACGTTGGATGCACGG ACGTTGGATGTCTAGAAA CATTGGAAGCTGCGCTC

ACATCATTTTCCTTC CACATTGGAAGC

rs1051730 ACGTTGGATGCAGCA ACGTTGGATGTCAAGGAC TCATCAAAGCCCCAGGCTA

GTTGTACTTGATGTC TATTGGGAGAGC

iPLEXTM is manufactured by Sequenom, San Diego, CA, USA.

TABLE 2 Study characteristics

Parameter Lung cancer COPD Control smokers

Subjects n 454 458 488

Males 53 59 60

Age yrs 69¡10 66¡9 65¡10

Smoking history

Current smoker 35 40 48

Age started smoking yrs 18¡4 17¡3 17¡3

Length of time smoked yrs 41¡12 42¡11 35¡11

Pack-yrs 41¡25* 47¡20* 40¡19*

Cigarettes?day-1 20¡10 23¡9 24¡11

Time since quitting yrs 11.4¡6.7 9.8¡7.4 13.9¡8.1

History of other exposures

Work dust 63* 59* 47*

Work fume 41 40 38

Asbestos 23* 22* 16*

Family history

COPD 33 37 28

Lung cancer 19* 11* 9*

Lung function

FEV1 L 1.86¡0.48* 1.25¡0.48* 2.86¡0.68*

FEV1 % pred 73* 46* 99*

FEV1/FVC 64¡13* 46¡8* 78¡7*

Spirometric COPD# 57* 100* 0*

Data are presented as % or mean¡SD, unless otherwise stated. COPD: chronic

obstructive pulmonary disease; FEV1: forced expiratory volume in one second;

% pred: % predicted; FVC: forced vital capacity. #: according to Global Initiative

for Chronic Obstructive Lung Disease stage 2. *: p,0.05.
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Comparison with smoking controls
The AA genotype of the rs16969968 SNP was not only found
to be more frequent in lung cancer cases (16%, OR 1.8,
p50.005) compared with controls (9%) but WAS also more
frequent in patients with COPD (14%, OR 1.5, p50.06; tables 3
and 4). More importantly, when the lung cancer cases were
divided according to spirometry results (n5429 meeting the
previously mentioned criteria) into those with and without
COPD (according to GOLD stage II+ criteria), the frequency of
the AA genotype was 19% (OR 2.3, p50.0002) and 11% (OR 1.2,
p50.64) respectively (table 3). This observation shows that
removing subjects with COPD from the lung cancer cohort
weakens the nAChR SNP association (OR decreased from 1.8
to 1.2). Moreover, if the lung-cancer only cohort was tripled in
size (from 168 to 504 cases), using the same genotype
frequencies there is little difference statistically (p50.52) to
suggest the result is not sensitive to differences in sample size
(i.e. under-powering). In contrast, when the lung cancer plus
COPD cohort (where COPD pre-dates the lung cancer) was
added to the COPD cohort, the association between the AA
genotype of the rs16969968 SNP and COPD compared with
controls (16 versus 9%) became statistically significant due to
the larger sample size (OR 1.8, p50.002). When the lung cancer
association was re-examined by dividing lung cancer cases by
reduced FEV1% predicted (f80 versus .81% pred) and by
reduced ratio (FEV1/forced vital capacity (FVC) ,70 versus

o70%) the same results were found (data not shown). The AA
genotype frequency was also significantly higher in 261
patients with both lung cancer and COPD than in 445 patients
with COPD only (p50.05) or in 168 patients with lung cancer
only (p50.02), although the numbers are small and failed to
reach significance after correction for the number of compar-
isons using the Bonferonni approach. The present study found
the association between the nAChR genotype in the lung
cancer cohort was independent of cancer histology (data not
shown) but linearly related to absolute FEV1 and FEV1% pred
(ANOVA p50.02 and p50.001, respectively, and test for linear
trend p50.03 and p50.001, respectively).

Comparison with stratification for COPD and lung cancer
When the present authors stratified for COPD across all
cohorts and compared those with no evidence of COPD (by
combining 475 controls with 168 lung cancer only cases) with
those with spirometric evidence of COPD (by combining 445
COPD patients with 261 cases of lung cancer plus COPD), the
nAChR SNP was found to be significantly associated with
COPD (OR 1.7, p50.002). This contrasts with the results
observed when the current authors stratified for lung cancer
across all cohorts and compared those with no evidence of
lung cancer (by combining 475 controls with 445 COPD
patients) with 437 lung cancer cases and found that, although
the nAChR SNP was associated with lung cancer, both the

TABLE 3 Genotype frequencies for the nicotinic acetylcholine receptor a5 subunit single nucleotide polymorphism (rs16969968)
in chronic obstructive pulmonary disease (COPD) and lung cancer (LC) cohorts compared with smoking controls

Subjects n Call rate GG GA AA OR (95% CI)# p-value#

Primary cohorts

Controls 475 97 225 (47) 205 (43) 45 (9)

COPD 445 97 166 (37) 219 (49) 60 (14) 1.5 (1.0–2.3)# 0.06

LC 437 96 170 (39) 199 (46) 68 (16) 1.8 (1.2–2.7) 0.005

Subgroup analyses

COPD and LC+COPD 706 252 (36) 344 (49) 110 (16) 1.8 (1.2–2.6) 0.002

LC+COPD" 261 86 (33) 125 (48) 50 (19) 2.3 (1.4–3.6) 0.0002

LC only 168 81 (48) 69 (41) 18 (11) 1.2 (0.6–2.1.) 0.64

Data are presented as % or n (%), unless otherwise stated. OR: odds ratio; 95% CI: 95% confidence interval. #: AA versus GA/GG compared with matched smoking

controls (Mantel–Haenszel); ": AA versus GA/GG compared with COPD and lung cancer alone (OR 2.0, 95% CI 1.1–3.7; p50.02).

TABLE 4 Genotype frequencies for the nicotinic acetylcholine receptor a5 subunit single nucleotide polymorphism (rs16969968)
across all cohorts stratified by chronic obstructive pulmonary disease (COPD) and lung cancer (LC)

Subjects n GG GA AA OR (95% CI)# p-value#

Cohorts stratified by COPD

No COPD 643 306 (48) 274 (43) 63 (10)

COPD 706 252 (36) 344 (49) 110 (16) 1.7 (1.2–2.4) 0.002

Cohorts stratified by LC

No LC" 920 391 (43) 424 (46) 105 (11)

LC+ 437 170 (39) 199 (46) 68 (16) 1.4 (1.0–2.0) 0.03

Data are presented as n (%), unless otherwise stated. OR: odds ratio; 95% CI: 95% confidence interval. #: AA versus GA/GG (Mantel–Haenszel); ": 48% with no LC have

COPD; +: 60% with LC have COPD.
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magnitude and significance were less than when stratified by
COPD (OR 1.4, p50.03). It is likely that this reflects a stronger
association between the nAChR SNP and COPD than
compared with lung cancer, where 60% of lung cancer cases
also had COPD

DISCUSSION
The current findings suggest polymorphisms in the nAChR
gene are associated with the presence of COPD and that the
recently reported association with lung cancer is either
confounded by coexisting COPD or additive with COPD.
With respect to the latter, many studies have suggested that
genetic factors underlying COPD, characterised by lung
parenchymal destruction and small airway fibrosis, may be
shared with lung cancer susceptibility [10, 21, 22]. This would
seem plausible if these genetic effects confer an aberrant (or
maladaptive) response to smoking- induced inflammatory
effects underlying the development of COPD and the initiation
of cancer. However, as reduced FEV1 (COPD) has also been
independently associated with lung cancer [9], lung cancer
mortality [12] and PAD [13], confounding by the presence of
COPD could also explain these recently reported associations
[1–3]. Importantly, previous studies suggest that this receptor
could underlie the development of COPD [27–29]. Based on
these observations, the present authors propose that the
association of the a5 subunit nAChR SNP with lung cancer
[1–3] and lung cancer mortality [2] could be largely explained
through its relationship to COPD.

Failing to account for confounding variables is a fundamental
consideration in epidemiological studies [30–32]. Regardless of
the size of the study, confounding can lead to spurious
conclusions. There is considerable epidemiological, clinical
and in vitro data to suggest that the factors underlying lung
cancer, apart from smoking, may also be relevant in COPD.
Recent observations suggest that genetic factors could be
shared by these two diseases [21, 22]. Prevalence studies have
highlighted just how much COPD is under-diagnosed and
therefore under-reported. When spirometry is used to screen
smokers, estimates of undiagnosed COPD range 50–80% [5,
15–17]. Therefore, it is understandable that in recruiting
volunteer smokers, the prevalence of COPD based on
spirometry could be 20–30%, although many of these people
would be unaware of their diagnosis. Equally, both retro-
spective and prospective studies have suggested that o50% of
smokers with lung cancer have spirometric evidence of COPD
at the time lung cancer is diagnosed [11, 18–21]. The current
results are consistent with these findings. Large-scale epide-
miological studies [1–3] do not routinely measure lung
function in patients with lung cancer (or controls); however,
the few that have, found that poor lung function correlates
with a poor outcome in those subsequently diagnosed with
lung cancer [12]. This highlights the need to control for the
presence of COPD in these studies [1–3]. It is not clear whether
(or by how much) the presence of lung cancer may alter lung
function at the time of diagnosis of lung cancer. Clinically, it is
recommended that lung function be performed in early stage
lung cancer in order to assess peri-operative risk and the
impact of surgical resection on post-operative lung function
and respiratory reserve [33, 34]. Studies examining lung
function after lobectomy suggest that lung function is only

minimally affected [35]. In addition, in the prospective study
by MANNINO et al. [11], where lung function was performed at
baseline and prior to lung cancer diagnosis, the prevalence of
GOLD stage I+ COPD was 48% in incident lung cancer cases,
which is comparable to that reported in studies where lung
function was performed at the time of diagnosis [18–20]. In the
lung cancer cases in the present study, lung function data was
obtained at the time of (or very soon after) diagnosis and in the
absence of significant compromise from lung collapse and
pleural effusions. Given these factors, it is believed that the
effect of lung cancer on lung function in the current study is
likely to be minimal and that this will not significantly impair
the ability to divide the lung cancer cohort by those with and
without COPD (or at least above and below diagnostic FEV1 or
FEV1/FVC values). It can be concluded from the present study
that just over 50% of the lung cancer cases have coexisting
COPD, which is consistent with the literature [18–21].
Moreover, this supports the belief that COPD may confound
the association between the nAChR gene cluster on chromo-
some 15q.25 and lung cancer. If this is correct, then any further
associations reported from the GWAS may result from a
similar confounding effect with COPD.

The association described herein between the nAChR gene
cluster on chromosome 15q.25 and COPD has recently been
confirmed in a GWAS of patients with COPD [36]. This region
contains a number of genes that encode proteins which are
subunits of the nAChR. Several studies support the current
hypothesis that SNPs in this gene may have functional
significance and confer susceptibility to COPD and, to a lesser
degree, lung cancer [27–29]. This is because the nAChR is part
of a non-neuronal cholinergic system, which is of considerable
importance in the lung. Specifically, these receptors are
expressed throughout the lung and mediate the direct effects
of nicotine on the neurotransmitter acetylcholine. These
receptors are expressed on bronchial epithelial cells and a
number of inflammatory cells including mast cells, neutro-
phils, monocytes and lymphocytes [28, 29]. It has been
proposed that under conditions of chronic nicotine exposure,
the a5 subunit of the nAChR may be involved in modifying the
inflammatory response from smoking. If this were true then it
is plausible the SNP genotyped herein (rs 16969968) has
functional affects as it results in a nonsynonomous amino acid
change (aspartic acid to asparagine) in amino acid position 398
in the a5 subunit of the nAChR. This amino acid is found in the
central part of the second intracellular loop and is highly
conserved across species. Functional studies will be needed to
confirm this hypothesis.

The current results, showing that the nAChR gene locus on
chromosome 15q25 is strongly associated with COPD, have
been replicated in a GWAS of two other COPD cohorts [36]. In
the present study, the genotype frequencies for the a5 nAChR
G/A SNP (rs16969968) in lung cancer cases is linearly related
to the FEV1 % pred (ANOVA p50.001 and test for linear trend
p50.001). These observations, together with current under-
standing of the possible functionality of the rs16969968 SNP in
nicotine-induced airway inflammation, demonstrate that an
important biological role for this SNP in the pathogenesis of
COPD is very plausible. However, an overlapping but lesser
role in lung cancer cannot be excluded. Based on this stratified
analysis, the present authors argue that the nAChR effect is
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greater with COPD than with lung cancer and that this
observation is not due to under-powering. Therefore, COPD is
more likely to act as a confounder, as apposed to an effect
modifier, in the recently reported associations between nAChR
SNPs and lung cancer [1–3]. This is based on the following
rationale. First, if COPD was an effect modifier rather than a
confounder, one would expect to see a robust association
between nAChR and lung cancer when COPD was excluded
from the model (this was not evident, even after allowing for
issues of power). Secondly, one would expect to see little, if
any, association between COPD and nAChR when lung cancer
is excluded (previous studies clearly show a robust association
with COPD) [36]. Thirdly, when the lung cancer cohort was
divided into those with and without COPD, a greater proportion
of those with no COPD would be expected to carry the AA
genotype compared with those with COPD (instead, the
opposite was found with 75% of the lung cancer cases carrying
the risk genotype having COPD). Finally, further support for the
present conclusion, that the nAChR SNP is associated with
COPD, originates from the surprising dose–dependent relation-
ship between lung function (absolute FEV1 % pred, FEV1 and
FEV1/FVC) and the A allele of the rs16969968 SNP in the lung
cancer cohort where recruitment was independent of lung
function (data not shown, AA associated with the lowest lung
function). Although data from the present study are supportive
of an important (most likely confounding) role for COPD, greater
clarification of the relationship between nAChR SNPs, COPD
and lung cancer will require larger studies to confirm the current
interesting findings.

The present study outlines the important inter-relationship
between COPD and lung cancer, particularly the potential role
COPD has in confounding associations reported in case–
control epidemiological studies of lung cancer. The current
authors suggest that not only is the reported association
between the chromosome 15q25 region and lung cancer partly
confounded by COPD but that COPD might also confound the
reported association with peripheral arterial disease [13] and
lung cancer mortality [1, 2, 12]. To the current authors’
knowledge, this is the first time such a confounding effect
has been identified in the current era of GWAS (excluding
population admixture) but is unlikely to be the last. This
suggests that well-designed candidate gene studies, where
confounding variables can be measured and accounted for in
matched or stratified analyses, still have utility in assessing the
reliability of the genetic associations reported in the GWAS. In
a recent review of GWAS, heterogeneity of control cohorts (to
sufficiently power the study), misclassification of controls (due
to a failure to screen them), and a failure to account for
environmental factors (such as smoking) and confounding
were all identified as potential limitations [37]. The current
finding that the chromosome 15q25 locus has an important role
in COPD has been replicated in a further two COPD cohorts
[36], thereby identifying a new target for novel treatments [28].
In vitro studies suggest that genetic variation in the genes
encoding the nAChR subunits could be directly involved in
conferring susceptibility to COPD through aberrant response
to smoking and airway inflammation. These observations do
not exclude a possible role for this locus in lung cancer (or
nicotine addiction); however, the current results suggest it is
certainly of importance in COPD (i.e. triple whammy).

In conclusion, future genetic association studies of lung cancer
will need to consider the potential confounding effects of
chronic obstructive pulmonary disease by measuring lung
function in study participants.
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Chromosome 4q31 locus in COPD is also

associated with lung cancer
R.P. Young*,#, C.F. Whittington*, R.J. Hopkins*, B.A. Hay*, M.J. Epton",
P.N. Black*,{ and G.D. Gamble*

ABSTRACT: Chronic obstructive pulmonary disease (COPD) is the single greatest risk factor for

lung cancer in smokers and is found in 50–90% of lung cancer cases. The link between COPD and

lung cancer may stem in part from the matrix remodelling and repair processes underlying COPD,

and the development of epithelial–mesenchymal transition (EMT) that underlies lung

carcinogenesis. The Hedgehog-interacting protein (HHIP), which mediates the epithelial

response (EMT) to smoking, has been implicated in COPD and lung cancer. Recent genome-

wide and candidate gene studies of COPD implicate genetic variants on the chromosomal 4q31

(HHIP/glycophorin A (GYPA)) locus.

In a case–control study of smokers with normal lung function, COPD and lung cancer

(subphenotyped for COPD), we show the GG genotype of the rs 1489759 HHIP single-nucleotide

polymorphism (SNP) and the CC genotype of the rs 2202507 GYPA SNP confers a ‘‘protective’’

effect on COPD (OR 0.59, p50.006 for HHIP and OR50.65, p50.006 for GYPA) and lung cancer

(OR50.70 (p50.05) for HHIP and OR 0.70 (p50.02) for GYPA).

This study suggests that, in smokers, genetic variants of the 4q31 locus conferring a protective

effect for COPD are also protective in lung cancer. We conclude that genetic susceptibility to lung

cancer includes COPD-related gene variants.

KEYWORDS: Association study, chronic obstructive pulmonary disease, Hedgehog-interacting

protein, lung cancer, polymorphism

C
hronic obstructive pulmonary disease
(COPD) and lung cancer are lung dis-
eases that result from the combined

effects of smoking exposure and genetic suscept-
ibility [1, 2]. Epidemiological studies show that
,20–30% of smokers develop COPD, while 10–
15% develop lung cancer [3, 4]. We and others
have shown that COPD confers a four- to six-fold
increased risk of lung cancer compared to
smokers with normal lung function [5–7], and
that 50–90% of those with lung cancer have pre-
existing COPD [5, 8–10]. The latter compares with
15% in randomly selected, community-based
smoking controls [5]. The heritability of COPD
and lung cancer is estimated to be 40–77% and
15–25%, respectively [11, 12]. These findings
suggest some smokers susceptible to COPD
might also be susceptible to lung cancer and that
some of the genetic factors conferring this dual
susceptibility might overlap [13–15]. Recent
interest in lung cancer has focused on the role
of smoking in epithelial–mesenchymal transition
(EMT) [16], a process driven by release of growth
factors and matrix metalloproteinases during
lung remodelling and repair [17, 18]. The latter

underlies the development of COPD and might
link lung cancer with COPD at a pathological
level, as EMT is known to initiate and promote
lung carcinogenesis [17–19].

Over the past 2 yrs, genome-wide association
(GWA) studies in lung cancer and COPD have
reported significant associations at several chro-
mosomal loci, some of which overlap [20–27]. The
presence of overlapping loci suggest common
pathogenetic pathways may underlie these pul-
monary complications of smoking (table 1). This is
analogous to the interrelated pathways under-
lying obesity and type 2 diabetes, in which the
FTO (fat mass and obesity-associated) gene has
been implicated in both diseases [28]. In the
context of identifying lung cancer susceptibility
genes, the above observations have several impor-
tant epidemiological and clinical implications.
First, that lung cancer is a complex phenotype
that includes COPD, a disease characterised by a
reduced forced expiratory volume in 1 s (FEV1)
secondary to a variable combination of parench-
ymal destruction (emphysema) and small airways
disease. In the absence of spirometry, 50–80% of
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COPD cases remain undiagnosed [29]. In order to better explore
associations between single nucleotide polymorphisms (SNPs),
COPD and/or lung cancer, the COPD phenotype requires
identification through spirometry assessment [13, 14]. Secondly,
to better examine SNP associations with lung cancer and/or
COPD, three study populations should be employed: smokers
with normal lung function (resistant smokers with no evidence
of COPD); smokers with COPD; and smokers with lung cancer
in whom spirometry has been performed to identify coexisting
COPD [13, 14]. Using such an approach, we identified that the
chromosome 15q25 locus, originally associated with lung cancer
in GWA studies [20–22], is also associated with COPD [30]. This
observation has been replicated in subsequent GWA and
candidate gene studies [23, 31]. Thirdly, the cohorts should be
carefully matched for smoking history and other relevant
variables, such as age, ethnicity and sex [32, 33]. Matching for
smoking is particularly important, as the penetrance of SNP
effects in COPD and lung cancer, reflected in the odds ratio, are
likely to be related to the degree and/or duration of smoking
exposure [24, 34], as it is in a1-antitrypsin deficiency [35]. Case–
control studies, in which never-smokers have been preferen-
tially included in the controls, may miss a clinically relevant
gene by environmental (smoking) association through a dilution
effect. This is analogous to a pharmacogenetic study where
responsiveness to a drug is compared to genetic variants but
some subjects have not taken the drug [20–22]. We propose the
epidemiological data, heritability estimates and GWA study
results suggest that some of the genetic susceptibility to lung
cancer comes from genes associated with susceptibility to
COPD.

Three GWA studies [23–25], a GWA meta-analysis [26] and a
recent candidate gene study [34] have demonstrated that the

4q31 locus, which contains the Hedgehog (Hh)-interacting
protein (HHIP) gene, is associated with COPD and lung
function (table 1). The association of the 4q31 locus with lung
cancer was reported by only one of three GWA studies [20],
although the findings were inconsistent between cohorts.
HHIP is a regulator of the Hh signalling pathway, which has
been shown to be vital for embryonic lung development and is
also involved in mature airway epithelial repair [36–40].
Alterations of the HHIP protein or its expression may lead to
changes in lung repair mechanisms, supporting a role in the
development of COPD. In addition to this, the Hh signalling
pathway is involved in EMT, mediates cigarette smoke-
induced oncogenic transformation of bronchial epithelial cells
and is necessary for cellular proliferation of many lung cancer
cell lines [16, 40, 41]. As there is significant support for the role
of HHIP and the Hh signalling pathway in the development of
both COPD and lung cancer, we investigated the role of the
4q31 locus in our case–control study of smokers with and
without COPD, and smokers with lung cancer in whom
spirometry was performed to allow subphenotyping for
coexisting COPD.

MATERIALS AND METHODS

Study subjects
Subjects recruited were of Caucasian ancestry based on their
grandparents’ descent (all four grandparents of Caucasian
descent). Patients with lung cancer were identified through
hospital records and specialist clinics between 2004 and 2007.
Lung cancer cases were aged .40 yrs and their diagnosis
confirmed through histological or cytological specimens in
95% of cases. Nonsmokers with lung cancer were excluded
from the study and only primary lung cancer cases with the
following pathological diagnosis were included: adenocarci-
noma, squamous cell cancer, small cell cancer and nonsmall
cell cancer (generally large cell or bronchoalveolar subtypes).
Lung function measurement (pre-bronchodilator) was per-
formed within 3 months of lung cancer diagnosis, prior to
surgery and in the absence of pleural effusions or lung collapse
on plain chest radiographs. Lung function conformed to
American Thoracic Society (ATS) standards for reproducibil-
ity, with the highest value of the best three acceptable blows
used for classification of COPD status. For lung cancer cases
that had already undergone surgery, pre-operative lung
function tests performed by the lung function laboratory
(Auckland Hospital, Auckland, New Zealand) was sourced
from medical records.

Patients with COPD were identified through hospital specialist
clinics between 2003 and 2007. Subjects recruited into the study
were aged 40–80 yrs, with a minimum smoking history of
20 pack-yrs and COPD confirmed by a respiratory specialist
based on pre-bronchodilator spirometric criteria. Control
subjects were recruited based on the following criteria: age
45–80 yrs and with a minimum smoking history of 20 pack-
yrs. Control subjects were volunteers who were identified
through either a community postal advert or while attending
community-based retired military servicemen’s clubs located
in the same patient catchment area as those attending the lung
cancer and COPD hospital clinics. All participants gave
written, informed consent and underwent blood sampling for
DNA extraction, spirometry and an investigator-administered

TABLE 1 Chromosomal loci associated with chronic
obstructive pulmonary disease (COPD) and
forced expiratory volume in 1 s (FEV1) and lung
cancer from genome-wide association studies

Disease Chromosomal

loci

Candidate

genes

[Ref.]#

COPD" and FEV1 15q25 CHRNA3/5 [23]

4q31 HHIP, GYPA [23–26]

6p21 BAT3/AGER [25, 26]

5q33 HTR4 [25, 26]

15q11 SNRPN [27]

1q21 CRP/IL6R [27]

4q24 GSTCD [25, 26]

Lung cancer 15q25 CHRNA3/5 [20–22]

4q31 GYPA+ [20]

5p15 TERT/CRR9 [2, 20, 21]

1q21-23 CRP/IL6R [20]

6p21 BAT3 [2, 20, 21]

3q28 IL1RAP [20]

#: available at www.genome.gov/gwastudies (last accessed February 25,

2010); ": defined on the basis of forced expiratory volume in 1 s measurements;
+: did not reach genome-wide significance levels.
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questionnaire. Controls with COPD based on spirometry
(Global Initiative for Chronic Obstructive Lung Disease
(GOLD) stage I or higher) were excluded from further analysis.

Spirometry was performed using a portable spirometer (Easy-
OneTM; ndd Medizintechnik AG, Zurich, Switzerland). COPD
was defined according to GOLD criteria (stage II or higher;
FEV1/forced vital capacity (FVC) ,70% and FEV1 f80%
predicted) using pre-bronchodilator spirometric measure-
ments. A modified ATS respiratory questionnaire was admi-
nistered to all cases and controls, which collected data on
demographic variables, such as age, sex, medical history,
family history of lung disease, active and passive tobacco
exposure, respiratory symptoms and occupational aeropollu-
tant exposures. The study was approved by the Multi Centre
Ethics Committee (Wellington, New Zealand).

Study design
The present cross-sectional case–control study compared
smokers of the same ethnicity and comparable demographic
variables (specifically age, sex and smoking history). The
controls in the current study were carefully chosen to be
representative of the majority of smokers who have maintained
normal or near-normal lung function despite decades of
smoking [3, 42, 43]. Accordingly, such a group best reflects
those smokers least likely to acquire lung cancer or COPD,
minimising phenotype misclassification and improving the
power to detect differences between affected and unaffected
smokers [44].

Genotyping
Genomic DNA was extracted from whole-blood samples using
standard salt-based methods and purified genomic DNA was
aliquoted (10 ng?mL-1) into 96-well plates. Samples were
genotyped using Taqman1 SNP genotyping assays (Applied
Biosystems, Carlsbad, CA, USA) utilising minor groove-
binding probes. Assays were run in 384-well plates according
to the manufacturer’s instructions. PCR cycling was performed
on both GeneAmp1 PCR System 9700 and 7900HT Fast Real-
Time PCR System (Applied Biosystems) devices. Real-time
amplification plots of selected plates were used to verify end-
point allelic discrimination to establish reliability. The present
study investigated the genotype frequencies of two SNPs in the
4q31 region: rs2202507 (glycophorin A (GYPA), assay ID
C__1509159_10; Applied Biosystems), which was identified in
a GWA study on lung cancer [20], and rs1489759 (HHIP, assay
ID C___8977401_10; Applied Biosystems), which is situated
93 kb upstream of HHIP and representative of the SNP cluster
identified by previous COPD GWA related studies [23–26]
(linkage disequilibrium (LD) for D951.0, r2o0.93 with
rs12504628, rs13147758, rs1828591, rs1980057 and rs13118928;
fig. 1b). The rs2202507 SNP lies ,200 kb downstream from the
GYPA gene and 300 kb upstream of the HHIP gene, yet
exhibits some LD with the cluster of SNPs including rs1489759
(D950.70, r250.41). The two SNPs are found at either end of a
290-kb LD block (fig. 1a). Call rates of o97% for each SNP in
each cohort were achieved.

Analysis
Patient characteristics in the cases and controls were compared
by ANOVA for continuous variables and Chi-squared test for

discrete variables (Mantel–Haenszel, odds ratio). Genotype
and allele frequencies were checked for each SNP by Hardy–
Weinberg Equilibrium (HWE). Population admixture across
cohorts was performed using structure analysis on genotyping
data from 40 unrelated SNPs [45]. Distortions in the genotype
and allele frequencies were identified between cases and
controls using two-by-two contingency tables. Both the
additive (allelic) and genotype-based genetic models were
tested, although the latter is preferred [46].

RESULTS

Demographic variables and genotyping
Characteristics of the lung cancer cases, COPD cases and
healthy control smokers are summarised in table 2. The
demographic variables and histological subtypes of the lung
cancer cases are comparable to previously published data [47].
The staging at diagnosis was also comparable to this published
series (data not shown), suggesting the lung cancer cohort is
representative. The COPD cases have higher pack-yr exposure
than the lung cancer cases and healthy control smokers
(p,0.05). This reflects outliers with high smoking histories in
the COPD cohort and no difference exists after log transforma-
tion of pack-yrs (data not shown). All cohorts were comparable
with respect to age started smoking, years smoked, years since
cessation of smoking and cigarettes smoked per day (table 2).
Overall, we believe the three groups had comparable smoking
exposure. The lower frequency of current smokers in the lung

rs2202507

a)

b)

rs12504628

rs1489759

1 rs2202507 GYPA: AMOS et al. [20], current study

3 rs13147758 HHIP: WILK et al. [24]

4 rs1489759 HHIP: current study

5 rs1828591 HHIP: PILLAI et al. [23]

6 rs1980057 HHIP: HANCOCK et al. [26]

7 rs13118928 HHIP: VAN DURME et al. [34]

2 rs12504628 HHIP: REPAPI et al. [25]

rs1828591
rs1980057
rs13118928

rs13147758

FIGURE 1. Linkage disequilibrium map of the chromosome 4q31 region

including the Hedgehog-interacting protein (HHIP) and glycophorin A (GYPA)

single-nucleotide polymorphisms.
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cancer and COPD cohorts compared to the healthy smoker
group (35, 40 and 48%, respectively), probably reflects the
presence of symptoms from pulmonary complications of
smoking (primarily breathlessness from COPD) stimulating
higher smoking cessation rates. The lung cancer cases, COPD
cases and smoking controls were also comparable with respect
to other aeropollutant exposures, although the lung cancer
and COPD cohorts had higher asbestos exposure (23, 22 and
16%, respectively), slightly higher dust exposure (63, 59
and 47%, respectively) but comparable fume exposure (41, 40
and 38%, respectively). The lung cancer cohort reported higher
rates of a family history of lung cancer compared with the
COPD cases and healthy smokers (19, 11 and 9%, respectively),
whereas family history of COPD was marginally higher in those
with COPD (33, 37 and 28%, respectively). Mean height was
slightly lower in lung cancer cases compared to control subjects
(p,0.05) but no different after adjustment for sex differences. As
expected, lung function was worse in the lung cancer and COPD
cohorts compared with the healthy smoker controls. Testing of
lung function (as described above) was achieved in 94% of lung
cancer cases and allows stratification of results to test for an
interactive or confounding effect of COPD.

Genotype frequencies for the rs1489759 and rs2202507 SNPs
are shown in tables 3 and 4, respectively. The genotype
frequencies were comparable to those reported in the literature
and from the International Hapmap Project (www.hapmap.
org). The observed genotypes for the two SNPs in this study
were 65% concordant, illustrating the LD over this large
physical distance. As both SNPs were in HWE and amplifica-
tion plots were used to ensure correct genotype calls,
significant genotyping error can be excluded. We found no
evidence for population stratification between the cohorts
using 40 unlinked SNPs from unrelated genes (mean Chi-
sqaured 3.3; p50.58) [30, 45].

Comparison with smoking controls
Those subjects who were homozygotic for the minor allele (GG
genotype) of the rs1489759 HHIP SNP were found to be more
prevalent in the control group (17%) versus both the COPD
(11%, OR 0.59; p50.006) and lung cancer (13%, OR 0.70;
p50.051) groups (table 3). Similarly, those homozygotic for the
minor allele (CC genotype) of the rs2202507 GYPA SNP were
more prevalent in the resistant smoker group (27%) compared
to those in the COPD (19%, OR 0.65; p50.006) and lung cancer
(21%, OR 0.70; p50.023) groups (table 4). Distortion in allele
frequency showed a similar result, with reduced HHIP G allele
and reduced GYPA C allele in the diseased cohorts compared
with controls, but tended to be less significant. There was no
support for an additive model on formal testing. When the
lung cancer cases were stratified by available spirometry data
(.94% of lung cancer cases; n5419 and n5416 for HHIP and
GYPA genotyping, respectively), into those with and without
COPD (according to GOLD criteria, stage II or higher), the
distribution of minor allele homozygotes for both SNPs does
not change significantly (for HHIP, 11 and 13%, respectively,
compared with 17% in controls; for GYPA, 20 and 19%,
respectively, compared with 27% in controls). The effect sizes
of the homozygosity for the minor allele in these subanalyses
remain the same (OR range 0.61–0.73), although the p-values
are degraded due to smaller sample sizes. When stratification
of the lung cancer cohort is performed according to GOLD
stage I or higher (to specify COPD phenotype), genotype
frequencies were unchanged. Further subanalysis was per-
formed by grouping all subjects with COPD based on
spirometry (including COPD only and lung cancer with
COPD groups). The resulting protective effect (tables 3 and
4) was nearly identical to that when using the COPD cohort
alone, although combining the cohorts achieved greater
significance (OR 0.60 (p50.003) and OR 0.66 (p50.004) for
the HHIP and GYPA, respectively). This suggests that the SNP
associations are not sensitive to spirometry-based criteria for
COPD and that the 4q31 locus is associated with reduced lung
cancer, even in the absence of COPD. In a multivariate
analysis, no associations were found between SNP genotype
and height, lung cancer histology, FEV1 % predicted or FEV1/
FVC ratio (table 5). We found that the SNP genotype effect was
independent of age, sex and smoking history.

DISCUSSION
The present case–control study confirms the association of the
4q31 locus with COPD, as described by several recent GWA
studies and a candidate gene study [23–26, 34]. To our
knowledge, this is the first study to confirm the association

TABLE 2 Summary of characteristics for the lung cancer,
chronic obstructive pulmonary disease (COPD)
and control smokers

Parameter Lung

cancer

COPD Control

smokers

Subjects n 454 458 488

Males % 53 59 60

Age yrs 69¡10 66¡9 65¡10

Height* m 1.67¡0.08 1.68¡0.09 1.69¡0.09

Smoking history

Current smoking % 35 40 48

Age started yrs 18¡4 17¡3 17¡3

Smoking exposure yrs 41¡12 42¡11 35¡11

Smoking exposure* pack-yrs 41¡25 47¡20" 40¡19

Smoking exposure cigarettes?day-1 20¡10 23¡9 24¡11

Time since smoking cessation yrs 11.4¡6.7 9.8¡7.4 13.9¡8.1

History of other exposures %

Work dust exposure* 63 59 47

Work fume exposure 41 40 38

Asbestos exposure* 23 22 16

Family history %

COPD 33 37 28

Lung cancer* 19 11 9

Lung function

FEV1* L 1.86¡0.48 1.25¡0.48 2.86¡0.68

FEV1* % pred 73 46 99

FEV1/FVC* % 64¡13 46¡8 78¡7

Spirometric COPD#,* % 51 100 0

Data are presented as mean¡ SD, unless otherwise stated. FEV1: forced

expiratory volume in 1 s; % pred: % predicted; FVC: forced vital capacity.
#: according to Global Initiative for Chronic Obstructive Lung Disease criteria,

stage II or higher; ": no significant difference after log transformation due to

skewed distribution. *: p,0.05.
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between the 4q31 locus and lung cancer [20], supporting the
possible ‘‘protective’’ role of the 4q31 locus (and possibly the
HHIP gene) in the development of lung cancer, as well as
COPD. The minor allele homozygotic genotype of both the
rs1489759 (HHIP) and rs2202507 (GYPA) SNPs is associated
with a significantly decreased risk of both COPD and lung
cancer. Stratification of the lung cancer cohort into those with
and without COPD (according to GOLD spirometry criteria)
produced similar results, excluding an interactive or con-
founding effect from coexisting COPD. Due to the smaller
sample size, statistical significance is lost, although genotype
frequency and effect size are unchanged. This study also
shows that the HHIP locus has a protective role in lung cancer
with and without coexisting COPD, highlighting the dual role
genetic variants may have in these closely related smoking-
induced lung diseases.

This study supports not only the findings of previous GWA
and candidate gene studies that have confirmed the associa-
tion of the 4q31 locus with COPD and lung cancer, but also
demonstrates that the candidate SNPs we have chosen have an
equal effect size on both diseases. The majority of the interest
in this locus has come from studies of COPD and lung
function. All of the SNPs previously identified upstream of the
HHIP gene are in tight LD with our chosen SNP, rs1489759,
and share similar allele frequencies (D951.0, r2o0.93; minor
allele frequency 0.441–0.425 according to HapMap; fig. 1). We
have shown that the minor allele homozygotic genotype is
associated with ‘‘protection’’ (OR ,1) from both lung cancer
and COPD at an effect size that is in agreement with previous
reported studies (OR 0.7 or 30% reduction) [34]. The effect of
smoking appears to influence the strength of this association
between the 4q31 locus and COPD or lung function [24, 34].
The population-based GWA study by WILK et al. [24] found a
dose–response effect between the rs13147758 HHIP SNP and
lung function, which was strengthened when investigated
only in the subgroup of ever-smokers. Likewise, the Rotter-
dam Study [34] showed that the effect of the rs13118928 HHIP
SNP was strongest in the subgroup of smokers with the
greatest degree of smoking exposure, far and above that of the
never-smokers. This demonstrates the need for genetic

association studies of smoking-related disease to control (or
stratify) for smoking exposure in case and control cohorts. In
contrast to the HHIP GWA population studies [24–26], we did
not find an association between this locus and lung function in
our lung cancer cases. This may be due to several factors,
including the small cohort used for this analysis, the subject
disease status (lung cancer cases, of whom 51% had coexisting
COPD), the difference in smoking exposure or modifying
effects of other smoking-responsive genes on lung function
decline, e.g. CHRNA3/5 [30]. Based on our results (distortions
in genotype and allele frequencies, together with analysis for
an additive model), we suggest the chromosome 4q31 effect in
COPD and lung cancer is most consistent with a recessive
model, in agreement with VAN DURME et al. [34]. Although
small cohort size and case–control design remain limitations of
this study, important strengths of the present study are the
detailed exposure histories collected and the degree to which
they are matched. Due to the low penetrance of SNPs such as
those investigated in the present study, it is only through
controlling for possible environmental exposures that the
modest effect of these genetic variants will be recognised fully.
This, together with the use of a healthy smoking control
group, might explain why the chromosome 4q31 locus
association with lung cancer was identified in this study but
in only one of three GWA studies [20]. We suggest that the
protective effect of the chromosomal 4q31 SNPs identified here
might be obscured in the GWA studies, due to their inclusion
of controls with undiagnosed COPD and never-smokers
[20–22]. Such an effect is illustrated in tables 3 and 4, where
genotype frequencies in those with COPD and lung cancer are
similar, but significantly different, to healthy smoking con-
trols, in whom COPD has been excluded by spirometry. In an
attempt to sufficiently power these GWA studies, there is a
tendency to combine a number of heterogeneous study
populations, each possessing different inclusion criteria, each
with variable (unknown) prevalence of COPD and each with
different smoking exposures [33, 48]. Identifying a clean
phenotype for both control and disease groups should
improve the ability of a case–control study to identify true
genetic associations [33, 44, 48].

TABLE 3 Genotype frequencies for the rs1489759 Hedgehog-interacting protein single-nucleotide polymorphism in chronic
obstructive pulmonary disease (COPD) and lung cancer (LC) (total and subgrouped by pre-operative lung function)
cohorts compared with smoking controls

Subjects A G OR (95% CI)# p-value# AA AG GG OR (95% CI)" p-value"

Primary cohorts

Controls 484 (99) 579 (60) 389 (40) 178 (37) 223 (46) 83 (17)

COPD 457 (99) 594 (65) 320 (35) 0.80 (0.66–0.97) 0.002 187 (41) 220 (48) 50 (11) 0.59 (0.40–0.88) 0.006

LC 445 (99) 563 (63) 327 (37) 0.86 (0.71–1.05) 0.127 174 (39) 215 (48) 56 (13) 0.70 (0.47–1.02) 0.051

LC subgroup analyses

LC with COPD 213 292 (69) 134 (31) 0.68 (0.53–0.88) 0.002 103 (48) 86 (40) 24 (11) 0.61 (0.39–1.02) 0.047

LC only 206 276 (67) 136 (33) 0.73 (0.57–0.94) 0.01 92 (47) 82 (40) 27 (13) 0.73 (0.44–1.19) 0.185

COPD subgroup analysis

COPD and LC with COPD 670 869 (65) 471 (35) 0.81 (0.68–0.96) 0.014 273 (41) 323 (48) 74 (11) 0.60 (0.42–0.85) 0.003

Data are presented as n or n (call rate %), unless otherwise stated. #: G versus A compared with matched smoking controls (Mantel–Haenszel); ": GG versus AG/AA

compared with matched smoking controls (Mantel–Haenszel).
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The Hh signalling pathway is known to have an influence on
the fetal development of the lung, especially in branching, and
is involved in the complex regulation of cellular differentiation
and proliferation. HHIP is a transmembrane glycoprotein that
binds to and regulates the action of all three mammalian Hh
ligands (Sonic hedgehog (Shh), Indian hedgehog and Desert
hedgehog) [16, 36]. It is thought that HHIP is responsible for
regulating the delicate balance between Shh and fibroblast
growth factor (Fgf)10 signalling in the developing lung [36, 38].
Knockout of HHIP in mice leads to an inhibition of lung bud
branching due to unopposed Shh signalling and leads to
neonatal death due to respiratory failure. The disruption of
branching morphogenesis is caused by the over action of Shh
and the subsequent inhibition of Fgf10 [37, 38]. Additionally,
Hh signalling has been shown to promote the differentiation of
distal lung mesenchyme into smooth muscle cells [36]. With
regards to COPD, the Hh pathway could be involved in

formation of the characteristic structural defects through
inappropriate cell growth and aberrant control of smooth
muscle differentiation. In addition to its role in development
and cell differentiation in the embryonic lung [36], the Hh
signalling pathway is known to play a role in the development
of some cancers, including basal cell carcinoma and lung
cancer [40, 41, 49]. WATKINS et al. [40] demonstrated that the Hh
pathway is extensively activated during acute lung injury
repair and is required for the maintenance of the malignant
phenotype of small cell lung cancer (SCLC) cell lines. It has
also been shown that active Hh signalling is common in SCLC
tumour samples [49]. In addition, the Hh pathway has been
linked to smoking-related lung cancer development [41]. By
pharmacologically inhibiting the pathway, human primary
bronchial epithelial cells lost the ability to form tumours in
nude mice following 8 days of cigarette smoke exposure [41].
EMT is the process by which cells switch from epithelial
phenotypes, which are often highly differentiated and char-
acterised by a high level of cell–cell interactions, to mesench-
ymal phenotypes, which are less differentiated, have
significantly fewer cell–cell interactions and can be motile
[17–19]. EMT, which promotes motility, invasion and malig-
nant transformation of cells, has been identified in patients
with COPD [19] and linked to the Hh signalling pathway
through its interaction with cigarette smoke [16, 41]. Although
the effect of the SNPs identified upstream of the HHIP gene are
unknown, it can be postulated that a particular form of the
HHIP protein or transcriptional alteration, through its’ inter-
action with the Hh signalling pathway, may affect the way in
which the lung responds to chronic exposure to cigarette
smoke.

The HHIP gene is not the only candidate gene explaining the
4q31 association with COPD and lung cancer. There is a
putative gene, CR620567, located on the opposite strand to
HHIP and running in the opposite direction, which is situated
around 100 kb from the rs1489759 HHIP SNP. Situated near the
region of interest, there are three overlapping expressed
sequence tags (ESTs) that have been cloned previously from
a human fetal lung library [24]. An EST is a portion of
transcribed DNA often used to identify the position of an

TABLE 4 Genotype frequencies for the rs2202507 glycophorin A single-nucleotide polymorphism in chronic obstructive
pulmonary disease (COPD) and lung cancer (LC) (total and subgrouped by pre-operative lung function) cohorts
compared with smoking controls

Subjects A C OR (95% CI)# p-value# AA AC CC OR (95% CI)" p-value"

Primary cohorts

Controls 480 (99) 489 (51) 471 (49) 138 (29) 213 (44) 129 (27)

COPD 457 (99) 505 (55) 409 (45) 0.84 (0.70–1.01) 0.061 136 (30) 233 (51) 88 (19) 0.65 (0.47–0.89) 0.006

LC 439 (97) 465 (53) 413 (47) 0.92 (0.76–1.11) 0.385 116 (26) 233 (53) 90 (21) 0.70 (0.51–0.97) 0.023

LC subgroup analyses

LC with COPD 212 231 (54) 193 (46) 0.87 (0.69–1.10) 0.224 62 (29) 107 (50) 43 (20) 0.69 (0.46–1.04) 0.065

LC only 204 217 (53) 191 (47) 0.91 (0.72–1.16) 0.446 52 (25) 113 (55) 39 (19) 0.64 (0.42–0.98) 0.031

COPD subgroup analysis

COPD and LC with COPD 669 736 (55) 602 (45) 0.85 (0.72–1.01) 0.053 198 (30) 340 (51) 131 (20) 0.66 (0.50–0.88) 0.004

Data are presented as n or n (call rate %), unless otherwise stated. #: C versus A compared with matched smoking controls (Mantel–Haenszel); ": CC versus AC/AA

compared with matched smoking controls (Mantel–Haenszel).

TABLE 5 Relationship between Hedgehog-interacting
protein (HHIP) and glycophorin A (GYPA)
genotype and lung function in the lung cancer
cohort

Gene (SNP) FEV1 L FEV1 % pred FEV1/FVC

HHIP (rs1489759)

AA 1.82¡0.66 71.1¡22.6 63.4¡12.5

AG 1.86¡0.69 73.7¡23.4 64.7¡13.1

GG 1.93¡0.80 74.1¡22.3 63.7¡13.8

p-value 0.61 0.51 0.60

GYPA (rs2202507)

AA 1.84¡0.66 72.8¡22.2 62.9¡11.8

AC 1.83¡0.64 72.5¡22.5 65.1¡12.8

CC 1.96¡0.80 73.9¡23.2 63.2¡13.4

p-value 0.33 0.89 0.27

Data are presented as mean¡ SD, unless otherwise stated. SNP: single-

nucleotide polymorphism; FEV1: forced expiratory volume in 1 s; % pred: %

predicted; FVC: forced vital capacity.
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uncharacterised gene. The exact function or reason why this
particular sequence is transcribed is unknown. Furthermore,
the effect of the chromosome 4q31 locus (assigned through the
rs2202507 SNP) has previously been attributed to the GYPA
gene, despite a large physical distance separating the two
(.200 kb). Glycophorins are a class of siaglycoproteins that are
commonly found on the cell membranes of erythrocytes. The
composition of the erythrocyte membranes are highly indica-
tive of stress, as many different proteins found on the
membrane are subject to oxidation and also change in
expression in response to environmental stimuli, such as
exposure to cigarette smoke. It has been shown that glyco-
phorins A, B and C show decreased expression in the
erythrocytes of COPD patients, and can be used as a biomarker
of oxidative stress [50]. Although the composition of GYPA on
the membrane of red blood cells is indicative of oxidative
stress, it is unclear how an alteration of the gene or its
expression could influence susceptibility to either lung cancer
or COPD. Whether the HHIP and GYPA associations with
COPD and lung cancer reflect distinct effects [24] or an
overlapping effect (through synthetic association [51]) at the
4q31 locus remains unknown.

There is good evidence to suggest that lung cancer and COPD
are closely related, in that they share similar pathogenic
pathways, i.e. inflammation, tissue remodelling and oxidant
load. As such, they should not be considered in isolation but,
rather, as two interrelated diseases [5–7] with overlapping
genetic effects [30]. Approximately 10–15% of smokers will be
diagnosed with lung cancer. Within this group, 50–90% of
them will have pre-existing COPD. We and others have shown
previously that smokers with reduced airflow, namely FEV1

consistent with COPD (GOLD stage II or higher), carry a four-
to six-fold greater risk of lung cancer compared with smokers
with normal lung function [5–7]. We conclude that FEV1 is a
very good marker for susceptibility to lung cancer [7, 52].
Therefore, unless such phenotypes (COPD or reduced FEV1)
are clearly defined in lung cancer studies, it is possible that the
genetic associations reported to be linked to lung cancer may
also (or actually) be associated with COPD [30]. Given the close
relationship of these two diseases, it is not surprising that a
genetic association with COPD may also be relevant to lung
cancer. However, as spirometry is not routinely part of lung
cancer studies [2, 20–22], the high prevalence of COPD in the
lung cancer population may be missed. Similarly, a high
prevalence of (undiagnosed) COPD may exist in smoking
controls, obscuring the contribution of COPD-related SNP
effects. In this study, we have used spirometry to carefully
phenotype smokers in all cohorts and show that the 4q31 locus
is equally important to both COPD and lung cancer. Due to the
design of the current study, we can conclude that this
relationship with lung cancer is not through a confounding
or interactive effect with COPD [30]. The associations were
unchanged after lung cancer cases were subdivided by the
presence or absence of COPD. In future, replication of these
results in larger populations with well-matched cohorts would
strengthen these findings.

There are two relevant implications that stem from the finding
that COPD and lung cancer share pathogenic pathways and an
overlapping genetic susceptibility. First, predictive risk models
for lung cancer should include COPD as a risk variable and/or

incorporate these overlapping genetic markers [13, 14]. Second,
chemopreventive therapy targeting pathogenic pathways
common to both COPD and lung cancer might confer
considerable benefit to smokers and/or ex-smokers. With this
in mind, it is interesting that guanosine triphosphatase
inhibition by drugs such as 3-hydroxy-3-methyl-glutaryl-
coenzyme A reductase inhibitors (statins) has been shown to
inhibit lung matrix remodelling, reduce FEV1 decline, reverse
EMT and be associated with lower lung cancer incidence [53].
We conclude that COPD and lung cancer are not solely
interrelated through smoking or smoking-induced pathologi-
cal processes in the lung: they are also linked through shared
genetic effects conferred from overlapping loci, such as the
chromosome 15q25 [30] and 4q31 loci.
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REPORT AND RECOMMENDATIONS FROM CONFERENCE
HELD JULY 13–14, 2010, BOSTON, MASSACHUSETTS

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is defined
by the Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD) as a disease state characterized by airflow limi-
tation that is not fully reversible (1). Cigarette smoking is the
most important risk factor for the development of COPD.
Although the dose-response relationship between cigarette
smoking and pulmonary function is well-established, there
is considerable variability in the reduction in FEV1 among
smokers with similar smoking exposures (2, 3). The low
percentage of variance in pulmonary function explained by
smoking suggests that there could be genetic differences in
susceptibility to the effects of cigarette smoking (4, 5). In ad-
dition to genetic factors, other environmental determinants
such as indoor biomass smoke exposure can be important
risk factors for COPD (6). A small percentage of COPD pa-
tients (estimated at 1–2%) inherit severe alpha-1 antitrypsin
(AAT) deficiency, which proves that genetic factors can in-

fluence COPD susceptibility. The discovery of AAT defi-
ciency was a major factor in the development of the Protease-
Antiprotease Hypothesis for COPD, which has been one of
the prevailing models of disease pathogenesis for more than
40 years.

With the substantial impact of AAT deficiency on our un-
derstanding of COPD pathogenesis, it was natural to hope
that the identification of other COPD susceptibility genes
would lead to similar novel insights into COPD. Until re-
cently, however, progress in the identification of additional
genetic risk factors for COPD has been slow.

To facilitate the development of such research, a meeting
of COPD genetics investigators was held on July 13–14, 2010
in Boston. The goals of the meeting were:

(1) To review the current state of COPD genetics research;
(2) To discuss existing study populations for COPD genetics

research throughout the world;
(3) To consider opportunities for collaborations between dif-

ferent COPD research groups through an International
COPD Genetics Consortium;

(4) To recognize challenges in building COPD genetics col-
laborations and to discuss them openly; and,

(5) To develop a framework for future collaborative studies.

Current status of COPD genetics research
Many candidate gene association studies have been per-
formed over the past 40 years, but the results have been
largely inconsistent. These inconsistencies likely relate to
a variety of methodological issues, including small sample
sizes, variable definitions of case and control groups, fail-
ure to adjust for multiple statistical testing, and inadequate
adjustments for population stratification and smoking expo-
sure. Most of the studies describing COPD-associated poly-
morphisms were performed in White populations (7). A
meta-analysis of 20 polymorphisms in 12 candidate genes in-
volved in the protease–antiprotease balance and several an-
tioxidant pathways showed that, after combining indepen-
dent studies, many of these candidate genes had no associ-
ation with COPD (8).

Another factor likely impeding the progress of identifying
COPD susceptibility genes is the lack of accurate phenotypic
characterization of this complex and heterogeneous disease.
Airflow limitation determined by spirometry has been the
most common approach to classify and monitor the disease.
Structural changes of the lung including emphysema and
small airway obstruction are the primary processes that af-
fect lung function (9), but they are not easily discernable with
the simple spirometric measures commonly used for phe-
notyping COPD. Recent advances in characterizing patho-
logic changes such as emphysema and remodeling of the
small and large airways by quantitative analyses of image data
from multidetector computed tomography (CT), together
with physiological testing, have been helpful to differenti-
ate COPD phenotypes (emphysema-predominant, airway-
predominant, or mixed)(10). Study populations that have
chest CT data may help to better identify COPD-associated
genetic variations (11). Other potentially relevant COPD
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phenotypes, such as cachexia and low exercise capacity, have
not been widely analyzed in COPD genetic studies.

Perhaps the greatest problem in the candidate gene era
of COPD genetic studies was improper candidate gene se-
lection, which reflects our limited understanding of COPD
pathogenesis. However, the application of genome-wide as-
sociation studies (GWAS), which provide an unbiased and
comprehensive search throughout the genome for common
susceptibility loci, has changed the landscape of COPD ge-
netics. Based on GWAS, three genetic loci have been un-
equivocally associated with COPD susceptibility, located on
chromosome 4 near the HHIP gene, on chromosome 4 in the
FAM13A gene, and on chromosome 15 in a block of genes
which contains several components of the nicotinic acetyl-
choline receptor as well as the IREB2 gene.

In 2009, a series of studies provided convincing support
for these three genetic loci in COPD susceptibility. Pillai and
colleagues found genome-wide significant associations of the
CHRNA3/CHRNA5/IREB2 region to COPD (12). DeMeo
and colleagues performed gene expression studies of normal
vs. COPD lung tissues followed by genetic association anal-
ysis of COPD (13), suggesting that at least one of the key
COPD genetic determinants in the chromosome 15 GWAS
region was IREB2.

In the Framingham Heart Study (14), the HHIP region
was associated with FEV1/FVC at genome-wide significance
with replication of the effect on FEV1/FVC demonstrated in
an independent sample drawn from the Family Heart Study,
and this same region nearly reached genome-wide signifi-
cance with COPD susceptibility in the Pillai paper (12). Re-
cently, two papers published in Nature Genetics from large
general population samples have provided strong support for
the association of HHIP SNPs with FEV1/FVC (15, 16). One
of these articles, from the CHARGE Consortium, also found
evidence for association of FEV1/FVC with the FAM13A lo-
cus (15), which has been strongly associated with COPD sus-
ceptibility (17).

Moreover, several case-control studies from other Eu-
ropean populations have replicated these findings by con-
firming significant associations to the chromosome 15q25
locus (CHRNA3/CHRNA5/IREB2) (18, 19), chromosome
4q31 locus (HHIP) (20, 21), and chromosome 4q22 locus
(FAM13A) (22). Thus, the frustration of inconsistent genetic
association results in COPD from the beginning of the last
decade has been replaced by optimism regarding the likely
importance of the IREB2/CHRNA3/CHRNA5, HHIP, and
FAM13A loci in COPD susceptibility.

Advantages of creating large networks for genetic analysis
There are likely multiple additional COPD susceptibility ge-
netic determinants that have not yet been identified. In
many other complex diseases, the creation of large col-
laborative consortia has enabled highly powered genome-
wide association studies that have led to the identification
of multiple novel genetic susceptibility loci. For example,
a Type 2 Diabetes mellitus consortium performed GWAS
in 8,130 Cases and 38,987 Controls and identified multi-
ple novel susceptibility loci (23). The International Lung

Cancer Consortium found new SNPs that were associated
with disease in Asian populations (24, 25). The ENGAGE
consortium discovered sequence variants associated with
smoking behavior within regions harboring nAChR genes
(CHRNB3–CHRNA6, 8p11) and a nicotine-metabolizing
enzyme (26). We anticipate that a similar collaborative con-
sortium approach in COPD could lead to the identification
of additional novel COPD genetic determinants.

Gaps in current genetic knowledge
The most fundamental gap in current COPD genetics knowl-
edge is that there are probably many genetic determinants of
COPD, but only three genomic regions likely to contain such
susceptibility loci have been conclusively identified. More-
over, the functional genetic variants within the three existing
COPD GWAS regions remain to be found. To adequately an-
alyze the various subtypes of COPD, studies that include mul-
tiple ethnic groups as well as multiple environmental factors
that influence inflammation will be required in large sam-
ple sizes. More recently, some studies have combined results
from several populations to increase the numbers of cases
and controls. In more than 8300 subjects in seven study pop-
ulations, the minor allele of a SNP in MMP12 was associated
with a positive effect on lung function and a reduced risk of
COPD (27). The genome-wide association study that identi-
fied FAM13A included three sets of COPD cases and smok-
ing controls (17). However, these studies are still underpow-
ered to identify genetic determinants of small effect, and es-
tablishing a consortium of groups studying cigarette smokers
may facilitate pooling large samples to identify genetic vari-
ants associated with COPD susceptibility.

GENETIC TECHNOLOGIES AVAILABLE FOR AN
INTERNATIONAL COPD GENETICS CONSORTIUM

It is desirable that the full power of modern genetic and
genomic technology and techniques be brought to bear
on COPD. Statistical genetic approaches should begin with
meta-analyses of currently completed GWA studies, includ-
ing imputation of polymorphisms from the 1000 Genomes
Project. Analyses should routinely include epidemiologically
important covariates such as sex, age at onset, and smok-
ing history. Ancestry needs to be matched carefully between
cases and controls, using, for example, principal component
analyses. Multi-marker techniques to identify polygenic ef-
fects below the GWAS threshold may be useful in identifying
genes and pathways impacting on the disease.

Genome-wide SNP genotyping of several thousand or
more cases is necessary, particularly using existing European
panels of subjects that have not yet been genotyped and cases
and controls of non-European ancestry. It is noted that there
exists a wide range of previously genotyped European con-
trols that could be used wherever possible.

Further meta-analysis of the full dataset should be com-
pleted after the additional genotyping. Ideally these re-
sults would be integrated with large-scale studies of other
smoking-related diseases (particularly lung cancer and car-
diovascular disease), with studies of smoking behavior and
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addiction, and studies of diseases characterized by compro-
mised lung function (in particular, asthma).

Fine mapping of selected loci to identify functional vari-
ants will be necessary. This will include statistical approaches
such as multiple regression as well as additional genotyp-
ing. The particular importance of including ancestral groups
of non-European origin in these analyses is noted, in order
to use their differences in linkage disequilibrium patterns to
break up linkage disequilibrium blocks, and to demonstrate
generalizability of variants associated with COPD to the pop-
ulation at large.

Next-generation DNA sequencing approaches have the
capacity to discover highly penetrant rare variants in com-
mon diseases such as COPD. Limiting sequencing to the ex-
ome greatly reduces costs compared to whole genome se-
quencing approaches, while retaining much of the informa-
tion that is likely to lead to the identification of disease-
related rare variants. Although the value of exome sequenc-
ing has not yet been established in complex genetic diseases,
it is desirable to explore the use of exome sequencing to
search for rare mutations in patients with severe spectrum
disease, including non-smokers with COPD as a separate
group.

Genomic studies allow systematic investigation of path-
ways and networks of gene functions underlying disease (28).
Investigations for COPD should include mapping of expres-
sion quantitative trait loci (eQTL) and network identification
from measurements of global gene expression in airway biop-
sies and peripheral blood DNA samples. It would also be im-
portant to carry out eQTL mapping and network identifica-
tion with global gene expression in current cigarette smok-
ers and non-smokers. The investigation of methylQTL (using
genome-wide methylation arrays) should similarly be imple-
mented in order to explore epigenetic effects on COPD and
related phenotypes.

Lastly, it is now possible to quantify bacterial coloniza-
tion of airways using DNA and RNA sequencing techniques
that address the hyper-variable bacterial 16S gene as well as
metagenomic approaches that examine the global gene con-
tent and gene expression of human bacteria (29). It is there-
fore recommended that systematic studies of the microbiome
be carried out in patients with COPD. These studies should
include 16S sequencing for bacterial identification; metage-
nomic sequencing and measures of bacterial gene expression;
and investigation of relationships of these measures to host
gene expression and genotype.

COPD PHENOTYPING AND KNOWLEDGE GAPS

Clinical phenotypes
Precise definition and validation of clinical phenotypes are
key prerequisites to identify the genetic basis of complex dis-
eases, since a principal goal of genetic research is to iden-
tify specific genotypes that link to specific phenotypes (30,
31). From the genetics point of view, if current approaches
in defining phenotypes are inadequate, the huge amount
of currently available genotypic data cannot be optimally
used (32). A recent consensus definition (11) proposes that

a “COPD clinical phenotype” is “a single or combination of
disease attributes that describe differences between individ-
uals with COPD as they relate to clinically meaningful out-
comes (symptoms, exacerbations, response to therapy, rate of
disease progression or death).” Thus, for a COPD phenotype
to be of use in a COPD genetics study, it has to be associated
with clinically meaningful outcomes. Some inconsistent re-
sults published so far on the genetic basis of COPD may be
due to the lack of an appropriate characterization of differ-
ent clinical COPD phenotypes (intra-study variation), as well
as to ethnic differences among studies (inter-study variation)
(33).

The degree of airflow limitation remains the defining
characteristic of COPD and thus its most important pheno-
typic expression. However, there is sufficient evidence to sup-
port the need to consider additional phenotypic expressions
in the characterization of patients with COPD. These include:
1) the degree, type and distribution of emphysema (discussed
below); 2) the extent of airway wall thickening caused by in-
flammation; 3) the degree of hyperinflation expressed by the
IC and the IC/TLC; 4) the presence of abnormal gas exchange
(hypoxia and hypercapnia); 5) the presence of systemic in-
volvement as measured by the BMI; 6) the exercise capacity
whether measured in the laboratory (peak oxygen uptake) or
in the field (6-minute walk test); and 7) the degree of func-
tional dyspnea. These characteristics can practically be in-
tegrated into multidimensional tools such as the BODE in-
dex capable of providing a more comprehensive evaluation of
COPD subjects (34). The determination of these phenotypic
characteristics is not only scientifically interesting, but also
clinically important because they confer prognostic value and
more importantly, they determine response to therapy. Al-
though COPD genetic studies have focused primarily on the
presence/absence of COPD, analysis of these additional phe-
notypes could provide useful insights into COPD pathophys-
iology.

The study of COPD phenotypes is relevant to disease eti-
ology, pathophysiology, and treatment. The identification of
clinically relevant phenotypes would change the present view
of COPD as a unique multicomponent disease (35, 36) to a
syndrome with multiple phenotypic expressions, thus chang-
ing (and challenging) current taxonomy of chronic airway
diseases (37). Regarding disease etiology, the identification
of non-genetic determinants of diseases will also benefit from
an appropriate definition of phenotypes. It is also likely that
the traditional approach to address heterogeneity (i.e., strat-
ification by socio-demographic, clinical, or environmental
factors) is likely to lead to a reduction in statistical power
(30). On the other hand, the identification of clinically rele-
vant phenotypes should also lead to increased understanding
of the underlying pathobiology that contributes to a partic-
ular phenotype (31). Despite the huge advances in our un-
derstanding of the pathology of COPD in recent decades,
there have been few attempts to link COPD pathologies to
clinical COPD phenotypes (38). Finally, it has been hypoth-
esized that failure to identify COPD phenotypes may limit
the power of therapeutic trials (39) as effective and safe ther-
apy is likely to differ across phenotypes (31, 40). Several
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already existing examples illustrate this point, including the
use of long-term oxygen therapy for COPD with chronic res-
piratory failure (but not for those with PaO2 values above 60
mmHg) (41, 42), the use of lung volume reduction surgery
for patients with upper-lobe predominant emphysema and
poor exercise capacity after rehabilitation (43), and, more re-
cently, the development of roflumilast (a novel orally avail-
able anti-inflammatory drug) for only a subgroup of patients
with COPD (those with chronic bronchitis) (44). Large, on-
going COPD studies may provide insight into phenotyping
based on larger populations with more detailed descriptors.

Chest CT phenotypes
The use of chest CT scans for determination of lung density
was first described in the 1980s as a measure of the degree
of emphysema in COPD (45). An important step was the in-
troduction of digital image analysis software, such that the
density of the entire lung can now be reported as the lower
15th percentile in Hounsfield units or the percentage of lung
below a specific density mask threshold (e.g., < −950 HU)
to define emphysema.

A more recent approach is the assessment of the thickness
of the airway walls in order to determine the degree of airway
remodelling. This was initially applied to asthma and more
recently also to COPD (46). This approach appears to be ro-
bust for larger airways, and percent airway wall area can be
used as a read-out (47). Although large airway dimensions
correlate with small airway dimensions (48), direct assess-
ment of the latter (airways <2 mm in diameter) is beyond
the resolution of current CT scanning techniques. Quantita-
tive assessment of chest CT scans for emphysema and airway
disease provides an opportunity to define these two key phe-
notypes of COPD by objective criteria. There may also be fur-
ther relevant CT-defined phenotypes that need more detailed
study as to their clinical relevance and this includes emphy-
sema distribution, emphysema pathological subtype (cen-
trilobular vs. panlobular vs. paraseptal), the degree of mucus-
mediated obstruction (plugging of airways), and bronchiec-
tasis.

An important issue for multicenter trials is standardiza-
tion of CT measurements across different clinical centers.
Here the different brands and models of CT scanners, which
use different scanning technologies, scanning protocols, and
different algorithms for data processing, can affect the lung
density and the airway wall results. Careful standardization
including the use of phantoms for all scanners is required in
order to be able to compare results. In spite of these problems,
it may be possible to obtain data on CT-assessed emphysema
which could be compared in a multicenter study.

EXISTING COPD STUDY POPULATIONS

At the Boston meeting, 38 study populations which included
spirometric assessment of COPD and DNA sample collec-
tion were reviewed (Table 1). These studies included 20 case-
control studies (or studies of cases only or controls only,
which will all be included as “case-control” for this discus-

sion), 16 population-based cohort studies (some of which
had family components), and two family-based studies. De-
spite the smaller number of studies, a much larger number
of total subjects (>130,000) were available in the population-
based cohort studies than in the case-control studies (approx-
imately 38,000). The majority of studies have been performed
in White populations. Most of the case-control studies in-
clude post-bronchodilator spirometry and a minimum num-
ber of pack-years of smoking criterion for inclusion, while
most of the population-based cohort studies do not (Table 2).
A surprisingly large fraction of case-control studies as well as
some of the population-based studies included chest CT scan
assessment. COPD exacerbations were also assessed in many
studies.

Using the reported definitions of COPD and non-COPD
from each study, there are approximately 39,600 COPD cases
and 131,600 control subjects in the combined set of case-
control and population cohort studies (Table 3). In these
case-control and population cohort studies, there are approx-
imately 14,700 cases and 37,600 controls reported to have
genome-wide SNP genotyping currently available.

WORKSHOP RECOMMENDATIONS FOR CREATION OF
AN INTERNATIONAL COPD GENETICS CONSORTIUM

Rationale and vision
At the Boston meeting, the participants identified multiple
advantages of creating a COPD genetics research consor-
tium, and strongly endorsed this approach. Larger sample
sizes of cases and controls will definitely increase power to
detect COPD susceptibility loci. The potential to assemble
large numbers of severe COPD subjects that are clearly af-
fected is a major advantage, since relatively small numbers of
severely affected subjects have been included in most indi-
vidual studies. Similarly, the opportunity to perform pooled
analyses of chest CT phenotypes was seen as a major strength,
as long as the technical challenges of different CT scanning
and analytical protocols can be overcome. Opportunities to
study other COPD-related phenotypes, including COPD ex-
acerbation frequency, lung function decline, and lung can-
cer, were also recognized. Although many of the participating
studies do not yet have genome-wide SNP genotyping, these
studies provide opportunities to replicate initial GWAS find-
ings in large numbers of additional subjects. In addition to
studies of main genetic effects, a large COPD genetics con-
sortium would improve the statistical power to study gene-
by-environment interactions.

Although the studies listed above could be performed in
a fairly short time-frame, potential future advantages of a
COPD genetics consortium were also appreciated. Such a
consortium could provide a framework for future genetic
collaborations in exome sequencing and whole genome se-
quencing, as well as in other genetic/genomic areas (e.g., epi-
genetics, gene expression). There would likely be increased
standardization of study protocols and procedures for fu-
ture studies (e.g., imaging, questionnaires) and the poten-
tial for collaborative studies of non-genetic issues (e.g., phe-
notypes, biomarkers). Limiting duplication of research effort
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Table 3. International COPD Genetics Consortium: Approximate
current study population sample sizes

Cases Controls

Case-Control Studies (or Case-Only Studies) 23,039 15,610
Cohort Studies 16,526 115,956
Combined Set 39,565 131,566
GWAS in Combined Set Currently Available 14,741 37,612

Notes: For this table, approximate sample sizes from Table 1 were used as actual
values. Only subjects with spirometry from Table 1 were included in these calcu-
lations (MESA Lung SHARe was excluded). Population-based studies with a fam-
ily component (e.g., Framingham) are listed under “Cohort Studies,” while other
pedigree-based studies (e.g. International COPD Genetics Network) have been ex-
cluded. For the “GWAS in Combined Set Currently Available,” only subjects with
available genotyping by December 2010 were included.

could likely be accomplished as well. Overall, there was gen-
eral consensus that a COPD genetics consortium would have
a high likelihood of significantly advancing knowledge in the
field.

In addition to these advantages of forming a collaborative
consortium, a variety of challenges were identified. It was rec-
ognized that there are academic realities including the need
for individual research groups to demonstrate academic pro-
ductivity to renew funding and promote research person-
nel. Some COPD genetics collaborations already exist, and
a goal was not to interfere with those existing relationships.
Although studies that include reasonable numbers of COPD
cases and control subjects could be analyzed individually and
combined using meta-analytical approaches, the optimal ap-
proach for utilizing studies of COPD cases only or controls
only was not as clear.

A variety of challenges related to phenotypic characteri-
zation were also identified. Substantial variation exists in the
definitions of cases and controls between studies (e.g., phys-
iologic measurements of lung function using GOLD criteria
or use of lower limit of normal [LLN]), as well as in spirome-
try protocol (e.g., pre- vs. post-bronchodilator). Some pheno-
types (e.g., imaging) may be difficult to combine across stud-
ies due to technical issues. There are important variations in
study populations (e.g., race/ethnicity, smoking history, ex-
clusion of subjects with other illnesses, other criteria used for
selection, study design, and informed consent restrictions)
and genetic analysis approaches (e.g., variation in genotyp-
ing platform, data cleaning, analytical approaches, and data
sharing).

Despite these challenges, there was general agreement that
the advantages of collaboration far outweighed the limita-
tions, and that a transparent and open collaboration could
overcome most of the challenges. To be successful, the needs
and rights of each contributing study will need to be re-
spected. Based on the enthusiastic support for an interna-
tional COPD genetics consortium from the Boston meeting
participants, the research projects amenable to this consor-
tium approach and an organizational structure for the con-
sortium were discussed.

Feasibility of collaborative COPD genetics studies
Although the development of large consortia of thousands of
subjects may obviate some of the issues that have contributed

to non-replication of previous COPD genetic studies (such as
power limitations germane to smaller studies), the inclusion
of data from a large number of studies presents unique chal-
lenges and opportunities.

Smoking exposure and penetrance
Despite the challenges of disease gene discovery in complex
disease, there are some striking advantages to studying the
genetics of COPD (COPD strictly being a syndrome not a
specific disease). First, one of the most important features of
studying the genetics of COPD is that the key environmental
exposure of cigarette smoking is known and quantifiable in
the setting of a gene-by-environment interaction. In contrast
to most other complex diseases, the majority of COPD can be
attributed to a single exposure (cigarette smoking) which can
be crudely quantified, by intensity (cigarettes/day) and/or to-
tal exposure (pack-years), across both cases and controls in
geographically diverse populations. The central role of smok-
ing exposure in genetic susceptibility is illustrated by the di-
vergent outcomes in people with alpha-1 antitrypsin defi-
ciency based on their smoking history (49).

Second, although COPD is a syndrome encompassing
both emphysema and small airway disease that are present
in varying degrees, both are characterized by irreversible air-
flow limitation (reduced FEV1 and FEV1/FVC ratio), which
can be measured by simple spirometry in population studies.
From an epidemiological perspective, FEV1 (after age, gen-
der, race, and height adjustment) provides a good starting
place from which to define COPD, as it is a highly herita-
ble trait (50) regardless of the heterogeneity of COPD sub-
jects. Moreover, with increasing smoking exposure, FEV1 de-
fines susceptible and resistant smokers with an increasingly
bimodal distribution supportive of a genetic basis (2, 51–53)
and possibly a threshold effect. Comparing smokers at ei-
ther end of the FEV1 spectrum but with comparable smoking
exposure, so called “extreme phenotypes” (54), may help to
overcome minor differences in spirometric criteria defining
the COPD phenotype.

Despite these characteristics of COPD as a complex ge-
netic disease, there remain significant challenges in combin-
ing population-based and case-control samples. Many stud-
ies that can be included in a collaborative COPD meta-
analysis have not taken detailed smoking histories or vali-
dated intensity of current smoking via measurements of coti-
nine levels. Although reporting bias is a concern, self-report
of cigarette smoking has been demonstrated as a reliable as-
sessment.

Some of the studies proposed for inclusion in this consor-
tium have focused on a minimum amount of smoking expo-
sure for enrollment, while others have not. Similarly, some
studies have focused on the heavy smoker, and some have in-
cluded a range of exposures. Including all studies allows for
a reasonable attempt to achieve the necessary power to as-
sess genetic main effects, but also gene-by-smoking interac-
tions through stratification and/or adjustment. In addition,
genetic insights into COPD will be gleaned by not only study-
ing those genes that associate with COPD susceptibility, but
also genes that may portend protective resistance to COPD
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in subjects with an extremely high number of pack-years but
normal lung function.

Heterogeneity of COPD
First and foremost in the planning and organization of large
consortia with the goal of meta-analysis, the heterogeneity
of phenotypes across studies needs to be addressed. This is
an issue by no means limited to respiratory genetic stud-
ies. A paramount challenge in studies of COPD has been
the inherent heterogeneity of the disease, variable effects of
smoking exposure on penetrance (described previously), and
the importance of defining disease subtypes. In addition,
not all studies have performed pre- and post-bronchodilator
spirometry, and many studies have not been sufficiently re-
sourced to undertake chest CT scanning to phenotype COPD
pathologically. Even in the presence of post-bronchodilator
spirometry, issues of spirometric diagnosis of COPD based
on using GOLD criteria versus lower limit of normal may
contribute to phenotypic heterogeneity. This is likely to be
minimized in those case-control studies comparing more ex-
treme (susceptible vs resistant) phenotypes where misclassi-
fication of cases or controls based on variation in spirometry-
based definition is likely to be minor. However, severity of
COPD is an issue that needs careful consideration given the
strong association between aging and loss of lung function.
Moreover, it is noted that a spirometric diagnosis of a re-
sistant smoker does not obviate some misclassification as
smoking-related emphysema may be present despite normal
spirometric measures.

A major strength of this consortium will be the availabil-
ity of data from both spirometry and CT scans of the lungs
for parsing subjects by emphysema status (and also within
COPD cases for emphysema versus airway predominant
disease). Although CT scanning presents challenges (lack
of uniformity of scanner technical characteristics, scanning
protocols, radiation dosing, scoring of emphysema sever-
ity/distribution, etc.), computerized approaches to process
and analyze chest CT scans may be useful in harmonizing
CT scan data, and will likely assist in refinement of COPD
subtypes.

Ethnic heterogeneity/population substructure
Although the inclusion of data from Caucasian, African, Na-
tive American, and Asian subjects may lead to false posi-
tive and/or false negative association findings due to popu-
lation substructure, contribution of all subjects’ data to the
power of the overall analysis, and to the race-specific genetic
association analyses of COPD, are major strengths of per-
forming a multi-ethnic consortium. There are many existing
examples of disease associations confined to specific ethnic
groups. Primary analyses would be conducted within each
ethnic group, followed by comparison of association results
between groups.

Study-specific issues
Although the inclusion of many studies of COPD may in-
crease the power due to an increase in total subject num-
ber, presently a minority of COPD studies have GWA data.

Given the large burden of disease accounted for by COPD,
this void of GWA data in and of itself supports the impor-
tance of efforts to accrue more GWA data. The consortium
will include GWA data on both population-based cohorts
and case-control studies. In the population-based cohorts,
the contribution of genetic variants on lung function can be
explored in settings other than chronic smoking.

There is a need for more GWA data in case-control studies,
where smoking has been accounted for and other important
exposures have been examined. Case-control studies can also
allow investigation of the role in disease of variants shown to
be associated with lung function in population-based stud-
ies. The case-only studies can be added to the case-control
studies in a mega-analysis of individual genotype and pheno-
type data, or in circumstances where data can be combined or
compared with the controls derived from other studies. The
consortium is also fortunate enough to have large prospective
studies in which the genetic determinants of rate of decline in
lung function (or other aspects of disease progression) can be
studied; this could be insightful, for example, for those vari-
ants shown to be associated with COPD or cross-sectional
lung function measures.

Other study-specific issues include variations in enroll-
ment criteria, age ranges of subjects, and rates of co-morbid
conditions including obesity which may affect lung function.
Of these, variations in smoking history (described above) and
current smoking status are potentially the most essential, as
some of the COPD studies had minimum amounts of smok-
ing exposure required for eligibility, and include a mix of cur-
rent and former smokers. Given that gene-by-smoking inter-
actions are crucial to include in genetic analyses (2, 51–53)
this variable inclusion of subjects may seem to be a limita-
tion.

For genetic studies there is likely enrichment in genetic ef-
fects in those subjects who develop COPD at a very young age
as well as those smokers who remain resistant to both COPD
and emphysema at very old ages. Associations will need to be
re-examined with stratification by age of disease onset, to-
tal pack-year exposure and current smoking status where the
data are known.

Variable rates of comorbidities in the different COPD
studies may impact genetic associations with lung function
(such as the association of diabetes with lower lung function)
but the inclusion in genetic analysis of the most diverse group
with COPD may increase the likelihood that positive associ-
ations are true positive findings.

GWAS platforms and data cleaning
As has been the challenge in other complex diseases such
as diabetes, the platforms used for genome-wide genotyping
have varied. There is variable inclusion of SNPs leading to
differential coverage of genes on a given platform. However,
this reality has led to the availability of imputation methods to
overcome the differences between GWA arrays; these novel
in silico tools allow for the development of a larger study
population less constrained by choice of genotyping technol-
ogy. In addition to the genotyping platform, approaches to
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data cleaning may vary between bioinformatics groups. How-
ever, a harmonized approach to data cleaning is mandatory.

Sharing of individual subject data
The protection of human data and subject privacy is
paramount and the ability to share individual level geno-
type results may be limited. Thus, the performance of “mega-
analysis” in which individual-level genotype and phenotype
data would be shared, though remaining a worthwhile even-
tual goal, was judged not to be essential to progress at this
time. However, meta-analytic approaches that use study-wide
association data (p-values) weighted by study size or by in-
verse variance have been shown to be as powerful as mega-
analysis approaches that utilize subject level data (55). Thus
for identification of common variants for COPD (at least 5%
minor allele frequency) meta-analytic approaches will pro-
vide important insights into COPD.

Plan for initial meta-analysis
A preliminary design for the initial collaborative genetic as-
sociation meta-analysis for the consortium was created at the
Boston meeting. Two key genome-wide association analy-
ses were proposed: 1) All COPD vs. Controls, and 2) Se-
vere COPD vs. Controls. The precise definitions of All COPD
and Severe COPD remain to be determined. Within each
study population that has existing genome-wide SNP geno-
typing data, standard quality control approaches will be used
to clean the data, including criteria for exclusion of SNPs with
low call rates, low minor allele frequency, departures from
Hardy-Weinberg equilibrium, and differential rates of miss-
ing data between cases and controls, and exclusion of indi-
viduals with low call rates or exhibiting cryptic relatedness
among unrelated samples.

Standard approaches to genotype imputation will be ap-
plied in each study, followed by a similar approach to popu-
lation stratification adjustment within each study using ad-
justment with principal components for genetic ancestry.
Genome-wide association analysis for the two COPD affec-
tion status phenotypes (all COPD and severe COPD) will
be performed within each study, with separate analyses in
subjects of Caucasian, Asian, and African ancestry. Meta-
analysis of GWAS will be performed within each major racial
group using inverse variance weighted meta-analysis meth-
ods to account for differences in sample size and imputation
quality across genotyping platforms, followed by comparison
of association evidence between major racial groups. Finally,
replication genotyping and association analysis of the most
interesting SNPs will be performed in the remaining study
populations without genome-wide SNP data.

Structure of the Consortium
The mandate of the International COPD Genetics Consor-
tium is to find common and rare genetic determinants of
COPD; to identify COPD subtypes and their genetic basis;
and to use this information to develop new disease classifi-
cations and therapeutic interventions. Based on the discus-
sions at the Boston meeting, it was recommended that re-
search studies including COPD and control subjects would

be invited to participate if they collected high quality spirom-
etry data and DNA samples, and if the study met a minimum
sample size. The expectation is that the studies will include at
least 200 COPD cases and 200 controls, but review of specific
studies is possible if those criteria are not met. For studies that
include case-only collections, they would be encouraged to
find appropriate sets of control subjects for genetic associa-
tion analysis; if not available, those COPD study populations
could be included in studies of COPD progression or CT sub-
types. Study populations meeting these criteria that were not
represented at the Boston meeting will be welcome to join
this international collaborative effort.

Several committees will be created to perform the consor-
tium research and administration, including a Steering Com-
mittee (in charge of major decisions); Planning/Executive
Committee (routine operations); Phenotype Harmonization;
Imaging Committee; Genotyping and Genomics Core; and
Analysis Core.

The International COPD Genetics Consortium has the
potential to provide short-term results by providing highly
powered genome-wide association studies of COPD suscep-
tibility, and long-term results by facilitating the study of other
COPD-related phenotypes and other genomic outcomes. Or-
ganization, resources, and communication will be essential to
realize this potential.

SUMMARY RECOMMENDATIONS

(1) Create the International COPD Genetics Consortium
(ICGC) – to be open worldwide to include all study pop-
ulations meeting minimum criteria for size, spirometric
data, and DNA availability.

(2) Mandate of the ICGC is to:
(a) Use pooled resources to define rare and common ge-

netic determinants of COPD
(b) Identify COPD subtypes and their genetic basis
(c) Develop new disease classifications for COPD
(d) Foster development of new therapeutic interventions

that are subtype or disease classification specific
(3) Recommended committee structure:

(a) Steering Committee (with oversight of major deci-
sions)

(b) Planning/Executive Committee
(c) Imaging Committee
(d) Phenotype Harmonization Committee
(e) Genotyping and Genomics Core
(f) Analysis Core

(4) Generating new GWAS/genotyping/sequencing/gene
expression data
(a) Expand and extend existing and ongoing genetic

analysis projects
(5) Plans for genetic analysis

(a) Initial meta-analysis focused on common definitions
of case status and on extreme phenotypes

(b) Common standardized quality control approaches to
clean data

(c) Standard approach for data analysis
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(d) Separate meta-analysis for each racial and ethnic
group

(e) Replication in study populations not having genome-
wide SNP data

(6) Data sharing
(a) Optimize data sharing while protecting privacy and

personal health information
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Abstract: Recent genome-wide association studies have reported a FAM13A variant on 

chromosome 4q22.1 is associated with lung function and COPD. We examined this variant 

in a case-control study of current or former smokers with chronic obstructive pulmonary 

disease (COPD, n = 458), lung cancer (n = 454), or normal lung function (n = 488). Sex, age, 

and smoking history were comparable between groups. We confirmed the FAM13A variant 

(rs7671167) confers a protective effect on smoking-related COPD alone (C allele odds ratio 

[OR] = 0.79, P = 0.013, and CC genotype OR = 0.71, P = 0.024) and those with COPD, both 

with and without lung cancer (C allele OR = 0.80, P = 0.008, and CC genotype OR = 0.70, 

P = 0.007). The FAM13A variant also confers a protective effect on lung cancer overall (C allele 

OR = 0.75, P = 0.002, and CC genotype OR = 0.64, P = 0.003) even after excluding those with 

co-existing COPD (C allele OR = 0.67, P = 0.0007, and CC genotype OR = 0.58, P = 0.006). 

This was independent of age, sex, height, lung function, and smoking history. This protective 

effect was confined to those with nonsmall cell lung cancer (C allele OR = 0.72, P = 0.0009, 

and CC genotype OR = 0.61, P = 0.003). This study suggests that genetic predisposition to 

COPD is shared with lung cancer through shared pathogenetic factors such as the 4q22.1 locus 

implicating the Rho-kinase pathway.

Keywords: lung cancer, chronic obstructive pulmonary disease, FAM13A, association study, 

polymorphism, GTPase

Introduction
Cigarette smoking is the major risk factor for chronic obstructive pulmonary 

disease (COPD) and lung cancer, and accounts for 85% to 90% of cases. Genetic 

 predisposition may explain why only ≈10% to 20% of smokers are diagnosed 

with these conditions.1,2 Recent studies have shown that COPD is present in 50% 

to 70% of lung cancer cases when spirometry is performed,3–5 compared with a 

COPD prevalence of 15% to 20% among smokers randomly recruited from the 

community.3,6,7 The presence of COPD is associated with a 4- to 6-fold increased 

risk of lung cancer compared with smoking controls with normal lung function6 

or community-recruited smokers.3 The heritability of COPD and lung cancer is 

estimated to be 40% to 77% and 15% to 25%, respectively.8,9 These observations 

suggest that not only is COPD an important phenotype which affects many people 

with lung cancer (Figure 1a), but that genes conferring a propensity to COPD may 

also be significant for lung cancer  susceptibility.10 Further supporting this claim are 
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the results of recently published  genome-wide association 

(GWA) studies of COPD, lung function (Forced Expiratory 

Volume in one second, FEV
1
), and lung cancer.11–16 Despite 

these studies investigating  different disease phenotypes, 

they have reported associations at  several overlapping loci 

(Table 1). This suggests that, among  smokers, some loci that 

determine susceptibility to COPD may also be important 

in the  susceptibility to lung cancer.

Lung cancer GWA studies have successfully  identified 

several novel susceptibility loci,11–13 but these studies may 

have severely underestimated the contribution of COPD 

and its underlying genetic determinants of lung cancer 

(“ COPD-related” genes, Figure 1).3 Due to the high 

prevalence of COPD in lung cancer, as well as its greater 

heritability, genetic studies in lung cancer might improve 

their power to identify these COPD-related genes by using 

a control group of smokers who have a comparable level 

of smoking exposure but normal lung function (“resistant” 

smoker, see Figure 1a).17,18 This type of control group would 

represent the majority of smokers19,20 and those least likely to 

develop either COPD or lung cancer.3–7 It has recently been 

demonstrated that genetic variants that confer a protective or 

“resistant” phenotype might be better identified using healthy 

smokers as controls.18 Significant differences in COPD 

prevalence may exist in lung cancer GWA  studies between 

lung cancer cases and controls,11–13 (Figure 1b) which could 

go unrecognized as it appears spirometry was not used to 

examine this possibility.3,17,18 Furthermore, spirometry can 

be utilized to “subphenotype” smokers (with comparable 

smoking histories) into smokers with normal lung function, 

Current and former smokers with
> 15 pack-year smoking history and

spirometry performed to allow
subphenotyping for COPD to

reflect the overlap and in order to
better establish associations. 

 

Current and former smokers with
variable smoking exposure and
unknown COPD status could
result in spurious associations

(confounding) or no association
(dilution effect). 

A

Smokers with unknown 
lung function 

Lung cancer
cases with
unknown

lung function

 
 
 

?COPD

B

Smokers with normal
lung function

  

Lung cancer
subphenotyped

by COPD

  
 

 

COPD 

Figure 1 Overlapping relationship between COPD and lung cancer in current or former smokers. A) Lung function to define COPD subphenotype and healthy smoking 
(“resistant”) controls,3,17,18 current study. B) No lung function to define COPD subphenotype – lung cancer genome-wide association studies to date.11–13
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those with COPD, and those who have lung cancer with or 

without co-existing COPD.3

Using the approach described above, re-examination of 

the associations between genetic variants at the 15q25 and 

4q31 loci have shown overlapping effects with COPD and 

lung cancer not previously reported.17,18 Specifically the 

chromosome 15q25 locus, which was initially associated 

with lung cancer in GWA studies,11,12 was also shown to be 

independently associated with susceptibility to COPD by 

Young et al.17 Subsequent GWA and candidate gene studies 

of COPD have confirmed this finding.13,21 In addition, Young 

et al have shown that the chromosome 4q31 locus, strongly 

associated with a reduced risk of COPD in GWA studies,14,15 

also confers a reduced risk to lung cancer independent of 

COPD.18

Recently, two GWA studies reported variants at the 

4q22 locus, within the FAM13A (family with sequence 

similarity 13, member A) gene, are associated with 

 normal lung function (FEV
1
/forced vital capacity, FVC)15 

and reduced risk of COPD.22 To date this gene has been 

poorly characterized (http://www.ncbi.nlm.nih.gov/entrez/ 

dispomim.cgi?id=613299, last accessed 8th October, 2010), 

although sequence analysis has indicated the presence of 

a Rho GTPase-activating protein (Rho-GAP) domain on 

exons 2–5. Based on the presence of this domain,23 it is 

thought that FAM13A may have tumor suppressor activity 

through  Rho-GAP mediated inhibition of the intracellular 

signal transduction molecule Rho A.24 The rs7671167 SNP,  

first described by Cho et al,22 is situated on intron 4 of the 

FAM13A gene and in linkage disequilibrium with SNPs in 

the Rho-GAP domain region. The current study examines 

the association of the FAM13A rs7671167 SNP in similarly 

exposed smokers (current or former) with normal lung 

 function, COPD, and lung cancer (where lung cancer sub-

jects are subphenotyped for COPD) to consider the presence 

of shared genetic effects, such as those reported for chromo-

some 15q25 and 4q31.17,18

Materials and methods
Study subjects
All subjects recruited were of Caucasian ancestry based on 

their grandparents’ descent (all 4 grandparents of Caucasian 

descent). Subjects recruited into the study were aged 40 to 

80 years, with a minimum smoking history of 15 pack-years 

and COPD confirmed by a respiratory specialist based on 

prebronchodilator spirometric criteria. All subjects were 

recruited between 2001 and 2007. Control subjects were 

recruited based on the following criteria: aged 45 to 80 years 

and with a minimum smoking history of 15 pack-years. 

Control subjects were volunteers who were identified through 

either a community postal advertisement or while attending 

community-based retired military/servicemen’s clubs located 

in the same patient catchment as those serving the lung 

cancer and COPD hospital clinics. Lung cancer cases were 

aged .40 years and in 95% of cases, their diagnosis was 

confirmed through histological or cytological specimens. 

Nonsmokers with lung cancer were excluded from the 

study and only primary lung cancer cases with the following 

pathological diagnosis were included: adenocarcinoma, 

squamous cell cancer, small cell cancer, and nonsmall cell 

cancer (generally large cell or bronchoalveolar subtypes). 

Lung function measurement (prebronchodilator) was 

performed within 3 months of lung cancer diagnosis, prior 

to surgery, and in the absence of pleural effusions or lung 

collapse on plain chest radiographs.

Spirometry was done in 100% of those with COPD 

and the smoking controls, while 93% of those with lung 

cancer underwent spirometry. Lung function conformed 

to  American Thoracic Society standards for accept-

ability and  reproducibility, with the highest value of the 

best three blows used for classification of COPD status. 

 Spirometry was performed using a portable spirometer 

(Easy-OneTM; ndd  Medizintechnik AG, Zurich,  Switzerland). 

Table 1 Chromosomal loci and candidate genes associated with 
COPD and lung cancer from genome-wide association studies to 
date11–16

Disease Candidate  
genes

Chromosomal  
loci

Referencea

COPD (FEV1) IL6R 1q21 14
FAM13A 4q22 15,23
GSTCD 4q24 15,16
HHIP/GYPA 4q31 13–16
HTR4/ADAM19 5q33 15,16
BAT3/AGER 6p21 15,16
GPR126 6q24 15,16
CHRNA 3/5 15q25 13,14

Lung cancer CRP 1q21–23 11
GYPA 4q31 11
CRR9 (TERT) 5p15 2,11,12
BAT3 6p21 2,11,12
CHRNA 3/5 15q25 2,11–13

Note: aAvailable at www.genome.gov/gwastudies. Accessed 25/03/2010
Abbreviations: IL6R, interleukin-6 receptor; FAM13A, family with sequence 
familiarity 13, member A; GSTCD, glutathione S-transferase; C-terminal domain 
containing; HHIP, hedgehog interacting protein; GYPA, glycophorin A; HTR4, 
5-hydroxytryptamine receptor 4; ADAM19, a disintegrin and metalloproteinase 
domain 19; BAT3, HLA-B associated transcript 3; AGER, advanced glycosylation end 
product-specific receptor; GPR126, G protein-coupled receptor 126; CHRNA3/5, 
locus containing both cholinergic receptor, nicotinic, alpha 3 and 5 genes; CRP, 
C-reactive protein; CRR9, cisplatin resistance related protein; TERT, telomerase 
reverse transcriptase.
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COPD was defined according to the Global Initiative for 

Chronic Obstructive Lung Disease (GOLD) spirometric 

criteria of II or more (FEV
1
/FVC , 70% and FEV

1
% 

 predicted # 80%) although using  prebronchodilator 

 measurements (www.goldcopd.com). For lung cancer cases 

that had already undergone surgery,  preoperative lung func-

tion performed by the hospital lung function laboratory was 

sourced from medical records. Controls with COPD based 

on spirometry (GOLD stage I or more) constituted 50% of 

the community  volunteers and were excluded from further 

 analysis. At the time of recruitment all participants gave 

written informed  consent, and  underwent blood sampling for 

DNA extraction,  spirometry, and an  investigator-administered 

questionnaire. The study was approved by the Multi Centre 

Ethics Committee (New Zealand).

Study design
The present retrospective case–control study compared 

 smokers of the same ethnicity and comparable  demographic 

variables (specifically age, sex, and smoking history). 

The healthy (resistant) controls in the current study were 

 carefully chosen to be representative of the majority of 

smokers (60%–80%) who have maintained normal or 

near-normal lung function despite decades of smoking.19,20 

 Accordingly, such a group allows the association with COPD 

to be  independently assessed and COPD-related genetic 

associations to be identified as they (“resistant” smokers) 

best reflect those smokers least likely to develop lung  cancer 

or COPD. This approach resembles a pharmacogenetic 

approach and minimizes phenotype misclassification of 

controls, thereby improving the power to detect differences 

between affected and unaffected smokers.25

Genotyping
Genomic DNA was extracted from whole blood samples 

using standard salt-based methods and purified genomic DNA 

was aliquoted (10 ng ⋅ µL-1 concentration) into 96-well plates. 

Samples were genotyped using Taqman® SNP genotyping 

assays (Applied Biosystems, Foster City, CA, USA)  utilizing 

minor groove-binder probes as previously described.17,18 

The present study investigated the genotype frequencies of 

the FAM13A SNP in the 4q22 region; rs7671167 (assay ID: 

C_1143656_10, Applied Biosystems) which was identified 

by the Cho et al GWA study.22 The rs7671167 SNP lies in 

intron 4 of the FAM13A gene (Figure 2a) and exhibits  linkage 

disequilibrium (LD) with the other top SNPs identified in this 

region (rs1903003: D′ = 1.0 r2 = 0.852; rs2869967: D′ = 1.0 

r2 = 0.64; rs6830970: D′ = 0.926 r2 = 0.365 –  Figure 2b). 

Call rates of $99% for this SNP were achieved in each 

group and genotyping replicated in a random sample of 

150 subjects (11%).

Analysis
Patient characteristics in the cases and controls were compared 

by ANOVA for continuous variables and χ2 test for discrete 

variables (Mantel–Haenszel, odds ratio [OR]). Genotype and 

allele frequencies for the cases and controls were examined 

separately for each SNP by Hardy–Weinberg Equilibrium). 

Population admixture across groups was performed using 

structure analysis on genotyping data from 40 unrelated 

SNPs.26 Distortions in the genotype and allele frequencies 

were identified between cases and controls using two-by-

two contingency tables. Both the additive- (allelic) and 

genotype-based genetic models were tested although the latter 

is preferred.27 Bonferroni correction was used for the genetic 

models tested above but not for the single FAM13A SNP 

analysis, as this study was testing for replication only.

Results
Demographic variables
Characteristics of the lung cancer cases, COPD cases and 

healthy control smokers are summarized in Table 2 and 

described in detail elsewhere.3,17,18 The demographic variables 

B

A

Chromosome 4q22 region

LD with 
rs7671167a Discovered by 

0.926  (0.365) Hancock et al15

1.0  (0.64) Hancock et al15

Referent SNP Cho et al22 Current study 

1.0  (0.852) Cho et al22

aD’ (r2) - based on CEU HapMap, NCBI B36 assembly 

1
94

92

91
2

3

4

rs6830970

rs6830970

rs2869967

rs7671167

rs1903003

rs2869967
rs7671167

rs1903003

Figure 2 Linkage disequilibrium map of the chromosome 4q22 region including the 
FAM13A SNPs reported to date.
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different when sex adjustment was made. As expected, 

lung function was worse in the lung cancer and COPD 

cases compared to the healthy smoker controls. Testing 

of lung function (as described above) was achieved in 

93% of lung cancer cases and allows stratification of 

results to test for an interactive or confounding effect 

of COPD.

Genotype and allele frequencies
Genotype and allele frequencies for the FAM13A rs7671167 

SNP are shown in Tables 3 and 4. The genotype frequen-

cies were consistent with those reported in the literature22 

(personal communication, EK Silverman) and from the 

International Hapmap Project (www.hapmap.org). As SNP 

genotypes were confirmed with careful examination of 

amplification plots, replicated in 150 samples with 100% 

concordance and in Hardy–Weinberg equilibrium for each 

phenotypic group, we believe significant genotyping error 

can be excluded. We found no evidence for population 

stratification between the case and control groups using 

40 unlinked SNPs from unrelated genes (mean χ2 = 3.3, 

P = 0.58).26

We found the FAM13A variant (rs7671167) confers a 

protective effect on the development of COPD (N = 458; 

C allele OR = 0.79, P = 0.013, and CC genotype OR = 0.71, 

P = 0.024) (Table 3), consistent with previously reported 

studies.15,22 We also show for the first time this FAM13A 

variant has a protective effect on lung cancer (N = 449; 

C allele OR = 0.75, P = 0.002, and CC genotype OR = 0.64, 

P = 0.003), which remained significant even after excluding 

those with co-existing COPD (GOLD II or more) (N = 207; 

C allele OR = 0.67, P = 0.0007, and CC genotype OR = 0.58, 

P = 0.006) (Table 3). The association with FAM13A was also 

found in lung cancer where the diagnosis of COPD pre-

dated lung cancer diagnosis (N = 215; C allele OR = 0.81, 

P = 0.065, and CC genotype OR = 0.66, P = 0.028). When 

these cases (lung cancer with COPD) were combined with 

COPD cases a significant association with FAM13A was 

also found (N = 673; C allele OR = 0.80, P = 0.008, and CC 

genotype OR = 0.70, P = 0.007). We found the associations 

between COPD and lung cancer with FAM13A best fitted 

an autosomal recessive model (COPD: OR = 0.72 [95% CI 

0.54–0.97], P = 0.037 and Lung Cancer: OR = 0.65 [95% 

CI 0.48–0.88], P = 0.0058) although this was marginal 

when compared with an additive model (COPD: OR = 0.77 

[95% CI 0.57–1.04], P = 0.088 and lung cancer: OR = 0.73 

[95% CI 0.54–0.99], P = 0.049). Only the recessive model 

for lung cancer was significant after Bonferroni correction 

Table 2 Summary of the characteristics for the lung cancer, 
COPD, and control smokers

Parameter 
mean (1 SD)

Lung cancer 
N = 454

COPD 
N = 458

Control  
smokers 
N = 488

% male 53% 59% 60%
Age (years) 69 (10) 66 (9) 65 (10)
Height (m)* 1.67 (0.08) 1.68 (0.09) 1.69 (0.09)
Smoking history
Current smoking (%) 35% 40% 48%
Age started (year) 18 (4) 17 (3) 17 (3)
Years smoked 41 (12) 42 (11) 35 (11)
Pack-years* 41 (25) 47(20)a 40 (19)
Cigarettes/day 20 (10) 23 (9) 24 (11)
Years since quitting 11.4 (6.7) 9.8 (7.4) 13.9 (8.1)
History of other  
exposures
Work dust exposure* 63% 59% 47%
Work fume exposure 41% 40% 38%
Asbestos exposure* 23% 22% 16%
Family history (FHx)
FHx of COPD 33% 37% 28%
FHx of lung cancer* 19% 11% 9%
Lung function
FEV1 (L)* 1.86 (0.48) 1.25 (0.48) 2.86 (0.68)
FEV1 % predicted* 73% 46% 99%
FEV1/FVC* 64% (13) 46% (8) 78% (7)
Spirometric COPDb,* 51% 100% 0%

Notes: *P , 0.05. aNo significant difference after log transformation of pack-years 
due to skewed distribution; bAccording to GOLD II or more criteria.

and histological subtypes of the lung cancer cases (identified 

in 94% of cases) are comparable with previously published 

data.28 The COPD cases have higher pack-year exposure than 

the lung cancer cases and healthy control smokers (P , 0.05). 

This reflects outliers with high smoking histories in the 

COPD group (skewed distribution) and no difference exists 

after log transformation of pack-years (data not shown). 

All groups are comparable for age started smoking, years 

smoked, years since quitting, and cigarettes/day (Table 2). 

Overall, we believe the 3 groups have comparable smoking 

exposure. The lower frequency of current smokers in the lung 

cancer and COPD cases, compared with the healthy smoker 

group (35% vs 40% vs 48%, respectively), likely reflects 

the presence of symptoms from pulmonary complications of 

smoking (primarily breathlessness from COPD) stimulating 

higher quit rates.

The lung cancer cases, COPD cases, and smoking con-

trols were also comparable for other aero-pollutant expo-

sures. The lung cancer cases reported higher rates of a 

family history of lung cancer compared to the COPD cases 

and healthy smokers (19% vs 11% vs 9%). Mean height 

was slightly lower in those with lung cancer compared to 

those in the control group (P , 0.05) but height was not 
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(P = 0.01). Across all 3 FAM13A genotypes (Table 3) the 2 × 3 

χ2 comparison for COPD and lung cancer, compared with 

controls, was significantly different (P = 0.041 and P = 0.006, 

respectively). The FAM13A association was still statistically 

significant regardless of smoking status (ie,  stratification by 

current and former smoker status). There was no associa-

tion with the FAM13A variant and sex, lung function, age, 

or height.

When the FAM13A association was examined in the 

lung cancer cases subdivided according to histological 

subtype (Table 4), we found the protective effect conferred 

by the FAM13A SNP was confined to those with nonsmall 

cell lung cancer (defined as adenocarcinoma, nonsmall cell 

carcinoma – unspecified, and squamous cell carcinoma) 

(C allele OR = 0.72, P = 0.0009, and CC genotype OR = 0.61, 

P = 0.003) and lost in those with small cell carcinoma (C 

allele OR = 1.02, P = 0.91, and CC genotype OR = 0.98, 

P = 0.94). We also found no association between this variant 

and lung function or smoking exposure in the lung cancer 

cases, the only group recruited independent of lung function 

criteria (Table 5). As expected, no evidence of concordance 

was found when genotypes from all 3 groups for the FAM13A 

rs7671167 SNP (Chr 4q22) were compared with those 

from the HHIP rs1489759 SNP (Chr 4q31),18 which have 

respective positions 55 megabases apart on the long arm of 

chromosome 4.

Discussion
This study replicates the findings of Cho et al,22 showing 

the C allele of the FAM13A variant rs7671167 is associated 

with a reduced risk of COPD (C allele OR = 0.79, P = 0.013, 

and CC genotype OR = 0.71, P = 0.024). In addition, the 

study shows that this protective effect exists in those with 

COPD combined with those with lung cancer who also had 

pre-existing COPD (C allele OR = 0.80, P = 0.008, and CC 

genotype OR = 0.70, P = 0.007). Of greater significance, 

this study shows for the first time that this variant is associ-

ated with a reduced risk of lung cancer (C allele OR = 0.75, 

P = 0.002, and CC genotype OR = 0.64, P = 0.003), even 

after subphenotyping to exclude those with co-existing 

COPD (C allele OR = 0.67, P = 0.0007, and CC genotype 

OR = 0.58, P = 0.006) (Table 3). The latter, together with the 

observation that FAM13A genotype was not related to lung 

function nor pack-year exposure (Table 5), thereby excludes a 

confounding effect by COPD, low lung  function, or smoking 

exposure. These findings suggest that this FAM13A variant 

on 4q22 is independently associated with a reduced risk 

of both COPD and lung cancer. This observation adds the 

4q22 locus to those loci which also appear to be shared (or 

 overlapping) between COPD and lung cancer on chromosome 

15q25 (CHRNA 3/5 susceptible) and 4q31 (HHIP protective) 

(Table 111–16). Shared genetic susceptibility may explain why 

there appears to be such a strong relationship between COPD 

Table 3 Genotype and allele frequencies for the rs7671167 FAM13A SNP in COPD and lung cancer (total and subgrouped by COPD) 
cohorts compared with smoking controls

Primary cohorts 
(call rate %)

C T Odds ratioa  
(95% CI)a  
P valuea

CC CT TT Odds ratiob 
(95% CI)b 
P valueb

Controls N = 485 
(99%)

530 
(55%)

440 
(45%)

– 145 
(30%)

240 
(49%)

100 
(21%)

–

COPD* N = 458 
(100%)

448 
(49%)

468 
(51%)

0.79 
(0.66–0.96) 
0.013

107 
(23%)

234 
(51%)

117 
(26%)

0.71 
(0.53–0.97) 
0.024

Lung cancer (LC) N = 449 
(99%)

427 
(48%)

471 
(52%)

0.75 
(0.62–0.91) 
0.002

96 
(21%)

235 
(52%)

118 
(26%)

0.64 
(0.47–0.87) 
0.003

Lung cancer subgroup analysesc

LC with COPD* N = 215 212 
(49%)

218 
(51%)

0.81 
(0.64–1.02) 
0.065

47 
(22%)

118 
(55%)

50 
(23%)

0.66 
(0.44–0.97) 
0.028

LC only N = 207 185 
(45%)

229 
(55%)

0.67 
(0.53–0.85) 
0.0007

41 
(20%)

103 
(50%)

63 
(30%)

0.58 
(0.38–0.87) 
0.006

COPD subgroup analysis
COPD* and LC with 
COPD* N = 673

660 
(49%)

686 
(51%)

0.80 
(0.67–0.95) 
0.008

154 
(23%)

352 
(52%)

167 
(25%)

0.70 
(0.53–0.91) 
0.007

Notes: aC vs T compared with matched smoking controls (Mantel–Haenszel); bCC vs CT/TT compared to matched smoking controls (Mantel–Haenszel); cSpirometry 
available in 422/454 (93%); COPD* = GOLD II or more criteria.
Abbreviation: 95% CI, 95% confidence interval.
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and lung cancer among smokers even after correcting for 

smoking exposure.3–7

Identification of the FAM13A association with lung cancer 

was made possible by using smokers with normal lung func-

tion, well matched for ethnicity, age, sex, and most impor-

tantly, smoking exposure. This control group is  representative 

of the majority of “resistant” smokers (60%–80%) who 

 maintain normal or near normal lung function and therefore 

best represents a “low responder” phenotype.19,20 Had the 

smoking controls for this study been recruited from hospital 

or community based volunteers, in the absence of spirometric 

screening (ie, unscreened controls), the prevalence of COPD 

may have been as high as 30% or more.29,30 Such an excess of 

COPD subjects in the unscreened controls would be expected 

to dilute the effect of protective variants (such as the FAM13A 

gene) given comparable allele and genotype frequencies in 

COPD and lung cancer cases compared with unscreened 

 controls (see Figure 1 and Table 3). If this hypothesis were 

true, it might explain why none of the 3 lung cancer GWA 

studies11–13 reported an association with the 4q22 locus. In a 

similar vein, only 1 of the 3 lung cancer GWA studies identi-

fied that the 4q31 locus was implicated in lung cancer.11 This 

further  supports the view that unscreened controls in these 

studies were heterogeneous and may have included many 

smokers with COPD (Figure 1b), thereby diluting the “pro-

tective” effect of the 4q31 locus. This would be analogous to 

including a high proportion of obese subjects in the controls 

of a genetic epidemiology study of type 2 diabetes, thereby 

reducing the study’s power to detect relevant obesity-related 

genes.31

Table 4 Genotype and allele frequencies for the rs7671167 FAM13A SNP in the lung cancer cases (subgrouped by histology) compared 
with smoking controls

Primary cohorts C T Odds ratioa 
(95% CI)a 
P valuea

CC CT TT Odds ratiob 
(95% CI)b 
P valueb

Controls N = 485 530 
(55%)

440 
(45%)

– 145 
(30%)

240 
(49%)

100 
(21%)

–

Lung cancer (LC) N = 449 427 
(48%)

471 
(52%)

0.75 
(0.62–0.91) 
0.002

96 
(21%)

235 
(52%)

118 
(26%)

0.64 
(0.47–0.87) 
0.003

Lung cancer histology subanalysisc

Small cell 
N = 78 (18% of total LC)

86 
(55%)

70 
(45%)

1.02 
(0.72–1.45) 
0.91

23 
(29%)

40 
(51%)

15 
(19%)

0.98 
(0.56–1.70) 
0.94

Non small cell unspecifiedc 
N = 45 (11%)

43 
(48%)

47 
(52%)

0.76 
(0.48–1.20) 
0.21

9 
(20%)

25 
(56%)

11 
(24%)

0.59 
(0.26–1.31) 
0.16

Adenocarcinomac 
N = 191 (45%)

175 
(46%)

207 
(54%)

0.70 
(0.55–0.90) 
0.003

36 
(19%)

103 
(54%)

52 
(27%)

0.54 
(0.35–0.84) 
0.004

Squamous cellc 
N = 108 (26%)

101 
(47%)

115 
(53%)

0.73 
(0.54–0.99) 
0.036

26 
(24%)

49 
(45%)

33 
(31%)

0.74 
(0.45–1.23) 
0.23

Nonsmall cell lung cancerc combination analysis

All nonsmall cell N = 344 
(82% of total LC, N = 422)

319 
(46%)

369 
(54%)

0.72 
(0.59–0.88) 
0.0009

71 
(23%)

177 
(52%)

96 
(25%)

0.61 
(0.43–0.86) 
0.003

Notes: aC vs T compared with matched smoking controls (Mantel–Haenszel); bCC vs CT/TT compared with matched smoking controls (Mantel–Haenszel); cHistology 
available in 422/454 (93%) of lung cancer cases.

Table 5 Relationship between FAM13A genotype, smoking exposure, and lung function in the lung cancer cases

Gene Genotype Lung function (1 SD) Pack-years (1 SD)

FEV1 (L) FEV1 % predicted FEV1/FVC

FAM13A1 
(rs7671167)

CC 1.85 (0.67) 72.2% (22.2) 65.7% (12.2) 39.1 (18.1)
CT 1.84 (0.71) 72.8% (23.6) 63.4% (13.3) 42.6 (16.2)
TT 1.90 (0.68) 73.1% (22.0) 64.3% (12.7) 40.1(13.6)
P (ANOVA) 0.71 0.97 0.35 0.65
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The rs7671167 SNP has no known biological function, 

indeed the FAM13A gene itself is also poorly understood. 

FAM13A is an interesting candidate gene because of the 

Rho-GAP domain it encodes23 and its associated tumor 

 suppressor activity through inhibition of the intracel-

lular signal transduction molecule Rho A.24 This Rho-

GAP activity implicates FAM13A in carcinogenesis.32 

Furthermore, other proteins with Rho-GAP catalytic 

activity (eg, Deleted in Liver Cancer-1) function as tumor 

suppressors in many cancers,33,34 including nonsmall cell 

lung cancer.35–37 The importance of Rho-GAPs in the devel-

opment of nonsmall cell lung cancer is of interest as this 

study found the FAM13A association was limited to this 

histological subtype. The relevance of this putative Rho-

GAP function (inhibition of Rho A) of FAM13A extends 

to COPD, where increased Rho A activity has been impli-

cated in oxidative stress and impaired apoptosis underly-

ing COPD.38 For both COPD and lung cancer, differential 

expression of FAM13A has been observed during pulmo-

nary type II cell differentiation39 and in the epithelium of 

cystic fibrosis patients, another inflammatory based lung 

disease.40 Whether the rs7671167 variant is itself functional 

is not known although given its location (intron 4 of the 

Rho-GAP domain), effects on splice  variants are possible. 

The possibility that variable expression (or altered func-

tion) of FAM13A plays a role in COPD and lung cancer, 

mediated through its putative role as an inhibitor of Rho A 

activity (Rho-GAP), opens the door to several possible pre-

ventive or chemotherapeutic therapies.32,41–43 Specifically, 

the authors suggest that targeting FAM13A gene expres-

sion, or simulating its inhibitory function, might also have 

therapeutic benefit or preventive potential in COPD and 

lung cancer. Inhibition of Rho A and simulation of Rho-

GAP function has been shown to inhibit carcinogenesis32–34 

and has been suggested to have therapeutic utility in the 

treatment of many cancers including lung cancer.35–37 In this 

regard, it is intriguing that Rho-GAP activity appears to 

inhibit the HMGCoA reductase enzyme, thereby simulating 

the effects of HMGCoA reductase  inhibitors (statins),32,41–43 

and provides a plausible explanation as to why statins 

may reduce the tendency to COPD and lung cancer.44 

An exaggerated inflammatory/ remodeling response to 

smoking mediated through GTPases, and the develop-

ment of epithelial mesenchymal transition, are thought to 

link COPD and lung cancer.37,38,44–46 Based on the results 

of this study, it is proposed that augmented Rho-GAP 

activity from variable expression (or function), conferred 

by FAM13A variants (or SNPs in linkage disequilibrium), 

may be relevant in reducing the risk of both COPD and 

lung cancer. Further  studies will be needed to replicate 

these findings and ascertain the specific genetic variant/s 

(and functional effects)  underlying the FAM13A associa-

tion reported here.

In contrast to the GWA studies,15,22 this study found no 

correlation between the FAM13A variant and lung function 

in the lung cancer cases. This may be due to several 

factors specific to this study including the modest size 

of the groups used for this analysis, the subject disease 

status (lung cancer cases of which 51% had co-existing 

COPD), the heavy smoking exposure (mean 41 pack-

years) or modifying effects of other smoking-responsive 

genes on lung function decline, eg, Chr 15q25 and Chr 

4q31 loci.17,18 Based on our analysis and the distortions in 

genotype and allele frequencies, we suggest the FAM13A 

effect in COPD and lung cancer is most consistent with a 

recessive model, the former in agreement with Cho et al.22 

The modest cohort size together with the case-control 

cross-sectional design may be considered as limitations of 

this study. However all subjects were well matched for all 

facets of smoking exposure (see Table 2) and the potential 

for confounding by COPD was carefully excluded. There 

was no interactive effect between the FAM13A variant 

with height, sex, and pack-years which is also consistent 

with Cho et al.22

In summary, there is growing evidence that lung  cancer 

results from exposure to smoking and the net effect of 

genetic factors conferring beneficial or harmful pathogenic 

effects on the predisposition to developing lung cancer.47 

Moreover, some of these genetic effects have relevance to 

COPD susceptibility10,47 where loci on chromosomes 15q25, 

4q31, and 4q22 have been implicated in this overlap.17,18 The 

authors suggest that these 3 genetic variants represent the 

first examples of genetic susceptibility loci shared between 

COPD and lung cancer,17,18 and demonstrate the importance 

of using healthy smoking (“resistant”) controls to identify 

both susceptibility (15q25) and protective (4q31,4q22) loci 

for lung cancer. The association with the 4q22 locus con-

necting COPD and lung cancer is of particular interest as it 

implicates the Rho-kinase pathway at a pathogenetic level 

for the first time and further supports the chemopreventive 

potential of existing drugs, such as statins, which inhibit 

Rho kinase activity.38,44 Lung cancer, rare before the 20th 

century, remains the single greatest cause of cancer death 

in the United States with approximately 440 deaths per day 

(28% of all cancer deaths, 2009 figures) and in Europe with 

910 deaths per day (2006 figures). Over the past 5 years, GWA 
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studies and  candidate gene studies have begun to elucidate 

the pathogenetic basis linking COPD and lung cancer as 

proposed by Dr Tom Petty in 2005.10 Although reduction in 

smoking rates must remain a public health priority, a better 

understanding of the genetic factors underlying susceptibility 

might offer new opportunities to develop novel targeted 

strategies for prevention or early diagnosis of lung cancer 

in the future.44,47

Abbreviations
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CORRESPONDENCE

Does RAGE protect smokers from COPD?
To the Editors:

We read with interest the article by SMITH et al. [1], which
showed a positive correlation between plasma soluble receptor
for advanced glycation end-products (sRAGE) and forced
expiratory volume in 1 s (FEV1) in patients with chronic
obstructive pulmonary disease (COPD). Here, we outline the
results of recent genetic epidemiological studies that suggest
the advanced glycosylation end product-specific receptor
(AGER) gene, which encodes sRAGE, may also have a role in
the development of COPD.

Two recent large genome-wide association (GWA) studies
conclude that a locus on chromosome 6p21 is associated with
lung function (FEV1 and FEV1/forced vital capacity) [2, 3],
directly implicating the AGER gene, which is known to be
expressed in alveolar epithelial cells [2]. However, this associa-
tion was made in populations dominated by nonsmokers and
did not specifically examine the effect in chronic smokers. We
and others have proposed that COPD results from the combined
effect of chronic smoking exposure and the presence or absence
of a variable combination of protective and susceptible genetic
variants [4, 5]. In this regard, we have examined the same AGER
variant (single-nucleotide polymorphism (SNP)) reported in the
GWA studies (rs2070600) in 484 smokers with normal lung
function (‘‘resistant’’ smokers) and 455 matched smokers with
COPD (Global Initiative for Chronic Obstructive Lung Disease
(GOLD) stage o2 on pre-bronchodilator spirometry). We found
that the minor allele (T allele or CT/TT genotype) of the AGER
SNP was more frequently found in resistant smokers compared
with those with COPD (15 versus 10%; OR 0.60, 95% CI 0.40–0.91;
p50.01) [6]. The T allele of this SNP converts glycine to serine at
position 82 in the third exon encoding the sRAGE protein (a
nonsynonymous change altering polarity at this position) and
has been shown to be associated with both reduced serum
sRAGE levels and increased sRAGE signalling compared with
the more common C allele [1]. This change in sRAGE signalling
affects downstream gene expression through mitogen-activated
protein kinases and nuclear factor-kB, both of which have been
implicated in the inflammatory response in COPD.

Collectively, these studies suggest that the AGER gene (encod-
ing sRAGE) may play a role in the development of COPD.
sRAGE has systemic anti-inflammatory activity that may have
relevance in lung tissue, which is both highly vascular and
extensively exposed to various pro-inflammatory aeropollutant
insults [1]. Smoking is the most well-known of these aero-
pollutant exposures and also the most easily quantified, albeit
retrospectively. This makes COPD an excellent model with
which to examine gene–environment interactions in order to
identify genetic variants conferring either protective or suscept-
ibility effects. That COPD is associated with low plasma levels of
a ubiquitous systemic anti-inflammatory mediator like sRAGE
[1] is somewhat analogous to a1-antitrypsin deficiency. It is also

consistent with the findings that, when compared with resistant
smokers, smokers with COPD less frequently carry other SNP
variants implicated in pulmonary–systemic anti-oxidant/anti-
inflammatory activity (e.g. extracellular superoxide dismutase
(SOD3), protective effect [4]; Hedgehog-interacting protein
(HHIP), protective effect [6]; and the family with sequence
familiarity 13 member A (FAM13A), protective effect [6]). These
findings suggest that SNPs conferring a resistant (protective)
effect maybe just as (or even more) important as susceptible
SNPs.

Such an observation has major implications in the genetics of
smoking-related lung disease, where exposure to smoking may
result in quite different outcomes due to the genetic makeup of
the person exposed. First, this is very relevant to study design,
as prospective epidemiological studies show 60–70% of chronic
smokers maintain normal or near-normal lung function
(adjusted FEV1) despite decades of smoking [7], while the
remainder develop COPD of variable severity. In contrast with
light smokers or nonsmokers, where the distribution of
adjusted FEV1 is normal, chronic smokers show a trimodal
FEV1 distribution consistent with a moderating genetic effect
[8]. Therefore, recruitment of unaffected (resistant) smokers is
as important as the recruitment of smokers with COPD to
correctly assign smokers as resistant or susceptible. Secondly,
if the mechanisms underlying the protective genetic effects can
be better understood, then drugs simulating these protective
effects (e.g. statins [9, 10]) may help prevent the development
of COPD. While further genetic studies will be required to
establish the functional variant(s) underlying the association of
AGER with COPD, further discovery of novel pathogenetic
pathways underlying responsiveness to smoking exposure
(and development of COPD) are likely to emerge through well-
designed genetic epidemiological studies.
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From the authors:

We thank R.P. Young and co-workers for their comments on our
recent article [1]. As we highlighted in our article, there are two
recent reports indicating that single-nucleotide polymorphisms
in the advanced glycosylation end product-specific receptor
(AGER) gene, which encodes the receptor for advanced
glycation end-products (RAGE), are associated with changes
in measurements of airflow obstruction [2, 3]. The findings
reported by R.P. Young and co-workers in their correspondence
add to these earlier studies and shed light on the genetic basis by
which cigarette smoke exposure leads to chronic obstructive
pulmonary disease (COPD) in some individuals, while ‘‘resis-
tant smokers’’ maintain normal lung function.

Our finding that circulating levels of soluble RAGE (sRAGE)
are lower in COPD subjects than healthy controls has since
been reproduced in a study reported recently by MINIATI et al.
[4]. Within an individual, circulating levels of sRAGE may be
determined by polymorphisms in the AGER gene, but are also
susceptible to environmental factors, especially as plasma
sRAGE levels are very low during acute exacerbations of
COPD and rise during convalescence [1]. There is now a need
for longitudinal studies to define the relationship between
polymorphisms in the AGER gene and circulating levels of
sRAGE in patients with COPD, and to assess the extent to
which this predicts rate of decline in lung function over time.
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Can dog allergen alone, if combined with indoor

pollution, be responsible for asthma in children?
To the Editors:

We read with interest the article by CARLSTEN et al. [1] showing
the increasing risk of incident asthma in a high-risk birth
cohort after early co-exposure to dog allergen (Can f 1) and
nitrogen dioxide (NO2) or environmental tobacco smoke. The
topic is highly relevant because most studies on the interaction
between allergens and air pollution regard outdoor environ-
ments and very few articles have been published on the
possible allergen–pollutant relationship in indoor places.

Nevertheless, we think that other limitations to the study
should be considered in addition to those already acknowl-
edged by the authors. In their study, they referred to the article
of MCCONNELL et al. [2] that showed a significant association
between ‘‘bronchitis symptoms’’ and particulate matter only in
the subset of asthmatic children who owned dogs. However,
MCCONNELL et al. [2] examined the relationship of both dog
and cat ownership with air pollution, and reported that effects
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Individual and Cumulative Effects of GWAS Susceptibility
Loci in Lung Cancer: Associations after Sub-Phenotyping
for COPD
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Abstract

Epidemiological studies show that approximately 20–30% of chronic smokers develop chronic obstructive pulmonary
disease (COPD) while 10–15% develop lung cancer. COPD pre-exists lung cancer in 50–90% of cases and has a heritability of
40–77%, much greater than for lung cancer with heritability of 15–25%. These data suggest that smokers susceptible to
COPD may also be susceptible to lung cancer. This study examines the association of several overlapping chromosomal loci,
recently implicated by GWA studies in COPD, lung function and lung cancer, in (n = 1400) subjects sub-phenotyped for the
presence of COPD and matched for smoking exposure. Using this approach we show; the 15q25 locus confers susceptibility
to lung cancer and COPD, the 4q31 and 4q22 loci both confer a reduced risk to both COPD and lung cancer, the 6p21 locus
confers susceptibility to lung cancer in smokers with pre-existing COPD, the 5p15 and 1q23 loci both confer susceptibility to
lung cancer in those with no pre-existing COPD. We also show the 5q33 locus, previously associated with reduced FEV1,
appears to confer susceptibility to both COPD and lung cancer. The 6p21 locus previously linked to reduced FEV1 is
associated with COPD only. Larger studies will be needed to distinguish whether these COPD-related effects may reflect, in
part, associations specific to different lung cancer histology. We demonstrate that when the ‘‘risk genotypes’’ derived from
the univariate analysis are incorporated into an algorithm with clinical variables, independently associated with lung cancer
in multivariate analysis, modest discrimination is possible on receiver operator curve analysis (AUC = 0.70). We suggest that
genetic susceptibility to lung cancer includes genes conferring susceptibility to COPD and that sub-phenotyping with
spirometry is critical to identifying genes underlying the development of lung cancer.
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Introduction

Lung cancer and chronic obstructive pulmonary disease

(COPD) are both lung diseases that result from the combined

effects of smoking exposure and genetic susceptibility [1,2].

Epidemiological studies show that although tobacco smoke

exposure accounts for nearly 90% of cases, only 10–15% of

smokers develop lung cancer while 20%–30% develop COPD [3–

5]. Genetic factors might explain these observations as heritability

of lung cancer and reduced FEV1 (forced expiratory volume in one

second that defines COPD) is estimated to be 15–25% and 40–

77% respectively [6,7]. The presence of COPD, a disease

characterized by airflow limitation secondary to lung remodelling

(emphysema and small airways fibrosis), confers a 4-6 fold

increased risk of lung cancer compared to smokers (a) with normal

lung function [8] or (b) randomly recruited from the community

[9]. Studies also show that the distribution of FEV1 is bi-modal in

heavy smokers and uni-modal in light smokers, supporting a

genetic basis to COPD and the lung remodelling (FEV1) response

to chronic smoking exposure [10–12]. Importantly, between 50–

90% of those with lung cancer have pre-existing COPD,

compared to 15% in randomly selected community-based smoking

controls [8,13–15]. This means lung cancer is not just a ‘‘complex

disease’’ from a genetic perspective but that it is also a mixed

phenotype that includes COPD as a sub-phenotype. The question

that then arises is ‘‘Are the genetic effects underlying COPD also

important in susceptibility to lung cancer?’’

Recent genome-wide association (GWA) studies in lung cancer,

COPD and lung function (FEV1) have reported significant

associations at several chromosomal loci [16–23]. Interestingly,

several of these loci (and implicated candidate genes) are common

to both COPD and lung cancer, suggesting the possibility that

shared pathogenetic pathways may underlie susceptibility to these

diseases (Table 1). The above epidemiological and genetic findings

suggest that lung cancer and COPD are not discrete diseases

related only through smoking exposure, but that many of the

smokers who are susceptible to COPD might also be susceptible to

lung cancer [8,12,24–28]. Such a suggestion was made by Dr Tom

Petty 5 years ago [24] and recently reviewed by Punturieri et al.

[29]. Given the apparent overlap in susceptibility loci, it appears
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plausible that some of the genetic factors implicated in COPD

might also be relevant in lung cancer [24–29]. This is analogous to

the inter-related pathways underlying obesity and type 2 diabetes,

where the FTO (Fat mass and obesity associated) gene has been

implicated in both diseases [30]. In this context BMI is the

physiological biomarker used to define the sub-phenotype of

obesity just as FEV1 defines COPD. The question that then arises

is ‘‘Given the possible overlap in genetic susceptibility between

COPD and lung cancer, is there an alternative study design to

current approaches that might better identify susceptibility genes

in lung cancer?’’

The above observations suggest that an alternate genetic model

to current case-control studies could be used for disease gene

discovery in lung cancer [31]. This model would be different from

that used in the recent GWA case-control studies [17–19], where

genetic effects are explored in lung cancer cases and smoking

controls with unknown, but likely different, COPD prevalence

[26,27,32,33]. With regards to the latter, the possibility that co-

existing COPD in lung cancer cases might introduce an interactive

or confounding effect in lung cancer association studies has been

raised [26,34]. To better understand the complex relationship

between COPD and lung cancer, smokers in both cases and

controls would ideally be matched for smoking exposure and sub-

phenotyped for COPD using spirometry. Lung function testing is

necessary to define this phenotype as COPD is insidious in onset

and, due to a widespread underutilisation of spirometry, under-

diagnosed in 50-80% of cases [9,33]. Sub-phenotyping for COPD

would then define three smoking cohorts, those with normal lung

function (‘‘resistant’’ controls), those with COPD and those with

lung cancer sub-phenotyped for co-existing COPD. Using such an

approach, the authors have shown that the chromosome 15q25

locus, originally associated with lung cancer in GWA studies [17–

19], is also associated with COPD [26]. This observation has been

subsequently replicated in both GWA [20] and candidate gene

studies [35]. Using this same approach, the authors have also

shown that the chromosome 4q31 locus, associated with a reduced

risk of COPD [21–23], is also independently associated with a

reduced risk of lung cancer [28].

The lung cancer, lung function and COPD GWA studies have

identified to date at least nine chromosomal regions and eleven

candidate genes (Table 1) that appear to be associated with

COPD, lung function and/or lung cancer (1q23 [16], 4q22 [23],

4q24 [22,23], 4q31 [17,20–23], 5p15 [17,18], 5q33 [22,23], 6p21

[17–19,22,23] and 15q25 [17–21]). The question arises, ‘‘How do

these loci affect susceptibility to lung cancer after sub-phenotyping

for COPD and can they be combined to define a high risk

smoker?’’ With this question in mind, we used the sub-

phenotyping approach described above to examine the individual

Table 1. Chromosomal loci associated with COPD, reduced lung function and Lung Cancer identified by GWA studies and overlap
suggested by case-control study.

Disease Chromosomal loci Candidate genes GWA Study Reference*

COPD (FEV1) 1q23 IL6R Wilk et al. (16)

4q22 FAM13A Hancock et al. (23)
Cho et al. (63)

4q24 GSTCD Repapi et al. (22)
Hancock et al. (23)

4q31 HHIP/GYPA Wilk et al. (16)
Pillai et al. (20)
Repapi et al. (22)
Hancock et al. (23)

5q33 HTR4/ADAM19 Repapi et al. (22)
Hancock et al. (23)

6p21 BAT3/AGER Repapi et al. (22)
Hancock et al. (23)

6q24 GPR126 Hancock et al. (23)

15q25 CHRNA 3/5 Pillai et al. (20)

Lung Cancer 1q21 CRP Amos et al. (17)

4q31 GYPA Amos et al. (17)

5p15 CRR9 (TERT) Amos et al. (17)
Hung et al. (18)

6p21 BAT3 Amos et al. (17)
Hung et al. (18)

6q24 RGS171 You et al. (81)

15q25 CHRNA 3/5 Amos et al. (17)
Hung et al. (18)
Thorgeirsson et al (19)

COPD and Lung Cancer overlap Case-control Reference

15q25 CHRNA 3/5 Young et al. (26)

4q31 HHIP/GYPA Young et al. (28)

4q22 FAM13A Young et al. (64)

*Available at www.genome.gov/gwastudies. Accessed 25/03/2010.
1Associated with familial lung cancer [81].
doi:10.1371/journal.pone.0016476.t001

Sub-Phenotyping for COPD in Lung Cancer Loci

PLoS ONE | www.plosone.org 2 February 2011 | Volume 6 | Issue 2 | e16476



and cumulative effect of recently identified GWA loci implicated

in both COPD (lung function) [20–23] and lung cancer [1,17–19]

studies. Using an algorithm from a previously published model,

that includes age, family history of lung cancer and the prior

diagnosis of COPD [27,32], we combined both susceptible and

protective genotypes from this analysis to derive and validate a risk

score for susceptibility to lung cancer.

Materials and Methods

Study subjects
The subjects in this study have been previously described [26].

In brief, subjects were of Caucasian ancestry based on their

grandparents’ descent (all four grandparents of Caucasian

descent). Lung cancer and COPD cases were recruited from a

tertiary hospital clinic between 2000 and 2007 in Auckland while

healthy smoking controls were recruited from the same commu-

nity after volunteering for screening spirometry. Inclusion criteria

were Caucasian ancestry (see above), aged 40 years or more and

past smoking history (see below) while those unable to adequately

perform spirometry were excluded (approximate 5% failure rate in

each group). All participants gave written informed consent, and

underwent blood sampling for DNA extraction, pre-bronchodila-

tor spirometry and an investigator-administered questionnaire.

Spirometry was performed using a portable spirometer (Easy-

OneTM; ndd Medizintechnik AG, Zurich, Switzerland). Lung

function conformed to American Thoracic Society (ATS) standards

for reproducibility (http://www.thoracic.org/statements/), with

the highest value of the best three acceptable blows used for

classification of COPD status. COPD was defined according to

Global Initiative for Chronic Obstructive Lung Diseases

(GOLD) stage 2 or more criteria (FEV1/FVC,70% and

FEV1% predicted #80%) using pre-bronchodilator spirometric

measurements [www.goldcopd.com]. A modified ATS respira-

tory questionnaire (http://www.thoracic.org/statements/ was

used which collected demographic data including age, sex,

medical history, family history of lung disease, history of active

and passive tobacco exposure, respiratory symptoms and

occupational aero-pollutant exposures.

Lung cancer cohort. Subjects with lung cancer were

recruited from a tertiary hospital clinic [26], aged .40 yrs and

the diagnosis confirmed through histological or cytological

specimens in 95% of cases. Non-smokers with lung cancer were

excluded from the study and only primary lung cancer cases with

the following pathological diagnosis were included:

adenocarcinoma, squamous cell cancer, small cell cancer and

non-small cell cancer (generally large cell or bronchoalveolar

subtypes). Lung function measurement (pre-bronchodilator) was

performed within 3 months of lung cancer diagnosis, prior to

surgery and in the absence of pleural effusions or lung collapse on

plain chest radiographs [8]. For lung cancer cases that had already

undergone surgery, pre-operative lung function performed by the

hospital lung function laboratory was sourced from medical

records.

COPD cohort. Subjects with COPD were identified through

hospital specialist clinics as previously described [26]. Subjects

recruited into the study were aged 40–80 yrs, with a minimum

smoking history of 20 pack-yrs and COPD confirmed by a

respiratory specialist based on pre-bronchodilator spirometric

criteria (GOLD stage 2 or more).

Control cohort. Control subjects were recruited based on the

following criteria: aged 40–80 yrs and with a minimum smoking

history of 20 pack-yrs. Control subjects were volunteers who were

recruited from the same patient catchment area (residential area)

as those serving the lung cancer and COPD hospital clinics

through either (a) a community postal advertisement or (b) while

attending community-based retired military/servicemen’s clubs.

Controls with COPD, based on pre-bronchodilator spirometry

(GOLD stage 1 or more), who constituted 35% of the smoking

volunteers, were excluded from further analysis.

The study was approved by the Multi Centre Ethics Committee

(New Zealand).

Study design
The present cross-sectional case–control study compared

smokers of the same ethnicity with comparable demographic

variables (specifically age, sex and smoking history). The controls

in the current study were carefully chosen to best represent the

majority of smokers who have maintained normal or near-normal

lung function despite decades of smoking (‘‘resistant smoker’’) as

shown by many studies [4,5,10–12]. Accordingly, the resistant

smoker group best reflects those smokers least likely to develop

lung cancer or COPD, thus minimising phenotype misclassifica-

tion and improving the power to detect differences between

affected and unaffected smokers [36]. We hypothesised that SNP

associations might identify protective or susceptibility effects to one

or a combination of COPD only (G1), COPD and lung cancer

(G2), lung cancer only (G3) or neither disease (G0) (see Figure 1).

Genotyping
Genomic DNA was extracted from whole blood samples using

standard salt-based methods and purified genomic DNA was

aliquoted (10 ng?mL–1 concentration) into 96-well or 384-well

plates. Samples were genotyped using either the SequenomTM

system (SequenomTM Autoflex Mass Spectrometer and Samsung

24 pin nanodispenser) by the Australian Genome Research

Facility (www.agrf.com.au) or by our university lab using

TaqmanH SNP genotyping assays (Applied Biosystems, USA)

utilising minor groove-binder probes. The SequenomTM sequenc-

es were designed in house by AGRF with amplification and

separation methods (iPLEXTM, www.sequenom.com) as previous-

ly described [26,27,32]. TaqmanH SNP genotyping assays were

run in 384-well plates according to the manufacturer’s instruc-

tions. PCR cycling was performed on both GeneAmpH PCR

System 9700 and 7900HT Fast Real-Time PCR System (Applied

Biosystems, USA) devices. SNP primers were designed by Applied

Biosystems. Real-time amplification plots of selected plates were

used to verify end-point allelic discrimination to establish reliability

of the Taqman based genotyping.

The present study investigated the genotype frequencies of 11

SNPs. The rs16969968 SNP, situated within the nicotinic

acetylcholine receptor (nAChR) gene on 15q25, the rs1052486

SNP, situated within the HLA-B associated transcript (BAT3) gene

on 6p21, and the rs402710 SNP, situated within the cisplatin-

resistance regulated gene 9 (CRR9) gene on 5p15, were genotyped

using the SequenomTM system, whilst the remaining eight SNPs,

the rs7671167 SNP, situated within the Family with sequence

similarity 13A (FAM13A) gene on 4q22, the rs1489759 SNP,

situated near the hedgehog-interacting protein (HHIP) gene on

4q31, the rs2202507 SNP, situated near the glycophorin A

(GYPA) gene on 4q31, the rs2808630 SNP, situated near the C-

reactive protein (CRP) gene on 1q21, the rs10516526 SNP,

situated within the glutathione S-transferase C-terminal domain

(GSTCD) gene on 4q42, the rs1422795 SNP, situated within the A

Disintegrin and Metalloproteinase 19 (ADAM19) gene on 5q33,

the rs2070600 SNP, situated within the receptor for advanced

glycation end-products (AGER) gene on 6p21, and the

rs11155242 SNP, situated within the G-protein receptor 126
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(GPR126) gene on 6q24, were genotyped by TaqmanH SNP

genotyping assays. Failed samples were repeated until call rates of

$95% for each SNP in each cohort were achieved. Genotype

frequencies for each SNP were compared between the 3 primary

groups (control smokers, COPD and lung cancer cohorts) and with

sub-phenotyping the lung cancer cohort according to the presence

or absence of COPD based on GOLD 2 criteria.

Algorithm and susceptibility score
The cumulative effect of those SNP genotypes identified as

susceptible (Odds ratio, OR.1) or protective (OR,1), based on

significant distortions in frequency (P,0.05) between the cases or

sub-phenotypes and the control smokers, was examined using a

previously published algorithm [27,32]. Only the lung cancer and

control smoker cohorts were used for this analysis. In this

algorithm, for each subject, a numerical value of 21 was assigned

for each of the protective genotypes present among the protective

SNPs and +1 for each of the susceptible genotypes present. Where

an individual did not have either the protective or susceptibility

genotype for that SNP, the score was 0 (i.e. did not contribute to

the genetic score). This approach is consistent with a recently

published study in prostate cancer [37]. As previously described

[27,32], weighting the presence of specific susceptible or protective

genotypes according to their individual odds ratios (ORs; from

univariate regression) did not significantly improve the discrimi-

natory performance of the cumulative SNP score (unpublished

data).

The algorithmic approach used here involved deriving an

overall ‘‘susceptibility score’’ for each subject (from the control and

lung cancer cohorts) by combining genetic data (cumulative SNP

scores) and clinical variables, identified in a multivariate analysis as

previously described [27,32]. The clinical variables (and score)

were age .60 years of age (+4), family history of lung cancer (+3)

and prior diagnosis of COPD (+4) [32]. By using multivariate

logistic and stepwise regression analysis, the 9-SNP panel was

examined in combination with the pre-stipulated clinical variables

above. As smoking exposure (pack-yrs) was a recruitment criterion

for this study, and comparable between cases and controls, it was

not included in the scoring system described here. The lung cancer

susceptibility score (for the control and lung cancer cohorts) was

plotted with (a) the frequency of lung cancer and (b) the floating

absolute risk (FAR, equivalent to OR) across the combined

smoker/ex-smoker cohort [38,39]. The FAR approach was

adopted since it uses a ‘floated’ variance across all polychotomous

risk categories rather than choosing on referent level and enables

confidence intervals to be presented for all risk categories.

Analysis
Patient characteristics in the cases and controls were compared

by ANOVA for continuous variables and Chi-squared test for

discrete variables (Mantel–Haenszel, odds ratio (OR)). Genotype

and allele frequencies were checked for each SNP by Hardy–

Weinberg Equilibrium (HWE). Population admixture across

cohorts was performed using structure analysis on genotyping

data from 40 unrelated SNPs [40]. Distortions in the genotype and

allele frequencies were identified by comparing lung cancer (sub-

phenotyped by COPD) and/or COPD cases with ‘‘resistant’’

smoking controls using two-by-two contingency tables. Both the

additive (allelic) and genotype based genetic models were tested

although the latter is preferred [41]. Correction for multiple

comparisons was not done as the SNPs were selected ‘‘a priori’’

from the GWA studies. Individual SNPs were not included in the

Figure 1. Genes conferring resistance (G0) and susceptibility to COPD (G1), lung cancer (G3) or both (G2): a pharmacogenetic
approach to chronic smoke exposure*.
doi:10.1371/journal.pone.0016476.g001
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combined risk model on the basis of statistical significance shown

here but were included because they were identified by the GWA

studies to be highly significantly associated with lung cancer. In

this respect, this study was sufficiently powered to enable a small

level of discrimination between cases and controls to be

demonstrated for the resultant overall model rather than

individual SNPs. With at least 450 cases and 450 controls this

study achieves 80% likelihood to detect an area under the ROC

curve of 0.55 using a two-sided z-test at the 5% significance level,

ie we can conclude that the ROC curve for the SNP model offers

better than chance association when the area under the receiver

operating characteristics curve is at least 0.55 (Hintze, J (2006)

PASS 2002, WWW.NCSS.COM)

Genotype data (9-SNP panel) and the clinical variables were

combined in a stepwise logistic regression to assess their relative

effects on discriminating low and high risk (by point estimate and

receiver operating characteristic (ROC) curve) by score quintile.

The frequency distribution of the lung cancer susceptibility score

was compared across the cases and controls. Its clinical utility was

assessed using ROC analysis, which assesses how well the model

predicts risk across the score (i.e. clinical performance of the score

with respect to sensitivity, and specificity).

Results

Demographic variables
Characteristics of the lung cancer cases, COPD cases and

healthy control smokers are summarized in Table 2. The

demographic variables and histological subtypes of the lung

cancer cases are comparable to previously published data [42].

The staging at diagnosis was also comparable to this published

series (data not shown) suggesting the lung cancer cohort is

representative. The COPD cases have higher pack-year exposure

than the lung cancer cases and healthy control smokers (P,0.05).

This reflects outliers with high smoking histories in the COPD

cohort that after log transformation of pack-years showed all

groups were comparable (data not shown). All groups are

comparable with respect to age started smoking, years smoked,

years since quitting and cigarettes/day (Table 2). Overall, we

believe the three groups are well matched for smoking exposure.

We note a lower frequency of current smokers in the lung cancer

and COPD cohorts, compared to healthy smokers (35% vs 40%

vs 48% respectively) which may reflect an effect from their

smoking-related diagnosis. Current smoking status had no effect

on the lung function in the lung cancer cases group. The lung

cancer cases, COPD cases and smoking controls were also

comparable with respect to other aero-pollutant exposures

(Table 2). Those with lung cancer had a higher prevalence for

a positive family history of lung cancer compared to the COPD

cases and healthy smokers (19% vs 11% vs 9%). As expected,

lung function was worse in the lung cancer and COPD cohorts

compared to the healthy smoker controls. Testing lung function

in the lung cancer cases (as described above) enabled stratification

of results to test for an interactive or confounding effect of

COPD.

Genotyping
The genotyping results for the 12 SNPs are shown in Table 3.

The allele and genotype frequencies were comparable to those

reported in the literature and from the International Hapmap

Project (www.hapmap.org). The observed genotypes for the two

Chr 4q31 SNPs (HHIP and GYPA) in this study were 65%

concordant, in accordance with the reported degree of LD

between these SNPs. The concordance for the other SNPs in

‘‘close’’ proximity (BAT3 and AGER on 6p21) showed very poor

concordance as expected. As all SNPs were in Hardy-Weinberg

equilibrium and amplification plots were used to ensure correct

genotype calls, significant genotyping error is unlikely. We found

no evidence for population stratification between the cohorts using

40 unlinked SNPs from unrelated genes (mean x2 = 3.3, P = 0.58)

[40]. Based on distortions in genotype frequency between the 3

groups, risk genotypes were assigned as generally conferring

protection or susceptibility to COPD and/or lung cancer

according to Figure 1.

Genotype associations according to sub-phenotyping for
COPD (Table 3)

The results below describe individual SNP associations between

resistant smokers and those with COPD or lung cancer (total and

subdivided by co-existing COPD). We found no effects from

gender, height or smoking status (current vs former) on any of

these associations. A relationship between SNP variants and lung

function was only found for rs 16969968 in the lung cancer cases

as previously published (26) but not for the other SNP variants

(unpublished data). The numbers were considered too small to

look at lung cancer sub-grouped by histology. The genotype results

below are summarised in Table 3.

Rs16969968, 15q25 (CHRNA 3/5). As previously reported

[26], compared to controls the AA genotype was more frequently

found in lung cancer cases (N = 454, 16% vs 9%, OR = 1.76,

P = 0.005) COPD cases (N = 458, 14% vs 9%, OR = 1.47,

P = 0.06) and for all COPD cases (GOLD 2+) with or without

lung cancer (N = 706, 16% vs 9%, OR = 1.76, P = 0.002). More

importantly, when the lung cancer cases were sub-phenotyped into

those with and without COPD (GOLD 2+ criteria, n = 429), the

frequency of the AA genotype was quite different: 19% (vs 9% in

controls, OR = 2.26, P = 0.002) and 11% (vs 9% in controls,

OR = 1.15, P = 0.64) respectively (Table 3). Based on the data to

date, the AA genotype of the CHRNA 3/5 SNP most likely

confers susceptibility to both lung cancer and COPD (G2 in

Figure 1 and Table 4).

Rs7671167, 4q22 (FAM13A). Consistent with previous

studies, the CC genotype was found more frequently in control

subjects compared to those with COPD (N = 458, 30% vs. 23%,

OR = 0.71, P = 0.024) (63), lung cancer (N = 454, OR = 0.64,

P = 0.003) (Table 3) lung cancer with COPD cases excluded

(N = 207, OR = 0.58, P = 0.006) and lung cancer with COPD

(N = 215, OR = 0.66, P = 0.03). No association was found with

lung function among the lung cancer cases. The CC genotype of

the FAM13A SNP appears to confer protection against both

COPD and lung cancer (G0 in Figure 1 and Table 4).

Rs1052486, 6p21 (BAT3). The GG genotype was 23% in the

controls group compared to 26% in the lung cancer group

(N = 454, OR = 1.19, P = 0.25) and 21% in the COPD group

(N = 458, OR = 0.88, P = 0.44) (Table 4). Compared to controls,

the GG genotype was significantly greater in those with lung

cancer and COPD (N = 215) (23% vs 31%, OR = 1.50, P = 0.03)

but no different in the lung cancer only subgroup (N = 207) (23%

vs 21%, OR = 0.89, P = 0.57). The GG genotype was significantly

greater in the lung cancer with COPD group than the lung cancer

only group (31% vs 21%, OR = 1.68, P = 0.02). The GG genotype

of the BAT3 SNP appears to confer susceptibility for lung cancer

in those with COPD (G2 in Table 4).

Rs402710, 5p15 (CRR9/TERT). We found no difference in

the GG genotype frequency in controls and COPD cases (44% vs

44%, OR = 0.97, P = 0.83) or lung cancer cases (44% vs 47%,

OR = 1.10, P = 0.45) (Table 4). Compared to controls, the GG

genotype was significantly higher in lung cancer cases only
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(N = 207, 44% vs 53%, OR = 1.40, P = 0.05) but not in lung

cancer cases with COPD (44% vs 42%, OR = 0.90, P = 0.54)

(Table 4). The GG genotype is significantly greater in the lung

cancer only patients compared to the lung cancer with COPD

group (53% vs 42%, OR = 1.54, P = 0.03). The GG genotype of

the CRR9 (TERT) SNP appears to confer susceptibility for lung

cancer only (G3 in Figure 1 and Table 4).

Rs1489759 and rs2202507, 4q31 (HHIP and GYPA

respectively). The GG genotype of the HHIP (rs 1489759)

SNP was found to be more prevalent in the control group

compared to COPD (17% vs 11%, OR = 0.59, P = 0.006) and

lung cancer (17% vs 13%, OR = 0.70, P = 0.05) groups (Table 4).

Similarly, the corresponding (minor) CC genotype of the GYPA (rs

2202507) SNP was more prevalent in the resistant smokers group

compared to those with COPD (27% vs 19%, OR = 0.65,

P = 0.06) and lung cancer (27% vs 21%, OR = 0.70, P = 0.02)

groups (Table 4). When the lung cancer cases were stratified by

available spirometric data (n = 419 and n = 416 for HHIP and

GYPA genotyping, respectively), into those with and without

COPD (GOLD 2+ criteria), the distribution of the minor allele

homozygote for both SNPs does not change significantly. The

effect sizes of the homozygote minor allele in these sub-analyses

remain the same, although the p values are degraded due to

smaller sample sizes. When grouping all subjects with COPD

(combining COPD and lung cancer with COPD groups, N = 670),

the protective effect was nearly identical to that from using the

COPD cohort alone (OR = 0.60, P = 0.003 and OR 0.66,

P = 0.004 for the HHIP and GYPA, respectively). The minor

allele homozygotes for HHIP and GYPA SNPs (GG and CC,

respectively) appear to confer protection from both lung cancer

and COPD (G0 in Figure 1 and Table 4).

Rs1422795, 5q33, (ADAM19). Compared to controls, the

frequency of the CC genotype was marginally increased lung

cancer cases (9% vs 13%, OR = 1.44, P = 0.08) and COPD cases

(9% vs 13%, OR 1.47, P = 0.07) groups (Table 3). When the lung

cancer cases were divided according to COPD the effect size

remained the same although p-values were degraded due to

smaller numbers (lung cancer with COPD 13%, OR = 1.51,

P = 0.10 and lung cancer without COPD 13%, OR = 1.40,

P = 0.20). When the CC genotype frequency of the controls is

compared to those with COPD and lung cancer with COPD (9%

vs 13%, OR = 1.45, P = 0.05) the larger cohort identifies a

significant increase in the CC genotype in those with the COPD

phenotype. The CC genotype is likely to be associated with modest

susceptibility to both COPD and lung cancer (G2 in Figure 1 and

Table 4).

Rs2070600, 6q21 (AGER). Compared to controls, the TT/

TC genotype frequency was significantly decreased in COPD

patients (10% vs 15%, OR = 0.60, P = 0.01) but not in lung cancer

(13% vs 15% in controls, OR = 0.87, P = 0.87). Sub-grouping lung

cancer cases according to COPD phenotype did not identify any

other associations. The TT/TC genotypes of the AGER SNP

appeared to confer a protective effect for COPD (G1 in Figure 1

and Table 4).

Table 2. Summary of characteristics for the lung cancer and resistant smokers.

Parameter Mean (1 SD) Lung Cancer N = 454 COPD N = 458 Control smokers N = 488

% male 53% 59% 60%

Age (yrs) 69 (10) 66 (9) 65 (10)

Height (m)* 1.67 (0.08) 1.68 (0.09) 1.69 (0.09)

Smoking history

Current smoking (%) 35% 40% 48%

Age started (yr) 18 (4) 17 (3) 17 (3)

Yrs smoked 41 (12) 42 (11) 35 (11)

Pack-years* 41 (25) 47(20) 1 40 (19)

Cigarettes/day 20 (10) 23 (9) 24 (11)

Yrs since quitting 11.4 (6.7) 9.8 (7.4) 13.9 (8.1)

History of other exposures

Work dust exposure* 63% 59% 47%

Work fume exposure 41% 40% 38%

Asbestos exposure* 23% 22% 16%

Family history

FHx of COPD 33% 37% 28%

FHx of lung cancer* 19% 11% 9%

Lung function

FEV1 (L)* 1.86 (0.48) 1.25 (0.48) 2.86 (0.68)

FEV1 % predicted* 73% 46% 99%

FEV1/FVC* 64% (13) 46% (8) 78% (7)

Spirometric COPD#* 51% 100% 0%

#According to GOLD 2+ criteria,
*P,0.05.
1No significant difference after log transformation of pack- years due to skewed distribution.
doi:10.1371/journal.pone.0016476.t002
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Table 3. Genotype frequencies for the candidate SNP identified by GWA studies of COPD, lung function and lung cancer.

Chromosome
loci

Candidate SNP
(rs) Genotypes Primary Cohorts

Lung cancer (LC)
Sub-phenotyped for COPD#

‘‘Resistant’’ ‘‘Susceptible’’

Controls
N = 484

COPD
N = 455

Lung Cancer
N = 446

LC + COPD
N = 215

LC only
N = 207

1q23 CRP
(rs 2808630)

TT
TC
CC

225 (47%)
205 (42%)
53 (11%)

214 (48%)
197 (44%)
35 (8%)

214 (49%)
193 (44%)
34 (8%)

99 (48%)
90 (43%)
18 (9%)

106 (52%)
85 (42%)
11 (5%)*

CC vs TT/TC OR (95% CI)
P value

0.69 (0.43–1.11)
P = 0.10

0.68 (0.42–1.09)
P = 0.09

0.77 (0.42–1.40)
P = 0.37

0.47 (0.22–0.95)
P = 0.02 1

4q22 FAM13A
(rs 7671167)

CC
TC
TT

145 (30%)
240 (49%)
100 (21%)

107 (23%)*
234 (51%)
117 (26%)

96 (21%)*
235 (52%)
118 (26%)

47 (22%)*
118 (55%)
50 (23%)

41 (20%)*
103 (50%)
63 (30%)

CC vs TT/TC OR (95% CI)
P value

0.71 (0.53–0.97)
P = 0.02 1

0.64 (0.47–0.87)
P = 0.003 1

0.66 (0.44–0.97)
P = 0.03 1

0.58 (0.38–0.87)
P = 0.006 1

4q24 GSTCD
(rs 10516526)

AA
AG
GG

409 (85%)
69 (14%)
1 (0.2%)

394 (86%)
61 (13%)
2 (0.4%)

381 (86%)
63 (14%)
0 (0%)

178 (83%)
37 (17%)
0 (0%)

180 (89%)
23 (11%)
0 (0%)

GG/AG vs AA OR (95% CI)
P value

0.93 (0.64–1.37)
P = 0.72

0.97 (0.66–1.42)
P = 0.85

1.21 (0.77–1.92)
P = 0.38

0.75 (0.44–1.27)
P = 0.25

4q31 HHIP
(rs 1489759)

AA
AG
GG

178 (37%)
223 (46%)
83 (17%)

187 (41%)
220 (48%)
50 (11%)*

174 (39%)
215 (48%)
56 (13%)*

103 (48%)
86 (40%)
24 (11%)*

97 (47%)
82 (40%)
27 (13%)

GG vs AA/AG OR (95% CI)
P value

0.59 (0.40–0.88)
P = 0.006 1

0.70 (0.47–1.02)
P = 0.05

0.61 (0.39–1.02)
P = 0.05 1

0.73 (0.44–1.19)
P = 0.18 1

4q31 GYPA
(rs 2202507)

AA
AC
CC

138 (29%)
213 (44%)
129 (27%)

136 (30%)
233 (51%)
88 (19%)

116 (26%)
233 (53%)
90 (21%)*

62 (29%)
107 (50%)
43 (20%)

52 (25%)
113 (55%)
39 (19%)*

CC vs AA/AC OR (95% CI)
P value

0.65 (0.47–0.89)
P = 0.06

0.70 (0.51–0.97)
P = 0.02

0.69 (0.46–1.04)
P = 0.06

0.64 (0.42–0.98)
P = 0.03

5p15 CRR9 (TERT) (rs
402710)

GG
GA
AA

216 (44%)
230 (47%)
41 (8%)

200 (44%)
206 (45%)
52 (11%)

212 (47%)
198 (44%)
43 (9%)

90 (42%)
106 (49%)
19 (8%)

109 (53%)*
77 (37%)
21 (10%)

GG vs GA/AA OR (95% CI)
P value

0.97 (0.75–1.27)
P = 0.83

1.10 (0.85–1.44)
P = 0.45

0.90 (0.64–1.27)
P = 0.54

1.4 (0.99–1.96)
P = 0.05

5q33 HTR4
(rs 11168048)

TT
CT
CC

160 (33%)
228 (47%)
98 (20%)

153 (33%)
216 (47%)
89 (19%)

155 (34%)
209 (46%)
88 (19%)

80 (37%)
95 (44%)
40 (19%)

61 (29%)
101 (49%)
45 (22%)

CC vs TT/TC OR (95% CI)
P value

0.95 (0.68–1.33)
P = 0.78

0.96 (0.69–1.34)
P = 0.79

0.90 (0.59–1.39)
P = 0.63

1.10 (0.72–1.67)
P = 0.64

5q33 ADAM19
(rs 1422795)

TT
CT
CC

213 (44%)
227 (47%)
46 (9%)

189 (42%)
207 (47%)
59 (13%)

183 (41%)
210 (47%)
58 (13%)

86 (40%)
100 (47%)
29 (13%)

84 (41%)
96 (47%)
26 (13%)

CC vs TT/TC OR (95% CI)
P value

1.47 (0.96–2.26)
P = 0.07

1.44 (0.94–2.23)
P = 0.08

1.51 (0.89–2.55)
P = 0.10

1.40 (0.81–2.41)
P = 0.20

6p21 BAT3
(rs 1052486)

AA
AG
GG

119 (26%)
239 (51%)
108 (23%)

127 (29%)
222 (50%)
93 (21%)

112 (26%)
210 (48%)
116 (26%)

51 (24%)
93 (44%)
65 (31%)*

55 (27%)
105 (52%)
43 (21%)

GG vs AA/AG OR (95% CI)
P value

0.88 (0.64–1.22)
P = 0.44

1.19 (0.87–1.63)
P = 0.25

1.50 (1.02–2.19)
P = 0.03

0.89 (0.59–1.35)
P = 0.57

6q21 AGER
(rs 2070600)

CC
CT
TT

412 (85%)
70 (14%)
3 (0.6%)

413 (90%)
41 (9%)*
3 (0.7%)*

388 (87%)
58 (13%)
2 (0.4%)

185 (86%)
29 (13%)
1 (0.5%)

175 (86%)
28 (14%)
1 (0.5%)

TT/TC vs CC OR (95% CI)
P value

0.60 (0.40–0.91)
P = 0.01 1

0.87 (0.59–1.28)
P = 0.47

0.92 (0.56–148)
P = 0.71

0.94 (0.57–1..52)
P = 0.78

6q24 GPR126
(rs 11155242)

AA
AC
CC

298 (63%)
161 (34%)
14 (3%)

290 (65%)
147 (33%
14 (3%)

287 (64%)
147 (33%)
11 (3%)

141 (66%)
69 (32%)
3 (1%)

128 (62%)
69 (34%)
8 (4%)

OR (95% CI)
P value

1.05 (0.47–2.36)
P = 0.90

0.83 (0.35–1.97)
P = 0.65

0.47 (0.11–1.76)
P = 0.23

1.33 (0.50–3.45)
P = 0.53
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Rs2808630, 1q23 (CRP). ompared to controls, the CC

genotype was slightly less frequent in lung cancer (11% in 8%,

OR = 0.68, P = 0.09) and COPD groups (11% vs 8%,

OR = 0.69, P = 0.10) but significantly lower in the lung cancer

only group (11% in controls vs 5%, OR = 0.47, P = 0.02). The

frequency of the CC genotype was also significantly lower in the

lung cancer only cohort compared to lung cancer with COPD

despite the modest numbers (5% vs 9%, OR = 0.54, P = 0.03).

This suggests the CC genotype of the CRP SNP was associated

with susceptibility to lung cancer only (G0 in Figure 1 and

Table 4).

Gene-based risk model
Using the results of the uni-variate analysis above, nine ‘‘risk

genotypes’’ were identified as either protective or susceptible

(Table 4). For each subject in the smoking control and lung cancer

cohorts, the sum total of these SNP-based scores were added to the

scores for the clinical variables (age, diagnosis of COPD, family

history of lung cancer) to derive a total lung cancer susceptibility

score [27,32]. On FAR analysis [25,26], the plot of the total score

with the frequency of lung cancer shows a linear relationship

across SNP score quintiles for both the 9 SNP (Figure 2a) and 19

SNP (Figure 2b) panels, as previously shown [27,32]. The

distribution plot of the total scores according to control smokers

(blue line, Figure 3) and lung cancer cases (red line, Figure 3) is

bimodal and the corresponding AUC is 0.69 for the 9 SNP panel

used here (Figure 3a). When genotype data of the 10 most

significant SNPs (smallest P values) from a previous analysis [32]

are added to the 9 SNP panel, the AUC increases to 0.72

(Figure 3b). We note when the clinical variables only are used the

AUC is 0.67 compared to the 9 SNPs alone of 0.59 and 19 SNPs

alone of 0.67. We conclude that the addition of the 9 SNPs or 19

SNPs improves the AUC and the risk prediction utility of the risk

score.

Table 4. Summary of the frequencies of the ‘‘risk genotype’’ for the 9 SNP panel for lung cancer susceptibility.

Candidate
Gene

Chromosome
Locus

Risk
Genotype Controls COPD Lung Cancer LC + COPD LC only

Genotype
effect

CHRNA 3/5
(rs16969968)

15q25 AA
(susceptible)

9% 14% q16%* q19%* 11%1 G2

BAT3
(rs1052486)

6p21 GG
(susceptible)

23% 21% 26% q31%* 21%1 G2

CRR9 (TERT)
(rs402710)

5p15 GG
(susceptible)

44% 44% 47% 42% q53%*1 G3

HHIP
(rs1489759)

4q31 GG
(protective)

17% Q11%* Q13%* Q11%* 13% G0

GYPA
(rs2202507)

4q31 CC
(protective)

27% Q19%* Q21%* Q20%* Q19%* G0

FAM13A
(rs 7671167)

4q22 CC
(protective)

30% Q23%* Q21%* Q22%* Q20%* G0

ADAM 19
(rs1422795)

5q33 CC
(susceptible)

9% q13% q13% 13% 13% G2

AGER
(rs2070600)

6p21 CT/TT
(protective)

15% Q10%* 13% 14% 15% G1

CRP
(rs2808630)

1q23 CC
(protective)

11% 8% 8% 9% Q5%* G3

*P-value ,0.05 for the risk genotype vs non-risk genotype/s compared to matched smoking controls (Mantel-Haenszel).
1P value ,0.05 for the risk genotype vs non-risk genotype/s comparing LC only to LC+ COPD (Mantel-Haenszel).
q increased in cases compared to controls, Q in cases compared to controls.
G0: protective against COPD and lung cancer, G1: associated with COPD only, G2: associated with both lung cancer and COPD, G3: associated with
lung cancer only.
doi:10.1371/journal.pone.0016476.t004

Chromosome
loci

Candidate SNP
(rs) Genotypes Primary Cohorts

Lung cancer (LC)
Sub-phenotyped for COPD#

‘‘Resistant’’ ‘‘Susceptible’’

15q25 CHRNA 3/5 a
(rs 16969968)

GG
GA
AA

225 (47%)
205 (43%)
45 (9%)

166 (37%)
219 (49%)
60 (14%)

170 (39%)
199 (46%)
68 (16%)*

86 (33%)
125 (48%)
50 (19%)*

81 (48%)
69 (41%)
18 (11%)

AA vs GG/GA OR (95% CI)
P value

1.47 (0.97–2.29)
P = 0.06 1

1.76 (1.16–2.68)
P = 0.005 1

2.26 (1.43–3.58)
P = 0.002 1

1.15 (0.62–2.11)
P = 0.64 1

# COPD defined according to pre-bronchodilator GOLD 2+ spirometry criteria.
*P-value of genotype/s - cases vs controls ,0.05.
1 P-value of risk allele - cases vs controls ,0.05. Risk alleles are: CRP-C, FAM13A-C, HHIP-G, AGER-C, CHRNA3/5 a-A.
doi:10.1371/journal.pone.0016476.t003
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Discussion

This study provides further evidence that the genes underlying

susceptibility to lung cancer may include genes relevant to

susceptibility to COPD. This has been possible by using cohorts

of smokers, matched for smoking exposure, but quite different in

their phenotypic response to smoking exposure. This phenotypic

response has been defined in part by the presence or absence of

COPD, itself a common sub-phenotype of lung cancer [8,13,14],

defined by a measurable biomarker (FEV1) with a strong genetic

basis [2,7]. By comparing chronic smokers with normal lung

function with those with COPD and lung cancer, sub-phenotyped

for COPD, the genetic associations identified to date can be better

understood. Indeed, by re-examining the associations reported

from recently reported lung cancer and COPD (FEV1) GWA

studies, the results of this current study suggest the genetic effects

from these loci confer specific protective or susceptibility effects on

COPD, Lung cancer or both (Figure 1, Tables 1 and 4). Despite

comparatively small sample sizes here, using this approach the

authors have recently shown that the 15q25 (CHRNA 3/5) and

4q31 (HHIP/GYPA) loci might be relevant in both COPD and

lung cancer [26,28]. The results in this study suggest that the

rs1052486 SNP on the 6p21 locus (BAT3) confers susceptibility to

lung cancer in smokers with pre-existing COPD and that, the

rs402710 SNP on the 5p15 locus (CRR9/TERT) and the

rs2808630 SNP on the 1q23 locus (CRP) confer susceptibility to

lung cancer in those with no pre-existing COPD. The rs1422795

SNP on the 5q33 locus (ADAM 19), previously associated with

reduced FEV1 [22,23], might also confer susceptibility to both

COPD and lung cancer. The rs7671167 SNP on the 4q22 locus

(FAM13A), previously linked to reduced lung function and COPD

[23,] is associated with both COPD and lung cancer. Larger

studies will be needed to confirm these findings as the sample sizes

here are small, particularly after sub-phenotyping the lung cancer

cases for COPD. These results also suggest that the previously

published risk algorithm [27,32], where combining risk genotypes

and clinical variables identified in a multivariate analysis, can

segment smokers into moderate, high and very high risk of lung

cancer. The authors conclude that when spirometry is used to sub-

Figure 2. Cumulative effect of the (a) 9 SNP panel and (b) 19
SNP panel of protective and susceptible SNPs in combination
with non-genetic variables to derive a ‘‘lung cancer risk score’’
in lung cancer cases and controls (n = controls and lung cancer
cases combined).
doi:10.1371/journal.pone.0016476.g002 Figure 3. Distribution of the lung cancer susceptibility score

using the (a) 9 SNP panel and (b) 19 SNP panel, of protective
and susceptible SNPs in combination with non-genetic vari-
ables in lung cancer cases and controls.
doi:10.1371/journal.pone.0016476.g003

Sub-Phenotyping for COPD in Lung Cancer Loci

PLoS ONE | www.plosone.org 9 February 2011 | Volume 6 | Issue 2 | e16476



phenotype smokers, genes with effects on reduced lung function or

COPD appear to be relevant in ‘‘susceptibility’’ to lung cancer.

This provides further evidence to support existing epidemiological

studies suggesting COPD and lung cancer are related by more

than smoking exposure [24,30] but also an overlapping genetic

susceptibility to smoking (Figure 1 and Tables 1 and 4) [26,28].

Epidemiological studies suggest COPD is an important sub-

phenotype of lung cancer. The results of this study suggest genetic

associations broadly define three disease groups: smokers primarily

susceptible to COPD (G1), smokers susceptible to both COPD and

lung cancer (G2), and smokers susceptible to lung cancer only (G3)

(Figure 1 and Table 4). More importantly, the epidemiological

studies also show there is a fourth group of smokers, consisting of

the majority of smokers (<70%) [4,5,12], who maintain normal or

near normal lung function. This group, have a ‘‘resistant’’

phenotype (G0), either do not develop, or are at least risk of,

COPD and lung cancer [4,5,8,9,12]. This is likely to be due, in

part, to an excess of protective genetic variants compared to

susceptibility variants [27,31]. Based on the results of this study,

the G0 genes conferring protection from COPD and lung cancer

include the rs7671167 SNP (FAM13A gene on the Chr 4q22

locus) and the rs1489759 and rs2202507 SNPs (GYPA and HHIP

genes on the Chr 4q31 locus). The rs2070600 SNP (AGER on the

Chr 6p21 locus), previously linked to reduced FEV1, appears to be

a susceptibility gene for COPD but not lung cancer (G1). Both the

rs169968 SNP (CHRNA3/5 gene on the Chr 15q25 locus) and the

rs1052486 SNP (BAT3 gene on the Chr 6p21 locus) appear to

confer susceptibility to lung cancer, but the latter only in

conjunction with COPD (G2). The rs402710 SNP (CRR9 (TERT)

on the Chr 5p15 locus) appears to confer susceptibility to lung

cancer in those with no pre-existing COPD, in keeping with other

studies (G3) [34,43,44]. These observations require validation in

larger studies where SNP effects on histological subtypes might

also be relevant to our findings [1,43]. Several loci linked to lung

function in the general population, such as the rs10516526,

rs11168048 and rs11155242 SNPs (GSTCD on 4q24, HTR4 on

5q33, and GPR126 on 6q24, respectively) [22,23] do not appear

to be related to COPD in this study. However, given that the

population study did not look specifically at smokers, it is possible

that these loci are not relevant to the lung’s response to tobacco

smoke exposure. The authors conclude that the novel study design

used here provides a viable approach with which to better

understand the genetic epidemiology of lung cancer.

The pathologic link between COPD and lung cancer may stem

in part from the overlapping inflammatory, apoptotic and matrix

remodelling/repair processes [45–47] underlying COPD, and the

development of squamous metaplasia, epithelial-mesenchymal

transition (EMT) and DNA damage that underlies lung carcino-

genesis [28,45,48–51]. In particular, there is growing evidence that

suggests these smoking induced changes are orchestrated by the

bronchial epithelium [28,45,48–51] - the HHIP, CHRNA 3/5

and FAM13A proteins are all known to be expressed on the

bronchial epithelium (see below). Although several of the SNPs,

investigated in this study have been shown to have functional

effects on gene expression or protein function, they may not

themselves be the causal variant, but instead representative of the

causal allele through linkage disequilibrium [52]. We note that in

many instances, the physical distance between these risk SNPs and

the proposed candidate genes is large. Despite this, it remains

possible that the investigated SNPs are themselves functional as (a)

studies have shown that SNPs with regulatory effects on genes

maybe some distance away [50], and (b) it has recently been

recognised that common SNPs with consistent disease association

signals, through ‘‘Synthetic associations’’, may represent the

biological effects of rare variants in nearby genes as much as 2

mega-bases apart [53]. If such an effect were true, then there is

potential for considerable overlap between the susceptibility genes

for COPD and for lung cancer. The rs16969968 SNP (CHRNA

3/5 on 15q25,) investigated in this study results in a non-

synonymous amino-acid change in a highly conserved region of

the second intra-cellular loop of the a5 subunit of the nicotinic

acetylcholine receptor. This receptor is expressed on both

bronchial epithelial cells and inflammatory cells, and is believed

to moderate pulmonary inflammation [54] and lung destruction

[34]. This receptor also binds both nitrosamines (known

carcinogens in cigarette smoke [55]) and nicotine linking it to

lung cancer and nicotine addiction respectively [56]. The

rs1052486 SNP (BAT3 on 6p21,) is a missense mutation

(Ser619Pro) in the BAT3 gene and has been previously linked to

lung cancer [57]. BAT3 is a nuclear protein that influences

apoptosis through it’s interaction with p53 [58] linking it to both

COPD and lung cancer. The rs1489759 SNP (HHIP on 4q31,) is

93 kb upstream of the HHIP gene and of unknown function. The

HHIP protein is believed to be important in the bronchial

epithelial response to smoking [59] and epithelial repair processes

in lung cancer [60]. The HHIP protein has been linked with

epithelial-mesenchymal transition, a pathological process that

results from lung remodelling (with release of metalloproteinases

and growth factors [29,45,61]) and initiates lung carcinogenesis

[48]. The rs2202507 SNP (GYPA on 4q31,) is of unknown

function and downstream of the GYPA gene. The GYPA protein,

found on erythrocytes, shows reduced expression in COPD and is

indicative of oxidative stress [62]. Whether the GYPA association

with COPD and lung cancer reflects an independent effect or

linkage effect with the HHIP locus (LD<0.70) is still debated [21].

The rs7671167 SNP (FAM13A on 4q22,) is found in intron 4 of

the FAM13A gene and has no known biological function [43,63].

The FAM13A protein, expressed in respiratory cells, is thought to

be involved in signal transduction with possible tumor suppressor

activity [63,64]. The rs1422795 SNP (ADAM 19 on 5q33,) is a

missense mutation (Ser284Gly) in the ADAM 19 gene. ADAM 19

is a transmembrane protein expressed in human lung implicated in

cell-matrix interactions [65], pulmonary inflammation [66] and

lung cancer [67]. The rs402710 SNP (CRR9 (TERT) on 5p15,) is

an intronic SNP of unknown function in the CRR9 gene and

associated with lung cancer in many studies [1,17,18,34]. This

SNP is 25 kb upstream from the TERT gene encoding, which

encodes the catalytic subunit of telomerase, a reverse transcriptase

that affects telomere shortening, which has been implicated in

both aging and lung cancer [68]. The results of the current study

suggest that the CRR9/TERT locus confers susceptibility to lung

cancer in the absence of COPD. Such a finding is in accordance

with those recently reported by Yang et al [34], who found after

adjusting for the presence of COPD, only the rs 402710 SNP

(Chr5p15 locus) was associated with lung cancer while the effects

of the other GWA associated SNPs were lost. The rs2808630 SNP

(CRP on 1q23,) is found in the 39 flanking region of the CRP gene

and has been associated with serum CRP levels (C allele with

reduced CRP) [69]. Elevated CRP levels have been shown in

prospective studies to be associated with greater decline in lung

function [70] and elevated lung cancer risk after adjustment for

smoking [71]. In the current study, where all cohorts were

matched for smoking exposure, the CC genotype (low CRP level)

was less frequent in both COPD and lung cancer cases although

only achieved significance in the lung cancer only sub-phenotype.

The rs2070600 SNP (AGER on 6p21,) is a missense mutation

(Gly82Ser) of the AGER gene and shown to affect the

inflammatory response in humans [72]. AGER protein expression
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has been shown to be increased in the lungs of smokers with

COPD [73] whilst decreased in human lung cancer cell lines [74].

We conclude that the SNP associations described here with

COPD and/or lung cancer can be explained by plausible, but as

yet unproven, biological functions. We also conclude that through

sub-phenotyping for COPD, possible clues as to the independent

and overlapping pathogenic processes underlying COPD and lung

cancer can be better examined.

The use of healthy smokers as controls in this study represents a

novel though possibly controversial approach [31] to identifying

the genetic basis of lung cancer. The authors contend that such an

approach is classically used in pharmacogenetic studies where the

disparate response to a standardised dose of drug provides a

dynamic phenotype (high vs low metabolisers or responders vs

nonresponders) from which to identify relevant genes [75]. In the

setting of lung cancer, smoking is the drug and FEV1 the

biomarker of responsiveness. The latter is based on the

epidemiological studies showing that FEV1 is the most important

risk factor for lung cancer among smokers [8,9,12,8,25,76] and

has a bimodal distribution among chronic smokers [10–12]. The

latter is very relevant as bimodal distribution supports a genetic

basis as suggested by twin studies where heritability of FEV1 is

estimated to be 40–77% compared to only 15–25% for lung

cancer [6,7]. From a genetic epidemiology perspective, a cohort of

chronic smokers with the resistant or ‘‘non-responder’’ phenotype

(normal or near normal FEV1), might provide an alternate control

group to the non-random (and unscreened) smokers used in case-

controls to date [17–19]. Controls recruited from hospital clinics

or in the absence of spirometric screening (volunteers), report a

COPD prevalence of 30% or more [33]). If the control group

includes a high proportion of smokers with COPD, the effect of

the COPD related genes on lung cancer susceptibility will be

diluted or lost. This is also relevant as the proportion of COPD

patients who eventually develop lung cancer may be as high as 25–

30% [8,77] and the frequencies of several disease-related SNPs are

very similar between lung cancer and COPD groups (See Table 3,

eg FAM13A, HHIP). This might explain why the lung cancer

GWA studies to date failed to consistently identify the Chr4q31

(HHIP/GYPA) and Chr4q22 (FAM13A) loci as a protective loci

[17–19], and the Chr 5q33 (ADAM19) locus as a possible

susceptibility locus. It would also explain why matching for COPD

in the lung cancer cases and controls might identify only the

Chr5p21 (CRR9/TERT) locus which in the current study was

associated with lung cancer in smokers with no underlying COPD

[34]. The authors propose that FEV1 be routinely measured in

genetic epidemiology studies of lung cancer to better understand

the role of ‘‘COPD genes’’ in lung cancer [8,12]. Subtyping for

emphysema using computerised tomography or reduced diffusion

capacity would further refine the subphenotyping for COPD [78].

It is possible that the specific associations reported in this study

reflect in part, small sample size and chance findings. This

represents an important limitation of the current study requiring

replication in a larger study. It is also possible that the findings

reflect true associations that have been better identified, despite

small sample sizes, by more precise phenotyping of subjects.

Minimising misclassification has been shown to improve the power

of a study to identify true associations [36]. The authors suggest

that some important associations may be either missed [18,19] or

miss-assigned [17–19] in studies where the COPD status of

smoking controls is unknown, especially using hospital based

controls where the prevalence of COPD has been found to be as

high as 30% [33]. The latter would be analogous to searching for

type 2 diabetes genes by comparing obese patients with type 2

diabetics thereby missing the genetic effects contributing to

obesity. If previous case-control studies use control groups where

the prevalence of COPD is 25–30%, then relevant genetic effect

may be obscured. This is well illustrated in Table 3 where, for

several SNPs (eg HHIP, GYPA, CRR9 (TERT), ADAM19 and

CHRNA 3/5), the frequencies of ‘‘risk genotypes’’ between

COPD and lung cancer cases are very similar. In addition,

matching of other confounding variables, in particular smoking

dose exposure, may also help to detect relevant genetic

associations which might otherwise be diluted by using unexposed

people (non-smokers [17–19]). Matching for smoking is particu-

larly important in these studies of smoking related disease as the

penetrance of SNP effects, reflected in the odds ratio, are likely to

be related to the degree and/or duration of smoking exposure.

The effect of certain SNPs have been shown to be greater when

investigated only in those with greater smoking exposure [21,29].

This is the case in a1-anti-trypsin deficiency where people

homozygote for the Z allele (low a1-antitrypsin level) are at risk

of emphysema when they smoke, but much less so when they are

non-smokers [79]. Lastly, there remains the possibility that the

SNP associations reported here result from gender, age or height

differences between the group comparisons. Although our sample

sizes are modest, we think this is unlikely as the groups are

comparable with respect to these variables and we specifically

examined this possibility and did not find any SNP effects

confounded by these variables.

The authors have previously reported a lung cancer suscepti-

bility model whereby genotype data is combined with non-genetic

data [27,32]. This model is based on the results of a multivariate

analysis that include the genotypes, scored according to whether

they conferred a small protective (-1) or susceptibility (+1) effect

[27,32]. The clinical variables, identified as independent predic-

tors of lung cancer following multivariate analysis were, age over

60 years, a family history of lung cancer and previous diagnosis of

COPD. In stepwise regression, family history of lung cancer is

independently associated with lung cancer risk after inclusion of

the SNP genotype data [80] and likely reflects rare family-specific

genetic effects not accounted for by the genotypes tested here. An

example of such a genetic effect is represented by the RGS17 gene

on Chr 6q24 implicated in familial lung cancer but not

investigated here [81]. Similarly, the prior diagnosis of COPD is

independently associated with lung cancer risk and likely reflects

the contribution of genetic susceptibility to COPD not otherwise

accounted for by the SNPs in the panel. The SNP data provides an

important and significant contribution to the overall score as ‘‘risk

genotypes’’ are a risk variable present from birth, and unlike

family history and diagnosis of COPD, not dependent on age or

natural history of disease. This is very relevant to prevention as

high risk SNP genotypes can be identified early in a person’s

smoking history, before irreversible malignant transformation has

occurred. Although lung function data itself is also an important

variable in defining the risk of lung cancer, it is usually not

available for the majority of smokers where it is often not done

until exertional breathlessness is severe and when over 50% of

lung function is irreversibly lost [12]. For each subject in the

control smoker and lung cancer cohorts, a lung cancer

susceptibility score was derived according to these variables and

their distributions compared [27,32]. The distribution showed a

bimodal separation suggesting utility as a screening test of risk

[27,32,82]. Using the same approach in the current study, with the

susceptibility and protective genotypes derived from the GWA

SNPs (9 SNP panel, Table 4), the lung cancer susceptibility score

was also bimodal and showed a limited utility in an ROC analysis

(AUC = 0.69) (Figures 2 and 3). This utility was increased when

the 10 most informative SNPs from the previous study were added
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(N = 19 SNP model, AUC = 0.72, data not shown). This suggests

that as new genetic variants are identified and added to the risk

model, a greater utility based on ROC analysis might be achieved

[31,80]. This study provides further evidence that lung cancer

results from the combined effects of several genetic variants [83]

with low penetrance [84] from genes implicated in both COPD

and lung cancer [26–28]. This study also highlights the limitations

of the lung cancer GWA studies reported to date [85] and the

need to consider sub-phenotyping using spirometry-defined

COPD to better understand the relative effects of genetic variants

on lung cancer susceptibility [26,28]. In conclusion, this study

provides additional evidence that genes involved in the risk of

COPD may also be relevant to the risk of lung cancer and that

spirometry be routinely used to identify COPD, an important

sub-phenotype of lung cancer. This study also supports the

potential of combining genotype data [27,32] in an algorithmic

fashion to identify smokers at greatest risk of lung cancer.
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Summary

Background: Susceptibility to Chronic Obstructive Pulmonary Disease (COPD) has a genetic
component. We undertook a study to determine if a genetic variant of the gene encoding
the cyclooxygenase-2 gene influences the likelihood of developing COPD.
Methods: In a case control study the frequency of a single nucleotide polymorphism in the
promoter region of the cyclooxygenase-2 gene (-765 G / C) was determined in 205 subjects
with COPD, 171 chronic smokers with normal lung function (resistant smokers) and 95 healthy
blood donors using the polymerase chain reaction and restriction enzyme fragment length
polymorphism.
Results: The frequency of the C allele of the -765 cyclooxygenase-2 polymorphism was higher
in resistant smokers (24.6%) compared with subjects with COPD (14.4%, OR Z 1.98, 95%
tive pulmonary disease; -765 G/C, guanine to cytosine substitution at position -765 of the cyclo-
E2, prostaglandin E2; MMP-2, matrix metalloproteinase-2; MMP-9, matrix metalloproteinase-9; FEV1,
, forced vital capacity; ATS, American Thoracic Society; PCR, polymerase chain reaction; RFLP,
lymorphism; DNA, deoxyribonucleic acid; SNP, single nucleotide polymorphism; TGF-b1, transforming
viation; SOD, superoxide dismutase.
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CI Z 1.28e3.06, p Z 0.003) and blood donors (14.7%, OR Z 1.97, 95% CI Z 1.14e3.41,
p Z 0.03).
Conclusions: The -765C allele, which has been shown to be associated with decreased
promoter activity of the cyclooxygenase-2 gene, is more common in resistant smokers. This
raises the possibility that decreased activity of cyclooxygenase-2 may protect smokers against
the development of COPD.
ª 2010 Elsevier Ltd. All rights reserved.
Introduction

Chronic Obstructive Pulmonary Disease (COPD) is charac-
terized by progressive airflow obstruction that is largely
irreversible.1 This is thought to be due both to changes in
the small airways and to emphysema which involves
destruction of the alveolar wall. Family studies suggest that
there is a genetic predisposition to COPD2 and a number of
genetic polymorphisms have been reported to be associ-
ated with COPD, although a smaller number have been
replicated in different populations.3

Cyclooxgenase-2 catalyzes the conversion of arachidonic
acid to prostaglandin H2 which is the precursor of other
prostaglandins and thromboxanes.4 Unlike cyclooxygenase-1
which is expressed constitutively in almost all tissues,
cyclooxygenase-2 is induced in response to a number of
cytokines and growth factors.4 There is a number of reasons
for suspecting that cyclooxygenase-2 may have a role in the
pathogenesis of COPD. Xaubet et al. found increased immu-
nohistochemical staining for cyclooxygenase-2 in lung tissue
compared with control subjects.5 They also demonstrated
increased expression of cyclooxygenase-2 mRNA in COPD
tissue. Taha and colleagues performed immunostaining for
cyclooxygenase-2 in cells from induced sputum frompatients
with COPD and control subjects and found a higher propor-
tion of cells that stained positively in the patients with
COPD.6 Cyclooxygenase-2 could contribute to the develop-
ment of COPD through the effects of prostaglandin E2 (PGE2)
to promote the secretion of matrix metalloproteinases.
Matrix Metalloproteinase-2 (MMP-2) and Matrix Metal-
loproteinase-9 (MMP-9) have been implicated as having a role
in the tissue damage that occurs in emphysema. NS398which
is a cyclooxygenase-2 inhibitorwas shown to inhibit secretion
of Pro MMP-2 and Pro MMP-9 by a cultured prostate cancer
cell line.7 Explanations for COPD have focused on tissue
destruction leading to emphysema but it is also possible that
defective tissue repair could contribute to the development
of COPD.8 Prostaglandin E2 inhibits the proliferation of
pulmonary fibroblasts,9 a mechanism by which the cyclo-
oxygenase-2 could inhibit tissue repair in COPD.

Papafili and her colleagues were the first to describe the
-765 G/C polymorphism in the promoter region of the
cyclooxygenase-2 gene.10 The -765C allele was found to be
associated with lower promoter activity. Subsequently
Cipollone et al. found that that the -765C allele was asso-
ciated with a lower prevalence of myocardial infarction and
stroke and there was decreased immunohistochemical
staining for cyclooxygenase-2 in carotid endarterectomy
specimens from patients with the -765C allele.11 When
monocytes from patients with the -765 GG genotype were
stimulated with lipopolysaccharide there was increased
formation of cyclooxygenase-2 and PGE2 compared with
individuals carrying the -765C allele.12

We have compared the frequency of the -765C allele in
patients with COPD, in resistant smokers (who have not
developedCOPDdespite a smoking history of 15 pack years or
more), and in a group of healthy blood donors to determine if
this allele protects against development of COPD.
Methods

Subjects

Group 1. COPD (smokers with impaired lung function
consistent with COPD)
We recruited subjects of European descent (i.e. all four
grandparents were European) with COPD who had been
previouslydiagnosedbya specialist physicianandwhomet the
following criteria: they were over 40 years of age with
aminimum fifteen pack year smoking history with a FEV1/FVC
ratio (Forced Expiratory Volume in One Second/Forced Vital
Capacity) <70% and FEV1 as a percentage of predicted <80%
(EuropeanCoal and Steel Community referencevalues). COPD
subjects were identified by pre-bronchodilator spirometry,
performed to American Thoracic Society (ATS) guidelines, on
admission to Auckland City Hospital (New Zealand) with
infective exacerbation of COPD or following attendance at
a hospital outpatient clinic. Identified patients were then
re-assessed, using Bronchodilator Reversibility Testing (pre-
bronchodilator and post-bronchodilator spirometry) based on
the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) guidelines, while in a stable condition and after
withholding their usual COPD medications for the following
periods: short-acting bronchodilators 6 h, long acting bron-
chodilators and inhaled corticosteroids for 12 h. Post-bron-
chodilator spirometry was performed 15e20 min after
administration of the bronchodilator (salbutamol, 400mg).
Subjects with a >20% reversibility in FEV1 or with FEV1/
FVC> 70% in response to inhaled bronchodilator therapywere
excluded. No subjects had been on oral corticosteroids,
inhaled long acting anticholinergic inhalers or oral broncho-
dilating agents in the 6 week period prior to testing. Those
withahistoryofanyof the followingwereexcluded:childhood
or early adulthood asthma; prior evidence of a >20% revers-
ibility in FEV1 in response to inhaled bronchodilator therapy;
symptoms of breathlessness before 40 years of age, or past
lung surgery. COPD subjects were also excluded if they
answered yes to the question “Have you ever been diagnosed
with bronchiectasis?”, or were diagnosed as having bronchi-
ectasis in their hospital records, or on clinical or radiological
grounds.
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Group 2. resistant smokers (smokers with normal lung
function)
We also recruited from the same community (from social
clubs for the elderly living in the same city suburbs as the
COPD cases) a cohort of resistant smokers of European
descent (all four grandparents were European), who vol-
unteered to be studied and who met the following
criteria: they were over 40 years of age; had a minimum
15 pack years smoking history; and an FEV1/FVC ratio
between 70% and 90% and FEV1 as a percentage of pre-
dicted >80%.

Utilising questions from the ATS Respiratory Question-
naire, occupational exposure to dusts and fumes was
recorded from the COPD subjects and resistant smokers.
Using a PCR based method,13 we genotyped the COPD
subjects and the resistant smokers for the a1-antitrypsin
mutations (S and Z variants) and excluded those with the ZZ
or SZ genotype. Those with the MZ genotype were included
and made up 5% of both the COPD and resistant smoker
cohorts.

Group 3. blood donors
We also recruited 95 blood donors of European descent (all
four grandparents were European) whose recruitment was
unrelated to smoking status and who were healthy with no
known respiratory illnesses.

The study was approved by the Auckland Ethics
Committee and all subjects gave informed written consent.

Polymerase chain reaction (PCR) and restriction enzyme
fragment length polymorphism (RFLP) were used to analyze
the genotype of the polymorphism.

DNA extraction

Genomic DNA was extracted from whole blood using DNAzol
(Gibco Life Technologies) following standard protocols
given by the manufacturer.

PCR amplification

Reaction mixtures (25 mL) were prepared, each containing
about 20 ng DNA, 1 U Taq polymerase (Life Technologies),
and a final concentration of 1� Buffer, 0.2 mM dNTPs (Life
Technologies), 5 mM of each Primer (from Gibco BRL life
Technologies), and 1.5 mM MgCl2. The primer sequences
were based on the study of Papafili et al.10 The forward
primer (CF-8) was CCGCTTCCTTTGTCCATCAG and the
reverse primer (CR-7) was GGCTGTATATCTGCTCTATATGC.
The PCR product size was 306 bp. Using a PTC-100
Programmable Thermal Controller (from MJ Research Inc,
Biolab Scientific Ltd), PCR was performed with an initial
denaturation at 94 �C for 3 min. This was followed by 40
cycles, with denaturation at 94 �C for 1 min, annealing at
55 �C for 1 min, elongation at 72 �C for 45 s, followed by
a final elongation of 5 min at 72 �C. An amplification check
was carried out using electrophoresis. The gel was prepared
using 25 mL of agarose gel (Gibco BRL Life Technologies) in
0.5% TAE buffer containing 0.25 mL ethidium bromide. 4 mL
of the amplification product and 3 mL of the following
mixture, 95% formamide, 10 mM EDTA, 0.05% bromophenol
blue, 0.05% xylene cyanol, were added to each well.
Electrophoresis was performed in 200 mL of 0.5% TAE buffer
with 2.5 mL ethidium bromide, with a voltage of �90 mV for
10 min. Positive and negative control template DNAs were
included in each PCR run.

Restriction enzyme digestion

The variants (-765 G/C) were detected by AciI (New
England Biolabs) restriction endonuclease which selectively
digests -765 G allele into 188 bp and 118 bp products.

The reaction mixture was 4 mL of the amplification
product digested with 2U AciI, in a mixture containing 1 mL
NE Buffer3 (New England Biolabs) in 10 mL reactions. The
reaction mixture was incubated at 37 �C for 2 h. Restriction
enzyme-digested PCR products were subjected to electro-
phoresis in a 2.5% agarose gel (Seakem: FMC, Rockland, ME)
at �70 mV for 2 h in 200 ml of TBE buffer. Using ultraviolet
transillumination after ethidium bromide staining, the
products were visualised, and the size of the product was
determined using 123 bp ladder. A positive control and
a negative control were included in each digestion.

Statistical analysis

The demographic characteristics of the COPD and resistant
smokers were compared using Fisher’s Exact Test for
gender and student’s t-test for unrelated groups for the
continuous normally distributed variables. Genotype
frequencies were compared with HardyeWeinberg equi-
librium within each cohort. Allele and genotype frequen-
cies were compared between cohorts using the
Mantel-Haenszel Chi square test to generate Odd’s Ratios
with 95% confidence limits. Logistic regression was used to
provide the odds of COPD/resistant smoking for each
genotype after adjusting for age and pack years. Analyses
were conducted using procedures of SAS (SAS Institute Inc,
version 9.1 for Windows). All tests were two tailed taking
P < 0.05 as significant. Evidence for population stratifica-
tion was sought using Structure (v2.1).13

Results

Thecharacteristics of the 205 subjectswithCOPDand the171
resistant smokers are summarized in Table 1. The subjects
with COPD did not differ significantly from the resistant
smokers in the proportion who were male (p Z 0.23) or in
smoking history (p Z 0.15), but they were younger
(p < 0.0001). We undertook a logistic regression controlling
for age, gender and smoking history. This did not affect the
findings. The resistant smokers had near normal lung func-
tion while the subjects with COPD had a mean FEV1% pre-
dicted of 38.6% and FEV1/FVC of 0.48. In the healthy blood
donors 62% were men and their mean (SD) age was 49.8 (9.5)
years. 36% had never smoked. Lung function data were not
available in this group but none had a diagnosis of COPD.

We found no evidence of population stratification using
19 unlinked SNPs from different genes (mean c2 Z 4.2,
p Z 0.23).

The distribution of genotypes and the allele frequency
are shown in Table 2. The frequency of the C allele was
similar in the subjects with COPD (14.4%) and the blood



Table 1 Characteristics of subjects with COPD and resistant smokers.

COPD (n Z 205) Resistant Smokers (n Z 171)

Male (%) 113 (54.9%) 108 (62.85%)
Mean Age (years) (SD) 66.1 (10.4) 59.3a (11.4)
Mean Pack Years (SD) 43.8 (22.4) 47.8 (24.7)
Mean FEV1 (litres) (SD) 1.02 (0.52) 2.84 (0.69)
Mean FEV1 %predicted (SD) 38.6 (15.8) 96.3 (10.6)
FEV1/FVC (SD) 0.48 (0.13) 0.81 (0.08)
a The resistant smokers were significantly younger than the subjects with COPD (p < 0.0001). In the COPD group, FEV1 and FVC values

were post-bronchodilator spirometry measurements. There was no significant difference between the two groups for gender or smoking
history.
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donors (14.7%) but was more frequent in the resistant
smokers (24.6%). There was no significant deviation of
genotype frequency from HardyeWeinberg equilibrium.
The Odd’s Ratio for the resistant smokers having the C
allele was 1.98 (95% CI 1.28e3.06, p Z 0.003) compared
with the subjects with COPD, and 1.97 (1.14e3.41,
p Z 0.03) compared with the blood donors. There was no
difference between the subjects with COPD and the blood
donors (OR Z 0.99, 95% CI 0.57e1.72, p Z 0.93).

In the logistic regression which adjusted for age, gender
and smoking history the Odds Ratio for the resistant
smokers having the C allele compared with the subjects
with COPD was 2.21 (95% CI 1.39e3.52, p Z 0.0008).
Discussion

We have demonstrated that the -765C promoter poly-
morphism in the cyclooxygenase-2 gene is more frequent in
resistant smokers than it is in smokers with COPD and
healthy blood donors. This polymorphism is associated with
reduced expression of cyclooxygenase-2.10 This suggests
that a decrease in cyclooxygenase-2 may protect against
the development of the COPD in smokers. There are several
reasons why a decrease in cyclooxygenase-2 may be bene-
ficial. MMP-2 and MMP-9 have elastolytic activity and there
are reports of increased expression of MMP-2 and MMP-9 in
lung tissue from individuals with COPD.14,15 This is relevant
because COPD is characterized by damage to the elastic
fibers in the lung.16 NS398, which is a cyclooxygenase-2
inhibitor, decreases the secretion of Pro MMP-2 and Pro
MMP-9 from prostate cancer cells,8 while rofecoxib, which
is also a selective cyclooxygenase-2 inhibitor, decreases the
expression of MMP-2 and MMP-9 in splenic tumours in
mice.17 It is conceivable that reduced expression of cyclo-
oxygenase-2 is associated with lower levels of MMP-2 and
Table 2 Distribution of allele frequency and distribution of ge
donor controls.

C allele (%) G allele

COPD (n Z 205) 14.4% 85.6%
Resistant Smokers (n Z 171) 24.6% 75.4%
Blood Donors (n Z 95) 14.7% 85.3%

There was no significant difference between the subjects with COPD an
likely to have the C allele than the subjects with COPD (OR Z 1.98, 9
1.14e3.41; p Z 0.03).
MMP-9 in the lung and that this could protect against the
development of emphysema. COPD, however, may not just
be a consequence of increased tissue destruction. Fibro-
blasts from the lungs of patients with COPD proliferate
more slowly than control fibroblasts18 and it is possible that
defective tissue repair contributes to the development of
COPD. Because PGE2 inhibits the proliferation of pulmonary
fibroblasts,9 the upregulation of cyclooxygenase-2 that has
been reported in COPD lung may inhibit repair,6 whereas
the reduced expression of cyclooxygenase-2 observed with
the -765C variant may promote repair. We have previously
reported that a single nucleotide polymorphism in codon 10
of the transforming growth factor beta 1 (TGF-b1) gene,
which is associated with increased production of TGF-b1,
protects against the development of COPD.19 TGF-b1 both
inhibits the secretion of MMP-9 by monocytes20 and
promotes the proliferation of fibroblasts.21 This raises the
possibility that -765C polymorphism in the cyclooxygenase-
2 gene and the codon 10 polymorphism in the TGF-b1 gene
may exert protective effects in similar ways. Indeed, this
was the reason that led us to examine the relationship
between the -765C polymorphism and COPD. We further
believe that the reduction in -765C polymorphism increases
cyclooxygenase-2 due to the biological plausibility of the
association that we have reported. Recently, a study on
superoxide dismutase (SOD) variants indicates that the
variant 213Gly of the SOD3 gene may confer a degree of
resistance in some smokers to the development of COPD.22

With genetic association studies there is the concern
that confounding may occur because the cases and controls
are not well matched. The background frequency of an
allele can vary in different ethnic groups and problems can
arise if population stratification occurs i.e. if the ethnic
background of the cases and controls differ.23,24 Because of
this concern we only included subjects who were European
in the study. In addition we found no evidence of
notypes in subjects with COPD, resistant smokers and blood

(%) CC CG GG

6 (2.9%) 47 (22.9%) 152 (74.1%)
14 (8.1%) 56 (32.7%) 101 (59.1%)
3 (3.2%) 22 (23.2%) 70 (73.7%)

d the blood donors. The resistant smokers were significantly more
5% CI 1.28e3.06; p Z 0.003) or blood donors (OR Z 1.97, 95% CI
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population stratification using 19 unlinked SNPs from
unrelated genes. It is also reassuring that the frequency of
the C allele in the blood donors and in the subjects with
COPD is very similar to that reported in other studies of this
polymorphism in European populations.10,25 We note,
however, that we did not have available spirometry data
from the blood donors, thus it is possible that there may
have been some early-stage COPD patients in this group.
The patients with COPD and the resistant smokers were
similar in terms of gender and smoking history, the resistant
smokers were younger. The adjusted and unadjusted odds
ratios were similar and the results remained statistically
significant. We recognize that these results may be
affected by unknown factors, and in particular a lack of
mechanistic data, but nevertheless they do raise the
possibility that treatment with non-steroidal anti-inflam-
matory drugs may beneficially influence the progression of
COPD.
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Background: Studies over the past two decades have reported associations between GSTM1 

(glutathione S-transferase mu 1) null genotype and chronic obstructive pulmonary disease 

(COPD) or lung cancer. However, a modifier or confounding effect from COPD mediating the 

GSTM1 association with lung cancer has not been previously explored.

Aim and methods: This variant was examined in a case-control study of current or former 

smokers with COPD (n = 669), lung cancer (n = 454), or normal lung function (n = 488). Sex, 

age, and smoking history were comparable between groups.

Results: The GSTM1 null genotype was found to be more frequent in smokers with COPD 

alone (odds ratio [OR] 1.30, 95% confidence interval [CI] 1.02–1.66, P = 0.031) and lung 

cancer (OR 1.26, 95% CI 0.96–1.65, P = 0.083) than in matched smokers with normal lung 

function (62%, 61%, and 56%, respectively). However, when smokers with lung cancer were 

subgrouped according to the presence of COPD, then the association with all COPD subjects 

(OR 1.34, 95% CI 1.07–1.70, P = 0.010) and with COPD and lung cancer (OR 1.50, 95% CI 

1.06–2.12, P = 0.018) continued to be significant while that with lung cancer only was reduced 

(OR 1.11, 95% CI 0.78–1.56, P = 0.55). These associations were independent of age, sex, height, 

lung function, and smoking history.

Conclusion: Findings suggest that COPD is an important subphenotype of lung cancer and 

may underlie previously reported associations with the GSTM1 null genotype.

Keywords: lung cancer, chronic obstructive pulmonary disease, GSTM1, association study, 

polymorphism, copy number variant

Introduction
Cigarette smoking is the single most important environmental exposure leading to 

chronic obstructive pulmonary disease (COPD) and lung cancer, accounting for 

85%–90% of cases. Although nearly 50% of deaths from smoking can be attributed 

to these two pulmonary complications, only 10%–20% of smokers are affected, sug-

gesting genetic predisposition may play an important part.1,2 Recently, the authors 

and others have used spirometry to show that COPD is present in 50%–70% of lung 

cancer cases.3–5 This is compared with a COPD prevalence of 15%–20% among smok-

ers randomly recruited from the community.3,6,7 In addition, the presence of COPD is 

associated with a four- to sixfold increased risk of lung cancer compared with com-

munity-recruited smokers3 or smoking controls with normal lung function.6 Given this 

significant overlap (Figure 1), and that the heritability (genetic contribution) of COPD 

(estimated to be 40%–77%) is nearly three times that of lung cancer (estimated to be 

15%–25%),8,9 the authors propose that genes conferring a propensity to COPD may 
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also be relevant in lung cancer susceptibility.10 Specifically 

among smokers, some loci which determine susceptibility 

to COPD may also be important in the  susceptibility to lung 

cancer. Support for this hypothesis comes from recently 

published genome-wide association studies of COPD, lung 

function (forced expiratory volume in 1 second [FEV
1
]), and 

lung cancer that report overlapping loci.11–16 Further support 

for this overlap hypothesis comes from studies where lung 

cancer cases have been subgrouped according to COPD 

status (based on spirometry; Figure 1), and show that COPD-

related single nucleotide polymorphisms (SNPs) are also 

associated with lung cancer, independent of the presence 

of COPD.17,18 Using this approach, some SNP associations 

previously reported for lung cancer have been shown to be 

more closely related to COPD.19 This raises the possibility 

that previously reported genetic associations, or indeed 

genomic (ie, gene expression) associations, for lung cancer 

may in fact represent associations with COPD through a 

modifier or confounding effect.

In the past two decades there has been considerable 

interest in the phase I and II enzymes, which include 

glutathione S-transferase (GST) enzymes, in the metabolism 

and inactivation of smoking-related compounds including 

carcinogens.20 The highly conserved phase II metabolic 

enzymes of the GST family are expressed in the airway 

epithelium and alveolar macrophages.20 The gene for the 

isoenzyme GST Mu 1 (GSTM1) is located in a region of the 

genome susceptible to copy number variation, such that about 

38%–67% of those with European ancestry are homozygote 

for the GSTM1 gene deletion (null genotype or GSTM1*0). 

In a recently reported study it was shown that for those who 

had homozygous gene deletion, the expression of GSTM1 in 

the small airways epithelium and alveolar macrophages is 

approximately one-third of that in those with one or more 

copies.21 This shows that subjects who had homozygous gene 

deletion (GSTM1*0) have significantly reduced expression of 

this enzyme, compared with those carrying at least one copy 

of the gene, in the tissues thought to be directly involved in the 

development of lung cancer and COPD. This finding provides 

compelling evidence of a functional role for the GSTM1 

null genetic variant and might explain why this genotype 

has been found to be associated with an increased risk of 

both lung cancer and COPD in many studies in the past.22–28 

Furthermore, studies have shown the GSTM1 null genotype 

is associated with increased DNA adducts in smokers with 

lung cancer.29 However, none of the lung cancer association 

studies subphenotyped their cases for the presence of 

COPD, so it remains possible that an interactive modifier or 

confounding effect from COPD may have gone undetected. 

This is because the frequency of COPD is estimated to be 

between 50% and 70% in lung cancer cases compared with 

10% and 30% in smoking controls, depending on where they 

were recruited from (Figure 1).3–7 In this study, a recently 

described pseudo-SNP, known to function as a GSTM1 

deletion marker (Figure 2),30 was used and its frequency was 

compared in smoking groups with COPD, lung cancer, and 

normal lung function.

Materials and methods
study subjects
All subjects recruited were of Caucasian ancestry based 

on their grandparents’ descent (all four grandparents of 

 Caucasian descent). Subjects recruited into the study 

were aged 40–80 years with a minimum smoking history 

of 15 pack years and COPD confirmed by a respiratory 

 specialist based on prebronchodilator spirometric criteria. 

All subjects were recruited between 2001 and 2007. Control 

subjects were recruited based on the following criteria: aged 

45–80 years and with a minimum smoking history of 15 pack 

years. Control subjects were volunteers who were identified 

through either a community postal advertisement or while 

attending community-based retired military/servicemen’s 

C

GSTM1 gene (copy number variation)*Wild-type allele
(GSTM1*1)

Null allele
(GSTM1*0)

T

*

Figure 2 GSTM1 (glutathione S-transferase mu 1) gene structure, the gene deletion in 
the null genotype and rs366631 pseudo-single nucleotide polymorphism.30

Note: *Multiple copies of the GSTM1 gene have been reported in non-Caucasian 
ethnicities.30

Is the GSTM1 null effect
associated with COPD, lung

cancer, or both, after
subphenotyping for COPD?  

Smokers with normal
lung function

  Lung cancer
subphenotyped

by COPD 

COPD

Figure 1 Overlapping relationship between chronic obstructive pulmonary disease 
(COPD) and lung cancer in smokers and the susceptibility effect conferred by the 
GSTM1 (glutathione S-transferase mu 1) null genotype.
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clubs located in the same patient catchment as those serving 

the lung cancer and COPD hospital clinics. Lung cancer cases 

were aged .40 years and in 95% of cases their diagnosis 

was confirmed through histological or cytological specimens. 

Nonsmokers (those who had smoked , 100 cigarettes over 

their lifetime) with lung cancer were excluded from the 

study and only primary lung cancer cases with the  following 

 pathological diagnosis were included: adenocarcinoma, 

squamous cell cancer, small-cell cancer, and nonsmall-cell 

cancer (generally large cell or bronchoalveolar subtypes). 

Lung function measurement (prebronchodilator) was 

 performed within 3 months of lung cancer diagnosis, prior 

to surgery, and in the absence of pleural effusions or lung 

collapse on plain chest radiographs. In a minority of lung 

cancer cases, computed tomography evidence of advanced 

disease and/or poor respiratory reserve meant histological 

confirmation was not possible in 5% of cases and spirometry 

was not performed in 7% of cases.

Spirometry was done in 100% of those with COPD 

and the smoking controls, and in 93% of those with lung 

cancer. Lung function conformed to American Thoracic 

Society standards for acceptability and reproducibility, 

with the highest value of the best three blows used for 

classification of COPD status. Spirometry was performed 

using a portable spirometer (Easy-OneTM Spirometer; ndd 

 Medizintechnik AG, Zurich, Switzerland). COPD was defined 

according to the Global Initiative for Chronic Obstructive 

Lung Diseases (GOLD) spirometric criteria of stage II 

or above (FEV
1
/forced vital capacity [FVC] ,70% and 

FEV
1
% predicted #80%) although using prebronchodilator 

measurements.31 For lung cancer cases that had already 

undergone surgery, preoperative lung function performed 

by the hospital lung function laboratory was sourced from 

medical records. Controls with COPD based on spirometry 

(GOLD stage I or above) constituted 50% of the community 

volunteers and were excluded from further analysis. At the 

time of recruitment, all participants gave written informed 

consent and underwent blood sampling for DNA extraction, 

spirometry, and an investigator-administered questionnaire. 

The study was approved by the Multi Center Ethics 

Committee (New Zealand).

study design
The present retrospective case-control study compared smok-

ers of the same ethnicity and comparable demographic vari-

ables (specifically age, sex, and smoking history). The healthy 

(resistant) controls in the current study were carefully chosen 

to be representative of the majority of smokers (60%–80%) 

who have maintained normal or near-normal lung function 

despite decades of smoking.32,33 Using healthy smokers as 

controls allows the association of GSTM1 with COPD and 

lung cancer to be independently assessed. Moreover, COPD-

related genetic associations among those with lung cancer 

(sub-phenotyping for COPD) can also be identified.  This is 

because the resistant smokers best reflect those smokers least 

likely to develop lung cancer or COPD. Similarly, the cases in 

this study are defined according to generally accepted criteria 

for genetic studies of COPD34 and exclude those with GOLD 

stage I criteria, where aging effects or other respiratory 

“insults” (eg, asthma) rather than smoking may be relevant. 

This approach resembles a pharmacogenetic approach or 

experiment where smoking exposure is comparable but phe-

notype misclassification of cases and controls is minimized, 

thereby improving the power to detect differences between 

affected (COPD) and unaffected (resistant) smokers.35

Genotyping
Genomic DNA was extracted from whole blood samples 

using standard salt-based methods and purified genomic 

DNA was aliquoted (10 ng µL−1 concentration) into 

96-well plates. Samples were genotyped using Taqman® 

SNP Genotyping Assays (Applied Biosystems, Foster City, 

CA) utilizing minor groove-binder probes as previously 

described.17–19 The present study investigated the frequencies 

of the GSTM1 null genotype (deletion) in the 1p13.3 region 

by genotyping the SNP rs366631 (assay ID: Custom TaqMan 

SNP Genotyping Assays) according to the methods of Huang 

et al who showed this pseudo SNP can be used as a GSTM1 

deletion marker (Figure 2).30

Analysis
Patient characteristics in the cases and controls were compared 

by analysis of variance for continuous variables and Chi-

square test for discrete variables (Cochran –Mantel–Haenszel, 

odds ratio [OR]). Genotype frequencies for the cases and 

controls were examined separately and compared with the 

scientific literature. Population admixture across groups was 

performed using structure analysis on genotyping data from 

40 randomly selected SNPs.36 Distortions in the genotype 

frequencies were identified between cases and controls using 

two-by-two contingency tables. Given that the functional biol-

ogy and previously published literature supports a difference 

between those homozygote null genotype versus the rest, 

this model was tested between cases and control smokers. 

Based on the literature, with expected GSTM1 null genotype 

frequencies in controls of 0.55 and in cases of 0.66 (based on 
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OR 1.2 from the meta-analyses), a sample size in excess of 

420 in each group is sufficiently powered (at the 90% level) 

to achieve significance at the 0.05 level (two-tailed).

Results
Demographic variables
Characteristics of the lung cancer cases, COPD cases, 

and healthy control smokers are summarized in Table 1 

and described in detail elsewhere.3,18,19 The demographic 

variables and histological subtypes of the lung cancer cases 

(identified in 94% of cases) are comparable to previously 

published data.37 The COPD cases have higher pack year 

exposure than the lung cancer cases and healthy control 

smokers (P , 0.05). This reflects outliers with high smoking 

histories in the COPD group (skewed distribution) and no 

difference exists after log transformation of pack years (data 

not shown). All groups are comparable with respect to age 

started smoking, years smoked, years since quitting, and 

cigarettes/day (Table 1). Overall, the authors believe the 

three groups have comparable smoking exposure that may be 

critical in a gene–environment interaction where a smoking 

dose threshold and/or variable penetrance may alter a genetic 

effect and its related association (OR and P value). The lower 

frequency of current smokers in the lung cancer and COPD 

cases, compared with the healthy smoker group (35%, 40%, 

and 48%, respectively), may reflect the presence of symptoms 

from pulmonary complications of smoking (eg, exertional 

breathlessness from COPD).

The lung cancer cases, COPD cases, and smoking controls 

were also comparable with respect to other aeropollutant 

exposures (Table 1). The lung cancer cases reported higher 

rates of a family history of lung cancer compared with the 

COPD cases and healthy smokers (19%, 11%, and 9%, 

 respectively). Mean height was slightly lower in those 

with lung cancer compared with those in the control group 

(P , 0.05), but height was not different when sex adjustment 

was made. As expected, lung function was worse in the lung 

cancer and COPD cases compared with the healthy smoker 

controls. Testing of lung function (as described above) was 

achieved in 93% of lung cancer cases and allowed stratification 

of results to test for an interactive modifier or confounding 

effect from coexisting COPD in those with lung cancer.

Genotype results
Genotype frequencies for the GSTM1 null genotype (TT 

genotype of the rs366631 C/T pseudo-SNP) are shown in 

Table 2. The genotype frequencies were consistent with 

those reported in the literature21–28 and from the International 

Hapmap Project.38 Moreover, this SNP assay was validated 

using an alternative restricted fragment length polymorphism-

based genotyping method (n = 476 samples) with 100% 

concordance, suggesting significant genotyping error is 

unlikely. No evidence for population stratification was found 

between the case and control groups using 40 unlinked SNPs 

from unrelated genes (mean χ2 = 3.3, P = 0.58).36

The GSTM1 homozygote null genotype (TT genotype 

of the rs366631) was more frequent in smokers with COPD 

alone (OR 1.30, 95% confidence interval [CI] 1.02–1.66, 

P = 0.031) and lung cancer (OR 1.26, 95% CI 0.96–1.65, 

P = 0.083) than in matched smokers with normal lung  function 

(62%, 61%, and 56% respectively; Table 2). However, when 

smokers with lung cancer were subgrouped according to the 

presence of COPD, then the association with all COPD sub-

jects (n = 882, OR 1.34, 95% CI 1.07–1.70, P = 0.010) and 

those with COPD and lung cancer (n = 213, OR 1.50, 95% 

CI 1.06–2.12, P = 0.02) continued to be significant while that 

with lung cancer only became much weaker (OR 1.11, 95% CI 

0.78–1.56, P = 0.55). GSTM1 homozygote null (TT) genotype 

frequencies were 63%, 65%, and 58% respectively versus 

Table 1 summary of the characteristics for the lung cancer, 
COPD, and control smokers

Parameter 
Mean (1 SD)

Lung cancer 
(n = 454)

COPD 
(n = 669)

Control 
smokers 
(n = 488)

% male 53% 59% 60%
Age (years)* 69 (10) 66 (9) 65 (10)
height (m) 1.67 (0.08) 1.68 (0.09) 1.69 (0.09)

Smoking history
Current smoking (%) 35% 40% 48%
Age started (years) 18 (4) 17 (3) 17 (3)
Years smoked 41 (12) 42 (11) 35 (11)
Pack years* 41 (25) 47(20)a 40 (19)
Cigarettes/day 20 (10) 23 (9) 24 (11)
Years since quitting 11.4 (6.7) 9.8 (7.4) 13.9 (8.1)

History of other exposures
Work dust exposure* 63% 59% 47%
Work fume exposure 41% 40% 38%
Asbestos exposure* 23% 22% 16%

Family history
COPD 33% 37% 28%
Lung cancer* 19% 11% 9%

Lung function
FeV1 (L)* 1.86 (0.48) 1.25 (0.48) 2.86 (0.68)
FeV1 % predicted* 73% 46% 99%
FeV1/FVC* 64% (13) 46% (8) 78% (7)
spirometric COPDb,* 51% 100% 0%

Notes: aNo significant difference after log transformation of pack years due to 
skewed distribution; bAccording to Global initiative for Chronic Obstructive Lung 
Diseases stage ii or above criteria. *P , 0.05. 
Abbreviations: sD, standard deviation; COPD, chronic obstructive pulmonary 
disease; FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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56% in smoking controls (Table 2). These associations were 

independent of age, sex, height, lung function, and smoking 

history in a logistic regression analysis. These results were not 

altered when those with no histological confirmation of lung 

cancer were excluded from the analysis (data not shown).

When the GSTM1 null genotype association was examined 

in the lung cancer cases subdivided according to histological 

subtype (Table 3), no effect for any histological type was 

found, although an underpowered sample size may be relevant 

here. Also, no association was found between this GSTM1 

null genotype and lung function or smoking exposure in the 

lung cancer cases (Table 3). When the COPD cases were 

subgrouped according to the GSTM1 null genotype (Table 4), 

no associations were found with the demographic variables, 

smoking history, GOLD level, or lung function. The latter 

suggests the GSTM1 genotype does not correlate with sever-

ity of COPD.

Discussion
Numerous genetic epidemiological studies have reported 

a positive association between the GSTM1 null genotype 

and both COPD and lung cancer.22–28 Studies have also 

shown that such associations may be explained by bio-

logical (functional) studies showing that the null genotype 

confers reduced GSTM1 expression and increased DNA 

adduct  levels in smokers.21,29 In this study, the GSTM1 null 

genotype was found to be associated with an increased 

risk of both COPD and lung cancer (OR 1.30 and 1.26, 

respectively). The GSTM1 null association with COPD 

reported here was replicated in the lung cancer cases with 

COPD (OR 1.50) and is consistent with many other genetic 

COPD association studies, including large meta-analytical 

Table 2 GSTM1 (glutathione S-transferase mu 1) null genotype 
frequency for the rs366631 single nucleotide polymorphism in 
healthy smokers, COPD, and lung cancer (total and subgrouped 
by COPD) cohorts compared with smoking controls

Primary cohorts 
(call rate %)

GSTM*0 
(TT)

GSTM*1 
(CT, CC)b

Odds ratioa 
(95% CI)a 
P valuea

Controls (n = 476) 
(98%)

265 
(56%)

211 
(44%)

–

COPD* (n = 669) 
(99%)

415 
(62%)

254 
(38%)

1.30 
(1.02–1.66) 
0.03

Lung cancer (n = 447) 
(99%)

274 
(61%)

173 
(39%)

1.26 
(0.96–1.65) 
0.083

Lung cancer subgroup analysesc

Lung cancer with  
COPD* (n = 213)

139 
(65%)

74 
(35%)

1.50 
(1.06–2.12) 
0.018

Lung cancer only  
(n = 203)

118 
(58%)

85 
(42%)

1.11 
(0.78–1.56) 
0.55

COPD subgroup analysis
COPD* and lung cancer  
with COPD* (n = 882)

554 
(63%)

328 
(37%)

1.34 
(1.07–1.70) 
0.010

Notes: aGsTM1*0 versus GsTM1*1 compared to matched smoking controls 
(Cochran–Mantel–haenszel); bCC is only found in those with African descent; 
cspirometry available in 422/454 (93%), COPD* = Global initiative for Chronic 
Obstructive Lung Diseases stage ii or above criteria.
Abbreviations: LC, lung cancer; COPD, chronic obstructive pulmonary disease; 
CI, confidence interval.

Table 3 GSTM1 (glutathione S-transferase mu 1) genotype in the 
lung cancer cases and relationship to demographic variables

Cohort lung cancer GSTM1*0 
(n = 270)

GSTM1*1 
(n = 168)

P value

Demographics
Male 141 (52%) 83 (49%) –
Female 129 (48%) 85 (51%) 0.62
Mean age (years) 67  

(41–91)
68  
(44–91)

0.58

Mean height (cm) 167  
(143–192)

167  
(149–187)

0.78

Smoking history
Mean pack years 41 41 0.41
Mean cigarettes/day 20 (3–73) 20 (2–60) 0.30
Mean total years smoked 41 (2–70) 41 (5–66) 0.72
Currently smoking 106 (39%) 50 (30%) 0.051
ex smoker 146 (54%) 107 (64%) 0.059
non smoker 18 (7%) 11 (6%) 0.99
Self reported COPD
Yes 76 (28%) 51 (30%) 0.67
no/not known 194 (72%) 117 (70%) 0.83
Spirometry (prebronchodilator)
Mean FeV1 absolute (L) 1.67  

(0.44–4.94)
1.71  
(0.45–4.06)

0.59

Mean FeV1 (% predicted) 66.2%  
(13%–140%)

69.1%  
(17%–147%)

0.37

Mean FVC absolute (L) 2.78  
(0.83–6.87)

2.83  
(0.95–5.91)

0.42

Mean FeV1/FVC 60.3%  
(27%–90%)

60.6  
(18%–90%)

0.71

GOLD criteria
GOLD no 70 (26%) 51 (30%) 0.34
GOLD stage i 36 (13%) 28 (17%) 0.33
GOLD stage ii 109 (41%) 53 (32%) 0.83
GOLD stages iii and iV 53 (20%) 36 (21%) 0.71
Histology
small cell 47 (17%) 31 (18%) 0.80
nonsmall cell 23 (9%) 20 (12%) 0.25
Adenocarcinoma 118 (44%) 70 (42%) 0.69
squamous cell 66 (24%) 41 (24%) 0.99
no histology (but CT) 16 (6%) 7 (4%) 0.46

Note: Wilcoxon independent groups or Fisher’s exact test. 
Abbreviations: COPD, chronic obstructive pulmonary disease; FeV1, forced 
expiratory volume in 1 second; FVC, forced vital capacity; GOLD, Global initiative 
for Chronic Obstructive Lung Diseases; CT, computed tomography.
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concluded that if coexisting COPD continues to be ignored 

in lung cancer association studies,26–28 then this apparent 

modifier or confounding effect from COPD will likely go 

unrecognized.

The possibility that COPD has a modifier or confounding 

effect on genetic associations with lung cancer is not new.19,39 

The authors suggested this possibility in 2008, showing, 

in the same smoking cohorts as the present study, that the 

nicotinic receptor subunit 3/5 alpha gene (CHRNA 3/5, 

chromosome 15q25) link with lung cancer11–13 may be more 

strongly associated with COPD than lung cancer.19 The 

CHRNA 3/5 association with COPD has been subsequently 

confirmed in several genome-wide association studies16 

and a validation case-control study.40 The implications of 

this modifier or confounding effect are significant, as any 

previous association reported between lung cancer cases and 

smoking controls could be actually mediated through a COPD 

modifier effect. Such an effect would not be limited to genetic 

association studies but any biomarker studies including 

expression assays where noncancer specimens (eg, bronchial 

biopsies) have been compared between lung cancer cases and 

unaffected controls.41 One of the difficulties with identifying 

coexisting COPD in those diagnosed with lung cancer is 

that COPD results from the insidious loss of lung function, 

with subtle exertional breathlessness that goes undiagnosed 

in 50%–80% of those affected.42 This means spirometry to 

detect airflow limitation, or computed tomography to detect 

emphysema, is required to recognize chronic smokers with 

COPD. Historically, few, if any, studies of lung cancer patients 

have measured pulmonary function tests to subphenotype 

for COPD. This has relevance when trying to develop risk 

models for lung cancer43 or identify pathogenic pathways 

to target chemopreventive treatments.44 By subphenotyping 

lung cancer cases for COPD, the authors have shown that 

several of the recently identified COPD-related SNPs (eg, 

HHIP, FAM13A, and ADAM19) are also relevant in lung 

cancer susceptibility.17,18,45 Indeed, the authors suggest that 

this overlapping effect provides evidence that susceptibility 

among smokers to COPD and lung cancer are related by much 

more than just smoking exposure and also by overlapping 

pathogenetic pathways conferring susceptibility or resistance 

to smoking.44 There is an abundance of molecular biological 

evidence describing these overlapping biological pathways.2,44 

These studies suggest that the pathogenic processes initiated 

by smoking that lead to COPD may also contribute to the 

pathogenic processes leading to lung cancer.10,17–19 Specifically, 

the events leading to COPD, which involve matrix remodeling 

with excess growth factors and matrix metalloproteinases, 

Table 4 GSTM1 (glutathione S-transferase mu 1) genotype in the 
COPD cases and relationship to demographic variables

Cohort COPD GSTM1*0 
(n = 335)

GSTM1*1 
(n = 213)

P value

Demographics
Male 185 (55%) 130 (61%) 0.19
Female 150 (45%) 83 (39%) 0.19
Mean age (years) 65  

(39–84)
65 (42–85) 0.77

Mean height (cm) 168  
(141–190)

169  
(147–188)

0.35

Smoking history
Mean pack years 48 (9–225) 46 (11–153) 0.34
Mean cigarettes/day 23 (5–100) 23 (8–70) 0.67
Mean total years smoked 42 (13–71) 42 (17–64) 0.50
Mean age started smoking 17 (6–48) 17 (10–37) 0.28
Currently smoking 122 (36%) 99 (47%) 0.02
Mean age stopped smoking 55 (30–74) 53 (34–75) 0.34

Other exposures
Asbestos 63 (19%) 41 (19%) 0.91
Dusts 190 (57%) 112 (53%) 0.38
Fumes 129 (39%) 93 (44%) 0.25

Self-reported COPD
Yes 233 (70%) 152 (71%) 0.70
no/not known 102 (30%) 61 (29%) 0.63

Spirometry (prebronchodilator)
Mean FeV1 absolute (L) 1.25  

(0.2–2.72)
1.23  
(0.28–3.56)

0.76

Mean FeV1 (% predicted) 44%  
(8%–79%)

45%  
(14%–98%)

0.93

Mean FVC absolute (L) 2.6  
(0.51–5.58)

2.7  
(0.84–5.85)

0.18

Mean FeV1/FVC 46%  
(18%–69%)

45%  
(18%–69%)

0.35

GOLD criteria
GOLD stage i 0 1 (0.5%) 0.39
GOLD stage ii 136 (41%) 81 (38%) 0.59
GOLD stage iii 109 (33%) 73 (34%) 0.71
GOLD stage iV 90 (27%) 58 (27%) 0.92
GOLD stages iii and iV 199 (59%) 131 (62%) 0.65

Abbreviations: COPD, chronic obstructive pulmonary disease; FeV1, forced 
expiratory volume in 1 second; FVC, forced vital capacity; GOLD, Global initiative 
for Chronic Obstructive Lung Diseases.

studies.22–25 However, after accounting for the presence 

of COPD, the association between the GSTM1 null geno-

type and lung cancer alone was considerably weaker (OR 

1.11). This observation needs to be verified but raises the 

important possibility that the GSTM1 association with lung 

cancer26–28 results from a modifier or confounding effect 

with COPD. This effect from unrecognized COPD in the 

previous lung cancer studies is possible because the fre-

quency of COPD is estimated to be two- to threefold greater 

in lung cancer cases compared with “unaffected” smoking 

controls, depending on how they were recruited.3–6,17 It is 
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are also important in promoting epithelial mesenchymal 

transition, a premalignant change found in both COPD and 

lung cancer.44–48 If this is true, and COPD is part of the causal 

pathway for the development of lung cancer, then the COPD 

effect described here is a modifier effect (rather than a strictly 

confounding effect). This means the GSTM1 null genotype 

primarily increases a smoker’s risk of COPD, a proportion of 

which might also progress to lung cancer. Based on the overlap 

in pathogenic pathways reported in the molecular studies44 and 

the overlapping associations of some the genetic variants in 

genome-wide association studies of COPD and lung cancer,45 

the authors favor a causal relationship. If, alternatively, there 

is no causal relationship linking COPD and lung cancer, then 

COPD might be correctly considered a true confounder. If this 

is true, then any study reporting an association between GSTM1 

and lung cancer could be attributed to a confounding effect from 

unrecognized COPD.26–29,49 In this situation, where COPD does 

not share pathogenic (causal) pathways with lung cancer, any 

association derived from comparing lung cancer with smoking 

controls might suffer a COPD confounding effect.

Conclusion
COPD results from smoking/aeropollutant exposure and 

a genetic predisposition that represents the net effect of a 

variable number of genetic variants (SNPs, copy number 

variations, methylation, and others) that are conferring either 

a protective or susceptibility effect. There is good functional 

data to support a role for the GSTM1 null genotype in 

smoking-related diseases where GSTM1 activity is markedly 

reduced and damage to DNA is more common.21,29 Although 

many studies have reported a weak association (susceptibility 

effect) for both COPD and lung cancer, the authors’ data 

suggests the GSTM1 null effect may be primarily through 

conferring susceptibility to COPD. It is proposed that there 

is good evidence to suggest that previously published lung 

cancer genetic association studies may be vulnerable to a 

COPD modifier or confounder effect and that spirometry 

(and computed tomography, if funding allows) be routinely 

measured in these genetic studies to better distinguish genes 

underlying COPD, lung cancer, both, or neither smoking-

related complication.
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CORRESPONDENCE

GWAS in lung disease
We read with interest the recent article
‘Genome-wide association studies in lung
disease’ by Artigas et al.1 While we agree that
a greater understanding of the biological
pathways underlying disease development
and progression (susceptibility) will be
a major outcome from these genetic epide-
miological studies, we suggest other benefits
may also stem from this research.

The genetics of chronic obstructive
pulmonary disease (COPD) and lung cancer
represent unique models for the genetics of
lung disease because they result in the main
from a ‘single’ measurable and preventable
environmental exposure (cigarette smoking).
That we can stratify for smoking exposure in
these genetic association studies is critical to
disease gene discovery and study design, as
many of the underlying ‘susceptibility genes’
only become clinically evident (ie, expressed
as disease) after several decades of daily
smoking exposure. In studies of lung cancer,
where cases and controls are carefully strati-
fied by smoking exposure it appears the genes
relevant in smokers are distinct to those in
non-smokers.2 3 When smokers are stratified
by smoking exposure and lung function, it
appears that genes implicated in lung cancer
overlap with those implicated in COPD.3

This might explain why COPD predates lung
cancer in up to 80% of cases, conferring
a two- to sixfold greater risk compared with

smokers with normal lung function. By
stratifying for COPD (lung function), this
approach has also identified genes conferring
a ‘protective’ effect in lung cancer (ie, found
in healthy or resistant smokers).3 Until ciga-
rette smoking is eradicated, understanding
the biology of resistance to smoking may be
of greater clinical relevance than that of
susceptibility. Specifically, if the pathogenetic
processes that protect smokers from COPD
also protect them from lung cancer,3 4 then
chemo-preventive approaches might target
these pathways. Of more immediate clinical
utility is the use of genetic data (from a cheek
swab) to help identify smokers at the greatest
risk of COPD and/or lung cancer.3 To this
end, we and others have combined genetic
data with known clinical variables (eg,
COPD) to develop risk models for lung
cancer.3 Preliminary studies suggest such
gene-based risk assessment might help moti-
vate some smokers to quit smoking3 5 and
may help target those most in need of CT
screening.3 We conclude that COPD and lung
cancer GWAS studies have much to
contribute to respiratory medicine notably
the possible basis of differential responsive-
ness of smokers to smoking exposure, the
link between COPD and lung cancer, and
the potential to develop new strategies in
prevention and early diagnosis.
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Correspondence
Joint Effect of Single-Nucleotide Polymorphisms and
Smoking Exposure in Chronic Obstructive Pulmonary
Disease Risk

To the Editor:

In the article by Soler Artigas and colleagues (1), the authors
acknowledge misclassification of subjects and lack of smoking
exposure history as limitations in their study. We note that in
their study, 62 to 84% of chronic obstructive pulmonary disease
(COPD) cases had ever smoked, compared with 36 to 67% of
their control subjects. We describe below contrasting results
when subjects are stratified (matched) for chronic smoking
exposure.

In a case-control study in which smokers with COPD and
normal lung function were matched for smoking exposure
(mean 40 pack-years), we found only the HHIP and AGER
single-nucleotide polymorphisms (SNPs) (among the six Soler
Artigas “lung function SNPs” [1]) were significantly associ-
ated with COPD status (2). We suggest in contrast to popula-
tion level effects on lung function, the role of these SNPs in
smokers who develop COPD might be different. Studies show
that after stratifying by smoking exposure, the distribution of
adjusted FEV1 changes from unimodal in nonsmokers to
trimodal in chronic smokers (consistent with a genetic effect)
(3). This effect of smoking on genetic predisposition (i.e.,
phenotype misclassification) is exemplified by a1-antitrypsin
disease, where smoking is almost a requirement for lung dis-
ease, while nonsmoking carriers of deficiency variants main-
tain essentially normal lung function (4). Although many
COPD genetic association studies adjust for differences in
smoking exposure, this assumes a linear relationship between
smoking exposure and FEV1 that may not be the case (5). We
conclude that a failure to stratify (or match) for smoking ex-
posure could lead to significant phenotype misclassification
explaining our conflicting results.

We have also combined SNP data to investigate the effects on
risk of COPD (6), but in contrast to Soler Artigas and coworkers
(1) we took a genotype rather than allelic approach. While their
six SNPs were related to lung function in population studies, their
role in susceptibility to COPD may be genetically different and
subject to the effects of smoking exposure. This is again illus-
trated by a1-antitrypsin disease, where serum levels are allele
dependent, but the presence of COPD (after smoking exposure)
is recessive (i.e., genotype dependent) (3). Based on the raw data
we assigned risk genotypes, not risk alleles, in a composite score
for risk of COPD (6). We suggest that such an approach, along
with combining other known clinical risk variables, will improve
their risk model as it did ours (6).

We conclude that while many genetic variants may be asso-
ciated with lung function in population studies, where many sub-
jects are nonsmokers (not exposed), genes underlying COPD
might be best identified by stratifying (rather than adjusting)
for smoking exposure (3).

Author disclosures are available with the text of this letter at www.atsjournals.org.
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Reply

From the Authors:

We thank Young and colleagues for their interest in our article
(1). Since this was published, we have reported 16 novel regions
associated with lung function in a genome-wide association
study of over 94,000 individuals, bringing to 26 the number of
loci showing genome-wide association with lung function in our
data (SpiroMeta-CHARGE consortium [2]).

Young and colleagues discuss strategies for testing association
with chronic obstructive pulmonary disease (COPD) of a subset of
the single-nucleotide polymorphisms (SNPs) for which we have
shown (2, 3): (1) association with lung function; (2) no difference
in effect size on lung function between smokers and nonsmokers;
and (3) no association with smoking behavior in over 15,000
smokers. Young and coworkers (4) tested association with
COPD in 455 cases and 484 heavy-smoking control subjects for
four of the loci we presented (1), and demonstrated association in
variants at two of the four loci:HHIP and AGER. Larger studies
incorporating over 3,000 cases have shown associations between
variants at the other two loci, GSTCD (1, 5) and HTR4 (1), and
COPD, and the smaller study by Young and colleagues estimated
consistent direction of effects. Thus the evidence from these in-
dependent studies is not conflicting. To date, of the 26 variants
showing genome-wide association with lung function in the
SpiroMeta-CHARGE consortium (2), 7 of these variants have
been so far associated with COPD (1, 4–6), and this number is
likely to rise as additional studies report their findings.

Additional genome-wide analyses examining potential inter-
actions between smoking exposure, genetic factors, and lung
function in large sample sizes are under way which should help
address one of the issues raised by Young and colleagues. In the
meantime, there is clear scope to advance understanding of
regions already reported. “Fine mapping” of the loci through
attempts to detect rare disease-causing genetic variants at these
loci could help to better target functional work aimed at defin-
ing the molecular mechanism through which the relevant gene
affects lung function and the risk of COPD.
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Genetic Variation in Innate
Immunity and Inflammation
Pathways Associated With Lung
Cancer Risk

Shiels et al1 report an association between a nuclear factor
of kappa light polypeptide gene enhancer of B-cells 1
(NFjB1) gene variant (rs4648127) and lung cancer,
suggesting this transcription factor, which is central to
regulating inflammatory genes, may underlie a patient’s
susceptibility to lung cancer. This result requires further
scrutiny.

There is growing evidence that genetic susceptibility
to lung cancer includes genetic factors underlying a pre-
disposition toward chronic obstructive pulmonary disease
(COPD),2 a disease characterized by exaggerated airway
inflammation. This is likely because COPD, a highly
heritable disease trait (unlike lung cancer), predates lung
cancer in up to 90% of cases and confers a 4-fold to 6-fold
greater risk above that from age and smoking exposure.2,3

This is highly relevant to the study by Shiels et al1 because
their report of an association between the NFjB1 gene
and lung cancer may be mediated through the gene’s
effect on a predisposition toward COPD. We have previ-
ously shown a ‘‘mediating effect’’ in 2 other ‘‘lung cancer’’
genes (GSTM1 [glutathione S-transferase Mu 1] and
CHRNA3/5).2 The possibility that the association
reported by Shiels et al is actually through its association
with COPD requires testing but would be consistent with
molecular studies that indicate a critical role for NFjB1
activation in patients with COPD.4

A second important observation from the study by
Shiels et al is that a positive family history of lung cancer
was found in only 18% of patients with lung cancer (vs
11% in controls; odds ratio [OR], 1.8; P¼ .005),1 which
was similar to our own case-control study finding of 19%
(vs 9% in healthy controls; OR, 2.4; P < .001).5 There-
fore, although a positive family history roughly doubles a
smoker’s risk of lung cancer, on its own it has very poor
sensitivity (positive in 18%-19% of cases). Similarly, in
the study by Shiels et al, although having the cytosine-
thymine CT/TT (protective) genotype for the NFjB1
gene variant nearly halves the risk (OR, 0.56; P¼ .009), it

is present in only 10% of cases.1 When we used a panel of
protective and susceptibility genotypes to better reflect the
net effect of a number of inflammatory and DNA repair
genes (N ¼ 19),5 we found the genetic risk ‘‘score’’
spanned an OR of 1 to 10 (in which subject scores were
stratified by quintiles). We concluded that combining sin-
gle nucleotide polymorphism genotype data was much
more predictive than family history alone and added sig-
nificantly to clinical data in lung cancer risk prediction.5

We suggest that until lung cancer genetic studies
account for the important contribution from COPD-
related genes2,3 and the combined effect of many relevant
genes,5 the usefulness of risk stratification for targeted
interventions cannot be fully realized.3,5
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The majority of lung cancer cases result from complex interactions between smoking exposure, genetic suscep-
tibility and a person's immune response to chronic inflammation or lung remodelling. Epidemiological studies
confirm that susceptibility to developing chronic obstructive pulmonary disease (COPD), especially emphysema,
is also closely linked to lung cancer susceptibility. Genetic epidemiology studies have consistently reported
associations between the chromosome 15q25 locus with lung cancer and COPD. In addition, studies show this
locus to be independently associated with cigarette consumption and nicotine addiction in a dose-response
manner, primarily at lower levels of cigarette consumption. Studies that measure both cigarette consumption
and lung function, together with extensive genotype analysis, will be needed to further unravel these complex
relationships.

© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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It is generally accepted that lung cancer results from a complex in-
teraction between smoking exposure, chronic lung disease and genetic
susceptibility (El Zein et al., 2012). Other factors found to be relevant in-
clude socioeconomic status, diet and ethnicity (Haiman et al., 2006). To
what degree, and through what mechanism, does gene variation confer
susceptibility to lung cancer remain to be elucidated. Furthermore, just
what extent ethnicity-specific genetic and cultural effects contribute to
lung cancer susceptibility also remains unclear. One feature of the ge-
netic studies to date is the consistent association between the chromo-
some 15q25 locus (chr15q25), encompassing subunits of the nicotine
acetylcholine receptor (CHRNA3 and 5 genes), and cigarette consump-
tion, lung function and lung cancer (David et al., 2016; Hung et al.,
2008; Young et al., 2008).

While the results by David and colleagues appear to support prior
studies, showing that the chr15q25 locus is independently associated
with cigarette consumption (and by inference nicotine addiction) and
lung cancer risk (David et al., 2016), there remain concerns about the
exact relevance of this association. Firstly, the association with this
locus encompasses as much as 4 potential candidate genes (CHRNA3,
CHRNA5, IREB2, PSMA4) including several functionally relevant SNP
variants found in a region where the degree of linkage disequilibrium
is still to be clarified. The latter is particularly relevant in African
Americans (AA) where higher recombination rates can change the
016.01.002.
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relationship between the tested variants and the functional variants un-
derlying the phenotypic associations being reported (e.g. cigarette con-
sumption vs lung cancer). Second, there is no consideration for the
confounding or mediating effect that chronic obstructive pulmonary
disease (COPD)maybe having on the chr15q25 locus and its association
with lung cancer (Wang et al., 2010; Young et al., 2008). This is relevant
because AA have been reported to be at greater risk of COPD and greater
decline in lung function, compared to Caucasians (Hopkins et al., 2015).
Third, the greater risk of lung cancer reported in AA compared to Cauca-
sians is not seen in non-smokers and is lost in heavy smokers (Haiman
et al., 2006). This suggests a smoking by ethnicity interaction that is lost
in heavy smokers and the possibility that susceptibility effects conferred
by genetic variationmay be overwhelmed. This also suggests that mod-
erate smoking exposure creates an ethnic disparity in lung cancer risk
(or incidence) not seen in never smokers or heavy smokers (Haiman
et al., 2006; Hopkins et al., 2015). One of the most important features
of this increased risk of lung cancer among African Americans is the ap-
parent loss of the expected dose–response relationship between
smoking exposure and lung cancer (Hopkins et al., 2015). In contrast
to other ethnic groups, even light smoking exposure confers a high
risk of lung cancer in AA compared to Caucasians. These observations
suggest that while chr15q25 may partly determine cigarette consump-
tion in AA (David et al., 2016), something else such as the smoker's in-
herent response (or susceptibility) to aero-pollutant exposure may
underlie the greater disposition to lung cancer in this group. We pro-
pose that a greater susceptibility to COPDmay be relevant in this setting
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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(Hopkins et al., 2015).Without lung function testing, genetic epidemiol-
ogy studies like that reported by David and colleagues (David et al.,
2016), cannot clarify the role of unrecognized airflow limitation
(COPD). The study of David and colleagues also shows that the genetic
association with lung cancer in AA is only present in lighter smokers.
However, ethnic differences in lung cancer incidence in the US cannot
be explained by differences in smoking consumption, socioeconomic ef-
fects or diet (Haiman et al., 2006). We conclude that while AA have 1.5
fold higher lung cancer incidence than Caucasian smokers after adjust-
ment for other risk variables (Haiman et al., 2006; Hopkins et al.,
2015), it does not appear to be due to the non-genetic factors we tradi-
tionally associate with higher lung cancer risk (age, smoking exposure,
diet and socioeconomic factors). That the same observation is seen for
Hawaiians, argues against ethnic-specific differences in smoking prac-
tice (e.g. depth of inhalation or greater use of mentholated cigarettes)
(Hopkins et al., 2015).

In a multivariable analysis, Tockman and colleagues found that air-
flow limitation (termed lung impairment) conferred a greater risk of
lung cancer (5 fold) relative to age and pack years (1.5–2.0 fold)
(Tockman et al., 1987). We suggest that there is much more to be
done to elucidate the relationship between smoking exposure, lung
function and immune modulation leading to pulmonary inflammatory
response to smoking. In this regard it is interesting that the chr15q25
locus association with lung cancer exists in non-smokers (Ji et al.,
2015). This certainly raises the possibility that factors attributable to
the chr15q locus, independent of smoking consumption (and nicotine
addiction), are relevant to lung cancer susceptibility which brings us
back to COPD. It has been shown that CHRNA3/5 genes are expressed
on lung epithelium and mediate the lung's inflammatory response to
smoking (Young et al., 2008). The ethnicity aspect is also relevant
here, as the chr15q25 locus is highly conserved andmay have important
functions relevant to mediating lung inflammation (Young et al., 2008),
where variation in immune response to pathogens is likely to result
from greater evolutionary selective pressures than to variation affecting
nicotine addiction (Paalani et al., 2011). Given COPD is thought to result
in part from an exaggerated innate immune response, as does lung can-
cer, it is very hard to see how susceptibility to airflow limitation can
continue to be overlooked in lung cancer studies (El Zein et al., 2012).

The take home message from the study by David and colleagues is
that the chr15q25 locus, previously linked to higher cigarettes con-
sumption and greater nicotine addiction, is similarly relevant in
Please cite this article as: Hopkins, R.J., Young, R.P., Gene by Environme
Consumption and Lung Cancer Susceptibility — A..., EBioMedicine (2015),
smokers with African American ancestry (Young et al., 2008). However,
while their findings support the hypothesis that the chr15q25 locus is
independently related to cigarette consumption and lung cancer in
African Americans, the exact contribution of genetic variation in this
chromosomal region to lung cancer susceptibility remains far from
clear.
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Abstract. Incorporation of genetic variants such as single 
nucleotide polymorphisms (SNPs) into risk prediction 
models may account for a substantial fraction of attributable 
disease risk. Genetic data, from 2385 subjects recruited into 
the Liverpool Lung Project (LLP) between 2000 and 2008, 
consisting of 20 SNPs independently validated in a candidate-
gene discovery study was used. Multifactor dimensionality 
reduction (MDR) and random forest (RF) were used to explore 
evidence of epistasis among 20 replicated SNPs. Multivariable 
logistic regression was used to identify similar risk predictors 
for lung cancer in the LLP risk model for the epidemiological 
model and extended model with SNPs. Both models were 
internally validated using the bootstrap method and model 
performance was assessed using area under the curve (AUC) 
and net reclassification improvement (NRI). Using MDR and 
RF, the overall best classifier of lung cancer status were SNPs 
rs1799732 (DRD2), rs5744256 (IL-18), rs2306022 (ITGA11) 
with training accuracy of 0.6592 and a testing accuracy 
of 0.6572 and a cross-validation consistency of 10/10 with 
permutation testing P<0.0001. The apparent AUC of the 
epidemiological model was 0.75 (95% CI 0.73-0.77). When 
epistatic data were incorporated in the extended model, the 
AUC increased to 0.81 (95% CI 0.79-0.83) which corresponds 
to 8% increase in AUC (DeLong's test P=2.2e-16); 17.5% by 
NRI. After correction for optimism, the AUC was 0.73 for 

the epidemiological model and 0.79 for the extended model. 
Our results showed modest improvement in lung cancer risk 
prediction when the SNP epistasis factor was added.

Introduction

Lung cancer risk prediction models provide an estimate of 
individual's risk of developing lung cancer such that ‘at-risk’ 
subjects can be targeted for preventive and treatment interven-
tions (1). Risk models hold promise for improving patient care 
by aiding the clinicians decision making process regarding 
choice of interventions and/or treatments. Risk models can 
also guide selection of individuals at the population level, for 
screening: this ensures limited resources are focussed on those 
individuals who are most likely to benefit. This risk guiding 
strategy ensures minimisation of unnecessary, invasive and 
potentially harmful interventions. Existing lung cancer abso-
lute risk prediction models are mostly based on traditional 
epidemiological and/or clinical risk factors (2-7), limiting 
their predictive and discriminative abilities. For an improved 
precision, incorporation of genetic and molecular markers of 
disease in risk models has been advocated (8) and aided by 
recent proliferation of genetic/genomic research which has 
led to the identification of susceptibility genes and biological 
markers in many diseases (9-12).

Common gene variants involved in lung cancer have been 
recently identified through a number of large, collaborative, 
genome-wide association studies. Susceptibility genes iden-
tified to date include those on chromosomes 5p15.33, 6p21, 
and 15q24-25.1 (13-15). Apart from these, other genetic 
loci have also been identified in candidate gene association 
studies targeting specific molecular pathways; such as genes 
encoding proteins in cell cycle control, oxidant response, 
apoptosis, DNA repair, cell adhesion and airways inflamma-
tory response (16,17).

While genomics research has been very fruitful in 
identifying these common, low-risk allelic variants, there 
is a growing scepticism regarding their usefulness in risk 
prediction. It has been shown that risk profiles generated by 
common low-moderate susceptibility loci, in a simple additive 
model, provides limited discrimination (18,19). The limited 
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contribution of single nucleotide polymorphisms (SNPs) to 
risk profiling has been partly blamed on restriction to a limited 
number of significant alleles, methodological limitations 
regarding assessment of model performance and statistical 
approaches for incorporating the variants (19). Whilst the usual 
approach has been to utilise only the significant variants for 
risk profiling, an improved disease prediction may be attained 
by accounting for a large ensemble of markers (20). For the 
relatively few markers arising from candidate-gene studies, 
incorporation of the interactive effect of these genes, through 
epistasis modelling, may provide better predictions beyond 
that afforded by the limited effect of multiple loci using addi-
tive effects (21). Models including epistatic interactions take 
into account the complex biological relationships among the 
loci and extend the traditional method that focuses only on 
additive score using a weighted or unweighted number of risk 
alleles, which assume independence between the markers (22).

In the past three decades, improvements in risk prediction 
models brought about by the inclusion of markers and genetic 
factors were quantified using changes in the area under the 
receiving-operating characteristic curve (AUC) (23). Recently, 
an increasing popular measure of evaluating improvements in 
risk predictions, the net reclassification improvement was intro-
duced (24). This measure involves cross-tabulating categories 
of predicted risk for 2 models, usually one with the new marker 
under study and the other without it, to see how persons are 
classified differently when these models are used (25).

In this study, we investigated the presence of epistasis 
among a panel of SNPs previously validated individually in 
lung cancer (26) and used both area under the receiver oper-
ating characteristic (AUC) analysis and net reclassification 
improvement (NRI) to assess the contribution of adding an 
interactive epistatic effect to an extensively validated clinical-
based risk model for lung cancer.

Materials and methods

Study population. This study was performed as part of 
the Liverpool Lung Project (LLP). Details of recruitment 
procedure, study design and validation have been previously 
reported (3,27). Briefly, incident cases of histologically or 
cytologically confirmed lung cancer, ages between 20 and 
80 years, were included. Lung cancer included any of topo-
graphical subcategories of code C34 of the International 
Classification of Disease for Oncology 9th revision. Two popu-
lation controls per case, matched on year of birth (±2 years) and 
gender, were selected from registers of general practitioners 
in Liverpool area. All participants were Caucasians, residents 
in the Liverpool area. The study protocol was approved by 
the Liverpool Research Ethics Committee, and all research 
participants provided written informed consent in accordance 
with the Declaration of Helsinki.

In this study, we utilised complete genotype data on 
individuals included in the independent validation of SNPs 
identified in a candidate-gene genetic association study (26). 
The data comprises of 2385 subjects (cases=718, controls=1667) 
selected from individuals recruited into the LLP between 2000 
and 2008. Of this number, 1362 (cases=418 and controls=914) 
were included in LLP case-control data used to develop the 
LLP risk model (3). Data on epidemiological, clinical and 

lifestyle factors were collected using a standardised question-
naire supplemented with hospital case note reviews conducted 
by trained LLP research nurses. Information documented 
includes: patients smoking status (smoking duration), previous 
history of pulmonary diseases (pneumonia, COPD and bron-
chitis), previous history of malignant diseases excluding skin 
melanoma, occupational exposure to asbestos, family history 
of lung cancer with age at onset, and case diagnosis details 
(date of diagnosis, histological subtype and staging).

Genetic data consist of 20 SNPs independently validated 
from 157 SNPs screened in a candidate-gene discovery study; 
details of selection and genotyping have been described 
elsewhere (26). Briefly, 157 candidate SNPs were screened 
in a discovery cohort of 439 subjects (200 controls and 239 
lung cancer cases), which identified 30 SNPs associated with 
either the healthy smokers (protective) or lung cancer (suscep-
tibility) phenotype. After genotyping this 30 SNP panel in a 
validation cohort of 491 subjects (248 controls and 207 lung 
cancers) and, using the same protective and susceptibility 
genotypes from the discovery cohort, a 20 SNP panel were 
selected based on replication of SNP associations in the 
validation cohort that includes variants in the metabolism of 
smoking-derived carcinogens (NAT2 and CYP2E1), inflam-
matory cytokines [interleukins 1(IL1B), 8(IL8), and 18(IL18), 
tissue necrosis factor α1 receptor (TNFR1), toll-like receptor 9 
(TLR9)], smoking addiction [dopamine D2 receptor (DRD2) 
and Dopamine transporter 1(DAT1)], nicotine dependency 
[α5-nAChR (CHRNA3)], antioxidant response to smoking 
[α1 anti-chymotrypsin (SERPINA3) and extracellular super-
oxide dismutase (SOD3)], cell cycle control, DNA repair and 
apoptosis (XPD, TP73, Bcl-2, FasL, Cerb1, and REV1) and 
integrins (ITGA11, ITGB3) implicated in apoptosis. Genomic 
DNA was extracted from whole blood samples by standard 
salt-based methods and purified genomic DNA was aliquoted 
(10 ng/µl concentration) into 96-well plates. Genotyping was 
performed on a Sequenom™ system (Sequenom Autoflex 
Mass Spectrometer and Samsung 24 pin nanodispenser) (26).

Statistical analysis. Characteristics of the subjects in the cases 
and controls were compared using t-test for continuous vari-
ables and χ2 test or Fisher's exact test for discrete variables as 
appropriate. Genotype and allele frequencies were checked for 
each SNP for Hardy-Weinberg equilibrium (HWE).

Identification of SNPs epistasis. The multifactor dimension-
ality reduction (MDR) and random forest (RF) were used to 
investigate gene-gene interactions by identifying SNP combi-
nations that provide the best discrimination of the status of 
the subjects. MDR is a non-parametric, model-free method 
that utilises a constructive induction technique to collapse 
high-dimensional genetic data into a single dimension (28,29). 
It pools multi-locus genotypes into high and low risk groups 
using an exhaustive search to identify optimal combination 
of polymorphisms, which can then be evaluated for its ability 
to classify or predict disease status. In our implementation of 
MDR, three separate genotypes were analysed for each SNP. 
The Relief-F algorithm as implemented in the MDR was used 
as a first approach to select among the 20 SNPs that are most 
likely to interact. An exhaustive search of all possible 1-5 loci 
were then explored using 10-fold cross validation as described 
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by Hahn et al (28). Cross-validation allows estimation of the 
prediction error by leaving out a portion of the data as an inde-
pendent test set. With 10-fold cross-validation, the data are 
divided into 10 equal parts, the model was developed on 9/10 
of the data (i.e. the training data) and then evaluated on the 
remaining 1/10 of the data (i.e. the independent testing data). 
This is repeated for each possible 9/10 and 1/10 of the data 
and the resulting ten prediction errors are averaged (29). MDR, 
then, seeks to find the single-locus or multi-locus predictor(s) 

for explaining the outcome (based on a balanced accuracy 
measure - the arithmetic mean of sensitivity and specificity), 
based on the available genomic information (30). The predic-
tion accuracy and cross-validation consistency defined as the 
number of cross-validation replicates (partitions) in which that 
same n-locus predictor(s) was chosen as the best predictor 
of lung cancer status i.e. the number of replicates in which it 
minimised the classification error were used to select the best 
SNPs in each 1 to 5-locus combination (31). The overall best 

Table I. Epidemiology, clinical and lifestyle characteristics of the subjects by case-control status.

Characteristics Case (n=718) Control (n=1667) All subjects (n=2385)

Age (yrs.)
  <60 162 (22.6) 457 (27.41) 619 (25.9)
  60-70 264 (36.8) 647 (38.8) 911 (38.2)
  70+ 292 (40.7) 563 (33.8) 855 (35.9
Gender
  Male 414 (57.7) 969 (58.1) 1383 (58.0)
  Female 304 (42.3) 698 (41.9) 1002 (42.0)
Smoking statusa

  Never 43 (6.0) 575 (34.5) 618 (25.9)
  Former 316 (44.0) 820 (49.2) 1136 (47.6)
  Current 353 (49.2) 267 (16.0) 620 (26.0)
Smoking duration (yrs.)a

  Never 43 (6.0) 575 (34.5) 618 (25.9)
  1-20 38 (5.3) 341 (20.5) 379 (15.9)
  21-40 175 (24.4) 440 (26.4) 615 (25.8)
  41-60 399 (55.6) 278 (16.7) 677 (28.4)
  >60 51 (7.1) 27 (1.6) 78 (3.3)
Previous pneumoniaa

  Yes 105 (14.6) 243 (14.6) 348 (14.6)
  No 590 (82.2) 1420 (85.2) 2010 (84.3)
Previous malignant
  Yes 183 (26.3) 38 (2.3) 221 (9.4)
  No 512 (73.7) 1625 (97.7) 2136 (90.6)
Asbestos exposurea

  Yes 134 (18.7) 158 (9.5) 292 (12.2)
  No 395 (55.0) 1505 (90.3) 1900 (79.7)
Family lung CA
  No history 566 (78.8) 1348 (80.9) 1914 (80.3)
  Early onset 74 (10.3) 101 (6.1) 175 (7.3)
  Late onset 78 (10.9) 218 (13.0) 296 (12.4)
Histology
  Squamous cell carcinoma 239 (33.3) -
  Adenocarcinoma 228 (31.8) -
  Small cell 87 (12.1) -
  NSCLC 77 (10.7) -
  Other 87 (12.1) -

aNumbers do not add up to total due to missing data; NSCLC, non-small cell lung cancer.
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SNP classifier of lung cancer status was selected as the one 
with the maximum prediction accuracy and cross-validation 
consistency and evaluated statistically using 1000-fold permu-
tation test.

For comparison, we used the freely available Willows 
software package for generating RF (32). RF ranks variables 
by a variable importance index, a measure which reflects the 
‘importance’ of a variable on the basis of the classification accu-
racy, while considering the interaction among variables (33). 
A classification tree was built by the recursive partitioning 
method; each tree is constructed using a different cohort of 
bootstrap samples from the original cohort. Approximately 
one-third of the samples are left out of the bootstrap (oob) 
samples and hence not used in the construction of the tree. 
The number of trees was set to 10,000 and the default values 
of the other parameters as provided by the program were used. 
Several classification trees were created with replacement 
from the original data imput into the program. To determine 
the importance of an SNP, first the values of the SNP in the 
oob samples are randomly permuted; then both the original 
oob samples and the permuted oob samples are classified by 
the corresponding tree. The difference in the correct classifi-
cation rates between the original and permuted oob samples 
determines the importance of the SNP, and the variable impor-
tance is obtained by averaging the differences over all trees in 
the random forest (32,34).

Risk model predictions and incorporation of SNPs epistasis. 
Risk prediction was performed using the same risk factors 
included in the LLP risk model (3). Multivariable logistic 
regression was employed to generate estimates of predicted 
5-year absolute risk of lung cancer in i) a model with epide-
miological data and ii) an extended model with both genetic 
and epidemiological data. The baseline risk (α, the constant 
term in the regression model) for the prediction of 5-year  
absolute risk using the extended model with both genetic and 
epidemiological data was recalculated. The method for calcu-
lating the baseline α from age- and gender-specific lung cancer 
incidence rates from the Liverpool area has been described (3). 
The only difference is that the probability model now includes 
information on rs1799732 (DRD2), rs5744256 (IL-18) and 
rs2306022 (ITGA11).

The area under the receiver-operating characteristics 
(AUC) was used to i) assess the discriminatory ability of the 
models, and ii) compare the models with and without SNPs. 
The increase in AUC was evaluated and tested for significance 
using DeLong test (35). Furthermore, the net reclassification 
improvement (NRI) was used to assess the added discrimina-
tion offered by the addition of SNPs to the risk model (24). 
Bootstrapping techniques were utilised for internal validation 
of the models (36). Bootstrap samples were drawn 1000 times 
to adjust model parameters for overfitting. Improvement in 
model calibration was assessed using Akaike information 

Table II. Univariable analysis of associations between 20 candidate SNPs and lung cancer (33).

 Genotype
 ------------------------------------------------------------------------------------------------------------------------------------ Additive model
 Wilda Heterozygote Homozygote assumption
 ------------------ ----------------------------------------------------- ----------------------------------------------------- ----------------------------
SNP Chromosome Gene ca/co (%) ca/co (%) OR (95% CI) ca/co (%) OR (95% CI) P-valuetrend

rs2279115 18q21.3 Bcl-2 30.1/29.0 49.0/50.4 0.91 (0.75, 1.11) 20.1/20.6 0.91 (0.71, 1.17) 0.91
rs10115703 9p22.3 Cerb1 86.2/84.7 12.7/14.6 0.85 (0.66, 1.10) 1.1/0.7 1.66 (0.66, 4.15) 0.21
rs16969968 15q25.1 α5-nAChR 40.1/44.9 45.7/44.1 1.16 (0.96, 1.40) 14.2/10.9 1.46 (1.11, 1.93) 0.012
rs2031920 10q26.3 CYP2E1 94.7/94.7 5.2/5.2 0.99 (0.67, 1.47) 0.1/0.1 1.16 (0.11, 12.8) 0.71
rs6413429 5p15.33 DAT1 87.2/86.4 12.5/13.3 0.93 (0.72, 1.21) 0.3/0.3 0.92 (0.18, 4.76) 0.74
rs1799732 11q23.2 DRD2 79.5/79.4 13.0/7.4 1.74 (1.31, 2.32) 7.5/13.1 0.57 (0.42, 0.78) 0.30
rs13181 19q13.32 XPD(ERCC2)  38.6/39.9 43.3/47.3 0.95 (0.78, 1.15) 18.1/12.8 1.46 (1.13, 1.89) 0.10
rs763110 1q24.3 FasL 42.5/40.2 43.4/46.6 0.88 (0.73, 1.07) 14.1/13.2 1.00 (0.77, 1.32) 0.27
rs5744256 11q23.1 IL18 32.7/47.2 43.7/44.5 1.42 (1.16, 1.72) 23.6/8.3 4.07 (3.11, 5.31) <0.0001
rs16944 2q13 IL1B 42.9/46.1 44.7/43.2 1.11 (0.92, 1.34) 12.4/10.7 1.24 (0.93, 1.65) 0.24
rs4073 4q13.3 IL8 27.6/29.9 51.3/47.4 1.17 (0.96, 1.44) 21.7/22.7 1.01 (0.79, 1.30) 0.50
rs2306022 15q23 ITGA11 65.9/83.6 30.6/15.4 2.53 (2.06, 3.12) 3.5/1.0 4.09 (2.21, 7.56) <0.0001
rs2317676 17q21.32 ITGB3 87.9/87.5 11.6/12.2 0.95 (0.72, 1.24) 0.6/0.3 1.54 (0.43, 5.48) 0.88
rs1799930 8p22 NAT2 50.3/48.4 39.4/42.7 0.89 (0.74, 1.07) 10.3/8.9 1.12 (0.82, 1.52) 0.95
rs3087386 2q11.2 REV1 31.6/31.4 49.7/49.4 0.99 (0.82, 1.22) 18.7/19.3 0.96 (0.75, 1.24) 0.63
rs4934 14q32.13 SERPINA3 26.9/27.3 50.3/49.2 1.04 (0.84, 1.28) 22.8/23.5 0.99 (0.77, 1.26) 0.99
rs1799895 4p15.2 SOD3 96.7/97.2 3.3/2.7 1.25 (0.75, 2.06) 0.0/0.1 - 0.44
rs5743836 3p21.2 TLR9 71.2/69.0 25.4/28.1 0.88 (0.72, 1.07) 3.5/2.9 1.15 (0.70, 1.88) 0.24
rs1139417 12p13.31 TNFR1 32.0/31.5 49.3/50.8 0.96 (0.78, 1.16) 18.7/17.8 1.03 (0.80, 1.34) 0.96
rs2273953 1p36.33 TP73 58.5/62.8 35.5/31.7 1.20 (0.99, 1.45) 6.0/5.5 1.17 (0.80, 1.70) 0.11

aReference genotype; ca, cases; co, controls.
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criteria (AIC) and Bayesian information criteria (BIC). Unless 
otherwise stated, all analyses were performed using R version 
3.1.1 and STATA® version 13.1 (StataCorp LP, College Station, 
TX, USA).

Results

Seven hundred and eighteen cases and 1667 population 
controls were successfully genotyped for 20 SNPs, which 
had been independently validated from 157 SNPs screened 
in a candidate-gene discovery study (26). Table I presents the 
general demographic and clinical characteristics of the study 
population. Men constituted the majority of the study popula-
tion cases (57.7%) and (58.1%) controls. The proportion of ever 
smokers was significantly higher in cases (93.2%) compared 
with controls (65.2%). Significant differences were observed in 
other risk factors including smoking duration, prior diagnosis 
of pneumonia, occupational exposure to asbestos, and prior 
diagnosis of tumour (P<0.001).

Table II presents the results of additive gene-dosage model 
for all SNPs. Heterozygosity for rs1799732 (DRD2), rs5744256 
(IL-18) and rs2306022 (ITGA11) conferred an increased risk 
for lung cancer in reference to the wild-type genotype [OR 1.74 
(95% CI 1.31-2.32); 1.42 (95% CI 1.16-1.72) and 2.53 (95% CI 
2.06-3.12), respectively]. The homozygote genotype for 
rs16969968 (CHRNA3/5), rs13181 (ERCC2), rs5744256 (IL-18) 
and rs2306022 (ITGA11) increased the risk of developing 
lung cancer with reference to the wild-type [OR 1.46 (95% CI 
1.11-1.93); 1.46 (95% CI 1.13-1.89); 4.07 (95% CI 3.11-5.31) 4.09 
(95% CI 2.21-7.56), respectively].

Table III summarises the result obtained from the MDR 
analysis investigating epistatic effects among the SNPs. The 
best candidate classifiers of lung cancer status based on five 
SNP loci selected using the cross-validation consistency, 
training and testing accuracy were as follows: Single locus: 
rs2306022 (ITGA11); 2 loci: rs5744256 (IL-18), rs2306022 
(ITGA11); 3 loci: rs1799732 (DRD2), rs5744256(IL-18), 

rs2306022 (ITGA11); 4 loci: rs1696998 (CHRNA3/5), 
rs1799732 (DRD2), rs5744256 (IL-18), rs2306022 (ITGA11); 
5 loci: rs1799732 (DRD2), rs763110 (FasL), rs5744256 (IL-18), 
rs4073 (IL-8), rs2306022 (ITGA11). The 3 loci consisting of 
SNPs rs1799732 (DRD2), rs5744256 (IL-18) and rs2306022 
(ITGA11) appears to be the overall best classifier of lung 

Table III. Comparison of different Multi-locus SNP combinations using MDR.

Model of No. of  Selected SNPs in selected Cross Validation Balanced training Balanced testing
inheritance loci best model consistency (CV) accuracy accuracy

Additive effect 1 ITGA11_rs2306022 10/10 0.5886 0.5886
 2 IL18_rs5744256 10/10 0.6418 0.6418
  ITGA11_rs2306022
 3 DRD2_rs1799732 10/10 0.6575 0.6538
  IL18_rs5744256
  ITGA11_rs2306022
 4 CHRNA3_A5_rs16969968   4/10 0.6652 0.6321
  DRD2_rs1799732
  IL18_rs5744256
  ITGA11_rs2306022
 5 DRD2_rs1799732 FASL_rs763110   6/10 0.6869 0.6178
  IL18_rs5744256 IL8_rs4073
  ITGA11_rs2306022

Table IV. Importance score results in the random forest.

SNP Gene name Variable importance

rs5744256a IL18 18.0783
rs2306022a ITGA11 14.2703
rs1799732a DRD2 4.4401
rs4934  SERPINA3 2.8533
rs13181 XPD(ERCC2) 2.7543
rs16969968 α5-nAChR 2.4906
rs16944 IL1B 2.1737
rs1139417  TNFR1 1.5054
rs2273953 TP73 1.4667
rs3087386 REV1 1.4185
rs1799930  NAT2 1.1701
rs10115703 Cerb1 0.9366
rs2279115 Bcl-2 0.8465
rs5743836  TLR9 0.7407
rs4073 IL8 0.6093
rs763110 FasL 0.4508
rs2317676 ITGB3 0.0477
rs2031920 CYP2E1 -0.048
rs1799895 SOD3 -0.1922
rs6413429 DAT1 -0.3696

aTop 3 ranked SNPs using variable importance.
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cancer status. These loci had training and testing accuracy 
of 0.6592 and 0.6572 respectively, and the cross validation 
consistency of 10/10 (model selected as the best of 3 in 10 CV) 
P<0.0001 (permutation test).

Table IV shows the importance score results in the RF. 
RF ranks variables by a variable importance index, which is 
an indication of the importance of a variable on the basis of 
classification accuracy while considering interaction among 
variables. The three SNPs [rs1799732 (DRD2), rs5744256 
(IL-18) and rs2306022 (ITGA11)] selected as the overall best 
classifier of lung cancer status in MDR were also ranked top 3 
by RF using variable importance index.

Table V summarises reclassifications for cases and controls 
using epidemiological model and models with SNPs [rs1799732 
(DRD2), rs5744256 (IL-18) and rs2306022 (ITGA11)]. 
Subjects were categorised into three different thresholds; 
low-risk (<0.91), intermediate risk (0.91 to 5.12), and high-risk 
(>5.12) groups. The threshold values were defined from the 
predicted 5-year absolute risks for the original LLP control 
samples (n=1,272), assuming the risk distribution in this group 
is similar to that of the general Liverpool population. The 
upper threshold (5.12) corresponds to the value for the top 
20% of predicted absolute risks in the population; individuals 
whose 5-year predicted absolute risk is equal to or above this 
value are designated as ‘high risk’ group. The lower threshold 
value of 0.91 corresponds to the bottom 40% of absolute risks 
in the control population and represents the ‘low risk’ group. 
This definition of high risk and low risk groups was used in an 
earlier study (13). Overall, 42.7% of cases (311/727) and 35.7% 
of controls (592/1657) had their predicted risks re-classified 
into other risk groups when SNPs were incorporated into risk 
prediction model. This reclassification showed improvement 
(upward shift) in approximately 25% of cases and became 
worse (downward shift) for 18% resulting in a net gain of 
~6%. The net gain was higher for controls (10%) with overall 
improvement in risk (downward shift) for 23% and worse 

performance (upward shift) for 13%. The NRI was estimated 
at 13.5% (P<0.001).

Table VI depicts the odds ratios (OR) and 95% confidence 
intervals (95% CI) of the multivariate logistic regression 
models for the epidemiological model and the extended 
model with SNPs. The ORs and 95% CI for both models 
were comparable which suggests the absence of any serious 
confounding effects of SNPs on the relationship between each 
of the other clinical and epidemiological risk factors and lung 
cancer risk. Model fit was assessed using Akaike information 
criterion (AIC) and Bayes information criteria (BIC). There 
was an improvement in model fit as indicated by the reduc-
tion of the AIC from 2098.42 from the epidemiological model 
to 1930.14 for the extended model with SNPs. Likewise, a 
similar reduction was observed in BIC from 2167.75 from 
the epidemiological model to 2016.80 for the extended 
model with SNPs. Fig. 1 shows the AUC of the epidemio-
logical model and extended model with SNPs. The apparent 
AUC of the epidemiological model without SNPs was 0.75 
(95% CI 0.73-0.77). When epistatic data were incorporated 
in the extended model, the AUC increased to 0.81 (95% CI 
0.79-0.83) which corresponds to 8% increase in AUC for the 
model with SNPs (DeLong's test P=2.2e-16). After correction 
for optimism, the AUC was 0.73 for the epidemiological 
model and 0.79 for the extended model.

Discussion

This study demonstrates the use of comprehensive analytical 
techniques for investigating the contribution of adding an 
interactive effect of a panel of genetic markers (SNPs) to 
the prediction of individual absolute risk of developing lung 
cancer, using a risk model similar to the LLP model (3). 
Using genotype data from 2385 individuals included in the 
independent validation of SNPs identified in a candidate-gene 
genetic association study from the LLP case-control study, we 

Table V. Reclassification of predicted risk for cases and controls using the epidemiological model and extended model with 
rs1799732 (DRD2), rs5744256 (IL-18) and rs2306022 (ITGA11).

 Extended model with rs1799732 (DRD2), rs5744256 (IL-18) and rs2306022 (ITGA11)
Epidemiological ------------------------------------------------------------------------------------------------------------------------------------------------------------
model <0.91% 0.91 to 2.5% >2.5 to 5.12% >5.12% Total

Cases
  <0.91% 69 (57.5)  43 (35.8) 8 (6.7) 0 (0)   120
  0.91 to 2.5% 15 (12.4) 46 (38.0) 46 (38.0) 14 (11.6)   121
  >2.5 to 5.12% 0 (0) 43 (26.7) 49 (30.4) 69 (42.9)   161
  >5.12 2 (0.6) 9 (2.8) 62 (19.1) 252 (77.5)   325
  Total 86 141 165 335   727

Controls
  <0.91% 726 (89.9) 77 (9.5) 4 (0.5) 1 (0.1)   808
  0.91 to 2.5% 180 (45.0) 147 (36.7) 58 (14.5) 15 (3.8)   400
  >2.5 to 5.12% 20 (8.8) 85 (37.4) 70 (30.8) 52 (22.9)   227
  >5.12% 3 (1.3) 29 (13.1) 68 (30.6) 122 (55.0)   222
  Total 929 338 200 190 1657
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found the 3 loci genotype interaction rs2306022 (ITGA11), 
rs5744256 (IL-18) and rs1799732 (DRD2) provided the best 

classifier of disease status using both MDR and RF. Adding 
these SNPs to a clinically-based lung cancer risk model lead 

Table VI. Summary of multivariable risk model for the epidemiological model and the extended model with rs1799732 (DRD2), 
rs5744256 (IL-18) and rs2306022 (ITGA11).

 Epidemiological model Extended model with SNPs
 ------------------------------------------------------------------------ ------------------------------------------------------------------------
Covariates OR (95%CI) P-values OR (95%CI) P-values

Age 1.01 (0.99-1.02) 0.312 1.00 (0.99-1.02) 0.610
Gender 1.24 (0.95-1.63) 0.107 1.14 (0.87-1.52) 0.340
Smoking duration (years)
  None 1.00  1.00
  1-19 1.41 (0.82-2.42) 0.209 1.23 (0.69-2.18) 0.476
  20-39 4.30 (2.81-6.57) <0.001 4.90 (3.10-7.73) <0.001
  40-59 11.12 (5.41-22.86) <0.001 15.70 (7.22-34.14) <0.001
  ≥60 13.91 (9.26-20.91) <0.001 18.58 (11.90-29.01) <0.001
Pneumonia 1.53 (1.12-2.09) 0.007 1.55 (1.11-2.15) 0.008
Asbestos 3.25 (2.34-4.52) <0.001 3.10 (2.19-4.39) <0.001
Previous tumour 16.97 (11.25-25.61) <0.001 16.52 (10.79-25.31) <0.001
Family history of lung cancer
  None 1.00
  Early onset (<60 years) 1.33 (0.84-2.09) 0.223 1.11 (0.69-1.80) 0.659
  Late onset (≥60 years) 1.07 (0.76-1.54) 0.672 1.14 (0.78-1.66) 0.495
rs1799732   0.78 (0.63-0.97) 0.028
rs5744256   2.04 (1.69-2.46) <0.001
Rs2306022   4.04 (3.10-5.26) <0.001
Goodness of fit statistic
  AIC 2098.42  1930.14
  BIC 2167.75  2016.80

Figure 1. Performance of lung cancer risk model with and without the SNP epistatic effect.
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to an increase in AUC (0.75 to 0.81); and increase in net reclas-
sification (NRI=17.5%).

We utilised two different approaches; discrimination and 
reclassification to evaluate the contribution of adding an inter-
active epistatic effect to a risk model for lung cancer. AUC is 
the most popular metric used for measuring the discriminatory 
power of a model to correctly classify subjects with or without 
a disease. Our result showed 8% increase in AUC (DeLong's 
test P=2.2e-16) for risk prediction in the extended model with 
SNPs (AUC=0.81) compared with the epidemiological model 
without SNPs (AUC=0.75), which is higher than that reported 
by Li et al (9). Li et al, in a Chinese case-control study, 
genotyped five SNPs identified in Genome Wide Association 
study of 5068 subjects. The genetic risk scores based on these 
SNPs were estimated by two approaches: a simple risk alleles 
count (cGRS) and a weighted method (wGRS). Their AUC in 
combination with the bootstrap resampling method was used 
to assess the predictive performance of the genetic risk score 
for lung cancer. Smoking history contributed significantly 
to lung cancer (P<0.001) risk [AUC=0.619 (0.603-0.634)], 
and incorporated with wGRS gave an AUC value of 0.639 
(0.621-0.652) after adjustment for over-fitting (9). For clinical 
risk prediction, it is expedient that a new risk model correctly 
classify individuals into higher or lower risk categories (37). 
Pencina et al introduced a new metric, the NRI that assesses 
the improvement in model performance by quantifying the 
degree of correct classification (24). By applying the NRI, 
we demonstrated that the addition of SNPs lead to a 17.5% 
improvement in the risk classification of the subjects.

This study is the first to replicate the association between 
the ITGA11 locus and lung cancer described by Young 
and colleagues (26). ITGA11 (integrin α11) belongs to the 
family of transmembrane receptors that mediate physical 
interactions between cells and extracellular matrix protein 
collagens (38). ITGA11 is localised to stromal fibroblast 
and commonly overexpressed in non-small cell lung cancer 
(NSCLC) (38). Earlier studies have reported that the inter-
actions of tumour cells with the stroma play a crucial role 
in tumour growth, invasion, metastases, angiogenesis, and 
chemoresistance (38-41). It has been shown that carcinoma-
associated fibroblasts in NSCLC express higher levels of 
ITGA11. One of the factors which are affected by higher 
levels of ITGA11 during tumour growth is IGF2 (38,42). 
Higher levels of IGF2, in turn, can stimulate growth of tumour 
epithelial cells leading to tumour progression and metas-
tasis (38). IL18 (Interleukin-18) is a multifunctional cytokine 
(an extracellular signalling molecule) that augments IFN-γ 
production and affects tumour immune response, leukocyte 
recruitment, cancer proliferation, and angiogenesis (43,44). 
An earlier study reported the presence of IL-18 in induced 
sputum of lung cancer patients (45). Farjadfar et al also 
reported an association between IL-18 and lung cancer 
in a case-control study including 73 lung cancer patients 
(53 squamous carcinoma and 20 small cell lung carcinoma), 
and 97 healthy regional aged-matched individuals (46). They 
suggested that their finding may be attributed to the disrup-
tion of the potential of cAMP responsive element-binding 
protein site and subsequent reduction in IL-18 production as 
observed in other cancer types (46). Reduced production of 
IL-18 can result in decreased IFN-γ synthesis, imbalanced 

Th1/Th2 differentiation, insufficient activation of natural 
killer cells and CD8+ lymphocytes (46,47) impairment of 
cancer cell apoptosis and efficient angiogenesis (47,48). 
DDR2 is a receptor tyrosine kinase that binds collagen as 
its endogenous ligand (49). It has been previously shown 
to promote cell migration, proliferation, and survival when 
activated by ligand binding and phosphorylation (49,50). 
Harmmerman et al reported that DDR2 mutations are 
present in 4% of small cell lung carcinomas; gain-of-function 
mutations in this gene are important oncogenic events and 
are amenable to therapy with dasatinib (49). However, the 
mechanism of this mutation is unknown.

Since epistasis is known to contribute to unexplained 
genetic variation of common diseases, some genetic vari-
ants may have a weak and insignificant independent effect, 
but strong epistatic effect (biological interaction) with other 
variants. The integration of genetic variants in risk prediction 
models beyond the traditional epidemiological covariates have 
been applauded as the way forward in lung cancer risk predic-
tion modelling (8). The result presented in this study supports 
this notion. Genetic factors function primarily through 
complex mechanisms that involve interactions between 
multiple genes and environmental factors (21,22). However, 
the effect of interaction will be disregarded if the genetic 
effect is examined in isolation, without taking cognisance of 
potential interactions with other unknown factors (31). The 
inherent nonlinearity implies that epistasis can occur among 
polymorphisms even in the absence of independent effect of 
the components, presenting computational intensive difficul-
ties and statistical challenges because an infinite number of 
combinations that needs to be evaluated (21,22). The use of 
nonparametric and genetic model-free machine learning 
algorithms such as MDR (28,29) and RF (32,33) have been 
proposed to overcome the caveat of the traditional parametric 
statistics and have proven to be useful in this study. Here we 
see that the addition of the three SNPs increases the AUC, 
indicating that the interaction of these loci may be important. 
There was an improvement in model fit, as indicated by the 
reduction of the AIC and BIC. Furthermore, the SNPs used in 
this study were internally validated using a two stage design as 
described by Young et al (26) and the use of HWE to minimise 
genotyping error are methodological advantages utilised to 
minimise false positive results.

To the best of our knowledge, this is the first study to 
evaluate the addition of these specific interactions of SNPs 
to a lung cancer risk model. However, the result of this study 
must be considered in the light of a number of limitations. 
First, our prediction model used covariates in the LLP risk 
model but did not include other risk factors for lung cancer 
such as chronic obstructive pulmonary diseases. However, 
the objective of this study is to evaluate the contribution of 
adding an interactive effect of a panel of genetic SNPs to the 
LLP risk model and the model has been validated in three 
independent external datasets with good discrimination and 
calibration (27). Second, our study demonstrates how a modest 
increase in AUC can lead to a substantial improvement in 
reclassification as quantified by the NRI. This finding supports 
a suggestion by Pencina et al that a small increase in AUC 
might still be suggestive of a meaningful improvement (24). 
Third, the LLP comprise predominantly Caucasians and 
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therefore, the lack of ethnic diversity implies that this model 
may be less applicable in non-white population. Fourth, our 
approach to reclassification did not distinguish between 
persons with competing events and those without an event 
because both are classified as not having the event of interest. 
Fifth, the lack of validation of the epistatic model in an inde-
pendent population is a limitation, however, the application of 
bootstrap correction for optimism addresses in part the lack 
of independent validation. Sixth, many of the 20 SNPs from 
Table II failed to replicate in the current study, particularly 
given the larger sample size (718 cases, 1667 controls) in the 
current study when compared with previous study (248 cases, 
207 controls). A plausible explanation for this observation 
may be due to the fact that the non-significant SNPs play 
lesser or no role in epistatic interaction. Finally, our threshold 
values for risk classification was based on the predicted 
5-year absolute risk for original LLP control samples but the 
appropriateness of these threshold values in other populations 
is uncertain. Using different values could have affected the 
results of our reclassification analyses and subsequent clinical 
implications.

In conclusion, our result shows in principle how an SNP 
epistatic factor can be incorporated into an epidemiological risk 
prediction model. In this study, inclusion of SNPs rs1799732 
(DRD2), rs5744256 (IL-18), rs2306022 (ITGA11) resulted in a 
modest improvement in lung cancer risk prediction.
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LETTER

Inhaled nicotine and lung cancer: Potential role of
the nicotinic acetylcholine receptor
R. P. Younga,1 and R. J. Scotta,1

The article by Tang et al. (1) shows electronic-cigarette
smoke (ECS) causes lung cancer and bladder hyper-
plasia in mice. Tang et al. (1) should be congratulated
for their research contributing to this body of work,
raising concerns about the effect of ECS on the lungs
(1, 2). We outline below why we think nicotine may
be directly carcinogenic when inhaled into the lungs
and how this would explain why low levels of nitrosa-
mines provide no comfort with regard to the safety
of ECS (1).

Tang et al. (1) make important findings in this and
earlier work (1, 2). First, lung cancer developed in the
mice inhaling nicotine mixed with vehicle but not
vehicle alone. Second, the mice that developed lung
cancer were not more prone to developing bladder
hyperplasia, suggesting a divergence in the effect of
inhaled nicotine on the lungs and bladder. Third, in-
haling nicotine resulted in a reduction in the DNA
repair in the lung but not in the bladder. This sug-
gests the effect of nicotine, from ECS, might be di-
rectly carcinogenic. We provide evidence that the
nicotinic acetylcholine receptor (nAChR), consis-
tently linked to lung cancer in large genetic studies,
might mediate carcinogenesis through directly bind-
ing nicotine (and nitrosamines) in the airways epithe-
lium (3–5).

Large epidemiological case–control studies pub-
lished in 2008 showed that a genetic variant in the
gene encoding a subunit of the nAChR receptor
(CHRNA 3/5) was associated with lung cancer (3).
This finding has been confirmed in a large prospec-
tive study (6). Also in 2008, we showed the same
CHRNA variant (rs16969968) was associated with
chronic obstructive pulmonary disease (COPD), an-
other closely related complication of smoking involv-
ing inflammation-mediated remodeling of the respiratory

epithelium (7).We have confirmed this dual association in
a large prospective study of 10,000 high-risk smokers,
showing this association between the nicotinic receptor
(CHRNA) variant and lung cancer was independent of its
association with COPD and cigarette exposure (8). This
variant has been shown to have important effects on the
receptor function, including mediating inflammatory ef-
fects initiated by cigarette smoke and linked to COPD (9,
10). It would be very interesting for Tang et al. (1) to
examine the ECS relationship with lung cancer in mice
exposed to nicotine-containing ECS where this gene has
been altered. Nicotine and the nAChR are not implicated
in recent cases of acute lung injury and deaths, following
exposure to vitamin E acetate in illicit vape fluids.

The scientific implications derived from the obser-
vation that inhaled nicotine (or nitrosamines) may be
directly carcinogenic and proinflammatory in the lungs
are significant and challenge current views on the
pathogenesis of lung cancer (7, 8) and COPD, respec-
tively (9, 10). While the procarcinogenic effects of tra-
ditional cigarettes derived from the combustion of
tobacco have been considered the primary drivers of
lung cancer, nicotine itself must now be considered a
direct carcinogen (7–10). The public health implica-
tions of this are even greater given the highly unreg-
ulated environment in which electronic cigarettes are
currently being marketed around the world (1, 7).
Further studies are urgently needed to clarify the po-
tential harmful effects of inhaled nicotine in the de-
velopment of lung cancer and COPD.
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Abstract N=250 

Importance: While cholinergic nicotinic receptor (CHRNA5) variants have been linked to 

lung cancer, chronic obstructive pulmonary disease (COPD) and smoking addiction in case-

controls studies, their co-relationship is not well understood and requires re-testing in a 

cohort study. 

 

Objective: To re-examine the association between the CHRNA5 variant (rs16969968 AA 

genotype) and the development of lung cancer, relative to its association with COPD and 

smoking. 

  

Methods: In 9,270 Non-Hispanic white subjects from the National Lung Screening Trial 

(NLST), a sub-study of high risk smokers were followed for an average of 6.4 years. We 

compared CHRNA5 genotype according to baseline smoking exposure, lung function and 

COPD status. We also compared the lung cancer incidence rate, and used multiple logistic 

regression and mediation analysis to examine the role of the AA genotype of the CHRNA5 

variant in smoking exposure, COPD and lung cancer. 

  

Results: As previously reported, we found the AA high risk genotype was associated with 

lower lung function (P=0.005), greater smoking intensity (P<0.001), the presence of COPD 

(Odds Ratio (OR)=1.28 (95% CI 1.10, 1.49) P=0.0015) and the development of lung cancer 

(Hazard Ratio=1.41, (95% CI 1.03, 1.93) P=0.03). In a mediation analyses, the AA genotype 

was independently associated with smoking intensity (OR=1.42 (95% CI 1.25, 1.60, 

P<0.0001), COPD (OR=1.25, (95% CI 1.66, 2.53), P=0.0015) and developing lung cancer 

(OR=1.37, (95% CI 1.03, 1.82) P=0.03). 

 

 

Conclusion: In this large prospective study we found the CHRNA5 rs 16969968 AA genotype 

to be independently associated with smoking exposure, COPD and lung cancer (triple 

whammy effect).  
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Key Messages: 

 

What is the key question? 

Is the Chromosome 15q25 genetic variant (rs16969968) association with lung cancer and 

smoking addiction independent of it’s association with COPD? 

 

 

What is the bottom line? 

Using a unique approach in a prospective study where genotyping and lung function were 

assessed at baseline, we have shown that a functional variant (rs16969968) encoding a 

subunit of the nicotinic receptor is independently associated with smoking intensity 

(cigarettes per day), spirometric defined COPD and development of lung cancer.   

 

 

Why read on? 

This Chr 15q25 locus encodes a subunit of the nicotinic acetylcholine receptor that modifies 

the binding of nicotine in the airway and mediates the effects of inhaled nicotine in the 

lungs. Establishing this link in the largest prospective study to date directly implicates 

inhaled nicotine in the pathogenesis of both COPD and lung cancer which collectively 

account for about 50% of all deaths in current or former smokers. That nicotine, or it’s 

metabolites, are directly linked to the pathogenesis of lung cancer through binding it’s 

receptor challenges the prevailing assumption that inhaled nicotine is itself harmless. 
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Introduction 

 

Large cross-sectional genome wide association studies (GWAS) have consistently reported 

an association between the nicotinic cholinergic receptor subunit (CHRNA5) gene locus on 

chromosome 15q25 and lung cancer [1-3]. This locus has also been linked in cross-sectional 

studies to smoking exposure and addiction to smoking [4-6]. These findings have led to 

some debate as to whether the relationship between CHRNA5 and lung cancer is mediated 

through it effects with smoking, where increased risk of lung cancer is related to increased 

smoking exposure [7,8].  Soon after the original GWAS reported the lung cancer link, we 

reported that this locus was also associated with chronic obstructive pulmonary disease 

(COPD) [9]. In our case-control study we compared the frequency of the CHNRA5 variant 

rs16969968 in healthy smokers (normal lung function), with smokers with COPD and/or lung 

cancer relatively closely matched for age and smoking exposure history. This variant has 

been shown to change the structure and function of this subunit, consistent with it being a 

“causative” disease variant [10,11]. Our findings for COPD were quickly confirmed in a large 

COPD GWAS and subsequent case-control studies [12]. However, because COPD is also 

associated with lung cancer, the interactive effects of this locus on the development of lung 

cancer, independent of its effects on smoking or the development of COPD remain unclear 

[7,13]. 

 

One way to explore the effect of this locus on the development of lung cancer is through a 

large prospective study, where current or former smokers at risk of lung cancer are followed 

prospectively after their smoking history and lung function were fully documented at 

baseline [14,15]. This reduces the bias that comes from using lung function performed 

exclusively for pre-operative assessment; using lung cancers collected cross-sectionally and 

thus subject to survivor bias; or smoking history collected after the diagnosis of COPD or 

lung cancer was made [16]. A prospective study design including baseline spirometry also 

helps address the question of confounding, where biomarker associations made with lung 

cancer are potentially based on an unrecognised association with COPD [17]. The National 

Lung Screening Trial is a large prospective study of 53,000 high risk smokers followed over a 

mean of 6.4 years [18]. Among this cohort there were 9,270 Non-Hispanic whites, including 

3,500 current or former smokers with airflow limitation (35%) at baseline, and 380 lung 

cancers diagnosed during the follow up period.  Preliminary results of this study have been 

reported in abstract form [19]. 
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Methods 

Subjects 

This is a secondary data analysis of the National Lung Screening Trial (NLST).  The 

recruitment and study design of this trial, involving 53,452 screening participants yielding 

2058 histology confirmed lung cancers, has been described elsewhere [18]. In the ACRIN 

sub-cohort of the NLST, participants from 23 centres agreed to undergo baseline pre-

bronchodilator spirometry (NLST-ACRIN Biorepository Cohort, N=18,842) and, for a 

subgroup (Figure 1), blood sampling for biomarker analysis (N=10,054). Demographic data, 

including history of pre-morbid disease, were collected through an extensive questionnaire 

and shows this NLST-ACRIN cohort to be highly representative of the full NLST cohort 

[14,15]. From the total group of 10,054 (including all ethnicities), we analysed genomic data 

for Non-Hispanic whites comprising 9,270 high risk smokers from which 380 lung cancers 

were diagnosed during the study follow up (Figure 1). 

 

Pulmonary Function Testing 

In the NLST-ACRIN cohort, pre-bronchodilator spirometry was measured at baseline 

screening (T0) in the majority of participants meeting previously published criteria [18]. The 

spirometry was measured by trained staff using a Spiropro spirometer 

(eResearchTechnology, GmbH, Germany). The severity of airflow limitation was defined 

according to the Global Initiative on Chronic Obstructive Lung Disease (GOLD) criteria grades 

1-4 (www.GOLD.org accessed February 2, 2020). Those with no airflow limitation were 

further sub-grouped into those with normal lungs (“Resistant Smokers”) and Restrictive 

Spirometry, where the latter is defined as FEV1/FVC≥0.70 and FEV1%predicted <80% 

(http://www.copdgene.org/study-design  accessed February 2, 2020). For comparative 

purposes [9,13] in this study, COPD was defined as GOLD 2-4 grade. 

 

Lung Cancer Outcomes 

Lung cancer cases included all those diagnosed during the trial (N=380), whether screen or 

non-screen detected (interval), or prevalent (diagnosed at T0 or during the first year) or 

incident lung cancers (diagnosed during subsequent years T1 to T6) or at post-mortem [18]. 

All lung cancer cases were confirmed on histological sampling according to accepted 

international classification criteria. Lung function results and mortality outcomes were 

available for 373 of the 380 lung cancer cases (98% of total). The NLST was terminated early 

http://www.gold.org/
http://www.copdgene.org/study-design
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when the endpoint of a 20% reduction in lung cancer specific mortality in the computed 

tomography (CT) arm, relative to the chest x-ray (CXR) arm, was reached with a mean 

follow-up of 6.4 years. Cause of death was a primary outcome for the NLST, and was 

ascertained through review of clinical records and death certification. 

 

Genotyping 

Genomic DNA was extracted from buffy coat samples using standard salt-based methods 

and purified genomic DNA was aliquoted (10 ng·µL–1 concentration) into 384-well plates. 

Samples were genotyped for rs16969968 of the CHRNA 3/5 gene using the SequenomTM 

system (SequenomTM Autoflex Mass Spectrometer and Samsung 24 pin nanodispenser) by 

Agena (San Diego, USA). The SequenomTM sequences were designed in house by Agena with 

amplification and separation methods (iPLEX™, www.sequenom.com) as previously 

described [20].  

 

Statistical Analysis 

Differences according to CHRNA5 genotype were examined using both allelic (0, 1 or 2 “A” 

alleles), genotype (AA vs AG vs GG) and recessive (AA vs AG/GG combined) models. Chi-

square tests, test for trend or Fisher’s exact test (for small cell counts) were used to 

compare categorical variables, and t-tests or Kruskal-Wallis tests (for non-Normally 

distributed variables) were used to compare continuous variables by genotype. Lung 

function measures at baseline were assessed using robust linear regression to account for 

outlying values and adjust for pack years, age and sex.  Prevalence rates and 95% confidence 

intervals (CIs) for lung cancer were calculated per 1,000 person-years. Cox proportional 

hazards models were used to compare survival adjusted for pack years, with estimates 

presented as hazard ratios (HRs) and 95% CIs.  The proportional hazards assumption was 

verified. Multiple logistic regression modelling was used to model odds with and without 

adjustment as indicated. For models of association with COPD status and lung cancer 

diagnosis, allelic (log additive) and recessive models were compared to the general 

genotype model (AA vs AG vs GG) using a likelihood ratio test (LRT), AIC (Akaike Information 

Criterion) and BIC (Bayesian Information Criterion) metrics, to assess which model provided 

the best fit. Mediation analysis was performed using the CAUSALMED procedure of SAS (SAS 

v9.4, SAS Institute Inc, Cary NC) fitting a binomial distribution with logit link function to the 

binary outcome lung cancer outcome as function of the direct and indirect effect of the 

binary CHRNA5 recessive variable with dichotomous GOLD group as a mediator   and pack 

http://www.sequenom.com/
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years > 50 years as a categorical covariate.   Total effect decompositions were estimated. 

Statistical significance was defined as a two tailed P<0.05. All analyses were performed using 

SAS (V 9.4, SAS Institute Inc, Cary NC) or STATA statistical software (version 16, College 

Station, TX: StataCorp LLC). 

 

Results 

Of the Non-Hispanic Whites (N=9,367, 93%) of the total NLST-ACRIN cohort, genotype data 

for the CHRNA5 nicotinic receptor polymorphism (rs16969968) was available for 9,270 

subjects (99%). In Table 1, the demographic variables and pre-morbid self-reported diseases 

were compared according to the AA (homozygous minor allele, 12%), AG (heterozygous, 

46%) and GG (homozygous major allele, 42%). These genotype frequencies accord with 

Hardy-Weinberg equilibrium and were consistent with the published frequencies in other 

Caucasian populations [1-6,9,12].  Using this method we have previously shown 100% 

concordance in genotyping with a SNP in complete linkage disequilibrium [19,21]. We found 

that across the 3 genotypes, age, gender, family history for lung cancer, smoking status, and 

years quit, smoking duration, BMI and educational level were not significantly different 

(Table 1).  We found the A allele (allelic model) and AA genotype (recessive model) were 

associated with higher pack years (P<0.001) and higher cigarettes per day (P<0.001) with no 

differences in years quit or years smoked. A similar finding was found for self-reported 

COPD but not for other pre-morbid diseases at baseline (Table 1).  

 

Comparable to our first study [9], on comparing lung function and COPD severity (GOLD 

grade) in Table 2a, we found that the AA genotype (recessive model) was associated with 

lower FEV1%predicted (P=0.005), greater COPD (GOLD 2-4) frequency (P<0.001) but not 

GOLD 1 COPD. Indeed, the AA frequency increased as the severity of airflow limitation 

increased from “Resistant smokers” (11.6%), GOLD 1 (11.5%), GOLD 2-4 (14.3%) and GOLD 

3-4 (15.0%) (Table 2a). Moreover, the fully adjusted effect estimates were greatest in the 

recessive model and most specific for airflow limitation (least significant for FVC% predicted) 

(Table 2b). However, on comparing the odds of COPD (GOLD 2-4) adjusted for smoking 

intensity, there was evidence the general genotype model fit the data better than a 

recessive model (LRT P=0.0005), and further that the allelic model provided the best fit 

(lowest AIC and BIC values), with no evidence that the genotype model was an improvement 

(LRT vs allelic model, p=0.387) (Supplement Table 1a). Adjusted for smoking intensity, there 

was a 1.16 (95% CI 1.08, 1.25, P<0.001) increase in the odds of COPD for each additional A 
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allele (Table 2a, Figure 2). Collectively these findings suggest a log additive (allelic) model is 

most consistent for COPD (GOLD 2-4) at this locus (Table 2 and Figure 2). In those with no 

airflow limitation, consisting of those with “restrictive” or “resistant” spirometric subgroups, 

there were no allele or genotype differences (Table 2a).  

 

Consistent with our previous study [9], and after adjustment for smoking, the AA genotype 

was also associated with a greater prevalence and incidence of lung cancer overall (Table 3, 

Figure 2). In the current study, where lung cancer was identified prospectively, the AA 

genotype relative to the GG genotype had an adjusted HR=1.39 (95 % CI 1.02. 1.88, P=0.034) 

and for the AG genotype an adjusted HR=1.14 (0.91, 1.43, P=0.243) (Table 3, Figure 2). 

Adjusted for smoking intensity, there was a 1.17 (95% CI 1.01, 1.36, P=0.035) increase in the 

hazard of a lung cancer (overall) for each additional A allele (Table 3, Supplement Table 1b). 

On comparing the risk of a lung cancer using the likelihood ratio test, and adjusted for 

smoking intensity, we found no evidence that the general genotype model fitted the data 

better than a recessive model (LRT P=0.242) or an allelic model (LRT P=0.770). While AIC and 

BIC values were slightly lower in the allelic model (Supplement Table 1b), we note that after 

stratifying lung cases for COPD (Table 4), the lung cancer with COPD data best fit an allelic 

model while for lung cancer alone the data best fit a recessive model (based on LRT analysis 

and AIC results, data not shown). This is consistent with our finding that the AA genotype, 

but not the AG genotype, was significantly associated with lung cancer relative to GG (Figure 

2). We found no major differences in lung cancer characteristics or demographic variables 

across the 3 genotypes (Table 3). While the allelic (log additive) model best fit the data for 

COPD (Table 2 and 4, Figure 2 and Supplement Table 1a), we suggest the recessive model 

appears to best fit the data for lung cancer, especially when those with COPD are excluded 

(Table 3 and 4, Supplement Table 1b). In Table 4, relative to the referent group (AG=45%), 

the excess in AG genotype is a feature of COPD GOLD 2-4 (AG=48%) and Lung cancer with 

COPD (50%), but not for those with lung cancer alone (44%). 

 

In a multiple logistic regression, where the AA genotype was compared to the other 

genotypes, age and smoking duration (grouped in 5 year bands), cigarettes per day (grouped 

as 5 per day bands) and FEV1/FVC (grouped in 5% bands), independently contributed to lung 

cancer risk (Figure 3). In a mediation analysis we confirmed that smoking (50+ pack years), 

COPD (GOLD 2-4) and the CHRNA5 AA genotype all contributed independently to the risk of 
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lung cancer (Figure 4). CHRNA5 AA genotype contributed directly (independently) 9.0% of 

the effect (P=0.03). 
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Table 1. Non-Hispanic Whites: CHRNA rs16969968 genotypes - baseline demographic and co-
morbidity data according to Allelic and Recessive regression models. 
 

CHRNA rs16969968  

N= 9,270
#
 

AA AG GG Allelic  

P value 

Recessive  

P value 

Genotype  (% total) 1153 (12.4%)  4258 (45.9%) 3859 (41.6%) - - 

Demographics      

Age (Years) 61.6 ± 5.0 61.8 ± 5.1 61.8 ± 5.1 0.18 0.17 

Male 655 (56.8%) 2416 (56.7%) 2198 (57.0%) 0.98 0.98 

Family history of Lung Cancer 276 (23.9%) 1049 (24.6%) 881 (22.8%) 0.16 0.91 

Self-report COPD (Composite) 255 (22.1%) 897 (21.1%) 752 (19.5%) 0.08 0.16 

Smoking History      

Current Smoker 561 (48.7%) 2061 (48.4%) 1839 (47.6%) 0.74 0.70 

Pack Years  59.7 ± 25.4 56.6 ± 23.3 54.7 ± 22.5 <0.001 <0.001 

Cigarettes per day  30.0 ± 11.8 28.4 ± 11.1 27.5 ± 10.8 <0.001 <0.001 

Years Quit  3.6 ± 5.0  3.8 ± 5.1 3.7 ± 5.1 0.86 0.60 

Smoking duration (years)  40.2 ± 7.5 40.4 ± 7.4 40.3 ± 7.5 0.69 0.58 

Body composition      

Body Mass Index (BMI) (kg/m
2
) 27.7 ± 5.0 27.8 ± 5.1 28.0 ± 5.1 0.52 0.31 

Weight (kg) 82.0 ± 18.0 82.4 ± 17.7 83.0 ± 18.1 0.45 0.23 

Height (cm) 171.6 ± 9.9 171.8 ± 9.9 172.0 ± 9.9 0.89 0.34 

Education Level      

High school or less 329 (28.5%) 1185 (27.8%) 1127 (29.2%) 0.27 0.16 

Post High School /Some College 389 (33.7%) 1549 (36.4%) 1361 (35.3%) 

College grad/Postgrad/Professional 412 (35.7%) 1407 (33.0%) 1274 (33.0%) 

Other/unknown 23 (2.0%) 117 (2.7%) 97 (2.5%) 

Pre morbid Disease (self-report)      

COPD  106 (9.2%) 338 (7.9%) 230 (6.0%) <0.001 0.007 

Chronic Bronchitis  123(10.7%) 469 (11.0%) 437(11.3%) 0.80 0.62 

Emphysema   116(10.1%) 409 (9.6%) 328 (8.5%) 0.13 0.28 

Adult Asthma   85 (7.4%) 298 (7.0%) 253 (6.6%) 0.56 0.46 

Pneumonia 336 (29.1%) 1190 (27.9%) 1074 (27.8%) 0.67 0.38 

Heart Disease 152 (13.2%) 578 (13.6%) 511 (13.2%) 0.89 0.83 

Hypertension 407 (35.3%) 1534 (36.0%) 1365 (35.4%) 0.80 0.78 

Stroke 31 (2.7%) 123 (2.9%) 119 (3.1%) 0.75 0.58 

Diabetes 111 (9.6%) 379 (8.9%) 354 (9.2%) 0.74 0.51 

Any cancer History 54 (4.7%) 181 (4.2%) 151 (3.9%) 0.48 0.35 

# minus subjects who failed genotyping N= 97 (1%). Allelic AA vs AG vs GG. Recessive AA vs 

AG/GG.CI=Confidence Interval, Composite COPD= “yes” to doctor diagnosed “COPD”, or “Emphysema”, or 

“Chronic Bronchitis” or “Adult Asthma”.  



12 
 

Table 2: Non-Hispanic Whites : CHRNA rs16969968 relationship with lung function and COPD 
status according to Allelic, Recessive and Genotype models using logistic regression. 
(a) Baseline lung function, GOLD grade airflow limitation and airway phenotypes.  

 
ACRIN Non-Hispanic Whites   

CHRNA rs16969968 AA  AG  GG Allelic 

Model 

Recessive 

Model  

Genotype N=9,270 (% total cohort) N=1,153 (12.4%)  N=4,258 (45.9%) N=3,859 (41.6%) P value P value 

Lung Function (baseline)      

FEV1/FVC (%, mean ± SD) 70.1 ± 11.0 70.6 ± 10.9 71.7 ± 10.4 <0.001
a
 0.014

a
 

FEV1 % predicted (mean± SD) 79.7  ± 20.9 80.7 ± 20.0 82.5 ± 19.8 <0.001
a
 0.005

a
 

FVC % predicted (mean ± SD) 86.0 ± 18.4 86.6 ± 17.3 87.2 ± 17.1 0.023
a
 0.072

a
 

Airflow  Limitation  (GOLD Grade) 
b 

     

GOLD 1, N=814 94 (8.15%) 405 (9.51%) 315 (8.16%) 0.062 0.95 

GOLD 1-4, N=3186 433 (37.55%) 1,541 (36.19%) 1,212 (31.41%) <0.001 0.008 

GOLD 2-4 (FEV1 ≤80%), N=2372 339 (29.40%) 1136 (26.68%) 897 (23.24%) <0.001 <0.001 

GOLD 3-4 (FEV1 ≤50%), N=608 91 (7.89%) 296 (6.95%) 221 (5.73%) <0.001 0.017 

COPD GOLD 2-4 – N (% by genotype) 339 (29%) 1136 (27%) 897 (23%) - - 

OR unadjusted  

(95% CI)  

P value  

1.41  

(1.21, 1.64) 

P<0.001 

1.23  

(1.11, 1.36) 

P<0.001 

Ref  1.20 

(1.12,1.29) 

P<0.001 

1.26 

(1.10,1.45) 

P<0.001 

OR  adjusted
c
   

(95% CI)  

P value  

1.32  

(1.13, 1.54) 

P<0.001 

1.20  

(1.08, 1.33) 

P=0.001 

Ref 1.16 

(1.08,1.25) 

P<0.001 

1.19 

(1.04,1.38) 

P=0.014 

No  Airflow Limitation (AL)      

No AL total, 
 
 N=5927 (%) 692 (60.02%) 2655 (62.35%) 2580 (66.86%) - - 

- Restrictive Spirometry, N=1460 172 (11.78%) 675 (46.23%) 613 (41.99%)        0.280 
b
        0.885

 b
 

- Resistant smokers,  N=4467 520 (11.64%) 1980 (44.33%) 1967 (44.03%)   

AL= Airflow Limitation. No Spirometry for 152 subjects. OR=odds ratio. Pers yrs=person years. aP value 
adjusted for pack years, age and gender.  b comparison is for restrictive spirometry vs resistant smokers 
within the no AL group. cOR adjusted for pack years (see Figure 2). 
 

(b) Unadjusted and adjusted effect estimates for association with baseline lung function.  
 

Model        Adjustment FEV1/FVC, % 

Estimate      P-value 

(95% CI) 

FEV1 % predicted 

Estimate      P-value 

(95% CI) 

FVC, % predicted 

Estimate      P-value 

(95% CI) 

Allelic           None  -0.80           <0.001 

(-1.08, -0.51) 

 -1.64               <0.001 

(-2.24,-1.05)               

 -0.73                      0.003 

(-1.21,-0.25) 

                      Pack years  -0.60           <0.001 

(-0.88, -0.31) 

 - 1.24              <0.001 

(-1.83, -0.65) 

 -0.49                      0.042 

(-0.96, -0.02) 

                      Pack years, age, sex       -0.67           <0.001 

(-0.95, -0.39) 

 -1.31               <0.001   

(-1.89, -0.73)  

 -0.55                      0.023 

(-1.02, -0.08) 

Recessive    None -0.91               0.003 

(-1.50, -0.32) 

 -2.20                <0.001 

(-3.42, -0.98) 

 -1.17                      0.019 

(-2.12, -0.19) 

                      Pack years  -0.60              0.044 

(-1.18, -0.02) 

 -1.55                  0.011 

(-2.75, -0.35) 

 -0.76                      0.124 

(-1.73, 0.21) 

                      Pack years, age, sex  -0.72              0.014 

(-1.29, -0.15) 

 -1.71                  0.005 

(-2.91, -0.52) 

 -0.89                      0.072 

(-1.85, 0.08) 

Allelic = number of A alleles (0=GG, 1=AG, 2=AA), Recessive = AA vs AG/GG, 95% CI= 95% Confidence 

Interval.Table 3: Non-Hispanic Whites: CHRNA rs16969968 genotypes and Lung Cancer (LC) 
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outcomes according to Allelic, Recessive and Genotype models using Cox proportional 
hazards models. 
 

ACRIN Non-Hispanic Whites   

CHRNA rs16969968 AA  AG  GG  Allelic 

Model 

P value 

Recessive 

Model 

P value 

Lung Cancer Diagnosed n=373 60  176  137    

Prevalence per/100 screened 5.2% 4.1% 3.6% 0.013 0.029 

Incidence/1000 person years (95% CI) 8.5 (6.6,10.9) 6.7 (5.8,7.8) 5.8 (4.9,6.8) - - 

HR unadjusted (95% CI) 

P value 

HR adjusted (95% CI)‡ 

P value 

1.48 (1.09,2.01) 

0.011 

1.39 (1.02,1.88) 

0.034 

1.17 (0.93,1.46) 

0.177 

1.14 (0.91,1.43) 

0.243 

ref 

 

ref 

1.21 (1.04,1.40) 

0.012 

1.17 (1.01,1.36) 

0.035 

1.36 (1.03,1.80) 

0.028 

1.29 (0.98,1.70) 

0.070 

Time to LC diagnosis or end of follow up - 

mean  years (SD) 

 

6.02 (1.33) 

 

6.08 (1.25) 

 

6.09 (1.24) 

 

- 

 

- 

Lung Cancer according to COPD status      

- With COPD (GOLD 2-4) 23 (15.2%) 75 (49.7%) 53 (35.1%) 0.630 

 

0.793 

 - Without Airflow limitation   29 (16.3%) 78 (43.8%) 71 (39.9%) 

Lung cancer Histology (N=%  grp LCdx)       

1 Small Cell 7 (11.7%) 25 (14.2%) 17 (12.4%) 0.60 0.26 

2 Squamous Cell 16 (26.7%) 38 (21.6%) 34 (24.8%) 

3 Adenocarcinoma 18 (30.0%) 64 (36.4%) 51 (37.2%) 

4 BAC 8 (13.3%) 11 (6.25%) 15 (10.9%) 

5 Large Cell 3 (5.0%) 2 (1.1%) 2 (1.5%) 

6 Non-small Cell 8 (13.3%) 36 (20.5%) 17 (12.4%) 

7 Other - - 1 (0.73%) 

Lung cancer Stage at Dx (N=% grp LCdx)       

1 Stage I 35 (58.3%) 72 (40.9%) 57 (41.6%) 0.27 0.04 

2 Stage II - 10 (5.7%) 8 (5.8%) 

3 Stage III 10 (16.7%) 36 (20.5%) 31 (22.6%) 

4 Stage IV 14 (23.3%) 56 (31.8%) 37 (22.6%) 

5 Occult carcinoma/ unk 1 (1.7%) 2 (1.1%) 4 (2.9%) 

Surgery      

Surgery LC  - Yes (N=% total LCdx) 36 (60%) 84 (47.7%) 77 (56.2%) 0.96 0.22 

Screening Interval (N=% grp LCdx)      

T0-T2 40 (66.7%) 105 (59.7%) 87 (63.5%) 0.89 0.47 

T3-T6 20 (33.3%) 71 (40.3%) 50 (36.5%) 

Lung Cancer detection (N=% grpLCdx)      

Screen-detected 32 (53.3%) 85 (48.3%) 75 (54.7%) 0.79 0.49 

Missed 5 (8.3%) 16 (9.1%) 10 (7.3%) 

Interval 3 (5%) 4 (2.3%) 2 (1.5%) 

Follow up 20 (33.3%) 71 (40.3%) 50 (36.5%) 

Other Demographics of LCdx      

% Male 25 (41.6%) 104 (59.1%) 77 (56.2%) 0.16 0.02 

% Current smoker 34 (56.7%) 106 (60.2%) 72 (52.6%) 0.39 0.98 

Family history of Lung Cancer –( yes)  13 (21.7%) 49 (27.8%) 35 (25.5%) 0.74 0.40 

Self-reported COPD (composite) 21 (35%)  64 (36%) 31 (23%) 0.03 0.54 

Randomised CT 30 (50%) 97 (55.1%) 72 (52.6%) 0.89 0.58 

HR=Hazard Ratio, Pers yrs=person years.  aModel adjusted for pack years. ‡ See Figure 2. 
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Table 4. Non-Hispanic Whites only: CHRNA rs16969968 genotype frequencies according to 
airflow limitation, lung cancer (LC) , lung cancer sub-phenotypes according to the Allelic and 
Recessive models using logistic regression 
 

ACRIN Non-Hispanic Whites only (N=9,270) 

CHRNA rs16969968 AA  AG  GG Allelic 

 P-value* 

Recessive 

P-value# 

Genotype N=9,270 

 (% total) 

N=1,153 

(12.4%)  

N=4,258 

(45.9%) 

N=3,859 

(41.6%) 

- - 

No Air Flow Limitation (AL)       

No AL ,N=5,921  

(% total)  

692 

(11.7%) 

2,653  

(44.8%) 

2,576 

(43.5%) 

- - 

No AL and no LC , N=5,749  

(% total) ‡ (referent) 

663 

(11.5%) 

2,577 

(44.8%) 

2,509 

(43.6) 

- - 

% COPD (FEV1/FVC<0.70,)       

GOLD 1,N=814  

(% total) 

94  

(11.5%) 

405  

(49.8%) 

315  

(38.7%) 

0.101 0.763 

GOLD 2-4 (FEV1 ≤80%),N=2372  

(% total) 

339  

(14.3%) 

1136  

(47.9%) 

897  

(37.8%) 

<0.001 0.012 

Lung Cancer       

Total Lung cancer diagnosis, N=373  

(% total) 

60  

(16.1%) 

176  

(47.2%) 

137  

(36.7%) 

0.008 0.033 

Squamous Cell lung cancer, N=88  

(% total) 

16  

(18.2%) 

38  

(43.2%) 

34 

(38.6%) 

0.207 0.126 

Adenocarcinoma lung cancer, N=133 

(% total) 

18  

(13.5%) 

64 

(48.1%) 

51 

(38.3%) 

0.356 0.688 

Lung Cancer and COPD status      

Lung cancer and GOLD 2-4,N=151  

(% total) 

23  

(15.2%) 

75 

(49.7%) 

53 

(35.1%) 

0.077 0.354 

Lung cancer and No AL,N=178  

(% total) 

29 

(16.3%) 

78 

(43.8%) 

71 

(39.9%) 

0.163 0.092 

#AA vs AG/GG and * AA vs AG vs GG, AL=Airflow limitation 
‡ No AL “healthy smokers” with no LC diagnosis during follow-up is the reference group for all 
subsequent comparisons. All analyses are adjusted for pack years. 
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Discussion 

This study confirms our earlier findings that the CHRNA5 polymorphism (rs16969968) is 

independently associated with smoking, the presence of airflow limitation (COPD) and lung 

cancer [9].  We found a dose-response relationship between the CHRNA5 A allele with pack 

years, cigarettes per day, lung function (%predFEV1) and airflow limitation (FEV1/FVC), with 

a log-additive allelic model providing the best fit for COPD. We also found  evidence for a 

linear relationship between the A allele and self-reported COPD, the presence of COPD 

defined by spirometry and the incidence of lung cancer. While the AA genotype (recessive 

model) was also associated with smoking history, lung function, airflow limitation (COPD) 

and lung cancer incidence, the allelic and recessive models were a comparable fit for lung 

cancer. These findings suggest the CHRNA5 locus is not only associated with smoking 

exposure but links COPD and lung cancer at a molecular genetic level. Such a hypothesis has 

been debated for over 40 years based on early genetic epidemiological studies and raises a 

number of important issues [22,23]. 

 

First the genetic overlap between COPD and lung cancer supports the hypothesis that these 

diseases share pathogenic pathways [24].  This finding has been made possible by 

measuring lung function routinely across high risk smokers followed prospectively in a large 

cohort study [18].  Such an approach is unique in lung cancer genetics where most studies 

are cross-sectional case-control in design and make no provision for the mediating effects of 

co-existing airflow limitation [1-3,25]. While large studies confirm the association between 

this locus and lung cancer (or smoking exposure), the mediating role of COPD has not been 

assessed in the same study population [25]. The rs16969968 polymorphism has been shown 

to have a functional effect on the activity of the nicotinic acetylcholine receptor found in 

both the respiratory epithelium where it modulates inflammatory pathways and in the brain 

where it modulates addiction pathways [10,11,26]. Nicotine replaces acetylcholine in 

receptor activation indicating that nicotine itself has a pathogenic role in COPD and lung 

cancer, not just isolated to promoting addiction to cigarette smoking. This is relevant 

because there is a growing body of literature suggesting exposure to inhaled nicotine, such 

as from vaping, is directly pathogenic in the lungs [27,28]. It also has relevance in the 

regulation of nicotine levels in its various inhaled forms. The findings of this study fuel 

further concerns about the long-term dangers of chronic nicotine inhalation. 
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Second, this study highlights the close relationship between COPD and lung cancer from a 

genetic epidemiological perspective. Given the well-publicised genetic studies of lung cancer 

make little provision for co-existing COPD [1-3], there is the possibility that some of the 

reported associations (and subsequent genetic modelling) result from a confounding or 

mediating effect from the disproportional presence of COPD in the cases (versus controls) in 

these retrospective studies.  Furthermore we suggest that genetic models may be different 

in lung cancer according to the presence or absence of COPD. We have demonstrated this 

previously with regards to the Glutathione S-transferase M (GSTM1) polymorphism linked to 

lung cancer in a large meta-analysis but shown to be confounded by unrecognised COPD 

[17]. This close relationship has relevance to the use of genetic data in risk-based 

approaches to targeted interventions such as CT screening for lung cancer [29,30].  We have 

shown that those with normal lung function or only mild COPD gain the most from lung 

cancer screening [31]. In contrast, those with severe or very severe COPD achieve little or no 

reduction in lung cancer death from screening [31]. This is because COPD is associated with 

more aggressive lung cancer, more late stage disease, lower surgical rates and higher rates 

of deaths from cardiovascular and respiratory causes [31,32].  

 

Third, understanding the genetic basis of lung cancer requires some consideration of the 

contributory effects of the genetic basis of COPD. Indeed the heritability of COPD, estimated 

to be 50-70%, is 2-3 fold greater than for lung cancer, estimated to be about 20-30%.  

Between 50-80% of smokers with lung cancer have COPD depending on how the latter is 

defined [9,13,24]. This means that the genetic basis of lung cancer may include a large 

contribution from a genetic overlap with the tendency for COPD.  The only way to 

successfully tease out the genetic basis of lung cancer is to account for the presence of 

COPD and its contribution to risk (and genetic modelling), as we have done in this study. 

This is only possible where lung function data is available in the same cohort of people 

getting lung cancer. The current study is the only cohort study of this type that we are 

aware of. In a case-control study VanderWeele and colleagues used mediation analysis to 

confirm this CHRNA5 locus was linked to lung cancer independent of smoking exposure [33]. 

Not only do our mediation results concur with the VanderWeele study, we have expanded 

their findings by showing the independent pathways linking this locus with lung cancer may 

in part be related to pathogenetic pathways underlying COPD [34,35]. This is important, as 

suggested above, when it comes to using genetic data in assessing risk of lung cancer for 
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targeted interventions such as screening [29,31]. We have shown here that the CHRNA5 

polymorphism (rs16969968) mediated risk of both COPD and lung cancer independently, 

albeit by different genetic models (allelic and recessive respectively). We have also 

previously found that some genetic variants confer risk of COPD only, lung cancer in the 

absence of COPD [13,20] and greater lung cancer lethality [36].  This is of particular 

relevance because smokers with normal lung function, or only mild COPD, achieve 

significantly better reductions in lung cancer deaths with CT-based screening relative to CXR 

screening in the NLST [31]. 

  

The current study has several strengths and limitations. First, the data linking the CHRNA5 

polymorphism (rs16969968) polymorphism to airflow limitation is based on cross-sectional 

data from a cohort of heavy smokers rather than prospective data from a population more 

representative of the wider non-smoking and smoking community. eg HUNT study [7]. That 

said, while the study population we used was a smoking cohort of high risk heavy smokers, 

it is representative of screening populations and provides a more stringent test of the 

smoking-by-gene interaction. This contrasts with previous case-control studies that included 

lighter smokers of lower overall risk to identify comparable associations [1-6,25]. Second, 

we have only investigated one polymorphic locus and not considered the relevance of other 

variants in this chromosomal region (eg. iron-responsive element-binding protein 2, IREB2) 

[37]. That the rs 16969968 polymorphism  has been shown to have functional effects on 

gene expression and protein function [10,11,34,35], and a consistent relationship between 

the presence of the A allele and increased risk, supports the possibility that this is indeed an 

important disease-causing polymorphism.  Further studies will be required to examine 

possible epistatic effects with neighbouring or distant variants including from other 

candidate genes (eg. IREB2, PSMA4). While residual confounding and incomplete modelling 

might remain an issue in our study, we have at least attempted to account for the complex 

interplay between smoking exposure, COPD and lung cancer through our mediation 

analysis. Third due to relatively small sample sizes, type 1 error (false positive result) 

remains a possible explanation for our findings.  However, the consistency of the association 

between this variant and lung cancer, and consistency in the magnitude of the effect size 

with other larger studies is reassuring.  We have confirmed the association using both a 

genotype (Table 3) and phenotype (Table 4) approach. Fourth, McKay and colleagues 

recently reported that in a large case-control study, this variant was associated specifically 

to the squamous cell histological subgroup of lung cancer [25].  While our study is under-
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powered to explore subgroup associations, our analysis supports this finding (Table 4). 

However, this finding by McKay might be explained through mediating or confounding 

effects of COPD.  A major strength of this study is the validation of a molecular marker for 

lung cancer risk in a population for whom assessing lung cancer risk has clinical relevance, in 

this case for lung cancer screening and it’s outcomes [38]. 

 

In summary, we have used a prospective cohort study to confirm that the A allele and/or AA 

genotype of the CHRNA5 (rs16969968) polymorphism is independently associated with 

smoking exposure, presence of significant airflow limitation and risk of developing lung 

cancer.  The study design we have used is unique in confirming this complex inter-

relationship and highlights the need to consider the mediating effect of COPD in lung cancer 

genetics.  Our findings support those of others suggesting the nicotine receptor, and by 

inference inhaled nicotine exposure, may have direct effects on the development of COPD 

and lung cancer. Our findings confirm our previous hypothesis that COPD and lung cancer 

are linked at a molecular genetic level.  
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Figure 1. Consort figure of the genetic study subgroup from the NLST. 

 
 

 
 

Legend: NLST=National Lung Screening Trial, ACRIN= American College of Radiology, 

Imaging Network, NCI= National Cancer Institute, NZ= New Zealand. 
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Figure 2.  Odds Ratio for COPD (GOLD 2-4) and hazard ratio for lung cancer, according to 

rs16969968 CHRNA genotype after adjustment for smoking pack years (+/- 95% CI) and 

referenced against the GG genotype . 
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Figure 3. Multiple logistic regression analysis for risk of lung cancer according to genotype, 

smoking, BMI, lung function and presence of COPD (GOLD 2-4). 
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Figure 4. Mediation analysis comparing the relative contributions of rs16969968 AA 

genotype, pack years and presence of COPD (GOLD 2-4) on the risk of developing lung 

cancer (OR=Odds Ratio, CI=Confidence Interval). 
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Supplementary Table 1. Models of best fit using the Likelihood Ratio Test (LR Test). 

 

(a) Odds of COPD (GOLD 2-4) (cross-sectional, N=8,299) compared to controls (“No 

Airflow limitation”) from logistic regression models. 

Model Type of 

model 

group Odds Ratio (95% 

CI) 

p-value AIC BIC LR test 

p-value 

Unadjusted Genotype 

(general) 

AA vs GG 1.41 (1.21, 1.64) <0.001 9911.6 9932.6 Reference 

AG vs GG 1.23 (1.11, 1.36) <0.001    

Recessive AA vs AG/GG 1.26 (1.10, 1.45) <0.001 9925.2 9939.3 <0.0001 

Allelic (log 

additive) 

Per A allele* 1.20  (1.12, 1.29) <0.001 9910.1 9924.1 0.490 

Adjusted 

for pack 

years 

Genotype 

(general) 

AA vs GG 1.32 (1.13, 1.54) <0.001 9750.7 9778.8 Reference 

AG vs GG 1.20 (1.08, 1.33) 0.001    

Recessive AA vs AG/GG 1.19 (1.04, 1.38) 0.014 9760.8 9781.9 0.0005 

Allelic (log 

additive) 

Per A allele* 1.16 (1.08, 1.25) <0.001 9749.5 9770.6 0.387 

*coded as 0=GG 1=AG 2=AA 

 

(b) Hazard of lung cancer diagnosis (prospective, N=9,270) from Cox proportional 

hazards models. 

Model Type of 

model 

group Hazard Ratio 

(95% CI) 

p-value AIC BIC LR test 

p-value 

Unadjusted Genotype 

(general) 

AA vs GG 1.48 (1.09, 2.01) 0.011 6736.9 6751.1 Reference 

AG vs GG 1.17 (0.93, 1.46) 0.177    

Recessive AA vs AG/GG 1.36 (1.03, 1.80) 0.028 6736.7 6743.8 0.175 

Allelic (log 

additive) 

Per A allele* 1.21 (1.04, 1.40) 0.012 6735.0 6742.1 0.692 

Adjusted 

for pack 

years 

Genotype 

(general) 

AA vs GG 1.39 (1.02, 1.88) 0.034 6708.6 6730.0 Reference 

AG vs GG 1.14 (0.91, 1.43) 0.243    

Recessive AA vs AG/GG 1.29 (0.98, 1.70) 0.070 6708.0 6722.3 0.242 

Allelic (log 

additive) 

Per A allele* 1.17 (1.01, 1.36) 0.035 6706.7 6721.0 0.770 

*coded as 0=GG 1=AG 2=AA 
Legend:  AIC=Akaike Information Criterion, BIC=Bayesian Information Criterion. 
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Rationale: Recently, a risk-based approach to selecting lung cancer screening participants has
been advocated where the risk of lung cancer is assessed by multivariate models such as the
PLCOm2012. We have previously shown that the PLCOm2012 model also predicts the presence of
chronic obstructive pulmonary disease (COPD). COPD is an underdiagnosed comorbid disease
affecting 35% of NLST screening participants and increases lung cancer risk by 2-3 fold.
However, compared to those with no COPD, COPD is associated with only one half the lung
cancer mortality reduction reported in the NLST (15% vs 28%). This reduction in mortality benefit
is because COPD is associated with more aggressive forms of cancer, lower surgical rates and
greater deaths from other causes. We ask, “Do genes conferring risk of lung cancer or COPD
have differential effects for screening participants developing lung cancer during screening?”
Aim: Using 10,054 subjects from the NLST-ACRIN cohort, a sub-study of the NLST that recruited
high risk smokers and followed them for an average of 6.4 years, we examined pre-defined risk
genotypes conferring susceptibility to COPD and/or lung cancer in a prospective study design.
Methods: Using prospective data from the NLST-ACRIN cohort we genotyped a 40 SNP panel
using independent pre-defined risk genotypes including those identified from the genetic
literature. We identified risk genotypes increasing likelihood of lung cancer and compared
outcomes according to the presence or absence of COPD. We also derived a genetic risk score
(GRS) and assessed it’s effect on lung cancer mortality. Results: We identified 12 risk genotypes
conferring either an increased (n=6 susceptibility SNPs) or decreased (n=6 protective SNPs) risk
of developing lung cancer. After stratifying screening participants according to spirometric
defined airflow limitation (COPD), we found differential effects of these risk genotypes on
developing lung cancer with or without pre-existing COPD (see Table 1). In those with lung
cancer and predominantly protective risk genotypes (low GRS), lung cancer mortality was
significantly reduced relative to other deaths. Risk genotypes conferring risk of COPD and lung
cancer conferred a greater lung cancer mortality. Conclusion: The genetic basis of lung cancer
must allow for the differential effects of risk genotypes on the presence of COPD, and the effect of
dying of lung cancer, in the screening setting. Genetic variants identified in retrospective cross-
sectional studies in a non-screening setting, without consideration of co-existing COPD, may not
help identify who benefits from lung cancer screening. 

 



This abstract is funded by: Research Grants, U01-CA-80098 and U01-CA-79778 to the American
College of Radiology Imaging Network and Research Grant,Johnson and Johnson

Am J Respir Crit Care Med 2019;199:A5893
Internet address: www.atsjournals.org  Online Abstracts Issue

 



Chapter 3 
 

17 

Chapter 3 Risk Tools for lung cancer 

3.1 Introduction 

As a clinician, I was very interested in exploring how genetic information may be utilised in the clinical 

setting.  The clinical application of cardiovascular risk tools has been well established over the past 40 

years and used extensively in primary care to identify individuals with higher than average risk of 

coronary artery disease and those who will benefit most from targeted intervention.  The latter was really 

accelerated when statins were shown to both lower cholesterol (biomarker of risk) and reduced 

cardiovascular mortality (effective intervention).  There seemed nothing with similar utility in the 

respiratory world although epidemiologists had already shown that airflow limitation, characterising 

COPD, was a good biomarker of respiratory disease and all-cause mortality. 

Fundamental to my growing interest in the COPD and lung cancer relationship was the observation that 

only subgroups of smokers appeared susceptible to smoke exposure, and that genetic factors might 

explain some of this variation in susceptibility.  I was also interested in why smokers continued to smoke 

despite the overwhelming evidence that smoking caused lung cancer and whether smokers could be 

“scared into”  quitting.  This changes the public health paradigm related to smoking from one which 

contends that smoking is harmful to all smokers (blatantly not true), to one of personalising risk and 

targeting intervention to those at greatest risk, much as is done for coronary artery disease. This led us 

down a path looking at of the psychology of smoking where one model reported that increasing fear 

might help some smokers to quit (see below).  I was also interested in the possibility of targeted 

screening for lung cancer and the growing interest in computed tomography for lung cancer screening.  I 

was of the view that personalised gene-based risk testing for current or former smokers might help 

identify those who were at greatest risk of lung cancer and therefore might benefit most from lung 

cancer screening. This body of work is based on 12 publications including two collaborative studies in the 

USA, at El Camino Hospital, California and Vanderbilt University, Tennessee, where our gene-based risk 

tool was used to assist in lung cancer screening and smoking cessation respectively.  

3.2    Related papers: Risk Tools in COPD and Lung Cancer 

1. Young RP, Hopkins R, Hay B, Epton MJ, et al. A gene-based risk score for lung cancer susceptibility in 

smokers and ex-smokers. Postgrad Med J 2009; 85: 515-524. 

2. Young RP, Hopkins RJ, Hay BA, et al. Lung Cancer Susceptibility Model Based on Age, Family History 

and Genetic Variants. PLoS ONE 2009; 4 (4); e5302. 

3. Young RP, Hopkins RJ, Smith M, Hogarth DK. Smoking cessation: the potential role of risk assessment 

tools as motivational triggers. Postgrad Med J 2010; 86: 26-33. 

4. Gordon LG, Hirst NG, Young RP, Brown PM.  Within a smoking-cessation programme, what impact 

does genetic information on lung cancer need to have to demonstrate cost-effectiveness?. Cost 

Effectiveness and Resource Allocation 2010; 8:18. 

5. Young RP, Hopkins RJ.  Genetic susceptibility testing to lung cancer and outcomes for smokers. 

Tobacco Control (online) 2012; July 17. 

6. Young RP, Hopkins RJ. Increasing smokers’ risk perception improves CT screening participation. 

Thorax 2012; 67(9): 834-835. 

7. Young RP, Hopkins RJ. Gamble GD. Clinical applications of gene-based risk prediction for lung cancer 

and the central role of chronic obstructive pulmonary disease. Frontiers in Genetics 2012; 3 (Article 

210); 1-7. 

8. Young RP, Hopkins RJ. Incorporating genomic data into multivariate risk models for lung cancer. 

Genetics in Medicine 2013; 8: 667-668.  

9. Lam VK, Miller M,…Young RP, et al. Community low-dose CT lung cancer screening: a prospective 

cohort study. Lung 2015; 193: 135-139. 
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10. Young RP, Hopkins RJ, Lam V, Cabebe E, Miller M, Gamble G.  Low-dose computed tomography 

(CT) lung cancer screening in the community: a prospective study (REACT) incorporating a gene-

based lung cancer risk test. Am J Respir Crit Care Med 2015; 191 A3569. 

11. Young RP, Christmas T, Hopkins RJ. Multi-analyte assays and early detection of common cancers. 

J Thoracic Disease 2018;10 (Suppl 18):S2165-S2167. 

12. Senft N, Sanderson M, Selove R,….Young RP. Attitudes toward precision treatment of smoking in 

the Southern Community Cohort Study. Cancer Epidemiology Biomarkers & Prevention 2019; 

28(8):1345-1352. 

3.3 Conclusion 

In 2009 a year after we reported that the nicotinic receptor polymorphism was associated with COPD and 

lung cancer (see Chapter 2), we published two papers that reported our simple algorithm for lung cancer 

susceptibility (refs 1 and 2, 121 citations).  Although I had started out exploring the genetic basis of COPD, 

with an interest in developing a genetic test for COPD susceptibility, I was taken by the potential for 

identifying lung cancer genes and applying this clinically to the smoking community.  We published two 

papers that showed how genetic variants (single nucleotide polymorphisms or SNPs), derived from our 3-

way comparison between “healthy smokers”, COPD and lung cancer, could be combined algorithmically 

to derive a composite genetic risk that could be added to clinical risk variables (refs 1 and 2).  However, 

this work was methodologically weak because we had deliberately looked to match the age and smoking 

histories of our groups in order to best identify “susceptibility” genes and “protective genes” that were 

related to outcome. This meant that data on smoking effects was missing from our risk model.  A second 

weakness of this work was that it was based on cross-sectional groups and candidate gene studies which 

were generally small and often not well powered to reliably identify SNPs of interest.  Lastly, we chose a 

healthy smoker cohort to best distinguish smokers with primarily “protective” genes (reducing their risk 

of lung cancer) and compared their genetic profiles with those with lung cancer, with and without COPD.  

While the healthy (resistant smoker) was an accepted control in COPD genetics (COPDGene, see Chapter 

2),  it was not a feature of lung cancer genetic studies because it required  the availability of spirometry. I 

published two papers reporting this work, one where COPD was included in the model, and one where it 

was not part of the model. 

I followed this work up with a review article that explored how “tests of susceptibility”, primarily 

spirometry and genetic tests might affect smoker’s attitudes to smoking (ref 3, 51 citations). This review 

article was based on work from Dr Robert West and the 3-Ts model of cessation (tension, trigger, treat) 

where motivational tension (anxiety) is elevated to a point a smoker decides to quit (hence acting as a 

trigger). In this article, I refer to optimistic bias (denial of risk from smoking) and how genetic testing 

might serve to challenge this mind-set in some smokers.  We collaborated with colleagues in Population 

Health and examined the cost-efficiency associated with genetic testing in smoking cessation (ref 4, 8 

citations).  We also undertook a pilot study where the effect of our gene test for lung cancer was 

explored in random smokers and found to increase quite rates at 6 months (ref 5). Our test has been used 

in a UK-based randomised trial of smoking cessation where it was shown to increase quit rates in smokers 

at high risk of lung cancer (see supportive documents below).1 In a letter in Thorax, we outlined some of 

our pilot study results suggesting that genetic testing did increase people’s perception of risk and interest 

in both smoking cessation and participation in lung cancer screening (ref 6, 9 citations).  In a review 

article published in the journal “Frontiers in Genetics” (ref 7, 19 citations) we outline the important 

contribution COPD makes to the lung cancer genetics.  This concept has largely been ignored by the lung 

cancer genetics community as it raises the possibility that the SNP associations they report may be 

confounded by unrecognised COPD, a classic error in epidemiology (see Chapter 2).  This article also 

reports some of our preliminary data on smoker’s attitudes before and after gene-based risk testing.  It 

also highlighted how targeted Computed Tomography (CT) screening could be more cost-effective than 

untargeted screening approaches.   
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In a letter in the journal “Genetics in Medicine”, we highlight the utility of gene-based risk testing in 

populations of high risk smokers not otherwise eligible for screening (ref 8, 4 citations).  Through 

collaboration with a US-based hospital, we piloted our gene-based risk test in a small lung cancer 

screening programme (ref 9, 10 citations, see also attached news report‡). The results from this pilot 

study showed that genetic testing helps to promote adherence to follow-up scans (ref 10, 2 citations) and 

the manuscript is currently under review.2 In an invited editorial, we argue that in order to best assess the 

benefits of bioassays in targeting lung cancer screening, it is important to validate the assays in the 

population of interest and in the setting the test is “designed” to be used in (ref 11, 6 citations).  In the 

last paper from this section, our gene-based test has been applied to a smoking cohort of African-

Americans in Nashville Tennessee (Vanderbilt Study) in order to assess  how the test affected their 

attitudes and actions towards quitting smoking in the context of lung cancer screening (ref 12, 2 citation).  

This study showed that there were high levels of acceptability for gene-based risk testing with 83% 

reporting “that they would be more likely to get lung cancer screening if their genetic test result 

suggested they were at high risk of lung cancer” (ref 12). At the time of writing this thesis, the results 

from the smoking cessation arm of this study were not yet published. 

3.4 Summary 

From this body of work I drew the following conclusions; 

- risk genotypes for lung cancer can be combined to derive a composite score and can be added to 

clinical risk algorithms to improve prediction for developing lung cancer, 

- studies support the view that personalised risk assessment using genetic tests for lung cancer can 

increase a smoker’s interest in quitting smoking and attending for lung cancer screening, 

- our pilot studies using genetic testing suggested they promoted greater interest in prevention 

and screening for lung cancer although more rigorous randomised studies are needed. 

3.5 Limitations, controversies and future work 

While we have validated our gene-based risk score in the setting of the NLST (papers currently under 

review) and shown that using a gene-based approach helps not only to quantify risk of developing lung 

cancer but also predict the benefit of screening, further validation is planned.  We will use the UK Biobank 

study to confirm that our gene-based risk score does predict susceptibility to lung cancer.  Using this large 

data-base we plan to develop risk scores for other ethnic groups and to assess the performance of our 

test in smokers of younger age and lighter pack years.  My group also plan to explore more elaborate 

methods of combining the data using machine learning technologies. Pilot studies to examine the clinical 

utility of our gene-based risk score in lung cancer screening (smoking cessation and screening uptake) are 

also underway in the US. 

3.6 References/Supporting Publications 

1. Nichols JAA, Grob P, Kite W, Williams P, de Lusignan S. Using a genetic/clinical risk score to stop 

smoking (GeTSS): randomised controlled trial.  BMC Research Notes 2017; 10: 507.  8 citations 

from this body of work. 

2. Lopez-Olivo MA, Maki KG, Choi NJ,  et al. Patient adherence to screening for lung cancer in the 

US: A systematic review and meta-analysis.  JAMA Network Open 2020; 3 (11): e2025102. 2 

citations from this body of work. 

Personal experience of taking the gene-based risk test for lung cancer – see attached video. 

‡  https://abc7news.com/archive/7817809/      
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ABSTRACT
Background: Epidemiological and family studies suggest
that lung cancer results from the combined effects of age,
smoking and genetic factors. Chronic obstructive
pulmonary disease (COPD) is also an independent risk
factor for lung cancer and coexists in 40–60% of lung
cancer cases.
Methods: In a two-stage case–control association study,
genetic markers associated with either susceptibility or
protection against lung cancer were identified. In a test
cohort of 439 Caucasian smokers or ex-smokers,
consisting of healthy smokers and lung cancer cases, 157
candidate single nucleotide polymorphisms (SNPs) were
screened. From this, 30 SNPs were identified, the
genotypes (codominant or recessive model) of which
were associated with either the healthy smokers
(protective) or lung cancer (susceptibility) phenotype.
After genotyping of this 30-SNP panel in a second
validation cohort of 491 subjects and using the same
protective and susceptibility genotypes from our test
cohort, a 20-SNP panel was selected on the basis of
independent univariate analyses.
Results: Using multivariate logistic regression, including
the 20 SNPs, it was also found that age, history of COPD,
family history of lung cancer and gender were significantly
and independently associated with lung cancer.
Conclusions: When numeric scores were assigned to
both the SNP and demographic data, and sequentially
combined by a simple algorithm in a risk model, the
composite score was found to be linearly related to lung
cancer risk with a bimodal distribution. Genetic data may
therefore be combined with other risk variables from
smokers or ex-smokers to identify individuals who are
most susceptible to developing lung cancer.

Approximately 90% of people with lung cancer
have a smoking history, yet only 10–15% of
chronic smokers get lung cancer, suggesting that
factors in addition to smoking exposure must be
relevant.1 Epidemiological studies have identified
age, smoking exposure, impaired lung function and
family history as key risk factors for lung cancer.2

Genetic factors have been shown to play a modest
role in determining susceptibility to lung cancer,3 4

most likely by conferring an inherent susceptibility
(exaggerated or maladaptive response) to chronic
inflammation from aero-pollutant exposure (most
commonly smoking).5 6 Like many cancers, this
provides the initial stimulus to tissue remodelling
(eg, small airway disease and/or emphysema),
DNA damage and impaired cell cycle control.6 7

Prospective studies have shown that ,20% of
smokers develop chronic obstructive pulmonary
disease (COPD), defined by spirometry (forced

expiratory volume in 1 s (FEV1)/forced vital
capacity ,70% and/or FEV1,80% of predicted),
whereas the majority have preserved lung function
at, or close to, predicted values.8 Both prospective
and retrospective studies show that spirometric
evidence of COPD is found in 40–60% of smokers
diagnosed with lung cancer.9 10 In contrast with
smokers who maintain normal lung function,
those with COPD have a 2–6-fold greater risk of
lung cancer, independent of age and pack-years.9–11

These studies suggest that smokers with COPD are
at an inherently increased risk of lung cancer
(susceptible phenotype), whereas most smokers
with normal lung function (estimated to be 80%)
are at least risk (resistant phenotype).9–11

Genetic predisposition to lung cancer is likely to
be both polygenic and heterogeneous, conferred by
a variable combination of relatively common
polymorphisms with low penetrance and modest
effect sizes.12 13 Moreover, it is likely that impor-
tant smoking-gene interactions underlie lung can-
cer,14 as seen in other smoking-related cancers (eg,
bladder and stomach). As genetic variants asso-
ciated with both COPD and lung cancer have been
identified, and include the recently reported
chromosome 15q25 gene locus,15 16 we suggest it
is important to measure lung function in all
participants of case–control studies of lung cancer.
For both clinical and biostatistical reasons, screen-
ing the exposed controls will increase the power of
the study to identify relevant genetic variants
compared with studies in which the control group
is unscreened.17

It is well known that non-genetic risk factors
such as age, history of COPD and smoking history
are very important and can be combined to develop
risk-based tools for determining lung cancer
susceptibility.18 19 Recently, genotype data from
previously implicated prostate cancer susceptibility
single-nucleotide polymorphisms (SNPs) were
combined with family history to derive risk
estimates for prostate cancer.20 The objective of
this study was to use a similar approach to
analysing data from a case–control study and
show how genetic variants, previously showing
small effects on lung cancer risk, can be combined
in an algorithm with other known risk factors to
derive a gene-based susceptibility score for lung
cancer.

METHODS
Study population
This study was a two-stage case–control design
conducted in three centres following the same
recruitment protocol. Only people of Caucasian
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ancestry were recruited (all four grandparents of Caucasian
descent). Lung cancer cases were identified through hospital
clinics between 2004 and 2007 using the following criteria: .40
years of age, minimum 15 pack-years of smoking, diagnosis
confirmed on histological or cytological grounds, and limited to
the following four histological subtypes: adenocarcinoma,
squamous cell cancer, small cell cancer and non-small cell
cancer (generally large cell or bronchoalveolar subtypes). The
median time interval between diagnosis and recruitment was
3 months. Patients with lung cancer underwent blood sampling
for DNA extraction, an investigator-administered questionnaire
and spirometry with a portable spirometer (Easy-One; ndd
Medizintechnik AG, Zurich, Switzerland) following American
Thoracic Society (ATS) criteria. For patients with lung cancer
who had already undergone surgery, results of preoperative lung
function tests performed by the hospital laboratory (using ATS
criteria) were sourced from the medical records.

Control subjects were recruited from the same communities
as the cases using the following criteria: Caucasian ancestry (as
defined above), age 45–80 years and past or current smoking
history of a minimum of 15 pack-years. Controls were
volunteers who met the above criteria and were identified
through either a community mail-out or while attending a
community-based club for older people located in the suburbs
that were the referral base for the hospital clinics from which
the lung cancer cases were recruited. All smoking controls
underwent blood sampling, spirometry and the same investi-
gator-administered questionnaire given to the cases. Controls
with spirometry consistent with COPD were excluded (30% of
those who volunteered). Informed written consent was
obtained from both lung cancer patients and community-
acquired healthy ‘‘smoker’’ controls. The study was approved
by the local ethics committee. The questionnaire (modified
from the ATS respiratory questionnaire) included data on
demographic variables such as age, gender, medical history,
family history of lung disease, active and passive tobacco
exposure, and occupational aero-pollutant exposures.

Selection and genotyping of SNPs
After extensive review of both the lung cancer and COPD
literature, polymorphisms with the following attributes were
selected for initial screening in the test cohort: (a) SNPs in genes
encoding proteins in pathways of cell-cycle control, oxidant
response, apoptosis and airways inflammation; (b) SNPs known
either to have functional effects on in vitro assays or to be either
non-synonymous or in regulatory regions. In a test cohort of
439 smokers (run 1 recruited during 2003–2005: 239 lung cancer
cases and 200 control smokers), 157 candidate SNPs were
screened (available on request), and those where the difference
in genotype frequencies exceeded a 20% magnitude difference
and p value ,0.20 were identified as part of our model-forming
approach.21 Where the call rate (percentage of samples for which
genotyping failed for technical reasons) fell below 95% for any
cohort, the reading and/or genotyping of failed samples was
repeated for that SNP; after retesting, SNPs with call rates
,95% were not included in further analysis. SNPs were assigned
as ‘‘protective’’ when the homozygote and/or heterozygote
genotype for either allele was found more often in control
smokers than lung cancer cases (in a recessive or codominant
model). SNPs were assigned as ‘‘susceptible’’ when the
homozygote and/or heterozygote genotype was found signifi-
cantly more often in lung cancer cases than control smokers.

Genotyping
Genomic DNA was extracted from whole blood samples using
standard salt-based methods. Purified genomic DNA was
aliquoted (10 ng/ml concentration) into 96-well plates and
genotyped on a Sequenom system (Sequenom Autoflex Mass
Spectrometer and Samsung 24 pin nanodispenser) by the
Australian Genome Research Facility (www.agrf.com.au) using
sequences designed in-house (available on request) and recom-
mended amplification and separation methods (iPLEX; www.
sequenom.com).16

Of the 157 candidate SNPs screened in our discovery cohort,
30 met the above criteria. These SNPs were genotyped in a
second cohort of 491 smokers using identical recruitment
methods (run 2 recruited during 2006–2007: 207 lung cancer
cases and 284 control smokers). For all SNP assays, again a
minimum call rate of 95% was required. This second validation
cohort of lung cancer cases and control smokers was identical
with the first groups with respect to demographic factors and
lung cancer characteristics. On the basis of independent
univariate analyses in run 1 and run 2 (consistency, direction
and significance of association), a final panel of the 20 most
discriminatory SNPs was selected (12 susceptibility SNPs and
eight protective SNPs from the test panel of 30).

Algorithm
The assignment of a protective or susceptible SNP genotype was
made from the test cohort data (run 1) and was strictly applied
to the data from run 2. On the basis of an algorithm derived
from our work on the genetics of COPD (unpublished data), a
scoring system was applied to the genotypes for each of the
susceptibility and protective SNPs. For each subject, a numerical
value of 21 was assigned for each of the protective genotypes
present among the protective SNPs and +1 for each of the
susceptible genotypes present. Where an individual did not have
either the protective or susceptibility genotype for that SNP, the
score was 0 (ie, did not contribute to the genetic score). This
approach is consistent with a recently published study in
prostate cancer.20 Weighting the presence of specific susceptible
or protective genotypes according to their individual odds ratios
(ORs; from univariate regression) did not significantly improve
the discriminatory performance of the raw SNP score (unpub-
lished data).

Lung cancer susceptibility score
The approach of deriving an overall ‘‘susceptibility score’’ by
combining independent risk factors is comparable to existing
risk-scoring systems such as the Prostate Cancer Test,
Framingham Score for coronary artery disease risk and the
Gail Score for breast cancer.18–20 22 23 By using multivariate
logistic and stepwise regression analysis, the 20-SNP panel
was examined in combination with relevant non-genetic
factors. This analysis of run 1 data identified age, family history
of lung cancer and previous diagnosis of COPD as significant
contributors to lung cancer susceptibility. In addition, and
consistent with other case–control studies, female gender in our
study was also associated with a small increased risk of lung
cancer (p,0.01). However, we did not include gender in the
final risk model, as its importance in prospective studies has
been lacking.24 On the basis of a multivariate logistic regression
analysis in run 1 (see results for combined analysis below), a
score was assigned according to age, history of COPD and
family history. These variables have been identified in other risk
assessment tools for lung cancer susceptibility18 19 and improved
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the discriminatory power of the SNP score data alone. As
smoking exposure (pack-years) was a recruitment criterion for
this study and comparable between cases and controls, it was
not surprising to find that it made little contribution to this
scoring system derived from our cohorts. The lung cancer
susceptibility score was plotted with (a) the frequency of lung
cancer and (b) the floating absolute risk (equivalent to OR)
across the combined smoker/ex-smoker cohort.25 26

Statistical analysis
Patient characteristics in the cases and controls were compared
by unpaired t tests for continuous variables and x2 test for
discrete variables. Genotype and allele frequencies were checked
for each SNP by Hardy–Weinberg equilibrium (tests that
genotype frequencies were as expected from the allele frequen-
cies). Population admixture was excluded by the population
structure analysis on genotyping data from 40 unrelated SNPs.27

Distortions in the genotype frequencies were identified between
cases and controls using 2 6 3 contingency tables. Genotype
data (20-SNP panel) and the most relevant non-genetic variables
were combined in a stepwise fashion to assess their combined
effects on discriminating low and high risk (by OR and receiver
operating characteristic (ROC) curve) by score quintile. The
frequency distribution of the optimised lung cancer suscept-
ibility score was compared across the cases and controls. Its
clinical utility was assessed using ROC analysis, which assesses
how well the model predicts risk across the score (ie, clinical
performance of the score with respect to sensitivity, specificity
and false positive rate). To assess the stability of the optimised
risk model, a sensitivity analysis was performed in which age,
gender and smoking dose were more stringently matched
between cases and controls. The effect on sensitivity and
performance of the lung cancer susceptibility score to the
addition of non-genetic variables was also assessed by compar-
ing ORs and ROC analyses.

RESULTS

Demographic variables and genotyping
Table 1 summarises the characteristics of the lung cancer cases
and healthy control smokers. The 446 lung cancer cases from
run 1 (n = 239) and run 2 (n = 207) were comparable (with
respect to demographic characteristics, histology and staging)
and similar to a large published series.28 Given the small
difference in age, the 482 healthy control smokers (200 in run
1, 282 in run 2) were comparably exposed with respect to
smoking and other aero-pollutants. The lower frequency of
current smokers in the lung cancer group probably reflects
coexisting COPD (higher quit rates), and longer duration of
smoking in lung cancer cases reflects an older age. In a gene-by-
smoking interaction model such as this, differences in smoking
exposure are more likely to obscure effects (bias to the null)
than generate effects. Consistent with the findings of others,
the lung cancer cohort had higher rates of a family history of
lung cancer (19% vs 9%) and history of COPD (29% vs 5%). The
latter (5%) probably reflects a clinical diagnosis of COPD, based
on symptoms but not spirometry, in smokers with asthma and/
or chronic bronchitis. As expected, lung function was worse in
the lung cancer cohort than the healthy smoker controls.
Testing lung function in the lung cancer cases (performed
within 3 months of diagnosis, in the absence of pleural effusions
and before surgery) allows us to test for confounding by COPD
(see below).

The observed genotypes for the 20 SNPs in this study were in
Hardy–Weinberg equilibrium (table 2), thereby excluding
significant genotyping error. The genotype frequencies for the
controls were comparable to those from the International
Hapmap Project (www.hapmap.org). The development of the
lung cancer susceptibility score is described in the Methods
section, and a summary of the 20-SNP panel univariate analysis
is presented in table 3. Although six of the top 20 SNPs do not
reach traditional levels of significance, they have been included
in the panel because (a) in previous studies they have been
shown to have functional effects, (b) they have been associated
with COPD and/or lung cancer (see Discussion), (c) in
combination they make a contribution to the performance of
the susceptibility score, and (d) their inclusion recognises the
likely genetic heterogeneity that exists in lung cancer case–
controls studies. A SAS macro was used to estimate the false
discovery rate (FDR) (Osborne JA, North Carolina State
University; http://www2.sas.com/proceedings/sugi31/190-31.
pdf) and produce a q statistic as the smallest p value that
would be said to be statistically significant while preserving an
overall 5% significance level.

Table 1 Summary of characteristics for the lung cancer and resistant
smokers

Variable

Lung cancer
patients
(n = 446)

Healthy control
smokers
(n = 484) p Value

Characteristic

Male 53% 60% 0.007

Age (years) 69 (10) 60 (10) ,0.001

Height (cm) 167 (0.08) 170 (0.09) ,0.001

Weight (kg) 69 (15) 79 (15) ,0.001

History of COPD 29% 5% ,0.001

Smoking history

Non-smokers (%) 7% 0

Current smoking (%) 35% 48% ,0.001

Age started (years) 18 (4) 17 (3) 0.18

Years smoked 41 (12) 35 (11) ,0.001

Pack-years 41 (25) 40 (19) 0.28

Cigarettes/day 20 (10) 24 (11) ,0.001

History of other exposures

In utero smoke exposure 18% 17% 0.45

Mother smoked in
childhood

37% 41% 0.03

Home ETS exposure as
adult

79% 58% ,0.001

Work ETS exposure 86% 63% ,0.001

Work dust exposure 63% 47% ,0.001

Work fume exposure 41% 38% 0.16

Asbestos exposure 23% 16% 0.02

Family history

COPD 33% 28% 0.12

Lung cancer 19% 9% ,0.001

Lung function

FEV1 (litres) 1.86 (0.48) 2.86 (0.68) ,0.001

FEV1 % predicted 73% 99% ,0.001

FEV1/FVC 64 (13) 78 (7) ,0.001

Spirometric COPD* 51% 0% ,0.001

Values are frequency (given as %) or mean (SD).
*According to GOLD 2+ criteria (FEV1/FVC , 70% and FEV1 % predicted ( 80%).
COPD, chronic obstructive pulmonary disease; ETS, environmental tobacco smoke;
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.
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Risk model development
In a multivariate logistic regression analysis that included the
SNPs (individually), age (.60 years), family history of lung
cancer (first-degree relative), gender and history of COPD, the
OR for the susceptibility and protective SNPs was 1.1–3.2 and
0.20–0.80, respectively (the combined SNP score is indepen-
dently related to lung cancer, p,0.001). The OR for age .60
years, family history of lung cancer and history of COPD was
3.5 (95% CI 2.5 to 4.9, p,0.001), 2.5 (95% CI 1.6 to 4.0,
p,0.001) and 7.5 (95% CI 4.5 to 12.4, p,0.001), respectively
(total area under the curve (AUC) = 0.80 where SNPs were
included individually with adjustment for all variables). History
of COPD in this model confers a high risk, in part due to
differences in lung function derived from the study design. On
the basis of these findings, and those from previously published
studies,3–4 9–11 we derived an optimised score by assigning scores
to non-genetic variables as follows; +4 for those aged .60 years
old, +3 for those with a family history of lung cancer and +4 for
those with a diagnosis of COPD (ie, age and diagnosis of COPD
equally weighted).

Lung cancer score = (number of susceptible genotypes) –
(number of protective genotypes) + 3 (for positive family
history for lung cancer) + 4 (for past diagnosis of COPD) + 4 (for
age.60 years old).
Such an approach is consistent with existing risk scores18 19 and
places the SNP data in an appropriate clinical context.22 23 Gender
was not included in the finalised risk model for the reasons
described above (and its inclusion did not alter the AUC).

Model performance
In the optimised model, the lung cancer susceptibility score was
compared with frequency of lung cancer, and a linear relation-
ship was found across the lung cancer susceptibility scores (1
to 8+, with lung cancer frequency spanning 17–86% (fig 1). The
magnitude of this effect was also sequentially examined using
the floating absolute risk25 26 plotted on a log scale (equivalent to

an OR), which references the lowest frequency group as OR = 1
(referent group) and compares the lung cancer score with the
referent group. The OR for SNPs alone (fig 2a), SNPs, family
history and age (fig 2b) and SNPs, family history, age and COPD
(fig 2c) spanned from 1 to 10 (p,0.001), 1 to 19 (p,0.001) and 1
to 28 (p,0.001), respectively, across the lung cancer scores
when subjects were grouped approximately as heptiles or
quintiles. Subgrouping by age band or histology did not alter
this linear relationship between score and OR (data not
shown).The lung cancer susceptibility score for lung cancer
cases and controls shows a bimodal distribution on frequency
distribution, indicating potential utility as screening test.29

Analysis of model sensitivity
To correct for the small differences in age, smoking status,
COPD and gender mix between cases and controls, a subgroup
(sensitivity) analysis was performed (a) limited to those .60
years of age (age weighting equally applied to all), (b) removing
COPD from the model, and (c) where mean age, pack-years and
gender were closely matched between cases and controls
(n = 450: 72 vs 69 years, 45 vs 43 pack-years and 70% vs 70%
male respectively). A linear increase in OR across quintiles of the
lung cancer susceptibility score (range 1–58, p,0.01) was still
evident, with confidence intervals consistent (ie, overlapping)
with those derived with the full dataset (fig 2).

ROC analysis
In a ROC analysis (n = 930) of the optimised model, we found
that the AUC or c statistic for run 1, run 2 and run 1+2 was
0.82, 0.75 and 0.79, respectively. The AUC in the total cohort
for the 20-SNP panel, age, family history of lung cancer and
history of COPD on their own were 0.68, 0.70, 0.55 and 0.62,
respectively. When just ‘‘genetic factors’’ are used in the risk
model (SNPs + family history of lung cancer), as seen in the
Prostate Cancer Study,20 the ORs span 1–10 across septiles and
the AUC = 0.70 (with no contribution from age and COPD).

Table 2 Expected genotype frequencies and Hardy–Weinberg equilibrium (HWE)

SNP No SNP name (rs)

Allele frequencies (study
total = 930) HWE observed

genotypes
(p Value)

Allele frequencies

Study controls (n = 484) Hapmap Caucasian*

Major Minor Major Minor Major Minor

1 A5 nAChR (rs 16969968) 0.65 0.35 0.57 0.69 0.31 0.58 0.42

2 CYP 2E1 (rs 2031920) 0.98 0.02 0.06 0.99 0.01 0.94 0.06

3 Interleukin-18 (rs 360721) 0.70 0.30 0.77 0.68 0.32 0.70 0.32

4 Interleukin-8 (rs 4073) 0.54 0.46 0.14 0.51 0.49 0.60 0.40

5 Interleukin 1B (rs 16944) 0.69 0.31 0.80 0.67 0.33 0.65 0.35

6 ITGA11 (rs 2306022) 0.90 0.10 0.07 0.91 0.09 0.93 0.07

7 NAT 2 (rs 1799930) 0.71 0.29 0.87 0.69 0.31 0.71 0.29

8 a1-antichymotrypsin (rs 4934) 0.50 0.50 0.54 0.47 0.53 0.51 0.49

9 Cerberus 1 (rs 10115703) 0.92 0.08 0.54 0.93 0.07 0.89 0.11

10 DAT1 (rs 6413429) 0.93 0.07 0.78 0.94 0.06 0.87 0.13

11 TNFR1 (rs 1139417) 0.57 0.43 0.96 0.56 0.44 0.51 0.49

12 TLR9 (rs 5743836) 0.85 0.15 0.92 0.85 0.15 0.84 0.16

13 P73 (TP73) (rs 2273953) 0.75 0.25 0.93 0.78 0.22 0.85 0.15

14 SOD3 (rs 1799895) 0.99 0.01 0.99 0.98 0.02 0.97 0.03

15 ITGB3 (rs 2317676) 0.93 0.07 0.51 0.91 0.09 0.95 0.05

16 DRD2 (rs 1799732) 0.90 0.10 0.67 0.89 0.11 0.90 0.10

17 BCL2 (rs 2279115) 0.51 0.49 0.60 0.53 0.47 0.57 0.43

18 XPD (ERCC2) (rs 13181) 0.61 0.39 0.90 0.59 0.41 0.67 0.33

19 REV1 (REV1L) (rs 3087386) 0.56 0.44 0.96 0.58 0.42 0.50 0.50

20 FasL (TNFSF6) (rs 763110) 0.63 0.37 0.83 0.61 0.39 0.64 0.36

*Allele frequencies for Caucasians from www.hapmap.org.
SNP, single nucleotide polymorphism.
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On stepwise analysis, age and the SNP panel make the greatest
contribution to the AUC (SNPs = 0.68, age + SNPs = 0.76, age +
SNPs + family history = 0.77), with history of COPD making a
small additional contribution (total AUC = 0.79) (fig 3). Using
an FDR analysis, 12 SNPs were identified as being significantly
associated with lung cancer and, when combined with age and
family history, derived an AUC = 0.75. When gender was
included in the model, the AUC was not improved.

Inclusion of COPD
As smokers with normal lung function were selected as controls
(resistant or lowest risk phenotype), and history of COPD was
included in the model, it is necessary to examine the effect of
including COPD in the model. In the ROC analysis, history of
COPD alone was a modest discriminator (AUC = 0.62) and
added little to the other variables in the combined model

(increased AUC from 0.77 to 0.79). When history of COPD was
removed from the model, the ORs span 1–19 across quintiles
(p,0.001) and performance characteristics are minimally
affected (AUC = 0.77). The model was also tested in young
smokers ((60 years old), in whom COPD prevalence was only
3% and the ORs spanned 1–16 (p,0.001). Most importantly,
the model was assessed by comparing the smoking controls and
lung cancer cases subgrouped according to lung function
(fig 4a,b). This shows that (a) the distribution of the
susceptibility score was comparable between lung cancer cases
divided by those with high or low lung function (fig 4a) and
(b) when people with COPD (based on spirometry) are removed
from the analysis (leaving smoking controls compared with lung
cancer cases with normal lung function), the bimodal distribu-
tion is not affected (fig 4b). We conclude that the risk model is
not significantly affected after adjustment for differences in
COPD prevalence between cases and controls.

Table 3 Genotypes and results of univariate analysis

SNP (rs No)* Genotype Lung cancer
Smoking
controls Call rate (%)

Univariate
OR (95% CI) p Value Phenotype

a5-nAChR (rs 16969968) AA 68 (16%) 45 (9%) 1.8 (1.2 to 2.7) 0.004 Susceptibility

AG/GG 361 (84%) 426 (91%)

CYP 2E1 (rs 2031920) TT/TC 24 (6%) 14 (3%) 95 2.1 (1.0 to 4.3) 0.03 Susceptibility

CC 379 (94%) 463 (97%)

Interleukin-18 (rs 360721) CC 237 (54%) 208 (45%) 96 1.4 (1.1 to 1.9) 0.009 Susceptibility

CG/GG 201 (46%) 250 (55%)

Interleukin-8 (rs 4073) TT 129 (31%) 109 (23%) 96 1.5 (1.1 to 2.1) 0.005 Susceptibility

AT/AA 284 (69%) 367 (77%)

Interleukin 1B (rs 16944) GG 215 (49%) 212 (44%) 99 1.2 (0.9 to 1.6) 0.14 Susceptibility

AA/AG 224 (51%) 269 (56%)

ITGA11 (rs 2306022) AA 14 (3%) 6 (1%) 98 2.6 (0.9 to 7.6) 0.04 Susceptibility

GA/GG 422 (97%) 470 (99%)

N-Acetylcysteine transferase 2
(rs 1799930)

GG 239 (56%) 222 (47%) 97 1.4 (1.1 to 1.9) 0.006 Susceptibility

AA/AG 189 (44%) 253 (53%)

a1-Antichymotrypsin GG 123 (28%) 96 (20%) 98 1.6 0.004 Susceptibility

(rs 4934) AG/AA 312 (72%) 383 (80%) (1.2 to 2.2)

Cerberus 1 (rs 10115703) AA/AG 71 (16%) 59 (12%) 97 1.4 (0.9 to 2.0) 0.10 Susceptibility

GG 363 (84%) 413 (88%)

DAT1 (rs 6413429) GT/TT 64 (15%) 50 (10%) 98 1.5 (1.0 to 2.3) 0.04 Susceptibility

GG 367 (85%) 431 (90%)

TNFR1 (TNFRSF1A) (rs
1139417)

AA 148 (36%) 142 (30%) 96 1.3 (1.0 to 1.8) 0.05 Susceptibility

AG/GG 258 (64%) 329 (70%)

TLR9 (rs 5743836) CC 12 (3%) 6 (1%) 96 2.2 (0.8 to 6.6) 0.12 Susceptibility

CT/TT 419 (97%) 455 (99%)

P73 (TP73) (rs 2273953) CC 219 (52%) 292 (62%) 96 0.65 (0.49 to 0.85) 0.001 Protective

TC/TT 206 (48%) 178 (38%)

SOD3 (rs 1799895) GG/GC 4 (1%) 15 (3%) 96 0.28 (0.10 to 0.90) 0.02 Protective

CC 425 (99%) 451 (97%)

ITGB3 (rs 2317676) GG/GA 44 (10%) 77 (16%) 98 0.59 (0.39 to 0.89) 0.008 Protective

AA 391 (90%) 403 (84%)

DRD2 (rs 1799732) CDel/Del.Del 70 (16%) 107 (22%) 98 0.68 (0.48 to 0.96) 0.02 Protective

CC 359 (84%) 372 (78%)

BCL2 (rs 2279115) AA 103 (24%) 145 (31%) 97 0.71 (0.53 to 0.97) 0.03 Protective

AC/CC 328 (76%) 330 (69%)

XPD (ERCC2) (rs 13181) GG 60 (14%) 81 (18%) 96 0.74 (0.51 to 1.10) 0.11 Protective

GT/TT 376 (86%) 377 (82%)

REV1 (REV1L) (rs 3087386) CC 128 (29%) 163 (34%) 98 0.79 (0.59 to 1.10) 0.10 Protective

TC/TT 310 (71%) 312 (66%)

FasL (TNFSF6) (rs 763110) TT 53 (12%) 78 (16%) 98 0.72 (0.49 to 1.10) 0.09 Protective

TC/CC 379 (88%) 403 (84%)

*OMIM nomenclature.
SNP, single nucleotide polymorphism.
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DISCUSSION
This study has used a two-stage case–control candidate gene
approach and identified a panel of protective and susceptibility
SNPs that individually confer only small effects (OR ranging
from 0.3 to 2.6). This is very much in keeping with the
experience from case–control association studies to date.30–62

Consistent with existing risk models, relevant factors were
combined using an algorithm (in this study including SNP data)
to derive a susceptibility score on a simple linear scale. This
study design, and the algorithmic approach that underlies our
lung cancer susceptibility score, takes into account important
epidemiological observations relevant to genetic predisposition
to lung cancer. Firstly, that, although smoking exposure is for
the majority a prerequisite to developing lung cancer, increasing
age, smoking dose and poor lung function have important
independent effects on lung cancer susceptibility. Secondly, the
genetic factors underlying lung cancer risk are likely to be both
polygenic and heterogeneous, conferred by a variable combina-
tion of genetic variants (ie, SNPs with low penetrance and small
effect sizes). Thirdly, genetic factors may confer either a
protective30 31 or susceptibility16 phenotype to lung cancer.
Here we report a 20-SNP panel which, combined with family
history,20 define risk (OR) across quintiles ranging from 1 to 10
with an AUC of 0.70. A risk tool with greater clinical utility can
be derived by including age and presence of COPD to identify
those at greatest susceptibility to lung cancer (OR range 1–28
and AUC = 0.79).

Several other important factors relevant to the genetic
epidemiology of lung cancer have been considered in the design
of this study. We sought to minimise false-positive results in a
number of ways. The most important of these was to internally
validate our findings using a two-stage design with an initial
test cohort (run 1) to identify SNPs of potential interest. We
then tested only those SNPs in a second cohort of cases and
controls (run 2) using univariate and multivariate analysis to
rank the SNPs under both conditions. Secondly, population
stratification was excluded, and, thirdly, the presence of
genotyping error was minimised through Hardy–Weinberg
equilibrium analysis (see Methods) and by the exclusion of
SNPs with ,95% call rate (fails on genotyping are invariably

genotype specific, thus generating false-positive associations).
With respect to important confounding factors, our lung cancer
cases and healthy smoking controls were matched for smoking
exposure (pack-years). They were also similar with respect to
gender and age mix. When the combined cohort was sub-
grouped by age band, the lung cancer susceptibility score
maintained its discriminating utility across all groups. It was
concluded that lung function was not confounding the results
of this study, as the distribution of the lung cancer susceptibility
score across the lung cancer cases, subdivided by normal and
low lung function, showed no significant difference. The same
could not be said of previously published case–control studies in
which lung function was not measured.

However, weaknesses in this study include the modest size of
the cohorts, borderline significance of some SNPs in the absence

Figure 1 Frequency of lung cancer according to the lung cancer
susceptibility (risk) score modelled with single-nucleotide
polymorphisms, age, family history and chronic obstructive pulmonary
disease.

Figure 2 Odds ratio of lung cancer according to the lung cancer
susceptibility (risk) score using (a) single-nucleotide polymorphisms
(SNPs) only, (b) SNPs, family history (FHx) and age, and (c) SNPs, family
history, age and history of chronic obstructive pulmonary disease (COPD).
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of correction, cross-sectional design, and recruitment limited to
Caucasians. Moreover, it is accepted that, by selecting a control
population with normal lung function (but comparable
exposure) and including COPD (history) in the score, we will
increase the score in those with lung cancer compared with
controls (5% vs 29%). However, although this increases the
magnitude of the difference between cases and controls
(reflected in the ORs), it contributes little to the performance
of the score (adds 0.02 to the AUC; see the Results section).
Moreover, when subjects with COPD are excluded from the
analysis (fig 4b, smoking controls versus lung cancer cases with
normal lung function), the discriminating utility of the score is
unaffected. In addition, in the youngest age band (confined to

cases and controls (60 years old), the prevalence of COPD
(history) was only 3% (little effect from COPD weighting),
there was no age weighting, and the susceptibility score was
still a good discriminator (OR spans 1–16, p,0.001). We argue
that screening individuals with COPD (based on spirometry)
out of the controls has the following advantages: (1) best
reflects the majority of smokers with no COPD estimated at
80%8; (2) best reflects the majority of smokers who will not
develop lung cancer (resistant phenotype) estimated to be
80–90% (thereby minimising the dilutional effects of including
patients with COPD, ie, misclassification)1 17; (3) best suited to
identifying ‘‘protective’’ SNPs by comparing exposed individuals
at either end of the risk spectrum.30 31 That said, replication

Figure 3 Distribution of the lung cancer
susceptibility (risk) score between cases
and controls. (a) Single-nucleotide
polymorphisms (SNPs) only, (b) SNPs,
family history and age, and (c) SNPs,
family history, age and history of chronic
obstructive pulmonary disease.
Ca, cancer.
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using an unselected control group (in which COPD prevalence
would be 10% or more) might better reflect an unselected at-risk
population and, as expected, reduce differences in the suscept-
ibility score between cases and controls (dilutional effect).
Although population stratification was formally tested, and our
population is confined to Caucasians (where population
admixture is less of an issue), it is possible that this remains a
problem. A further limitation of the study is that, although the
cases and controls were arguably representative, not all variables
were precisely matched (eg, age, gender and smoking patterns).
We reanalysed our data in a closely matched cohort (n = 450: 72
vs 69 years, 45 vs 43 pack-years and 70% vs 70% male for cases
and controls, respectively) and found the performance of the
susceptibility score across quintiles was unchanged (OR range
1–58, p,0.01). Further studies will need to be carried out to
address these issues.

It is likely that genetic susceptibility to lung cancer results
from a variable combination of several genetic variants in genes
encoding proteins involved in several pathways activated by
chronic smoke exposure and the inflammatory response that
follows. A candidate gene (ie, hypothesis-driven) approach was
used to identify potentially functional SNPs associated with the
development of lung cancer. Although the SNPs identified in
this study may only reflect linkage disequilibrium with
functional variants nearby, these SNPs are likely to have
functional effects and involvement directly with susceptibility
to lung cancer. Two SNPs are from genes involved in the

metabolism of smoking-derived carcinogens (N-acetyltransfer-
ase 2 and cytochrome P450 2E1) and previously linked to
smoking-related cancers of the aerodigestive system.32 33 Five
SNPs are from genes encoding inflammatory cytokines impli-
cated in carcinogenesis or lung matrix remodelling (COPD), the
latter strongly implicated in lung cancer development (inter-
leukins 1, 8 and 18, tissue necrosis factor receptor, Toll-like
receptor 9).34–42 Two SNPs are from genes that have been
implicated in smoking addiction and lung cancer (dopamine D2
receptor and dopamine transporter 1).43 44 Two SNPs are
functional and found in genes involved in the antioxidant
response to aero-pollutants such as smoking (a1-antichymo-
trypsin and extracellular superoxide dismutase).30 31 45 46 Both of
these have been associated with COPD, and one is upregulated
in lung cancer. Six of the SNPs are found in genes involved in
processes such as cell-cycle control, DNA repair and apoptosis,
and associated with lung cancer in previously published studies
(xeroderma pigmentosum complementary group D, p73, Bcl-2,
FasL, Cerb1 and REV1).47–55 Two of the SNPs are from genes
encoding integrins also implicated in apoptosis, cancer suscept-
ibility and, for one, upregulation in lung cancer cells.56–58 One of
the SNPs (a5 nAChR) has recently been associated with both
lung cancer and COPD in genome-wide association studies.16 59–62

This receptor appears to de directly related to nicotine effects
on airway inflammation.63 As can be seen, the SNP panel
(table 3) is made up of a variety of SNPs from genes
implicated in metabolism of smoke-derived carcinogens,
oxidant response, cell-cycle control and inflammation.
Twelve of these SNPs have been associated with lung cancer in
other cohorts. It is likely that other SNPs from as yet unidentified
genes will be identified in the future. To assess further the utility
of the lung cancer susceptibility score, a prospective study is in
progress. To date, the lung cancer cases (n = 43) have the same
mean and distribution as the lung cancer cases reported in this
study (unpublished data). Further case–control and functional
studies will be needed to further explore the role of these SNPs in
lung cancer susceptibility.

We propose that clinical utility of genotype data requires that
many SNPs are analysed and their effects combined with other
epidemiological factors of relevance.20 The algorithm approach
used in this study is comparable to that recently published for
prostate cancer20 and involves minimal assumptions (not
hierarchical or path analysis based). The patient’s score can be
compared with the scores in smokers with least susceptibility to
lung cancer (lowest quintiles) in a simple linear fashion. Such an
approach is comparable to the risk tools developed by
others18 19 22 23 and similar in approach to recently published
studies on risk in diabetes, where SNP data were combined with
non-genetic risk variables to refine existing risk models.64 65 The
clinical utility of the lung cancer susceptibility score was
assessed by ROC analysis. This showed the c statistic to be 0.79
and, at a cut-off of >3, an estimated sensitivity of 89% and
corresponding specificity of 45%. After FDR analysis, 12
significantly associated SNPs were included in the model, with
little decrease in the AUC (0.75 vs 0.77). These findings are
comparable to the ROC performance of the Framingham Score
(c statistic = 0.74),22 although other methods of assessing model
performance have been advocated (eg, reclassification table
approach66). The c statistic for the 20-SNP panel on its own was
0.68 (and 0.70 when combined with family history), indicating
its utility in the current cohort. In contrast with the models for
diabetes and prostate cancer, in our risk model for lung cancer it
has been possible to account for the important environmental
risk factor of smoking. There is evidence, although limited, that

Figure 4 (a) Frequency distribution of the lung cancer score among
controls and lung cancer cases divided according to low and normal lung
function. (b) Frequency distribution of lung cancer score among controls
and lung cancer cases with normal lung function. Ca, cancer;
FEV1, forced expiratory volume in 1s.
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genetic testing may positively alter the behaviour of smokers in
the context of smoking cessation (increase intent and possibly
improve quit rate67 68) or by lowering smoking prevalence.69 The
lung cancer susceptibility score may also have utility in early
diagnosis of lung cancer where delays in diagnosis may affect
survival.70 Although further validation studies are required, this
study suggests that genetic data may be combined with other
risk variables from smokers or ex-smokers to identify individuals
most susceptible to developing lung cancer.
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Main messages

c Lung cancer results from the combined effects of smoking and
genetic susceptibility.

c Chronic obstructive pulmonary disease is a common pre-
existing and independent risk factor for lung cancer.

c Genetic susceptibility for lung cancer includes genetic variants
(single nucleotide polymorphims (SNPs)) conferring reduced risk
(‘‘protective’’) best identified using a healthy smoking cohort.

c Genetic susceptibility for lung cancer results from the
combined effects of genetic variants (SNPs) conferring either
susceptibility or protective predisposition.

c Genetic and non-genetic variables can be combined to give a
global risk score for susceptibility to lung cancer.

Current research questions

c Can the lung cancer susceptibility score be validated in
smokers and ex-smokers in prospective studies and other
populations?

c Will use of the lung cancer susceptibility score improve patient
outcomes to reduce risk of lung cancer and/or detect lung
cancer at a treatable stage?
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Abstract

Background: Epidemiological and pedigree studies suggest that lung cancer results from the combined effects of age,
smoking, impaired lung function and genetic factors. In a case control association study of healthy smokers and lung cancer
cases, we identified genetic markers associated with either susceptibility or protection to lung cancer.

Methodology/Principal Findings: We screened 157 candidate single nucleotide polymorphisms (SNP) in a discovery cohort
of 439 subjects (200 controls and 239 lung cancer cases) and identified 30 SNPs associated with either the healthy smokers
(protective) or lung cancer (susceptibility) phenotype. After genotyping this 30 SNP panel in a validation cohort of 491
subjects (248 controls and 207 lung cancers) and, using the same protective and susceptibility genotypes from our
discovery cohort, a 20 SNP panel was selected based on replication of SNP associations in the validation cohort. Following
multivariate logistic regression analyses, including the selected SNPs from runs 1 and 2, we found age and family history of
lung cancer to be significantly and independently associated with lung cancer. Numeric scores were assigned to both the
SNP and demographic data, and combined to form a simple algorithm of risk.

Conclusions/Significance: Significant differences in the distribution of the lung cancer susceptibility score was found between
normal controls and lung cancer cases, which remained after accounting for differences in lung function. Validation in other
case-control and prospective cohorts are underway to further define the potential clinical utility of this model.
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Introduction

While 90% of people with lung cancer have a smoking history,

only 10–15% of chronic smokers develop lung cancer suggesting

factors in addition to smoking exposure are relevant [1].

Age,smoking exposure, impaired lung function and family history

have been identified as independent risk factors for lung cancer

[2]. Genetic factors have also been shown to play a role in

determining susceptibility to lung cancer [3]. These genetic factors

are believed to confer an inherent susceptibility (exaggerated or

maladaptive response) to chronic inflammation from cigarette

smoking [4,5]. Consistent with many cancer models, this

inflammatory stimulus in the lungs results in tissue remodeling,

DNA damage and impaired cell cycle control [3–5]. This tissue

remodeling results in impaired lung function (ie chronic

obstructive pulmonary disease or COPD) that, despite affecting

the minority of smokers [6], is present in 50% or more of lung

cancer cases [7] and recognized as one of the most important

markers of lung cancer risk [8].

Genetic predisposition to lung cancer is likely to be both

polygenic and heterogeneous, conferred by a variable combination

of relatively common polymorphisms with low penetrance and

modest effect sizes [9,10]. Moreover, it is likely that important

smoking-gene interactions underlie lung cancer [11] as seen in

other smoking-related cancers (e.g. bladder and stomach). Genetic

variants associated with both COPD and lung cancer have been

identified, most recently the chromosome 15q25 gene locus

[12,13]. Therefore to avoid possible confounding we suggest it is

important to measure lung function in participants of case-control

studies of lung cancer [13]. For both epidemiological and

biostatistical reasons, spirometric screening of comparably exposed

controls will increase the power of the study to identify relevant

genetic variants (distinguishing low from high risk people)

compared to studies where the control group is unscreened [14].

It is well known that non-genetic risk factors such as age, history

of lung disease and smoking history are very important and can be

combined to develop risk based tools for lung cancer susceptibility

such as the Lung Cancer Assessment Tool developed by Bach

(www.mskcc.org) [15]. Recently, genotype data from previously

implicated prostate cancer susceptibility SNPs were combined

with family history to derive risk estimates for prostate cancer [16].

In the latter study, controls were screened using prostate specific

antigen and only those with normal levels were recruited as

controls. This approach minimizes misclassification of controls (ie

PLoS ONE | www.plosone.org 1 April 2009 | Volume 4 | Issue 4 | e5302



men with undiagnosed prostate cancer or at increased risk of

prostate cancer). We have used a similar approach in our case

control study design and analysis, and show how genetic variants

previously showing small effects on lung cancer risk can be

combined in an algorithm with other known risk factors to derive a

risk model for lung cancer.

Methods

Study Population
This study was a two stage case control design conducted in 3

centers following the same recruitment protocol. Lung cancer

cases of Caucasian ancestry (all 4 grandparents of Caucasian

descent) were identified through hospital clinics between 2004 and

2007 as follows: .40 yrs of age, past history of smoking (minimum

15 pack years), diagnosis confirmed on histological or cytological

grounds and limited to the following 4 histological subtypes-

adenocarcinoma, squamous cell cancer, small cell cancer and non-

small cell cancer (generally large cell or bronchoalveolar subtypes).

The median time interval between diagnosis and recruitment was

3 months. Lung cancer cases underwent blood sampling for DNA

extraction, an investigator administered questionnaire and spi-

rometry using a portable spirometer (Easy-OneTM, ndd Medizin-

technik AG, Switzerland) following American Thoracic Society

(ATS) criteria. For those lung cancer cases who had already

undergone surgery, pre-operative lung function performed by the

hospital laboratory (using ATS criteria) was sourced from the

medical records.

Control subjects were recruited from the same communities as

the cases as follows: Caucasian ancestry (as defined above), aged

45–80 yrs old and had a past or current smoking history of a

minimum of 15 pack years. Controls were volunteers who met the

above criteria and were identified through either a community

mail out or while attending community based social clubs. All

smoking controls underwent blood sampling, spirometry and the

same investigator administered questionnaire given to lung cancer

cases. Control smokers recruited from the community that were

found to have COPD, based on screening spirometry (FEV1/

FVC,70% and FEV1 % predicted ,80%), were analysed

separately. All subjects provided informed written consent. The

study was approved by the Multi-Region Ethics Committee,

Wellington, New Zealand (AKX/03/08/207). The questionnaire

(modified from the ATS respiratory questionnaire) included data

on demographic variables such as age, gender, medical history,

family history of lung disease, active and passive tobacco exposure

and occupational aero-pollutant exposures.

Selection and genotyping of single nucleotide
polymorphisms

Following literature review, polymorphisms previously impli-

cated in either COPD or lung cancer with the following attributes

were selected: (a) single nucleotide polymorphisms (SNPs) in genes

encoding proteins in pathways of cell-cycle control, oxidant

response, apoptosis and airways inflammation and (b) SNPs that

were known to have either functional effects on in vitro assays, or

were non-synonymous or in regulatory regions. In a discovery

cohort of 439 smokers (run 1 recruited during the years 2003–

2005: 239 lung cancer cases and 200 control smokers), 157

candidate SNPs were screened (see supplementary data S1) and

those where the difference in genotype frequencies between cases

and controls (using recessive or co-dominant model) exceeded a

20% magnitude difference and P value ,0.20 were identified as

part of our model forming approach [17]. SNPs with call rates

,95% after retesting, were not included in further analysis. SNPs

were assigned as ‘‘protective’’ or susceptible when the homozygote

and/or heterozygote genotype for either allele were found in

excess in control smokers or lung cancer cases respectively (in a

recessive or co-dominant model).

Genotyping
Genomic DNA was extracted from whole blood samples using

standard salt based methods. Purified genomic DNA was aliquoted

(10 ng/ul concentration) into 96 well plates and genotyped on a

SequenomTM system (SequenomTM Autoflex Mass Spectrometer

and Samsung 24 pin nanodispenser) by the Australian Genome

Research Facility (www.agrf.com.au) using sequences designed in

house (available on request) and recommended amplification and

separation methods (iPLEXTM, www.sequenom.com) [16].

From the 157 candidate SNPs screened in our discovery cohort

(see supplementary data S1), 30 SNPs met the above criteria in run

1. These 30 SNPs were genotyped in a second validation cohort of

491 smokers (run 2 recruited during the years 2006–2007: 207

lung cancer cases and 284 control smokers) recruited in the same

way. For all SNP assays, again a minimum of 95% call rate was

required. This second cohort of lung cancer cases and healthy

control smokers were comparable to the first groups in respect to

demographic factors and lung cancer characteristics (unpublished

data). Based on independent replication of the associations

(univariate analyses with similar OR and P values) in run 2 as

observed in run 1 (ie. consistency, direction and significance of

association), a final panel of the 20 most discriminatory SNPs (12

susceptibility SNPs and 8 protective SNPs from the test panel of

30) was selected (see supplementary data S1).

Algorithm
The assignment of a protective or susceptible SNP genotype/s

was made from the test cohort data (run 1) and was strictly applied

to the data from run 2. For each subject, a numerical value of 21

was assigned for each of the protective genotypes present among

the protective SNPs and +1 for each of the susceptible genotypes

present. Where an individual did not have either the protective or

susceptibility genotype for that SNP the score was 0 (ie. did not

contribute to the genetic score). This approach is consistent with a

recently published study in prostate cancer [16]. Weighting the

presence of specific susceptible or protective genotypes according

to their individual odds ratios (OR from univariate regression or

point estimates from multivariate regression) did not significantly

improve the discriminatory performance of the raw SNP score

(unpublished data).

Lung cancer susceptibility score
Using multivariate logistic and stepwise regression analysis from

run 1, the SNPs were examined along with relevant non-genetic

factors which identified age and family history of lung cancer as

significant contributors to lung cancer susceptibility. Consistent

with other case control studies, previously diagnosed COPD and

female gender in our study were also associated with an increased

risk of lung cancer (p,0.001 and p,0.01 respectively). We did not

include gender in the final risk model as its importance in

prospective studies is lacking [18]. We did not include COPD in

the model as this was the basis of selecting our controls. Based on

the multivariate analysis in run 1, a score was assigned according

to age and family history and tested in run 1 and run 2 separately

in a receiver operator curve analysis (ROC, see results below).

These two variables have been identified in other risk assessment

tools for lung cancer susceptibility [15] and improved the

discriminatory power of the SNP score data alone. As smoking

exposure (pack years) was a recruitment criteria for this study and

Lung Cancer Risk Model
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comparable between cases and controls, it was not surprising to

find it made little contribution to this scoring system derived from

our cohorts. The lung cancer susceptibility score for the combined

lung cancer cases and controls (n = 930) was plotted with (a) the

frequency of lung cancer, and (b) the floating absolute risk

(equivalent to odds ratio) across the combined smoker/ex-smoker

cohort [19,20].

Statistical analysis
Patient characteristics in the cases and controls were compared

by unpaired t-tests for continuous variables and chi-square test for

discrete variables. Genotype and allele frequencies were checked

for each SNP by Hardy Weinberg Equilibrium (HWE). Population

admixture was excluded by the Population structure analysis on

genotyping data from 40 unrelated SNPs [21]. Distortions in the

genotype frequencies were identified between cases and controls

using 2 by 3 contingency tables. Genotype data (20 SNP panel)

and the most relevant non-genetic variables were combined in a

stepwise fashion to assess their combined effects on discriminating

low and high risk (by odds ratio and ROC) by score quintile. The

frequency distribution of the optimized lung cancer susceptibility

score was compared across the cases and controls. It’s potential

clinical utility as a risk tool was assessed using receiver-operator

curve analysis.

Results

Demographic variables and genotyping
Characteristics of the healthy control smokers, and lung cancer

cases are summarized in Table 1. The 446 lung cancer cases (run

1 = 239 and run 2 = 207) were comparable to a recently published

series [22]. Given the small difference in age, the 482 healthy

control smokers (run 1 = 200 run 2 = 282) were comparably

exposed with respect to smoking and other aero-pollutants. The

lower frequency of current smokers in the lung cancer group likely

reflects co-existing COPD (higher quit rates) while longer duration

of smoking in lung cancer cases reflects their older age. In a gene

by smoking interaction model such as this, differences in smoking

exposure are more likely to obscure effects (bias to the null) than

generate effects. Consistent with the findings of others, the lung

cancer cohort had higher rates of a family history of lung cancer

(19% vs 9%) and history of COPD (29% vs 5%). The latter (5%)

most likely reflects a clinical diagnosis of COPD, based on

symptoms but not spirometry, in smokers with asthma and/or

Table 1. Summary of characteristics for the Lung cancer and healthy control smokers.

Parameter Lung Cancer N = 446 Healthy control smokers N = 484 P value for differences

Characteristics (% or mean (1SD))

% male 53% 60% 0.007

Age (yrs) 69 (10) 60 (10) ,0.001

Height (cm) 167(0.08) 170 (0.09) ,0.001

Weight (kg) 69 (15) 79(15) ,0.001

History of COPD 29% 5% ,0.001

Smoking History

Current smoking (%) 35% 48% ,0.001

Age started (yr) 18 (4) 17 (3) ,0.001

Yrs smoked 41 (12) 35 (11) ,0.001

Pack years 41 (25) 40 (19) 0.28

Cigarettes/day 20 (10) 24 (11) ,0.001

History of other exposures

In utero smoke exposure 18% 17% ns

Mother smoked in childhood 37% 41% 0.03

Home ETS exposure as adult 79% 58% ,0.001

Work ETS exposure 86% 63% ,0.001

Work dust exposure 63% 47% ,0.001

Work fume exposure 41% 38% 0.16

Asbestos exposure 23% 16% 0.02

Family History

FHx of COPD 33% 28% 0.12

FHx of lung cancer 19% 9% ,0.001

Lung function

FEV1 (L) 1.86 (0.48) 2.86 (0.68) ,0.001

FEV1 % predict 73% 99% ,0.001

FEV1/FVC 64 (13) 78 (7) ,0.001

Spirometric COPD* 51% 0% ,0.001

ETS = environmental tobacco smoke.
*According to GOLD 2+ criteria.
doi:10.1371/journal.pone.0005302.t001
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chronic bronchitis. As expected, lung function was worse in the

lung cancer cohort compared to the healthy smoker controls.

Testing lung function in the lung cancer cases (performed within 3

months of diagnosis, in the absence of pleural effusions and prior

to surgery) allows us to test for confounding by COPD (see below).

Based on replication of association in run 1 and independently

in run 2, the 20 most consistently associated SNPs were selected.

The observed genotypes for the 20 SNPs in this study were in

Hardy-Weinberg equilibrium (see Table 2) thereby excluding

significant genotyping error. The genotype frequencies for the

controls were comparable to those from the International Hapmap

Project (www.hapmap.org). The development of the lung cancer

susceptibility score is described in methods above and a summary

of the 20 SNP panel univariate analysis is presented in Table 3.

Although 6 of the top 20 SNPs do not reach traditional levels of

significance they have been included in the panel because (a) in

previous studies they have been shown to have functional effects

(b) they have been previously associated with COPD and/or lung

cancer (see discussion), (c) in combination they make a

contribution to the performance of the susceptibility score (AUC

for the model including only the 14 significant SNPs P#0.05, see

below), and (d) their inclusion allows for the genetic heterogeneity

that exits in lung cancer case control studies.

Risk model development
In a multivariate logistic regression analysis that included the

selected SNPs (individually), age (.60 yrs), family history of lung

cancer (first degree relative), gender and history of COPD were

found to be independently associated with lung cancer suscepti-

bility in run 1, run 2 and combined. For the combined data set,

OR for the susceptibility and protective SNPs ranged between

1.1–3.2 and 0.20–0.80 respectively (the combined SNP score is

independently related to lung cancer, P,0.001). The OR for

age.60 yrs and family history of lung cancer were 3.5 (2.5–4.9,

p,0.001) and 2.5 (1.6–4.0, p,0.001) respectively (total

AUC = 0.75 where SNPs were included individually while

adjusting for the non-genetic variables). Based on these findings,

and those from previously published studies [3,6,7], we assigned

scores to non-genetic variables as follows; +4 for those aged

.60 yrs old and +3 for those with a family history of lung cancer.

Such an approach is consistent with existing risk scores [15,16]

and places the SNP data in appropriate clinical context [15].

Gender and diagnosed COPD were not included in this risk model

for the reasons described above.

Model performance
In the combined 20 SNP model, the lung cancer susceptibility

score was compared with frequency of lung cancer and a linear

relationship was found across the lung cancer susceptibility scores #1

to 8+ with lung cancer frequency spanning 18% to 81% (figure 1a).

The magnitude of this effect was also examined using the floating

absolute risk [19,20] plotted on a log scale (equivalent to an Odds

ratio, OR), which references the lowest frequency group as OR = 1

(referent group, lung cancer score #1) and compares each lung

cancer score relative to the referent group (Figure 1b). The OR

spanned from 1 to 19.1 across the lung cancer scores when subjects

were grouped approximately as quintiles (p,0.001). The lung cancer

susceptibility score for lung cancer cases and controls shows a

Table 2. Expected genotype frequencies and Hardy Weinberg Equilibrium.

SNP # SNP Name rs number Allele frequencies

HWE observed
genotypes P value Allele frequencies Allele frequencies

Study total (n = 930) Study controls (n = 484) Hapmap –Caucasian*

Major Minor Major Minor Major Minor

1 a5 nAChR rs16969968 0.65 0.35 0.57 0.69 0.31 0.58 0.42

2 CYP 2E1 rs2031920 0.98 0.02 0.06 0.99 0.01 0.94 0.06

3 Interleukin-18 rs360721 0.70 0.30 0.77 0.68 0.32 0.70 0.32

4 Interleukin-8 rs4073 0.54 0.46 0.14 0.51 0.49 0.60 0.40

5 Interleukin 1B rs16944 0.69 0.31 0.80 0.67 0.33 0.65 0.35

6 ITGA11 rs2306022 0.90 0.10 0.07 0.91 0.09 0.93 0.07

7 NAT 2 rs1799930 0.71 0.29 0.87 0.69 0.31 0.71 0.29

8 a1-antichymotrypsin rs4934 0.50 0.50 0.54 0.47 0.53 0.51 0.49

9 Cerberus 1 rs10115703 0.92 0.08 0.54 0.93 0.07 0.89 0.11

10 DAT1 rs6413429 0.93 0.07 0.78 0.94 0.06 0.87 0.13

11 TNFR1 rs1139417 0.57 0.43 0.96 0.56 0.44 0.51 0.49

12 TLR9 rs5743836 0.85 0.15 0.92 0.85 0.15 0.84 0.16

13 P73 (TP73) rs2273953 0.75 0.25 0.93 0.78 0.22 0.85 0.15

14 SOD3 rs1799895 0.99 0.01 0.99 0.98 0.02 0.97 0.03

15 ITGB3 rs2317676 0.93 0.07 0.51 0.91 0.09 0.95 0.05

16 DRD2 rs1799732 0.90 0.10 0.67 0.89 0.11 0.90 0.10

17 BCL2 rs2279115 0.51 0.49 0.60 0.53 0.47 0.57 0.43

18 XPD (ERCC2) rs13181 0.61 0.39 0.90 0.59 0.41 0.67 0.33

19 REV1 (REV1L) rs3087386 0.56 0.44 0.96 0.58 0.42 0.50 0.50

20 FasL (TNFSF6) rs 763110 0.63 0.37 0.83 0.61 0.39 0.64 0.36

*allele frequencies for Caucasians from www.hapmap.org.
doi:10.1371/journal.pone.0005302.t002
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bimodal distribution on frequency distribution (Figure 2) indicating

potential utility as a screening test of risk [23].

Model sensitivity analysis
To correct for the small differences in age, smoking status and

gender mix between cases and controls, a subgroup (sensitivity)

analysis was done (a) limited to those over 60 years of age (age

weighting equally applied to all) and (b) where mean age, pack

years and gender were closely matched between cases and controls

(n = 450: 72 vs 69 yrs, 45 vs 43 pack years and 70% vs 70% male

respectively). A linear increase in OR across quintiles of the lung

cancer susceptibility score (range 1–28, p,0.01) remained evident

Table 3. Genotypes and results of regression analysis.

SNP * Rs number Genotype
LungCancer
N (%)

Smoking
Contr N (%)

Call
rate

Univariate OR
(95% CI) P value Phenotype

a5-nAChR rs16969968 AA 68 (16%) 45 (9%) 98% 1.8 (1.2–2.7) 0.004 susceptibility

AG/GG 361 (84%) 426 (91%)

CYP 2E1 rs2031920 TT/TC 24 (6%) 14 (3%) 95% 2.1 (1.0–4.3) 0.03 susceptibility

CC 379 (94%) 463 (97%)

Interleukin-18 rs360721 CC 237 (54%) 208 (45%) 96% 1.4 (1.1–1.9) 0.009 susceptibility

CG/GG 201 (46%) 250 (55%)

Interleukin-8 rs4073 TT 129 (31%) 109 (23%) 96% 1.5 (1.1–2.1) 0.005 susceptibility

AT/AA 284 (69%) 367 (77%)

Interleukin 1B rs16944 GG 215 (49%) 212 (44%) 99% 1.2 (0.9–1.6) 0.14 susceptibility

AA/AG 224 (51%) 269 (56%)

ITGA11 rs2306022 AA 14 (3%) 6 (1%) 98% 2.6 (0.9–7.6) 0.04 susceptibility

GA/GG 422 (97%) 470 (99%)

N–acetylcysteine
transferase 2

rs1799930 GG 239 (56%) 222 (47%) 97% 1.4 (1.1–1.9) 0.006 susceptibility

AA/AG 189 (44%) 253 (53%)

a1-antichymotrypsin rs4934 GG 123 (28%) 96 (20%) 98% 1.6 (1.2–2.2) 0.004 susceptibility

AG/AA 312 (72%) 383 (80%)

Cerberus 1 rs10115703 AA/AG 71 (16%) 59 (12%) 97% 1.4 (0.9–2.0) 0.10 susceptibility

GG 363 (84%) 413 (88%)

DAT1 rs6413429 GT/TT 64 (15%) 50 (10%) 98% 1.5 (1.0–2.3) 0.04 susceptibility

GG 367 (85%) 431 (90%)

TNFR1 (TNFRSF1A) rs1139417 AA 148 (36%) 142 (30%) 96% 1.3 (1.0–1.8) 0.05 susceptibility

AG/GG 258 (64%) 329 (70%)

TLR9 rs5743836 CC 12 (3%) 6 (1%) 96% 2.2 (0.8–6.6) 0.12 susceptibility

CT/TT 419 (97%) 455 (99%)

P73 (TP73) rs2273953 CC 219 (52%) 292 (62%) 96% 0.65 (0.49–0.85) 0.001 protective

TC/TT 206 (48%) 178 (38%)

SOD3 rs1799895 GG/GC 4 (1%) 15 (3%) 96% 0.28 (0.10–0.90) 0.02 protective

CC 425 (99%) 451 (97%)

ITGB3 rs2317676 GG/GA 44 (10%) 77 (16%) 98% 0.59 (0.39–0.89) 0.008 protective

AA 391 (90%) 403 (84%)

DRD2 rs1799732 CDel/Del.Del 70 (16%) 107 (22%) 98% 0.68 (0.48–0.96) 0.02 protective

CC 359 (84%) 372 (78%)

BCL2 rs2279115 AA 103 (24%) 145 (31%) 97% 0.71 (0.53–0.97) 0.03 protective

AC/CC 328 (76%) 330 69%)

XPD (ERCC2) rs13181 GG 60 (14%) 81 (18%) 96% 0.74 (0.51–1.10) 0.11 protective

GT/TT 376 (86%) 377 (82%)

REV1 (REV1L) rs3087386 CC 128 (29%) 163 (34%) 98% 0.79 (0.59–1.10) 0.10 protective

TC/TT 310 (71%) 312 (66%)

FasL (TNFSF6) rs 763110 TT 53 (12%) 78 (16%) 98% 0.72 (0.49–1.10) 0.09 protective

TC/CC 379 (88%) 403 (84%)

*(OMIM nomenclature).
doi:10.1371/journal.pone.0005302.t003
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with confidence intervals consistent (ie. overlapping) with those

derived using the full data set (figure 1b). The potential

confounding effect of COPD was also examined by (a) comparing

the distribution of the lung cancer susceptibility score in lung

cancer cases according to spirometric criteria (% predicted FEV1,

Figure 3a) and (b) excluding lung cancer cases with co-existing

COPD (based on previously described spirometric criteria n = 227,

Figure 3b). The distribution of the scores among cancer cases sub-

grouped according to lung function or COPD are not different to

the total lung cancer cohort (Figures 3a and 3b) and exclude

significant confounding by COPD.

ROC analysis
In a receiver operator curved analysis (n = 930) of the combined

20 SNP model, we found the area under the curve (AUC or C

statistic) for run 1, run 2 and run 1+2 was 0.82, 0.75 and 0.77

respectively. The AUC in the total cohort for the 20 SNP panel, age,

and family history of lung cancer on their own were 0.68, 0.70 and

0.55 respectively. When ‘‘genetic factors’’ only are utilised in the risk

model (SNPs+FHx of lung cancer), as seen in the Prostate cancer

study [16], the OR spans 1–10 across quintiles and the AUC = 0.70

(with no contribution from age). On stepwise analysis, age and the

SNP panel make the greatest contribution to the AUC

(SNPs = 0.68, age+SNPs = 0.76 and age+SNPs+FHx = 0.77). When

the SNP panel is limited to the 14 significant SNPs, the AUC for the

SNPs alone is 0.66 and when combined with age and family history

is 0.75. When gender was included in the 20 SNP combined model

the AUC was not improved. When past history of COPD was also

added to the combined model (scoring +4 based on multivariate

regression), the AUC increased to 0.79. As stated above, when age

and pack years were stringently matched and possible confounding

by COPD analysed, there was no difference in our findings.

Discussion

Using a candidate gene approach in a two stage selection

process a panel of protective and susceptibility SNPs were

Figure 1. 1a. Frequency of lung cancer according to the lung cancer susceptibility (risk) score. 1b. Odds ratio of lung cancer according to the lung
cancer susceptibility (risk) score.
doi:10.1371/journal.pone.0005302.g001

Figure 2. Frequency distribution of the lung cancer susceptibility (risk) score in cases and controls.
doi:10.1371/journal.pone.0005302.g002
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identified that individually confer only small effects on risk of lung

cancer (OR ranging from 0.3 to 2.6). This is very much in keeping

with the experience from case control association studies to date

[11,12,16,24]. Consistent with existing risk models, relevant

factors were combined using an algorithm (in this study including

SNP data) to derive a susceptibility score on a simple linear scale.

This study design, and the algorithmic approach that underlies this

lung cancer susceptibility score, is comparable to a recent study in

prostate cancer. Moreover, it takes into account important

epidemiological observations relevant to genetic predisposition to

Figure 3. 3a Frequency distribution of the lung cancer score among controls and lung cancer cases divided according to low (COPD) and normal
lung function. 3b Frequency distribution of the lung cancer score among controls and lung cancer cases with normal lung function (COPD excluded).
doi:10.1371/journal.pone.0005302.g003
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lung cancer. First, that although smoking exposure is essentially a

pre-requisite to getting lung cancer, increasing age and poor lung

function have important independent effects on lung cancer

susceptibility. Second, the genetic factors underlying lung cancer

risk are likely to be both polygenic and heterogeneous, conferred

by a variable combination of genetic variants (i.e. SNPs with low

penetrance and small effect sizes). Third, genetic factors may

confer either a protective [24] or susceptibility [13] phenotype to

lung cancer. Fourth, the potential confounding effect of COPD

[13] has been accounted for in the model. Here we report a 20

SNP panel which combined with family history [16] define risk

(OR) across quintiles ranging 1–10 with an AUC of 0.70. A risk

tool with greater clinical utility can be derived by including age to

identify those at greatest susceptibility to lung cancer (OR ranging

1–19 and AUC = 0.77).

This study sought to minimize false positive results in a number of

ways. The most important of these was to internally validate the

SNP associations using a two stage design with an initial discovery

cohort (run 1) to identify SNPs of potential interest. Only these SNPs

were tested in a second (validation) cohort of cases and controls (run

2) and using univariate analysis from the two runs independently to

select the SNPs based on replication. Second, population stratifi-

cation was excluded and third, the presence of genotyping error was

minimized through HWE analysis and by the exclusion of SNPs

with ,95% call rate (fails on genotyping is invariably genotype

specific, thus generating false positive associations). With respect to

possible confounding, in a sensitivity analysis where lung cancer

cases and healthy smoking controls were matched for smoking

exposure (pack years), age, gender and presence of COPD, the

performance of the lung cancer score was not reduced.

Weaknesses in this study include the modest size of the cohorts,

borderline significance of some SNPs in the absence of correction,

cross-sectional design and recruitment limited to Caucasians with

a minimum 15 pack years. Furthermore, we chose to recruit

smokers with essentially normal lung function as controls to

improve power [14] and best represent those least susceptible to

the adverse effects of smoking (COPD and lung cancer) but most

representative of smokers in general who maintain normal lung

function [6]. For this reason, COPD was not included in the

model although it is an important risk factor and added to the

score’s utility in a post-hoc analysis. A further limitation of the

study is that although the cases and controls were arguably

representative, not all variables were precisely matched in the

initial analysis (eg age, gender and smoking patterns). It should be

noted that although precise matching of all demographic variables

reduces the potential for confounding, it also potentially obscures

important effects of variables in a risk model. Although only 14 of

the 20 SNPs reached traditional levels of significance in the

combined cohorts, and the addition of the remaining six SNPs

only contributed modestly to the model, this was a two stage

design where replication of associations (in this and other studies)

and biological plausibility [23–42] were the basis of SNP selection.

Further studies will need to be done to further validate this SNP

panel and risk model in unselected populations.

In this study a candidate gene (i.e. hypothesis driven) approach

was used to identify potentially functional SNPs associated with the

development of both COPD and lung cancer. Although the SNPs

identified in this study may only reflect linkage disequilibrium with

functional variants nearby, these SNPs are likely to have functional

effects and involvement directly with susceptibility to lung cancer.

The 20 SNP panel consists of genetic variants known to encode

proteins underlying important pathways implicated in lung

carcinogenesis, specifically; metabolism of smoking-derived carcin-

ogens (N-Acetyl Transferase 2 and Cytochrome P450 2E1) [25,26],

inflammatory cytokines (Interleukins 1, 8 and 18, Tissue necrosis

factor alpha1 receptor, Toll-like receptor 9) [27–30], smoking

addiction (dopamine D2 receptor and Dopamine transporter 1)

[31,32], anti-oxidant response to smoking (a1 anti-chymotrypsin

and extracellular superoxide dismutase) [24,33], cell cycle control,

DNA repair and apoptosis (Xeroderma Pigmentosum complemen-

tary group D, p73, Bcl-2, FasL, Cerb1 and REV1) [34–39] and

integrins implicated in apoptosis [40–42]. One of the SNPs (a5

nAChR) has recently been associated with both lung cancer and

COPD in candidate gene [13] and genome wide association studies

[43,44]. This receptor appears to de directly related to nicotine

effects on airway inflammation [45]. As can be seen, the SNP panel

(Table III) is made up of a variety of SNPs from genes implicated in

many inter-related pathways. Twelve of these SNPs have been

associated with lung cancer in other cohorts. It is likely other SNPs

from as yet unidentified genes will be identified in the future. To

assess further the utility of the lung cancer susceptibility score, a

prospective study is in progress. To date the lung cancer cases

(n = 43) have the same mean and distribution as the lung cancer

cases reported in this study (unpublished data). Further case control

and functional studies will be needed to further explore the role of

these SNPs in lung cancer susceptibility.

The authors propose that clinical utility of genotype data

requires that many SNPs are analyzed and their effects combined

with other epidemiological factors of relevance [16]. The

algorithm approach used in this study assumes a simple additive

model comparable to that recently published in Prostate cancer

[16] and involves minimal assumptions (not hierarchical or Path

analysis based). The patient’s score can be compared with the

scores in smokers with least susceptibility to lung cancer (lowest

quintiles) in a simple linear fashion. Such an approach is

comparable to the risk tools developed by others [15,16]. The

potential clinical utility of the lung cancer susceptibility score was

assessed by receiver operator curve analysis. This showed the c

statistic to be 0.77 and, at a cut off of $3, an estimated sensitivity

of 89% and corresponding specificity of 45%. These findings are

comparable to the ROC performance of the Framingham score (c

statistic = 0.74). The c statistic for the 20 SNP panel on its own was

0.68 (and 0.70 when combined with family history) indicating its

utility in the current cohort. There is evidence, although limited,

that genetic testing may positively alter the behavior of smokers in

the context of smoking cessation (increase intent and possibly

improve quit rate [46,47]) or by lowering smoking prevalence

[48]. Although further validation studies are required, this study

suggests that genetic data may be combined with other risk

variables from smokers or ex-smokers to identify individuals most

susceptible to developing lung cancer. Further studies are planned

in larger cohorts of unselected cases and controls.
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Smoking cessation: the potential role of risk
assessment tools as motivational triggers

Robert P Young,1 Raewyn J Hopkins,1 Melinda Smith,1 D Kyle Hogarth2

ABSTRACT
Smoking is the most important and preventable cause of
morbidity and premature mortality in developed and
developing countries. To date, efforts to reduce the
burden of smoking have focused on non-personalised
strategies. Anxiety about ill health, especially lung cancer
and emphysema, is the foremost concern for smokers
and a major reason for quitting. Recent efforts in
cessation management focus on behaviour change and
pharmacotherapy. The ‘3 Ts’ (tension, trigger, treatment)
model of behaviour change proposes that at any one time
a smoker experiences varying degrees of motivational
tension, which in the presence of a trigger may initiate or
enhance quitting. Smokers’ optimistic bias (ie, denial of
one’s own vulnerability) sustains continued smoking,
while increasing motivational tension (eg, illness) favours
quitting. The 1 year quit rates achieved when smokers
encounter a life threatening event, such as a heart attack
or lung cancer, are as much as 50e60%. Utilising tests of
lung function and/or genetic susceptibility personalises
the risk and have been reported to achieve 1 year quit
rates of 25%. This is comparable to quit rates achieved
among healthy motivated smokers using smoking
cessation drug therapy. In this paper we review existing
evidence and propose that identifying those smokers at
increased risk of an adverse smoking related disease may
be a useful motivational tool, and enhance existing public
health strategies directed at smoking cessation.

INTRODUCTION
Cigarette smoking is a significant public health
problem, and the leading cause of preventable
premature death and morbidity in developed
countries.1 2 In the USA the total number of deaths
per year attributed to cigarette smoking between
1997 and 2001 was 438 000, while in 2008 the
predicted mortality from lung cancer is 162 000,
approximately 85% of which is related to cigarette
smoking.3 4 Among the 438 000 deaths, lung cancer,
coronary heart disease, and chronic obstructive
pulmonary disease (COPD) were among the most
common smoking related diseases contributing to
these deaths.3 Together with stroke these diseases
account for 80% of all smoking related deaths.5 Fifty
per cent of smokers die of a smoking related disease,
and the life expectancy of one in four smokers is
reduced by as much as 15e20 years.6

The potential health benefits of smoking cessation
are substantial. Stopping smoking reduces the future
risk of tobacco related diseases, slows the progres-
sion of existing tobacco related disease, and improves
life expectancy by an average of 10 years.1 7 Smoking
cessation results in people living with better health
for longer and reduces the duration of ill health before
death (ie, compression of morbidity).8 Continued

public health efforts to reduce cigarette smoking are
therefore imperative if we wish to reduce rates of
smoking related disease and premature death. Anal-
ogous to the benefits of targeting preventive treat-
ment to reduce coronary artery disease mortality (eg,
by lowering serum cholesterol), could personalisation
of risk help smoking cessation and reduce smoking
relatedmorbidity/mortality? Rather than a nebulous
generalisation that smoking is bad for health, can we
increase rates of sustained abstinence by giving
patients their personalised risk profile for disease
related to smoking?

APPROACHES TO SMOKING CESSATION
The detrimental effects of tobacco smoke exposure
are indisputable and account for the bulk of the
cost of healthcare interventions.9 It is well recog-
nised that treatment of tobacco use and dependence
is an important part of clinical practice.10 Current
treatment guidelines recognise that all smokers
should be offered advice and assistance to stop
smoking by their health providers. This should be
viewed as part of standard clinical care.10e13

Inherent in smoke-free guidelines is the view that it
is a neglect of duty if smoking assessment and
cessation advice is not included in every consulta-
tion.11 As a minimum at each health encounter,
smoking habit should be documented and updated,
and brief advice on the risks of smoking given along
with cessation support in the form of pharmaco-
therapy with or without counselling.11 The simpler
the interaction or intervention the more likely it is
that it will be implemented. Numerous models for
cessation have been proposed and will be discussed
further in this paper.13e15

Despite evidence for the effectiveness of different
prevention and treatment approaches, motivating
smokers to attempt and ultimately quit is chal-
lenging. Cigarette smoking is highly addictive as
was highlighted in a London survey of drug addic-
tion users who identified cigarettes as their most
needed drug and the most difficult to give up.12

Numerous research reports highlight the differences
in smokers’ readiness and ability to quit smoking.
Annually approximately 41% of smokers attempt to
quit, but only 10% succeed and sustain absti-
nence.16 In the early 1980s, Prochaska and DiCle-
mente14 proposed a ‘stages of change’ model
describing a series of stages a smoker progresses
through to achieve smoking cessation. This stages
of change model proposed that successful smoking
cessation involved thinking about stopping,
through to planning an attempt, to actually making
the attempt. Since its conception, the stages of
change model has been widely accepted and imple-
mented in cessation programmes.13e15 The appeal
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of this model lies in its potential to help tailor smoking cessation
intervention to a smoker ’s stage of change with treatments
aimed to promote stage progression through to eventual
quitting.17

The 2008 US practice guidelines on the treatment of tobacco
use and dependence have based their recommendations for
helping smokers to quit smoking on two stages of change
models.13 The first of these models is the ‘5 A’s’ (ask about
tobacco use, advise to quit, assess willingness to make a quit
attempt, assist in quit attempt, and arrange follow-up).13 17 18

In this model, ascertaining the smoker ’s level of motivation to
stop enables the clinician to tailor the treatment to achieve
maximum effectiveness. For example, if the patient is willing to
make a quit attempt, medication may be offered. Alternatively,
for the patient unwilling to quit, assistance should focus on
motivational interviewing to ensure a stage progression and
setting of a quit date. The type of follow-up should be
personalised to the appropriate stage of change. The ‘5 R’s’
approach (relevance, risks, rewards, roadblocks, repetition)
encapsulates the techniques of motivational interviewing.13 17

This model provides suggestions to help personalise and high-
light the benefits of stopping versus the potential negative
consequences of continuing to smoke. Incorporating these
techniques into interventions for smoking cessation enhance
success rates.

Recent research indicates that the majority of attempts to
stop smoking are made without previous planning, and that
unplanned quit attempts are more likely than planned ones to be
successful.16e17e21 With this in mind, West15 20 21 devised an
alternative model to the stages of change approach, called the ‘3
Ts’ (tension, trigger, treatment). This model recognises that
a smoker ’s attitudes to smoking and quitting smoking are based
on beliefs, past experiences and the balance of benefit over harms
from continued smoking (relevance, risk and reward). This
creates varying levels of ‘motivational tension’ (fear and/or
anxiety) based on an understanding of the adverse effects of
smoking and vulnerability to them that favours quitting.21 In the
presence of this motivational tension, even relatively small trig-
gers can result in a switch in motivational state. If that switch
involves an immediate quit attempt, this can signal a more
complete transformation than if it involves a plan to quit at some
future point.20 Triggers may alter a smokers’ motivational state
to not only initiate a quit attempt but to enhance its likelihood of
long term success. The latter is of considerable importance as it
takes smokers on average 12e14 quit attempts to succeed
eventually.22 The value of this ‘3T’s’model lies in its potential to
expand existing approaches to smoking cessation. Smoking
cessation interventions that incorporate both a trigger for action
(eg, engage the smoker in a conversation about the risks of
smoking, regardless of whether they say they are ready to stop
smoking or not) and the immediate availability of smoking
cessation support (eg, medication or referral to counselling) may
be most effective for increasing smoking cessation.20 Such an
approach underpins the successful prevention strategy to coro-
nary artery disease, where serum cholesterol testing is the basis of
engaging patients in lifestyle changes through assessment of
personalised risk and targeted treatment. The recent reduction in
coronary artery disease mortality has, in part, been attributed to
this approach.23

HOW DO SMOKERS QUIT?
The vast majority of smokers successfully quit smoking using
the cold turkey approach,24 but this has an overall low sustained
quit rate of roughly 3e7%.25 Research consistently shows

significantly improved quit success rates when smokers use
assisted methods, including counselling, nicotine replacement
therapies (NRTs) or non-nicotine replacement medication
(bupropion or varenicline) compared to unassisted attempts.25 26

A cross sectional study which explored cessation methods used
among 8333 current and former adult smokers, attending an
Australian general practice,27 revealed that cold turkey was not
only the most common method used, but was also the method
used most often on their last quit attemptd88% in former
smokers and 62% in current smokers. In a sub-analysis of quit
attempts made after the introduction of government subsidised
bupropion, the use of this medication enhanced success rates.
These findings suggest that it is important to make a variety of
effective treatment options available to assist smokers to stop
smoking. In New York city, as it enacted its Indoor Clean Air
Law, 425 000 people called in 3 days to the assists lines requesting
free nicotine patches. As smokers generally make multiple quit
attempts before successfully achieving abstinence,22 exposure to
a variety of quit smoking methods to help them may result in
greater success rates.
Informing smokers of the availability of smoking cessation

treatments may be just as effective as the actual usage of
treatments. In a randomised controlled trial of smokers
intending to quit within 6 months, participants who were
provided with an information kit promoting the use of treat-
ment aids when attempting to quit smoking reported increased
confidence about being able to quit, and more quit attempts
were made at 6 months as compared to smokers not receiving
the information kit.28 However, no difference in actual usage of
treatment aids was found between those provided and those
not provided with kits.28 This study emphasises the impor-
tance of making smokers aware of the different types of
treatment available, even if they decide to quit unassisted.
Promoting the availability of cessation methods appears in
itself to work to empower smokers, either through challenging
them to try to quit unassisted or by providing psychological
support from the knowledge that effective treatments are
available if needed.

WHY DO SMOKERS QUIT?
The preceding discussion explored the models underpinning our
current understanding of how smokers initiate and maintain
a quit attempt, and the strategies they use to do this. Why do
smokers quit smoking? Concerns about health, persistent
messages from family and friends, repeated advice from health-
care professionals, and the cost of cigarettes are the reasons most
often cited by smokers as catalysts for quitting smoking.29 30

Concerns about health are more commonly cited by older
smokers, and issues of cost are more commonly cited by younger
smokers.31 In a recent study, concerns about future health was
the most frequently reported reason for quitting (29%) followed
by current health problems (18%).32 This contrasts with only
4e6% attributing their quitting with medical advice or smoking
bans.32 This study also found that health concerns or health
problems were the most frequent reasons for quitting across all
socioeconomic and age based groups. Former smokers state fear
of getting lung cancer or emphysema was the key motivator
that led to their successful smoking cessation.33 34 Currently the
5 year survival for lung cancer is only 10%. Of the annual deaths
in the USA among smokers, 30% can be attributed to lung cancer,
20% to heart attack, and 20% to COPD.3 In smokers, the
symptoms of a smoking related disease or being diagnosed with
a smoking related disease is a very common reason stated for
successful smoking cessation.35e37
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Consistent with this, the term ‘teachable moment’ is used to
suggest that health events can be powerful motivators of health
behaviour changes.34e38 The experience of a health event is
a time when the health risks of smoking are made more salient,
and prompt smokers to review and modify their lifestyle habits
accordingly. Smokers suffering from heart disease, hypertension
or diabetes have been shown to be more motivated to quit
smoking and more receptive to support than smokers not
suffering from ill health.39 Additionally, numerous studies have
documented the effect of a cancer diagnosis, cardiovascular
event, or pregnancy for motivating smoking cessation.37 Fuller
consideration of the increased tension caused by detrimental
health related factors may give further insight into how to
engage and encourage more smokers to quit.

TRIGGERS IN SMOKING CESSATION
There is substantial evidence showing the effectiveness of
psychosocial support from health providers, along with phar-
macotherapy, in helping smokers achieve successful smoking
cessation.40 Interventions given by a health provider generally
take the form of brief advice to stop smoking, advice on available
smoking cessation ‘treatments’, and monitoring cessation
efforts.1 40 Research has shown that combining brief advice with
a short period of individual counselling (#3 min), is more effec-
tive than the advice alone. Studies also show that both individual
counselling and group therapy increase the chances of quitting
smoking, yet group therapy is not consistently better than other
interventions involving individualised interventions. Smoking
counselling methods delivered through self help materials have
limited efficacy, but may be more effective when tailored to an
individual’s specific concerns.1 11 33 What these studies suggest is
that the more the patient is engaged in analysing the benefits
over harms from their continuing to smoke, the greater their
motivation and success.

Pharmacotherapy including both NRT and non-NRT based
therapies (bupropion and varenicline) achieve 1 year quit rates in
the order of 15e30%.40e44 NRT is available in many forms,40

providing an alternative form of nicotine, and have efficacy in
relieving the symptoms associated with withdrawal and urges to
smoke for smokers in the quitting phase.42 Bupropion SR,
a monocyclic antidepressant, has been shown to improve short
and long term cessation rates and postpone relapse to smoking,
as well as reduce associated weight gain.41 43 Varenicline, a partial
agonist/antagonist of the nicotinic acetylcholine receptor,
prevents the positive reinforcement associated with smoking as
well as relieving nicotine cravings and withdrawal symptoms.41 44

Few studies provide clear evidence about the effectiveness of
nicotine replacement therapy combinations; however, research
has revealed that bupropion alone or combined with NRT is more
effective than NRT alone.17 44 Treatment with NRT, bupropion
and varenicline achieve two- to threefold greater smoking
cessation rates as compared with placebo treatment.1 40

Counselling effectively doubles the success rate of medical
interventions.25

As discussed above, adverse health events can act as powerful
motivators or triggers for smoking cessation, resulting in
comparable or higher quit rates to those reported in healthy
motivated smokers treated with the therapies outlined above. A
3 year surveillance study in smokers and ex-smokers, using
computed tomography (CT) screening for lung cancer, observed
a 40% quit rate in those smokers found to have potentially
cancerous nodules. This was much greater than in those with
negative CT scans.45 In another study exploring quit attempts
following CT screening for early detection of lung cancer,46 23%

of smokers reported quitting smoking and a further 27% of
smokers decreased their smoking patterns at follow-up. In this
study a significantly higher percentage of women with nodules
detected reported decreased smoking and greater cessation rates
than women who did not have a nodule. The CTscan results did
not influence the likelihood of self reported changes in smoking
behaviour among men. Healthy smokers who have recently
undertaken screening tests may be more receptive to receiving
smoking cessation treatment. In an ancillary study within the
context of two National Cancer Institute randomised lung
screening trials, approximately 60% of smokers (n¼313) enrolled
in lung screening studies reported a strong interest in smoking
cessation counselling and in NRT, while 50% reported interest in
using bupropion.33

Experiencing a heart attack is also a significant trigger for
behaviour change. In studies of smokers who have suffered
a myocardial infarction, the proportion of patients who have
quit 1 year after their myocardial infarction range from
46e48%.47 48 Coronary heart disease in general prompts moti-
vation for behaviour change. In a meta-analysis of studies
addressing the impact of coronary heart disease on smoking
cessation, findings revealed that on average 44% of smokers with
coronary heart disease quit smoking at follow-up.49 In similar
studies of smokers suffering stroke, 41% quit 6e12 months after
the event50 and 43% quit smoking 3 months after the event.51

The highest quit rates are found in smokers who were diagnosed
with cancer of the bladder (69%), lung (63%) and head and neck
(45%).35 Figure 1 compares the reported 1 year smoking cessation
rates among healthy smokers and those diagnosed with
a smoking related complication or disease.1 30 35e37 39 40 45e47

BIOLOGICAL MARKERS OF HARM OR RISK
Providing individualised information of a smoker ’s biological
markers of harm is a useful way to actively engage a smoker to
consider quitting. Using personalised biomarker feedback can
help to undermine smokers’ optimistic bias,52 53 providing
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Figure 1 Approximate smoking cessation 1 year quit rates among
smokers according to intervention or disease status.
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greater motivational tension for behaviour change. Spirometric
testing of lung function and genetic testing for smoking related
diseases are tools that can be utilised in cessation intervention,
where these biomarkers of future risk allow an opportunity to
advise and assist smokers in quitting.54 More importantly, like
measuring serum cholesterol, such tests give the healthcare
provider personalised patient data which are central to engaging
smoking patients in discussions of risk and risk reduction. In
a manner similar to a threatening health event, testing for harm
or risk provides a ‘teachable moment’ to prompt behaviour
change.55

Spirometry and lung age
Spirometric assessment of lung function is the most common
diagnostic method for detecting airflow limitation in those
smokers susceptible to smoking related lung disease. Impaired
spirometry is an objective measure for the presence of (or
predisposition to) COPD and is also a marker of an increased risk
of heart attack, stroke and lung cancer.5 The degree to which
lung function is impaired is proportionally associated with
increased mortality and premature death.5 Use of spirometric
testing is gaining popularity as it is a simple non-invasive
procedure which provides powerful personal information of lung
damage and future risk.54 56 57 Communication of spirometry
results, which include ‘lung age’ correlates, improves rates of
smoking cessation, even when lung function results are within
the normal range value.54 56 57 Where smoking cessation advice
was combined with spirometry, by using graphic representation
to show the discrepancy between the smoker ’s actual lung
function compared to his or her predicted lung function,56 58 the
message was more powerful than using the numerical values
alone. The average quit rate for those undergoing spirometry
versus those given physician advice only was 14e17% and
6e12%, respectively.56 57 59

Taken together, these studies suggest that spirometric assess-
ment accompanied by information that allows the smoker to
appreciate the salience of quitting, whether this be smoking
cessation advice or individualised communication of lung age, is
a potentially effective way to increase smoking cessation.
Importantly, findings from these studies suggest that interven-
tion increases smoking cessation rates, even when a smoker ’s
airway obstruction is mild to moderate.

Genetic testing
Over the past decade, genetic testing for smoking related respi-
ratory disease such as emphysema, COPD and lung cancer have
become viable tools to convey personalised information about
risk, thereby motivating smoking cessation. As many as 25% of
smokers die prematurely from smoking related diseases before,
or at, the age of retirement.6 Genetic testing holds particular
appeal in its ability to identify early those smokers at highest risk
of disease and premature death. Genetic testing offers an
opportune moment to the doctor to engage the smoker in
a discussion of their personalised risk of smoking and the
substantial benefits of quittingdnamely, reduced risk of disease.

Early research work in this area has focused on assessing the
impact of imparting genetic risk information for lung cancer on
subsequent rates of quit attempts and smoking cessation.60 61

Audin et al60 61 randomised smoking volunteers in the various
stages of change14 62 to one of three smoking cessation inter-
vention groups: minimal quit smoking counselling; quit coun-
selling plus biomarker; and quit counselling plus biomarker and
genetic susceptibility. The aim was to evaluate the effectiveness
of increasing levels of smoking risk feedback, raising the tension

to trigger quit actions. At the 12month follow-up, participants in
the genetic risk group were two times more likely to make a quit
attempt than those in the counselling only group.
More recently in a randomised controlled trial,63 genetic

feedback for lung cancer and telephone counselling was
compared with enhanced usual care (smoking cessation advice
and nicotine patches) in a sample of 557 African American
smokers. Results showed that smoking cessation was greater for
smokers in the genetic feedback group than for smokers in the
enhanced usual care group at 6 months, but this was not
sustained to 1 year. In this study, at all time periods for both
intention to treat or actual treatment analyses, smoking cessa-
tion rates were consistently higher by 1.5e2-fold in the group
who underwent genetic testing (figure 2). These differences were
consistent regardless of cessation parameter studied (intention vs
actual treatment or point prevalence vs continuous abstinence),
although failed to achieve traditional levels of significance after
adjustment for levels of addiction. Had the study been twofold
bigger (better powered), the differences (unadjusted) reported by
this study would have achieved significance for all cessation end
points. The quit rates from this study63 are comparable to quit
rates seen in motivated well smokers using pharmacological
therapy (figure 1). Had the genetic test conferred a greater risk of
lung cancer than a twofold increase, the effect on quit rates may
have been even greaterdthat is, secondary to greater motiva-
tional tension.21 In this setting, personalised risk data based on
genetic profiling appear to have helped with compliance to quit.
A better understanding of the interactive role of genetic testing of
lung cancer risk and the use of pharmacological treatments for
smoking cessation requires further study.
The psychological and behavioural impact of genetic testing

for smoking related disease has been explored using a hypothet-
ical genetic test scenario. In a study addressing genetic testing
for heart disease susceptibility, 261 smokers were asked to
imagine that they had undergone a test for heart disease risk.64

The results revealed that smokers in the genetic based high risk
group reported greater intention to stop smoking than smokers
in the non-genetic test high risk group. This study suggests that
genetic testing for smoking related disease may be a more effec-
tive tool for moving smokers to quit. In another study using
a hypothetical genetic test scenario to assess smokers’ intentions
to quit, 152 smokers were randomly assigned to receive either

Smoking cessation in usual care vs genetic testing groups 

0

5

10

15

20

25

30

6 m
on

ths
 IT

6 m
on

ths
 AT

1 y
r IT

1 y
r A

T

Con
 ab

s I
T

Con
 ab

s A
T

Smoking cessation rates

%

Usual care Genetic testing

Figure 2 Smoking cessation rates among smokers with and without
genetic testing for lung cancer risk (AT, actual treatment; IT, intention to
treat).

Postgrad Med J 2010;86:26e33. doi:10.1136/pgmj.2009.084947 29

Review

 on A
ugust 6, 2020 at A

uckland D
istrict H

ealth B
oard. P

rotected by copyright.
http://pm

j.bm
j.com

/
P

ostgrad M
ed J: first published as 10.1136/pgm

j.2009.084947 on 11 January 2010. D
ow

nloaded from
 

http://pmj.bmj.com/


a test result conferring very high genetic risk, high genetic risk, or
average genetic risk for lung cancer.65 This analysis shows
a greater intention to quit according to the level of risk, no
difference in worry between risk level groups, and no reduction in
motivation to quit if testing at the lower genetic risk.65 This
study also found that perceived risk of lung cancer was
unchanged by genetic testing in those with high baseline levels of
worry, but directly proportional to perceived risk in those with
low baseline worry (figure 3). Specifically, those with lower
perceived risk at baseline suffered greater worry after genetic
testing identified them at increased risk of lung cancer in a dose
dependent manner. This is exactly the effect one would hope for
in raising motivation tension and motivating a quit attempt in
someone with a perception of low risk (high optimistic bias),
given fear is a well recognised stimulus for behaviour change.

Two recently published studies highlight the importance of
these conclusions.66 67 In the first study by researchers from the
National Institutes of Health (NIH), a high level of interest for
and acceptance of genetic testing for lung cancer risk was found
with over 90% uptake of smoking cessation material irrespective
of test result and no evidence of either fatalism (reduced efficacy
in the higher risk group) or demotivation (reduced efficacy in the
lower risk group).66 The study also found that such knowledge of
‘increased lung cancer risk may increase uptake of effective
smoking cessation services’. In the second study of smokers
recently diagnosed with lung cancer,67 it was reported that 56%
of them did not perceive they were at increased risk of lung
cancer despite knowing smoking is a risk factor. This finding is
a clear indication of the extent optimistic bias is operating in the
community despite decades of public health messages linking
smoking with lung cancer. Together, these studies point to the
utility of genetic testing for smoking related disease for all
smokers. They suggest that when smokers are informed they are
at higher risk than other smokers (or the average smoker), they
have greater intentions to quit. More importantly, these studies
demonstrate an improvement in intent for smoking cessation,

but no evidence of fatalism68 69 and no evidence of a reduced
motivation in lower risk people.
Indeed, concerns of fatalism have been raised in critiques of

genetic testing of risk in smoking cessation but are not
supported by data.68 69 Preliminary results from a telephone
survey of smokers showed that following genetic testing for lung
cancer susceptibility, 67% and 89% reported to be more likely to
quit when their genetic risk was at or above an average smoker ’s
risk for lung cancer, respectively, whereas 1% and 2% were less
likely to quit after testing, respectively (unpublished data).
However, there are limited data to suggest fatalism occurs in the
context of smoking cessation following genetic testing of nico-
tine addiction (high genetic addiction associated with poor quit
rates).68 69 We conclude that there is no evidence to suggest
a demotivating or fatalistic effect from genetic testing that
identifies those at greatest risk of a smoking related disease. We
also conclude that risk information, presented relative to the
‘average smoker ’, has utility in behaviour change in smokers.
This observation is consistent with the findings of others
suggesting that relative risk is more effective than absolute risk in
usefully communicating risk.70

In a recent study examining behavioural health change in
smokers 3 months following receipt of genetic test results for
emphysema (a1-antitrypsin deficiency), findings showed that
genetic testing increased quit attempts for those with high risk
genotypes compared to low risk genotypes.38 68 Significantly,
quit attempts in those testing at the lower genetic risk level were
still greater than quit attempts in those where no genetic testing
was performed. Such results reinforce those found in the hypo-
thetical studies discussed above,64 65 suggesting that the act of
undergoing a genetic test, regardless of the actual result, posi-
tively motivates smoking cessation. A result of low risk did not
serve to demotivate smoking cessation resolve. In the same
clinical setting, healthy carriers of the a1-antitrypsin deficiency
genotype (identified through affected relatives) had a smoking
prevalence of only 8%, one third that seen in the general adult
population.71 Together, these studies suggest that those identified
as genetically predisposed to early onset emphysema and who are
asymptomatic have lower smoking prevalence and greater
motivation to quit.
The utility of using genetic testing in the public health arena

has been explored. In a study examining interest in receiving
biomarker testing for smoking related cancer susceptibility
among 148 smokers recruited from a public dental clinic, 83%
were interested in receiving biomarker feedback.72 This is
consistent with other studies reporting readiness to take genetic
tests of risk.63 In a study of 300 primary care physicians, the
greater the importance they placed on genetic testing for disease,
the higher their expectations were that patients would engage in
risk reducing behaviours upon receiving their genetic test result.73

These studies suggest that patients are seemingly interested in
taking genetic tests, and physicians would refer patients for
testing as part of their practice, particularly when the physician
believes the test results will promote change to more healthy
behaviours.
For genetic testing to be used routinely as a tool to improve

cancer outcomes, an adequate evaluation of the benefits and
harms needs to be conducted.74 Currently, a large genetic testing
initiative is being undertaken in the USA in order to progress
understanding of the psychological and behavioural impact of
genetic testing for a variety of common health conditions. This
study will help to further inform the public about the clinical
utility of genetic testing and whether individuals will use genetic
testing in ways that will benefit their health.75 A genetic test of
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lung cancer risk that combines several genetic markers of risk
with important non-genetic variables (age, family history and
presence of COPD) has recently been developed.76 The clinical
utility of this test in smoking cessation is undergoing evaluation.
Tests incorporating risk assessment for multiple smoking related
complications may also be useful but have yet to be developed.

SUMMARY
A new paradigm in smoking cessation has been proposed
that highlights the central role of motivational tensiondthe
smoker ’s view of perceived harms relative to benefits of
continuing to smoke. In this paradigm, triggers are events that
precipitate a quit attempt because they increase motivational
tension to a point where a smoker desires to quit more than he or
she wishes to continue to smoke. This paradigm acknowledges
that the majority of successful quit attempts are mostly
unplanned, often unassisted, but successful nonetheless.

Clinical trial data consistently show that the greater the
assistance a smoker has in quitting, the greater the chance of
success. Increasing a smoker ’s motivational tension helps to
initiate and maintain quitting. Health concerns are an important
factor in motivating smokers to quit, possibly through increasing
tension levels in favour of quitting. Smoking cessation rates
appear to be greatest where smokers have suffered, or been
shown to be at risk of, life threatening complications from their
smoking. In this setting, risk assessment tools that identify those
at greatest risk, such as spirometry and genetic susceptibility
testing, appear to improve smoking cessation rates. In contrast to
the majority of currently available genetic tests, where the effects
of environmental modification, lifestyle changes or drug treat-
ment on risk reduction is modest at best, smoking cessation
(regardless of the motivating trigger) has been shown to be one of
the most efficacious and cost effective preventive interventions
in clinical medicine today.

We conclude that any personalised data that may enhance
a smoker ’s understanding of his or her personal risk of adverse
health effects resulting from smoking will increase the motiva-
tional tension in favour of quitting. Such an approach could
provide a complementary strategy to existing non-personalised

public health approaches aimed at decreasing smoking preva-
lence. Personalising smoking cessation approaches, through the
use of individualised risk tools, would allow a more cost effective
approach by targeting individuals at the higher level of risk and
with the most to gain from quitting smoking. Such an approach
has become the standard of care in reducing deaths from coro-
nary artery disease and could be equally applied to smoking
cessation.

MULTIPLE CHOICE QUESTIONS (TRUE (T)/FALSE (F); ANSWERS
AFTER THE REFERENCES)
1. Which one of the following facts about smoking is false?
A. 80% of smokers die of a smoking related disease
B. 25% of smokers lose 15-20 years of life
C. Quitting smoking results in people living longer and in

better health
D. Smoking cessation is one of the most cost effective

interventions in healthcare
E. Cold turkey is the most commonmethod used by smokers to

quit smoking

2. Which of the following features is not part of the 3Ts model of
smoking cessation?
A. Tension refers to motivational tension e a sense of fear or

anxiety based on perceived vulnerability to the adverse
effects of smoking

B. Based on beliefs, past experiences and the balance of benefits
over harms

C. Trigger refers to events that may alter a smoker ’s motiva-
tional state favouring quitting

D. Includes the 5Rs of risk, relevance, reward, roadblock and
repetition

E. Treatment e refers to the immediate provision of treatment
to assist smoking cessation

3. Which of the following statements about spirometry and
smoking cessation are false?
A. In the context of risk assessment, impaired spirometry

(reduced FEV1) is a marker of premature death from COPD,
lung cancer, heart attack and stroke

B. The lung age derived from spirometry has been shown in
a randomised trial to assist smoking cessation

Key learning points

< The 3 Ts is a new and simplified paradigm for smoking
cessation that encompasses tension, trigger and treatment,
where triggers initiate quit attempts by raising motivational
tension.

< Concerns about poor health is one of the most frequently cited
reasons (trigger) older smokers quit, particularly with regard to
lung cancer and emphysema.

< Risk assessment tools such as gene based risks of smoking
complications are now available (eg, lung cancer or
emphysema) and have been shown in preliminary studies to
improve smoking cessation.

< Personalised risk assessment has been the mainstay of
coronary artery disease prevention and has resulted in
significant mortality reduction over the last decade. Similar
approaches could be adopted for prevention of pulmonary
complications of smoking (lung cancer and COPD) that
together account for nearly half of all deaths from smoking
per annum.
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C. Studies show smokers with normal lung function are de-
motivated from quitting

D. Spirometry can be used as a “teachable moment” to assist
smoking cessation

E. Studies suggest spirometry achieves quit rates of about 15%
comparable to NRT

4. Which of the following statements about genetic testing and
smoking are false?
A. Smoking rates in those identified as healthy carriers of

a1-antitrypsin deficiency is about one third of the general
population

B. Participants undergoing genetic testing as part of a smoking
cessation trial were two times more likely to make a quit
attempt.

C. Genetic testing for lung cancer risk reported superior quit
rates than those not undergoing genetic testing

D. One of the advantages of genetic testing for smoking
complications is that it can be done before harmful effects of
smoking become clinically manifest

E. Genetic testing has been shown to de-motivate smokers
from quitting

5. Which of the following statements about risk personalisation
and smoking cessation are false?
A. Only the minority of smokers report being interested in

taking tests assessing their risk of a smoking-related
complication

B. Tests assessing risk of a smoking-related complication appear
to increase motivational tension in favour of quitting

C. It has been reported that over 50% of smokers diagnosed
with lung cancer stated that they did not think they were at
risk

D. With respect to concerns about health, the greater the threat
to life, the greater the effect it had on smoking cessation
rates

E. Tests assessing risk of a smoking-related complication may
act as triggers for quitting
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ANSWERS
1. (A) F; (B) T; (C) T; (D) T; (E) T
2. (A) T; (B) T; (C) T; (D) F; (E) T
3. (A) T; (B) T; (C) F; (D) T; (E) T
4. (A) T; (B) T; (C) T; (D) T; (E) F
5. (A) F; (B) T; (C) T; (D) T; (E) T
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Within a smoking-cessation program, what
impact does genetic information on lung cancer
need to have to demonstrate cost-effectiveness?
Louisa G Gordon1*, Nicholas G Hirst1, Robert P Young2, Paul M Brown3

Abstract

Background: Many smoking-cessation programs and pharmaceutical aids demonstrate substantial health gains for
a relatively low allocation of resources. Genetic information represents a type of individualized or personal feedback
regarding the risk of developing lung cancer, and hence the potential benefits from stopping smoking, may
motivate the person to remain smoke-free. The purpose of this study was to explore what the impact of a genetic
test needs to have within a typical smoking-cessation program aimed at heavy smokers in order to be cost-
effective.

Methods: Two strategies were modelled for a hypothetical cohort of heavy smokers aged 50 years; individuals
either received or did not receive a genetic test within the course of a usual smoking-cessation intervention
comprising nicotine replacement therapy (NRT) and counselling. A Markov model was constructed using evidence
from published randomized controlled trials and meta-analyses for estimates on 12-month quit rates and long-
term relapse rates. Epidemiological data were used for estimates on lung cancer risk stratified by time since
quitting and smoking patterns. Extensive sensitivity analyses were used to explore parameter uncertainty.

Results: The discounted incremental cost per QALY was AU$34,687 (95% CI $12,483, $87,734) over 35 years. At a
willingness-to-pay of AU$20,000 per QALY gained, the genetic testing strategy needs to produce a 12-month quit
rate of at least 12.4% or a relapse rate 12% lower than NRT and counselling alone for it to be equally cost-effective.
The likelihood that adding a genetic test to the usual smoking-cessation intervention is cost-effective was 20.6%
however cost-effectiveness ratios were favourable in certain situations (e.g., applied to men only, a 60 year old
cohort).

Conclusions: The findings were sensitive to small changes in critical variables such as the 12-month quit rates and
relapse rates. As such, the cost-effectiveness of the genetic testing smoking cessation program is uncertain. Further
clinical research on smoking-cessation quit and relapse rates following genetic testing is needed to inform its cost-
effectiveness.

Background
Smoking remains a substantial health problem in many
countries and is the largest modifiable risk factor for
several cancers and a host of chronic diseases. Between
1980 and 2004, smoking prevalence in the Australian
population dropped from 40% to 21% [1] partly due to
progressive tobacco control policies such as cigarette
taxation, smoke-free workplaces and extensive public

education campaigns. However, smokers remain a
large proportion of the population (21%) as in other
European countries (around 30%) [2]. It has been pro-
posed that while system-level public health approaches
are effective at reducing aggregate smoking levels, a
‘one size fits all’ approach may not be effective for all
types of smokers [3].
The pivotal paper by Cromwell J et al. (1997) demon-

strated the cost-effectiveness of smoking-cessation pro-
grams delivered by a general practitioner (GP) [4]. Many
subsequent smoking-cessation programs have also
demonstrated substantial health gains for a relatively low
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allocation of resources [5]. However, despite being cost-
effective, smoking-cessation programs still suffer from
low success rates in terms of numbers of quitters at
12-months. As a general guide, the 12-month quit rates
are around 6% for brief GP advice, 9% for proactive
counselling, 6-12% for nicotine replacement therapies
with counselling, and 12-19% for pharmacotherapies with
counselling [6]. The extent of relapse following successful
smoking-cessation further erodes their effectiveness. This
suggests that many smokers may require other measures,
such as targeted or personalised information, to encou-
rage cessation and abstinence.
While tobacco smoking is the largest known risk fac-

tor for lung cancer occurring in 85-90% of cases, only
10-15% of smokers develop lung cancer [7]. Recent evi-
dence suggests that this may be partly due to differences
in genetic susceptibility to lung cancer [7,8]. That is, the
smoking-gene interaction means that some smokers are
at greater risk of developing lung cancer, with several
host characteristics (i.e., K-ras, GSTM1, CYP2D6,
c-MET, NKX2-1, LKB1, BRAF) implicated in lung cancer
onset [9]. Further, other genes are implicated in other
chronic diseases linked with smoking, therefore smok-
ing-cessation has wider health benefits and therefore is
always beneficial.
The genetic link to lung cancer has implications for

the design of smoking-cessation programs. Genetic
information represents a type of individualized or perso-
nal feedback regarding the risk of developing lung can-
cer, and hence the potential benefits from stopping
smoking, may motivate the person to remain smoke-
free. Central to this is the potential to address the issue
of optimistic bias, the underestimation of one’s own risk
of a harmful outcome relative to the average smoker.
Recent developments in genetics suggests that some
people respond well to genetic information about risk of
lung cancer [10,11], are more likely to quit [12] and per-
haps less likely to relapse. Combining a genetic test with
a smoking-cessation program might enhance the effec-
tiveness and thus represent a cost-effective intervention.
Several companies now offer genetic testing for lung

cancer susceptibility however they offer a single nucleo-
tide polymorphism (SNP) test for lung cancer risk result
and no other clinical data is used for their risk assess-
ment. Our author (R.Young) heads a clinical research
program at Auckland Hospital, New Zealand, offering
patients a SNP-based test involving 20 SNPs and assess-
ment of other clinical variables (family history, COPD,
smoking patterns) within usual clinical practice for
smoking-cessation. Early results show that intentions to
quit smoking among 250 participants based on genetic
testing for lung cancer risk were around 88% in those at
elevated risk of lung cancer. The economic value of the

adopting this new technology into practice is yet to be
determined.
To date, no smoking-cessation study has examined the

cost-effectiveness of offering genetic tests in the context
of disease prevention but other studies have investigated
genetic testing to guide the choice of pharmacotherapy
among individuals attempting to stop smoking [13,14].
Genetic testing imposes costs on individuals, doctors
and the health system. Thus, if genetic testing is to be
offered in addition to a first-line smoking-cessation pro-
gram, then it must result in enough new quitters (or
reduced numbers of relapsers) in order to justify the
costs. The purpose of this study was to explore how
much of an impact genetic testing information would
need to have in order to be a cost-effective addition to a
typical smoking-cessation program. Specifically, we
assess the net costs, and health benefits of a smoking-
cessation program with a genetic test compared with
nicotine replacement smoking-cessation treatment.

Methods
Markov model structure
A Markov state transition model was constructed in
TreeAge Pro 2009 software (TreeAge Software Inc,
Williamstown, MA, USA) (Figure 1). The model, known
as a Markov single cohort model, is cyclical, with
patients moving between specified health states at the
end of each cycle, with subsequent cost and quality of
life implications. The advantage of this type of model is
that it explicitly identifies the sequence and linkage of
events under consideration and allows detailed analyses
on data parameters. Two decision strategies were mod-
elled; individuals either received or did not receive a
genetic test component within the course of a usual
smoking-cessation intervention. The model tracked a
hypothetical cohort of smokers over 35 years from age
50 who faced different probabilities of quitting smoking,
risk of developing lung cancer and transferring between
different health states (Table 1). Relapse rates in the
years beyond a successful quit attempt and continued
abstinence at 12 months were included [15]. The model
consists of five health states: no lung cancer (quit smok-
ing), no lung cancer (stay smoking), early lung cancer
(stage I or II), advanced lung cancer (stage III or IV),
and death. Individuals will either continue or quit smok-
ing at 12 months following either intervention and be
allocated to ‘no lung cancer’ in the first annual cycle.
Next they are dispersed into the various pathways or
health states according to certain probabilities (Table 1).
‘Tunnel’ features have been built into the model for
lung cancer states to ensure that the risk of cancer pro-
gression or death is dependent upon the duration since
diagnosis. Tunnel states are a ‘time in state’ feature that
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provides a memory function to Markov models. Health
state rewards and transition probabilities can be altered
for each cycle patients spend in the tunnel state [16].
The model is calculated by summing the expected
(mean) values at each tree node for each course of
action and aggregates the longer-term health outcomes
and costs for the two intervention strategies.

Description of the two strategies
We compared a usual smoking-cessation program with
an alternative involving the usual smoking-cessation pro-
gram and a genetic test some point after (e.g., 6 weeks)
completing the program (as per McBride et al. 2002
[12]). The benefit of this test is to decrease the likelihood
that an individual will relapse and begin smoking again
as measured by relapse rates at 12 months.
In our model, we assumed our cohort were 50 year

old heavy-smoking men and women (>20 cigarettes per
day) who presented to their GP, and were willing to par-
ticipate in a smoking-cessation program. The usual
smoking-cessation program comprised of GP advice, tel-
ephone counselling and nicotine replacement therapy
(NRT) administered over 12 weeks (Table 2). Although

there are new pharmacological therapies available that
show superior smoking-cessation rates (i.e., bupropion,
varenicline 12-19% [6]) than those for NRT (6% [17]),
NRT is widely available, accepted in most countries and
has only minor adverse side-effects or contraindications.
Furthermore, it is cost-effective and recommended first-
line therapy in clinical practice guidelines for smoking
cessation in Australia [6]. The genetic testing option is
assumed to include a blood sample and assessment of
other lung cancer risk factors. A second doctors’ visit is
required so that the doctor can communicate the test
results and overall risk assessment to the individual who
is also presented with a booklet explaining the test
results.

Data parameters in the model
The data used to populate the model was based on pub-
lished literature, national reports and government cancer
statistics, however a number of assumptions were also
necessary (Additional file 1, Table S1). The key para-
meters in the model were quit rates in the two arms
and, for the genetic test arm, we have assumed that
these behaviour changes have occurred regardless of the

Figure 1 Illustration of Markov Model.
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underlying properties of the genetic test. Systematic
reviews and results of meta-analyses were used to
inform estimates on 12-month quit rates of NRT [17]
and relapse rates beyond 12 months [15]. Although it is
possible to that ‘natural’ quitters, those needing no assis-
tance to quit smoking, may exist in both groups, we
have assumed the natural quit rate is equivalent in both
arms. Risk estimates of lung cancer are dependent on
gender, time since quitting and smoking frequency and
were derived from a cohort study of over 463,000 US
men and women [18]. Current epidemiological evidence
provided information on background incidence of lung
cancer by stage, mortality and survival rates of lung can-
cer, and all-cause mortality among smokers. To reflect
changing estimates as the cohort ages, we accounted for
age-dependent variables using tabulated data in our
model. Table 1 lists all data estimates and tabled data in

the model with their respective sources and ranges
tested in the sensitivity analyses.

Outcome measures
The measures of benefit in the evaluation were the
number of quitters and quality-adjusted life-years gained
(QALYs) over 35 years. The number of quitters at
12 months is also presented to highlight the shorter-
term impact. The level of effectiveness of smoking-
cessation enhanced with a genetic test was based on a
randomised clinical trial involving 557 participants [12].
The proportion of individuals achieving continued absti-
nence at 12 months was 11% compared with 5% in the
NRT only arm (p = 0.08). This study was chosen as it
included the comparison groups most relevant for an
Australian setting, that is, NRT plus counselling with or
without a genetic test. McBride’s study was also

Table 1 Data parameters used in model: description, base case estimate, range tested in one-way sensitivity analyses
and sources

Parameter description Base estimate Range
tested

Sources

Quit rates: 12-month continuous abstinence

a) Genetic Test 11% 7-22% [12]

b) Usual treatment 6% 3-12% [17]

Relapse rate after 12-month quit 10% in years 2-6, 4% after1 [15]

Lung cancer incidence Annual from age 40, e.g., 0.0018024 at age 65 years1 [32]

Relative risk of lung cancer in heavy smokers compared
to general population

6.609 and [18]

Relative risk of lung cancer in ex-smokers compared to
general population

Annual from 5-year age group by time since quit e.g, ages
50-55 years RR = 4.751

Survival/mortality rates (background population) Annual by age e.g, age 65 annual dying rate = 0.009361 ABS Life Tables
2005-072

Survival rates of lung cancer Annual survival at 1 year 36% to 12% at 5 years AIHW [33]

Proportion of

a) early lung cancer 20% 13-23% [33], authors
assumption3

b) adv lung cancer 80% 77-87%

Utility scores

a) Early stage lung cancer (I&II) 0.73 0.69-0.83 [23,34]

b) Adv stage lung cancer (III&IV) 0.66 0.30-0.76 [23,34]

c) No lung cancer 1 - authors
assumption

Lung cancer healthcare costs

a) Early lung cancer 1st year (NSCLC only) 44,274 [35,36]

b) Adv lung cancer + SCLC 1st year 27,057 All ± 30% [35,36]

c) Ongoing costs (stable disease) 7,115 [36,37]

d) Progressive disease 10,945 [36,37]

e) Terminal care (final year) 9,961 [36,37]

1. Tables are used rather than one point estimate to account for different values that change over time. Values will alter when individuals age.

2. Epidemiological data and cost data are from slightly different years; data from these life-tables are from 2005-2007 while costs in 2009 AU$.

3. A proportion of approx. 8% of lung cancers are ‘unstaged’ but to avoid losing these people in the model, the proportion unstaged was assumed to be equally
split into early and advanced disease groups.

Abbreviations: ABS - Australian Bureau of Statistics, AIHW - Australian Institute of Health and Welfare, NSCLC - non-small cell lung cancer, SCLC - small cell lung
cancer.
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randomized, prospective, used an intention-to-treat ana-
lytical approach and included largely lower socio-eco-
nomic smokers. Three other studies assessing the
impact of genetic susceptibility on smoking-cessation
[19-21] did not investigate relevant comparators includ-
ing one with no control group, were non-randomized or
had earlier-time quit rates. These quit rates ranged from
6-19%. Evidence for the effectiveness of NRT alone was
based on a published systematic review of 136 rando-
mized controlled trials, over 40,000 participants and
yielding a summary estimate of 6% [17]. In the absence
of outcomes of genetic testing on smoking-cessation
beyond 12-months, we assumed relapse rates from the
literature were equivalent in the two arms.
The QALY is a generic outcome measure preferred

for use in economic evaluations combining survival time
adjusted for quality of life. A structured literature review
was undertaken to locate recent preference-based quality
of life scores (or utility weights) for lung cancer. Eleven
studies from 1997-2008 were uncovered. The utility
weights used in the present study were based on direct
utility assessment using standard gamble interviews [22]
and a second study that used the EuroQol 5D question-
naire [23]. These studies were chosen because utilities
were available for advanced/early stage and stable/pro-
gressive lung cancer, were more likely to reflect current
treatment patterns and side-effects [22] and reported a
range of scores to acknowledge uncertainty [22,24].

Analysis
The costs and outcomes for the two options were com-
bined into incremental cost-effectiveness ratios (ICERs),

that is, incremental cost per quitter and incremental
cost per QALY gained. The ratios are calculated as fol-
lows:

ICER
C C

E E
GT USC

GT USC

= −
−

Where C = costs, E = effects (QALYs or quitters), GT =
genetic testing arm and USC = usual smoking-cessation
arm and represent the additional costs per health benefit
of the genetic testing component. Our analysis took a
payer perspective when measuring and valuing resources
used for the two options. This included two payers; the
consumers and health providers and the analysis aggre-
gated the costs from both payers. Direct costs borne by
the consumers (smokers) included over-the-counter
NRT and the genetic test (Table 2). Health providers
primarily bear the cost of lung cancer diagnosis, treat-
ment and follow-up care and health care counselling and
advice during smoking-cessation programs. Costs and
effects were discounted at 5% and brought forward to
2009 Australian dollars using the health component of
the Consumer Price Index.

Sensitivity and scenario analyses
Threshold analyses were undertaken to separately deter-
mine at what quit and relapse rates the genetic testing
arm was cost-effective. To determine if any variables
were primarily driving the cost-effectiveness results,
one-way sensitivity analyses on all parameters were
undertaken (Table 1). Of particular importance is the
12 month quit rate of 11% following a genetic test

Table 2 Intervention components and unit costs for usual smoking-cessation (USC) and USC plus genetic test

Qty Unit cost 2009 AU$ Source

USC (NRT with telephone counselling)

1 GP visit Standard 5-25 minutes 1 21.00 21.00 [6] MBS item 53

2 Patches 1st step - 21 mg/6 pkts 6 47.95 287.70 Retail pharmacy1

(10 weeks) 2nd step - 14 mg/2 pkts 2 27.95 55.90

3rd step - 7 mg/2 pkts 2 27.95 55.90

3 Phone counselling Initial + 4 sessions 5 75.74 378.70 DVA, $119.75 initial then $83.70/hr

4 Booklet Self-help materials 1 2.90 2.90 [6]

Total 802.10

USC + Genetic test

1 USC as above 802.10

2 Clinic visit Standard 5-25 minutes 2 21.00 42.00 MBS online schedule, item 53

3 Test Blood sample, transfer to lab and analysis 1 311.00 311.00 [13]

4 Test booklet Explains results of gene test 1 2.90 2.90 Assumption - same for quit booklet

Total 1158.00

1. Price is based on the sale price at a large, urban pharmacy in Brisbane, AUD in 2008. Prices will vary according to conditions and place of purchase (e.g.,
online pharmacy suppliers vs. neighbourhood pharmacies). Note that the choice of the appropriate price does not impact on the results from the cost
effectiveness analysis as the cost is common to both arms of the model.

2. Abbreviations: USC - usual smoking cessation, NRT - nicotine replacement therapy, MBS - Medicare Benefits Schedule, DVA - Department of Veteran’s Affairs,
pkts - packets.
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compared with the 6% base quit rate [17]. The stability
of the results to the quit rates was explored by examin-
ing quit rates of 7%, 15% and 22% for the genetic test
option, and 3%, 9% and 11% for the usual smoking-
cessation program. Relapse rates were also halved to
explore the optimistic scenario commonly used in pre-
vious work [4,25,26]. Break-even analysis was used to
identify the quit rate required for the genetic test to be
cost-effective compared with usual smoking-cessation.
A probabilistic sensitivity analysis was also performed,

re-sampling from nominated distributions of data inputs
through 10,000 iterations. Beta distributions were
assigned to probabilities (e.g., quit and relapse rates,
health state transitions) and gamma distributions were
assigned to cost variables because these are often right-
skewed. The simulated mean ICER (QALYs) with 95%
confidence intervals (CI) was generated. Finally, to
assess the structural uncertainty of our model, we re-
examined the model for men and women separately
because it is well known that men are heavier smokers
and have higher risks of lung cancer compared to
women. We also explored the model for all persons
starting at age 30 and 60 years. During our analyses, we
assumed a willingness-to-pay ICER threshold of $20,000
per QALY gained to guide the interpretation of the find-
ings, a level in keeping with higher-end cost-effective-
ness ratios found in previous evaluations of smoking-
cessation programs [5].

Results
The cost-effectiveness results suggest that for smokers
offered a smoking cessation program with a genetic test,
an additional $300 on average is incurred compared

with a usual smoking-cessation program (Table 3). For
the smoking-cessation program with the genetic test,
the corresponding mean discounted QALYs were 14.288
compared with 14.298 QALYs for usual smoking cessa-
tion. Compared with usual smoking-cessation, the
genetic testing strategy produced an incremental cost-
effectiveness ratio of AU$27,572 per QALY gained
(Table 3) over 35 years.
These results suggest an ICER above the threshold

level of AU$20,000 per QALY gained. We found that
the 12-month quit rate would need to be at least 12.4%,
or that the long-term relapse rate needed to be 12%
lower, for the genetic testing strategy to be as cost-
effective as the usual smoking-cessation strategy (Addi-
tional file 1, Figures S1 & S2). The predicted propor-
tions of the cohort who quit or relapsed for both
strategies by age are highlighted in Additional file 1,
Figure S3 and similarly for those with early and
advanced lung cancer in Additional file 1, Figure S4.
Over a short-term 12-month period, for every 1000

individuals undertaking smoking-cessation enhanced
with a genetic test, an additional cost of $355,600 would
result in 50 additional quitters or $7,112 per additional
quitter over 12 months compared with usual smoking-
cessation (Table 3).

Sensitivity & scenario analyses
One-way sensitivity analyses indicated that the model
was highly volatile to changes in quit rates in both inter-
vention arms and the relative risks of lung cancer for
smokers and ex-smokers (Additional file 1, Figure 5).
Under more favourable scenarios, when the quit rate of
22% for genetic testing was used, the ICER was $2,203

Table 3 Results of incremental cost-effectiveness ratios (ICER) in base case and probability sensitivity analysis

Short-term (at end of 12-months) NRT + counselling NRT + counselling
+ genetic test

Difference

Cost for 1000 persons in each arm $802,100 $1,158,000 $355,600

Number of quitters @ 12 months 60 110 50

ICER - per quitter @ 12 months - - $7,112

Long-term (at end of 35 years)

Mean cost per person $6,600 $6,900 $300

QALYs gained per person 14.288 14.298 0.0109

ICER - QALYs gained per person - - $27,5721

Monte Carlo simulated ICERs Incremental costs2 Incremental
QALYs

ICERs (QALYs) (95% CIs)

Base case ICER $299.46 0.0109 $34,6873 ($12,483, $87,734)

Initial cohort aged 30 years $341.69 0.0032 $133,409 ($53,502, $361,376)

Initial cohort aged 60 years $275.66 0.0126 $27,601 ($8,783, $73,948)

Men only (aged 50 years) $286.23 0.0130 $27,182 ($9,200, $70,783)

Women only (aged 50 years) $334.53 0.0049 $46,408 ($17,199, $118,383)

1. ICER of simple average results - single mean cost and effect differences.

2. Statistically significantly different mean costs and effects between groups (p < 0.001).

3. Average ICER of 1,000 simulations, not ICER of average results.
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per QALY or when the cost of a genetic test was halved,
as may be the case if the technology became less expen-
sive over time, the ICER was $8,247 per QALY. In a
two-way analysis, when the quit rates were 22% and
12% for the genetic testing and usual care arms respec-
tively, the ICER was $5,553 per QALY. Probabilistic sen-
sitivity analyses indicated a mean ICER of $34,687 per
QALY gained (95% CI $12,483, $87,734) (Table 3). Our
simulated base ICER of $34,687 per QALY gained was
somewhat higher than our simple ‘expected value’ base
ICER of $27,572 because the simulated ICER is calcu-
lated from the average of 10,000 mean costs and mean
effects based on several uncertain parameters with their
assigned distributions while the simple ICER is based on
fixed mean cost and effect estimates. The simulated
ICER sampling mean estimates are the correct and pre-
ferred ‘expected values’ for the model. At a willingness
to pay of $20,000 per QALY gained and using conserva-
tive estimates, the probability that the genetic test
option is a cost-effective addition to the usual interven-
tion is 20.6% (Figure 2) compared with 99.9% using
more optimistic quit rates for the two arms.
The cost-effectiveness ratios were lower than our base

case when applied to men only $27,182 per QALY (95%
CI $9,200, $70,783) and higher for women $46,408 per
QALY (95%CI $17,199, $118,383) (Table 3). When we
assessed the model with younger initial cohort of 30
year olds, the cost per QALY ratios increased to
$133,409 (95%CI $53,502 $361,376) and for 60 year
olds, decreased to $27,601 (95%CI $8,783, $73,948)
(Table 3). If it was assumed that the relapse rate is
halved in both strategies (i.e., 5% relapse from years 2-6,
2% thereafter), the mean ICER per QALY gained was

$18,623 (95%CI $5,897, $49,228). The relapse rate
would need to be zero in both arms, and the quit rate
for genetic-testing option at least 18%, for the genetic-
testing option to have lower costs and higher effects
than usual smoking-cessation. Alternatively, keeping the
relapse rate at our base level (10% years 2-6, 4% there-
after), the quit rate for the genetic-testing option needs
to be at least 29% to dominate the usual smoking-
cessation option.

Discussion
The purpose of this paper was to examine the potential
cost-effectiveness of smoking-cessation via NRT enhanced
with genetic information on lung cancer risk using a
dynamic model and up-to-date data estimates. Our results
suggest that using the 12 month quit rate reported in a
previous trial [12], the genetic testing option is unlikely to
be cost-effective at a threshold of $20,000 per QALY
gained. The genetic test option would need to achieve a
12-month continuous quit rate of 12.4% or more for it to
be a cost-effective addition to NRT and counselling treat-
ment alone. Alternatively, the genetic testing option would
need to achieve relapse rates 12% lower than those for
usual smoking-cessation. Although our base ICER $34,687
per QALY is higher than the $20,000 threshold, we
emphasize that the high volatility in the model estimates
means that the genetic test option could easily become
cost-effective if further evidence supported mildly more
optimistic quit or relapse rates. However, overall we found
very small differences in cost between the two options
over a period of 35 years and similarly for differences in
effects. The model was very sensitive to small changes in
critical variables such as the 12-month quit rates and

Figure 2 Scatterplot of incremental cost per QALY gained with 95% ellipse and willingness-to-pay (WTP) AU$20,000 per QALY gained.
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relapse rates after 12-months, hence the results are
unstable. Further research on smoking-cessation quit rates
following genetic testing is needed to improve the validity
of the values used in our model and reduce the uncer-
tainty of our findings.
Our ICER of $34,687 per QALY gained would be

considered cost-effective in relation to accepted thresh-
olds for pharmacological health care treatments in
Australia [27]. However, given that we are not asses-
sing a pharmaceutical and that other ICERs of smoking
cessation options are among the lowest of all health
interventions, we used a $20,000 acceptable threshold
[5]. Several studies have shown better health outcomes
and cost-savings are possible for varenicline [26,28]
bupropion [28], and community pharmacy-led [29]
programs. In this context, it would seem that our
genetic testing strategy is a relatively poor investment.
However, with at least 30 published studies providing
evidence that a wide variety of smoking-cessation
interventions are cost effective, these findings may be
less favourable because most studies have overesti-
mated long-term effectiveness due to assumptions
made with smoking relapse rates or evaluation time
frames being too short [30]. In our study, the use of
improved epidemiological data on the risk of develop-
ing lung cancer separating risk estimates by gender,
time since quitting and heavy/light smoking patterns
[18] should provide more precise cost-effectiveness
estimates [31].
Traditionally, men are heavier smokers than women

and their relative risk of lung cancer is higher. This
explains the lower (more favourable) ICERs for men
because they have relatively higher numbers of life-
years to gain from stopping smoking [5,25]. However,
due to the large uncertainty in the model, differences
between men and women were tenuous. The benefits
of smoking-cessation can occur at any age of quitting
however, the risk of lung cancer among ex-smokers
versus non-smokers remains elevated even after more
than 40 years of cessation [9]. Our findings are in con-
trast to other studies where smoking-cessation among
younger cohorts has more favourable cost-effectiveness
than for older cohorts. Our opposite finding results
from the fact that a given percentage of people who
quit at 12 months are assumed to relapse each year,
meaning that some (younger) people will start smoking
again before the benefits of not smoking (avoided can-
cer) are realized. Additional research is need to iden-
tify whether relapse rates for younger smokers would
in fact remain low after receiving positive results from
a genetic test.
When our model was re-assessed for 30 year olds, the

long-term effects were severely eroded due to discount-
ing and relapse rates. Therefore, the overall effectiveness

was very small, inflating the cost-effectiveness ratio.
This finding would indicate that the genetic testing arm
is potentially suitable only in older (at least 50 year
olds), long-term smokers or that the NRT and counsel-
ling needs to be repeatedly offered in relapsed smokers
[30] and is not cost-effective as a one-off intervention.
Our choice of relapse rates is an important variable in

our model both in terms of the values used, which were
taken from a meta-analysis [15], and the 35 year model
duration. These have a combined effect of having a
cumulative lifetime relapse of 78% (subject to some
quitters dying before they are able to relapse), consider-
ably higher than studies using Markov models with life-
time relapse rates of 35% [4,25]. When the base case
relapse rates were halved and closer to those used pre-
viously, the cost-effectiveness ratios were substantially
lower; $18,623 (95%CI $5,897, $49,228).
While our model was responsive to an ageing cohort

and other time-dependent variables, some limitations
are apparent and a number of assumptions were neces-
sary. Data estimates are based on those available in pub-
lished randomized controlled trials and may not reflect
real-world practice (e.g., overestimated effects or com-
pliance from experimental trial data). It is acknowledged
that many individuals permanently cease smoking on
their own accord with no psychological or pharmacolo-
gical assistance. The present study examines the relative
effectiveness of a smoking cessation program compared
with a smoking cessation program given in conjunction
with a genetic test. Extensive sensitivity analyses
explored parameter uncertainty and aspects of the struc-
tural uncertainty (e.g., different cohort profiles). We
relied on a single, randomized clinical trial by McBride
et al. (2002) for a critical estimate, quit rate at
12-months following the genetic test [12]. This study
was US-based and involved a largely African-American
lower-socioeconomic cohort. Arguably, McBride et al.’s
sample of mostly lower-socioeconomic smokers may be
a difficult group to intervene in but likely to be relevant
and generalisable to other settings like Australia where a
higher proportion of disadvantaged people also smoke.
Potentially adverse consequences of genetic testing
include emotional distress, concerns about discrimina-
tion and implications for telling family members positive
results. These issues were omitted from our analysis.
Our results relate to QALYs gained from preventing
lung cancer onset and we did not incorporate improved
survival gains due to the potential avoidance of other
major diseases linked to smoking (e.g., heart disease,
COPD, diabetes). Again, the impact is that our effects
may be underestimated and overall ICERs conservative.
A further limitation of the study was the omission of
the potential implications of interactions between the
level of susceptibility, test properties and quit rates that
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may impact on the cost-effectiveness findings, introdu-
cing further uncertainty. Based on McBride’s findings,
33% of the participants in the GT arm had a positive
genetic test for the missing gene GSTM1 for elevated
susceptibility to lung cancer. However, quit rates in
these participants were similar to those with negative
tests and therefore behavior change was not hindered
by the GT results. This finding is supported by our
own pilot work with further results on this issue
forthcoming.
Lung cancer is the leading cause of cancer death in

many developed countries and the prognosis is poor
with a 1-year survival of 34% and 5-year survival of 12%
[32]. Although the risk of lung cancer is small in indivi-
duals with ‘at risk’ genotypes, lung cancer is a common
cancer and therefore those with a genetic susceptibility
affects a high absolute number of smokers [8]. Further
research on genetic susceptibility and molecular epide-
miology in lung cancer alongside overall risk assess-
ments [7] remains important work before public health
approaches of screening, targeted smoking-cessation
programs or other preventive measures are adopted [8].
At the same time, commercial availability and consumer
interest in genetic testing is increasing and may create
added pressure for insurance companies or governments
to subsidize their costs [11]. To date, the evidence to
support effective smoking-cessation by informing indivi-
duals of their own genetic risk of lung cancer is promis-
ing but weak [10,12]. Genetic testing strategies rely on
successful doctor-patient communication and must be
ethical, results accurately conveyed and understood by
patients [11].

Conclusion
In certain circumstances, specifically, if a smoking-
cessation program delivering a genetic test, NRT and
counselling produced a 12-month quit rate of at least
12.4% then it would represent a potentially sound
health care investment for 50 year old heavy smokers.
Overall, our findings showed that a genetic test option
in addition to the use of NRT and counselling would
produce very similar costs and effects than NRT and
counselling alone. Further research on the quit rates at
12 months and beyond following a genetic testing
strategy is required to strengthen our findings.

Additional material
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Authors’ response: hyperoxia in
acute asthma

We appreciate the comments by Snelson and
Tunnicliffe1 regarding our study of the effects
of high concentration oxygen therapy in
acute exacerbations of asthma.2 We concur
with the view that the effect of high
concentration oxygen therapy on arterial
carbon dioxide pressure (PaCO2) is not clini-
cally relevant in all patients presenting to the
emergency department (ED) with acute
severe asthma. However, we consider that
the 3.9-fold greater risk of patients developing
an increase in transcutaneous partial pressure
of carbon dioxide (PtCO2) $8 mm Hg (22%
vs 6% in the high concentration vs titrated
oxygen groups, respectively) is likely to be of
clinical relevance in life-threatening asthma.
Even in our study, which excluded patients
who were unable to speak or perform
spirometry due to breathlessness, all 10
patients who had a final PtCO2 $45 mm Hg
had received high concentration oxygen
therapy. These findings suggest that the
routine administration of high concentration
oxygen therapy in the ED setting is a deter-
minant of respiratory failure, a recognised
marker of near fatal asthma. This probably
also applies to the routine use of high
concentration oxygen therapy during ambu-
lance transfer in patients with severe asthma,
as has been noted in chronic obstructive
pulmonary disease,3 but this was not assessed
in our study.

While permissive hypercapnia is an
approach to the management of mechanical
ventilation for severe asthma, this relates to
intubated patients, in whom the purpose is
to reduce the risk of complications associated
with hyperinflation.4 It certainly does not
apply to prehospital or ED care.

We agree that there are many potential
risks associated with hyperoxia, including
but not limited to reductions in coronary
and cerebral blood flow, decreased cardiac
output, increased oxidative stress, delay in
recognising a clinical deterioration and
rebound hypoxaemia if oxygen therapy is
abruptly stopped. However, in respiratory
disorders such as severe asthma where there
is significant ventilation/perfusion (V/Q)
mismatch, hypercapnia represents another
potential risk of high concentration
oxygen therapy that needs to be recognised
in clinical practice.
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Increasing smokers’ risk
perception improves CT
screening participation
We read with interest the article by Patel
et al1 and wish to comment on their findings
with specific regard to smokers’ risk percep-
tion, motivation and low participation rates
in CT screening programmes.

Based on the studies to date, there is
a consistent theme that smokers’ participa-
tion in CT screening programmes for lung
cancer is poor when their motivation is low
and much greater when their perception of
risk of lung cancer is high.1 2 Despite over-
whelming public health messaging, smokers
continue to smoke, in large part, because
they perceive their own risk from smoking to
be low. This self-perception of low risk
(termed optimistic bias) maintains a low
level of motivational tension (the fear that
smoking might indeed be harmful).3 We
propose that optimistic bias can be under-
mined, and motivational tension increased,
when smokers are confronted with adverse
‘personalised’ risk data.3 With advances in
the understanding of the clinical and genetic
factors underlying lung cancer susceptibility,
we have developed a lung cancer suscepti-
bility risk model.4 This model assigns current
and former smokers to moderate, high and
very high risk. In a group of randomly

selected current smokers, 84% took up the
offer of risk testing and, surprisingly, quit
rates 6 months after testing were 20%, 36%
and 40%, respectively (28% overall).5 Just as
with triggering a decision to quit smoking,
we suggest uptake of (and possibly adher-
ence to) CT screening might be improved by
risk testing that enhances risk perception,
undermines optimistic bias and increases
motivational tension.3

We tested this proposition in a scenario-
based telephone questionnaire involving 350
current and former smokers (mean age 67,
age range 44e86 years, 59% male and mean
pack years 45). When told of a survival
benefit with CT screening versus no
screening, we found 68% agreed to undertake
CTscreening while 95% agreed to gene-based
risk testing. Likelihood of participation in
CTscreening for lung cancer was 25% higher
(absolute increase) in those testing high and
very high risk compared with those at
moderate (average) risk. Collectively, the
results of these studies support our sugges-
tion that optimistic bias can be undermined,
and motivational tension increased, in
current and former smokers through the use
of personalised risk testing. We suggest that
personalised risk testing, incorporating
genetic markers of susceptibility, may help
identify and motivate ‘high risk’ smokers to
engage in CT screening.

R P Young, R J Hopkins

Schools of Biological Sciences and Health Sciences,
University of Auckland, Auckland, New Zealand

Correspondence to Dr Robert P Young, Respiratory
Genetics Group, University of Auckland, PO Box 26161,
Epsom 1344, Auckland, New Zealand;
roberty@adhb.govt.nz

Funding RPY, and the funding of his research, has been
supported by grants from the University of Auckland,
Health Research Council of New Zealand and Synergenz
BioSciences Ltd. Synergenz BioSciences Ltd holds
patents for gene-based risk testing for lung cancer
susceptibility.

Competing interests None.

Contributors RPY: researched and wrote the
correspondence. RJH: researched, wrote and edited the
correspondence.

Provenance and peer review Not commissioned;
externally peer reviewed.

Accepted 22 December 2011
Published Online First 16 January 2012

Thorax 2012;67:834e835.
doi:10.1136/thoraxjnl-2011-201453

REFERENCES
1. Patel D, Akporobaro A, Chinyanganya N, et al.

Attitudes to participation in a lung cancer
screening trial: a qualitative study. Thorax
2012;67:418e25.

2. Montes U, Seijo LM, Campo A, et al. Factors
determining early adherence to a lung
cancer screening protocol. Eur Respir J
2007;30:532e7.

834 Thorax September 2012 Vol 67 No 9

PostScript
copyright.

 on A
ugust 6, 2020 at A

uckland D
istrict H

ealth B
oard. P

rotected by
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thoraxjnl-2011-201453 on 16 January 2012. D

ow
nloaded from

 

http://thorax.bmj.com/


3. Young RP, Hopkins RJ, Smith M, et al. Smoking
cessation: the potential role of risk assessment tools
as motivational triggers. Postgrad Med J
2010;86:26e33.

4. Young RP, Hopkins RJ, Whittington CF, et al.
Individual and cumulative effects of GWAS
susceptibility loci in lung cancer: associations after
sub-phenotyping for COPD. PLoS One 2011;6:e16467.

5. Hopkins RJ, Young RP, Hay B, et al. Gene-based lung
cancer risk score triggers smoking cessation in
randomly recruited smokers. Am J Respir Crit Med
2011;183:A5441.

Need to test impact of
DNA-based risk scores
Young and Hopkins highlight the emerging
data suggesting that smokers who perceive
themselves at a lower risk of lung cancer
may be less likely to take part in, and less
likely to adhere to, lung cancer screening
programmes.1e4 Their work suggesting that
a risk score that includes genetic markers of
susceptibility of lung cancer alters optimistic
bias, improves quit rates in smokers and may
encourage participation in lung cancer CT
screening is exciting.

Risk scores that include genetic risk data
may reach the parts that other risk scores fail
to reach. In the lung-SEARCH screening
trial, we found that a negative family history

specifically led some smokers to decline
participation in screening. Being told that
risk of lung cancer is ‘in your genes’ may
specifically counter perceptions of protection
from a negative family history. This proposal
could be tested with further qualitative
exploration of risk perception in smokers
offered participation in screening trials.
However, in a Cochrane review of the liter-
ature, Marteau et al5 found no overall impact
of presenting DNA-based risk scores,
although studies are few and of variable
quality.

Lung cancer screening programmes espe-
cially need to target those at the highest risk
in order to maximise cost effectiveness.
DNA-based risk profiling may contribute to
better targeting for those enrolling in lung
cancer screening programmes. This too needs
to be tested prospectively.
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Lung cancer is the leading cause of cancer death worldwide and nearly 90% of cases
are attributable to smoking. Quitting smoking and early diagnosis of lung cancer, through
computed tomographic screening, are the only ways to reduce mortality from lung can-
cer. Recent epidemiological studies show that risk prediction for lung cancer is optimized
by using multivariate risk models that include age, smoking exposure, history of chronic
obstructive pulmonary disease (COPD), family history of lung cancer, and body mass index.
It has also been shown that COPD predates lung cancer in 65–70% of cases, conferring
a four- to sixfold greater risk of lung cancer compared to smokers with normal lung func-
tion. Genome-wide association studies of smokers have identified a number of genetic
variants associated with COPD or lung cancer. In a case–control study, where smokers
with normal lungs were compared to smokers who had spirometry-defined COPD or his-
tology confirmed lung cancer, several of these variants were shown to overlap, conferring
the same susceptibility or protective effects on both COPD and lung cancer (independent
of COPD status). In this perspective article, we show how combining clinical data with
genetic variants can help identify heavy smokers at the greatest risk of lung cancer. Using
this approach, we found that gene-based risk testing helped engage smokers in risk miti-
gating activities like quitting smoking and undertaking lung cancer screening. We suggest
that such an approach could facilitate the targeted selection of smokers for cost-effective
life-saving interventions.

Keywords: lung cancer, COPD, risk prediction, genetic susceptibility, screening

EPIDEMIOLOGY OF COPD
Chronic obstructive pulmonary disease (COPD) is characterized
by fixed airflow obstruction, measured by spirometry as a reduced
forced expiratory volume in 1 s (FEV1; Mannino et al., 2006).
Based on both cross-sectional and prospective studies, it is esti-
mated that 20–30% of smokers develop significant COPD while
the remainder maintain near normal lung function (Løkke et al.,
2006; Mannino et al., 2006; Kohansal et al., 2009). When smokers
are stratified by smoking exposure dose, the distribution of %pre-
dicted FEV1 shifts from unimodal in light smokers to a trimodal
distribution in heavy smokers (Figure 1; Young et al., 2007). This
shift to trimodal distribution, following chronic smoke exposure,
defines susceptible smokers with COPD and healthy smokers who
are resistant to the effects of smoking. This observation shows that
after three to four decades of heavy smoking exposure, a differ-
ential response to smoking can be observed that is independent
of smoking exposure dose (Young et al., 2007). Such a discordant
response to smoking exposure is consistent with a “pharmaco-
genetic effect” where variation in genetic makeup determines a
person’s response to smoking exposure (i.e., drug exposure). These
observations argue strongly in favor of a significant gene-by-
environment effect whereby COPD occurs in smokers who are
genetically susceptible and heavily exposed to decades of smoking
(Molfino, 2004; Young and Hopkins, 2011d). Such an observation

is unique in common complex diseases by defining two distinct
phenotypes – susceptible (responder) phenotype (smokers with
COPD) and resistant (non-responder) phenotype (smokers with
normal lung function; Young et al., 2007).

Although 80–90% of those diagnosed with COPD have signifi-
cant smoking exposure, there remains a group of 10–20% that have
either been chronic asthmatics or people chronically exposed to
other aero-pollutants (occupational dusts, passive tobacco smoke,
or smoke from domestic cooking; Mannino et al., 2006). Irrespec-
tive of exposure, it is generally accepted that COPD results from the
combined effects of a chronic airway inflammatory stimulus and
host genetic susceptibility (Molfino, 2004; Young and Hopkins,
2011d). Twin studies have suggested that genetic factors underlie
variation in airflow obstruction with an estimated heritability of
40–75% (Chen, 1999). This makes lung function a strong genetic
trait in comparison with many other diseases or physiological
states. While we conclude from these studies that reduced FEV1

(or reduced %predicted FEV1), characterizing COPD, is under sig-
nificant genetic influence, smoking is an environmental exposure
critical to the development of most COPD (and the penetrance
of relevant “COPD” genes). As the relationship between smoking
exposure and FEV1 may not be simply linear (Castaldi et al., 2011),
simple adjustment by regression analyses may not be appropriate
in case–control studies poorly matched for smoking history. We
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FIGURE 1 |Trimodal distribution of %predicted FEV1 in current and

former smokers with heavy smoke exposure defining “susceptible”

and “resistant” smokers (modified from Burrows et al., 1977).

believe that much of the failure to replicate genetic associations
in complex disease is due to small sample size and important dif-
ferences in study design – in particular variation in defining the
disease and control phenotype and, failure to allow for the effect
of variable age and environmental exposure on expression of the
phenotype (i.e., penetrance; Silverman et al., 2011). We suggest
that COPD is an excellent example of a complex disease because
the susceptible and non-susceptible (resistant or non-responder)
phenotypes can be clearly defined and the critical environmental
exposure of smoking can be measured allowing stratification or
matching to be done.

EPIDEMIOLOGY OF LUNG CANCER
Like COPD, 85–90% of lung cancer can be attributed to smok-
ing exposure (Alberg and Samet, 2003). While smoking is almost
a pre-requisite to getting lung cancer, other risk factors are rele-
vant. Age is an important risk factor for lung cancer risk, with risk
increasing exponentially after age 60 years old in smokers com-
pared to non-smokers (Woloshin et al., 2008). When age and pack
year exposure are compared with reduced FEV1 in a multivari-
ate analysis, reduced FEV1 (COPD) confers a fivefold increased
risk of lung cancer, two- to threefold greater than that con-
ferred by age or pack years alone (Burrows et al., 1977). Indeed
prospective studies have shown that COPD predates lung can-
cer in 65–70% of all cases (de Torres et al., 2007; Wilson et al.,
2008; Young et al., 2009b). If computed tomographic (CT)-based
emphysema is also assessed, then 85–90% of lung cancer cases
have either spirometry-defined COPD and/or CT-based emphy-
sema (de Torres et al., 2007; Wilson et al., 2008). Other risk factors
for lung cancer include exposure to occupational dusts (asbestos,
coal, and silica), low body mass index (BMI) and low educa-
tional level (Tammemagi et al., 2011). While 10–15% of lung
cancer cases are “non-smokers,” with a predominance of women,
it is not yet clear what role other aero-pollutant exposures play
(e.g., passive smoke or cooking smoke). To date, there are too
few genetic studies in this group to make any firm conclusions
about contributing genes. Another area of uncertainty in lung
cancer genetics is the relevance of genes underlying mechanisms

defining the histological subtypes of lung cancer. For this rea-
son, lung cancer refers to small cell and non-small cell subtypes
secondary to smoking and hereafter is described as a single dis-
ease for the purposes of this review although this is unlikely to be
the case.

In contrast to COPD, twin studies suggest heritability of lung
cancer is only 15–25% suggesting other factors such as smoking
history and susceptibility to COPD are of importance (Lichten-
stein et al., 2000). Detailed studies of family history however show
that having one first degree relative with lung cancer increases
your risk by 1.5- to 2-fold that of someone with no family history
(Jonsson et al., 2004). While some advocate that family history is a
very good marker of “genetic risk” (Valdez et al., 2010), this com-
pletely overlooks the over-riding requirement of a smoking history
(reducing penetrance of lung cancer disposition in non-smokers)
and that a positive family history is reported in only 20% of cases
(low sensitivity; Young et al., 2009b). This contrasts with COPD
where a positive family history is found in 30–40% of those with
COPD (Young et al., 2011b).

With the recent interest in screening for lung cancer using com-
puted tomography of the lung (National Lung Screening Trial
Research Team, 2011), there has been growing interest in the role
of “COPD” in lung cancer risk (Sekine et al., 2012). Several lung
CT screening studies have reported their findings on the relative
importance of spirometry-defined FEV1 and CT-defined emphy-
sema in lung cancer (de Torres et al., 2007; Mohamed Hoesein
et al., 2011; Sekine et al., 2012). While molecular studies implicate
both these processes in the development of lung cancer (Young and
Hopkins, 2011b), there remains debate about the relative impor-
tance of emphysema and reduced FEV1 in susceptibility to lung
cancer. To date only one study has published results which showed
that spirometry-defined COPD and CT-based emphysema overlap
in 70% of cases and are independently associated with increas-
ing risk of lung cancer (de Torres et al., 2007). We conclude that
susceptibility to “COPD” is the most important marker of a pre-
disposition to lung cancer in smokers beyond that of how much
you smoke (Young and Hopkins, 2011c).

OVERLAPPING GENETIC VARIANTS AND
MOLECULAR BIOLOGY
Over the last 4 years many studies have published the results of
genome-wide association (GWA) studies of COPD or lung cancer
(El Zein et al., 2012). Consistent with the epidemiological studies
of the last 40 years, none of the lung cancer GWA studies have
considered the possible role of COPD in the associations they
have reported (El Zein et al., 2012). Basically, given the close rela-
tionship between COPD and lung cancer, it is very possible that
some of the associations described in the lung cancer GWA stud-
ies are in fact due to associations with COPD (Young et al., 2008,
2010b, 2011c,d; Lambrechts et al., 2010; de Andrade et al., 2011).
This possibility arises because COPD is commonly undiagnosed,
unless spirometry is routinely done on all study subjects, and that
the frequency of COPD in the lung cancer case–control studies is
almost certainly at least twofold different between cases and con-
trols. This is because the prevalence of COPD in lung cancer case
series is consistently about 65–70% (de Torres et al., 2007; Wil-
son et al., 2008; Young et al., 2009b) and about 20% in unselected
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smoking “controls” (Hill et al., 2010). This means that any associ-
ation reported in a lung cancer case–control study, where COPD
has not been routinely measured (and stratified for), might have
spuriously attributed their finding to lung cancer when it might
actually be related to COPD (Young et al., 2008, 2011b).

We were the first to show this “confounding” effect in 2008,
just months after the first gene for lung cancer was reported
in the journals “Nature” and “Nature Genetics” (Young et al.,
2008). This observation was possible because we compared the
allele and genotype frequencies of the most important “lung
cancer” SNP in a study that involved three groups of smokers
comprising those with COPD, normal lung function (resistant
smokers) and lung cancer (sub-phenotyped for COPD by spirom-
etry). By comparing the frequency of the “lung cancer” causing
allele of the nicotinic receptor gene across these three groups,
we found the disease allele was increased in COPD and in
lung cancer with pre-existing COPD. The frequency of this dis-
ease allele was only slightly increased in those with lung cancer
alone (but not significant). We have gone on to show something
very similar for three other GWA genes recently implicated in
COPD that are also relevant to lung cancer (Young et al., 2010b,
2011c,d). Interestingly, all of the overlapping genes implicated
by the GWA studies encode proteins known to be expressed by
lung epithelium and involved in various inflammatory pathways
(Young and Hopkins, 2011a).

While more studies are needed to confirm these findings, they
suggest that the molecular pathways underlying COPD may also be
related to lung cancer development. This has important implica-
tions in future studies of lung cancer, as it suggests that lung cancer
and COPD should be thought of as closely related diseases. To
illustrate this point about mistaken association, we have recently
published a study of the GSTM1 null genotype and found that it
is exclusively related to COPD and not lung cancer as previously
reported (Young et al., 2011b). This implies that past lung cancer
studies reporting genetic associations might have been mistaken,
an error that is relevant to most lung cancer studies published
to date. To summarize, there is strong evidence from the GWA
studies to suggest that genes underlying COPD and lung cancer
overlap and, that the pathways they implicate involve epithelial cell
signaling of several inflammatory pathways (Young and Hopkins,
2011b,c; Young et al., 2011a).

In addition to the findings described above, there has been
a growing interest in the cell signaling pathways involved in the
development of both COPD and lung cancer (Houghton et al.,
2008; Young et al., 2009a; Caramori et al., 2010; Yang et al., 2011).
To date, it appears that smoking incites an exaggerated or pro-
longed inflammatory state in the lung, conferred in part by genetic
effects and, dominated by neutrophils and macrophages derived
from the systemic circulation. These immune cells of the innate
system orchestrate a process of epithelial and mesenchymal tissue
remodeling where, to varying degrees, the epithelium produces
excessive mucus, the airways of the lungs become fibrotic and the
alveoli (air sacs) are destroyed. While the exact mechanisms are
not yet understood, early evidence suggests these processes result
from a microclimate of excessive growth factors and matrix met-
alloproteinase activity. Such a microclimate has been implicated
in the development of many cancers including lung cancer (Young

and Hopkins, 2011b). It is possible that the exact pathways under-
lying COPD and lung cancer, or both, maybe further elucidated
by genetic epidemiological studies (El Zein et al., 2012).

RISK PREDICTION FOR LUNG CANCER BY COMBINING
GENETIC VARIANTS
Numerous groups have developed various risk models for lung
cancer (Bach et al., 2003; Cassidy et al., 2006; Spitz et al., 2007,
2009; Young et al., 2009c,d) but only two have used SNP-based
markers as part of their risk algorithm (Spitz et al., 2009; Young
et al., 2009b). The first non-gene model by Bach used only age,
pack years, and asbestos exposure to determine risk of lung can-
cer (Bach et al., 2003). This has only limited predictive utility.
The non-gene risk models by Spitz et al. (2007) omitted age as
a risk variable while that of Field and colleagues (Cassidy et al.,
2006) omitted COPD. The best non-gene-based model to date
comes from a large prospective study based on the Prostate, Lung,
Colon, and Ovarian Cancer cohort (Tammemagi et al., 2011).
In this model, Tammemagi et al. (2011) include age, pack years
exposure, current smoking status, COPD, family history, dust
exposure, chest x-ray, and BMI. The predictive utility of these
models are often reported according to their receiver operator
curve (ROC) c statistic. While the ROCs of the Bach, Spitz,
Field, and Tammemagi models are reported to be 0.69, 0.59–0.65,
0.70, and 0.78–0.84, respectively, comparison of these models
is difficult as performance of the models is highly dependent
on the populations in which they have been developed (smok-
ers and non-smokers, smokers only, or heavy smokers only;
Tammemagi et al., 2011). Similarly, the contribution of the com-
ponent risk factors, including genetic markers, is dependent on
the populations studied and the other variables in the model.
What is clearly shown by Tammemagi, is that combining these
variables achieves the greatest predictability and highlights how
important age, smoking history and COPD are in the model
(Tammemagi et al., 2011). In all models, age is one of the most
important variables and probably reflects important biological
effects from either the cumulative effects of smoking (or other
aero-pollutants) and/or the failure of the immune system to cope
with this exposure from about aged 40 years when the risk of
lung cancer increases in smokers above that of non-smokers or
after 60 years old when this risk increases exponentially (Woloshin
et al., 2008). While the Spitz model lacks age (Spitz et al., 2007)
and the Field model lacks COPD (Cassidy et al., 2006), none of
these models have incorporated genetics factors (other than family
history).

We have reported that genetic factors (SNP variants) signifi-
cantly add to our lung cancer model (Young et al., 2009b,c). This
is important as it defines risk in people who are often too young
to have a positive family history or who have not yet been diag-
nosed with COPD. As will be discussed in the next section, this
group is important because they are at high risk of getting lung
cancer but may miss screening eligibility due to age restrictions
(Young and Hopkins, 2012a). Our model includes genes identi-
fied by genome-wide studies to be implicated in lung cancer and
COPD (Figure 2; Young et al., 2011d). This is analogous to includ-
ing obesity genes in a risk model for diabetes (e.g., FTO – fat-free
mass gene) or cholesterol genes in a risk model for heart attack. In
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FIGURE 2 | Multivariate risk model to identify current and former smokers at greatest risk of lung cancer for targeted, cost-effective CT screening.

a ROC analysis of our gene-based risk model, the c statistic ranges
from 0.72 to 0.79 with the genetic risk score (from the combined
SNP panel) contributing approximately 50% of the total predictive
utility, three- to fourfold greater than from family history alone
(Young et al., 2009b,c, 2011d). Not only does the genetic risk score
contribute to the overall score independently of the other vari-
ables, for younger smokers, the risk was entirely derived from their
SNP genotypes. In contrast to other risk models, our model was
developed by comparing heavy smokers with widely disparate out-
comes (susceptible vs resistant). Using these cohorts of smokers,
we have been the first to show that genes conferring susceptibil-
ity to lung cancer involved genes also conferring susceptibility to
COPD and vice-versa (Young et al., 2008, 2010b, 2011c,d). While
this might appear intuitive, of greater importance is that we found
some genes that confer a protective effect on COPD also confer
a protective effect for lung cancer (Young et al., 2010b, 2011c,d).
The contribution of these “protective” genes is very important
in our risk model as they help to distinguish smokers at least
genetic risk and most genetic risk (Young et al., 2009b,c), rather
than just those at the greater risk-based solely only susceptibility
SNPs (Spitz et al., 2009). What is important in these risk models
is that the combination of these variables is superior to the use of
only a few variables (e.g., age and smoking) and that genetic factors
must be used in combination with the relevant clinical variables to
have any useful predictive utility (Young et al., 2009b,c). Of note,
we have used susceptible and protective genotypes (rather than
alleles) in our risk score, better reflecting the effects conferred
by “smoking-sensitive” genes like the α1-anti-trypsin gene
(Young et al., 2012a).

An important limitation of many of the risk models described
above is that they have been developed in populations including
non-smokers or light smokers (Bach et al., 2003; Cassidy et al.,
2006; Tammemagi et al., 2011). When these people are included
in model development, factors such as smoking history become
more important than they would be if only heavy older smokers
were involved in model development (Tammemagi et al., 2011).
This might dilute out the effect of having COPD or genetic
effects (like family history or SNP variants) where smoking expo-
sure dose is critical to gene penetrance (Young and Hopkins,
2011d). The risk of lung cancer in these groups is too low to
be included in early diagnosis strategies like CT screening (dis-
cussed further below). Lung cancer risk models developed in these
wider populations, including low-risk people, might not perform
as well in identifying high risk of lung cancer in heavy smok-
ers where CT screening is recommended. Validation in the CT
screening studies will be needed to confirm their utility in this
setting.

CLINICAL APPLICATION OF A LUNG CANCER RISK MODEL
IN CT SCREENING AND SMOKING CESSATION
Given lung cancer now accounts for between 20 and 30% of all
lung cancer deaths yet was rare before 1900 (Young et al., 2012a),
it is clear smoking is central to the development of lung can-
cer. However, genetic make-up is also important in determining
which smokers are highly susceptible or resistant to COPD and
lung cancer. The genetic factors underlying this predisposition
are now better understood thanks to the GWA studies that have
identified several genetic loci underlying COPD or lung cancer
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(Amos et al., 2008; Hung et al., 2008; Thorgeirsson et al., 2008;
Broderick et al., 2009; Castaldi et al., 2009; Pillai et al., 2009; Wilk
et al., 2009). The good news is both diseases can be all but pre-
vented if smokers quit before age 40 years old (Peto et al., 2000;
Anthonisen et al., 2005). Similarly, the progression of impaired
lung function to COPD and/or lung cancer (Peto et al., 2000;
Anthonisen et al., 2005) can be largely delayed if smokers with this
predisposition quit before too much lung damage is done. This
means that gene-based risk testing can identify high risk smok-
ers early in their lives, at a time when quitting might prevent the
development of these diseases. If our observations are correct, that
the pathogenic processes underlying COPD also predispose some
smokers to developing lung cancer, then prevention of the former
might also prevent development of the latter. In this regard novel
chemo-preventive approaches are also possible (Walser et al., 2008;
Young et al., 2009a).

In regards to smoking cessation, a recent review concluded
that while genetic tests can increase motivation to quit, there
is no conclusive evidence that gene-based risk testing (mostly
for lung cancer susceptibility), helps smokers quit (Smerec-
nik et al., 2012). However, this conclusion was based on single
marker tests where smokers were assigned as positive or negative
and the risk conferred by the test was small. In one under-
powered study, those smokers undergoing genetic testing had
increased quit rates at both 6 and 12 months (McBride et al.,
2002). Sadly data is limited in this regard. We have devel-
oped a multivariate gene-based risk test for lung cancer risk
that appears to increase smokers uptake of nicotine replacement
treatment and improves quit rate (Hopkins et al., 2011, 2012).
This observation is the subject of a follow-up study. The impor-
tant distinction with our test compared to the old single marker
tests (Smerecnik et al., 2012) is that no smokers are “negative,”
instead all smokers are at some degree of risk of lung cancer
and only non-smokers are at low risk. This is important as
smokers understand their risk of a smoking-related disease is
partly genetically determined and not “negative.” We suggest that
such a beneficial effect might occur because gene-based testing

helps increase motivational tension and undermine unrealistic
optimism (Weinstein et al., 2005; Young et al., 2010a) in many
smokers.

The recent publication of the National Lung Screening Trial
(NLST) has confirmed that annual lung CT screening of high risk
smokers for lung cancer reduces lung cancer mortality by 20%
(National Lung Screening Trial Research Team, 2011). However,
the eligibility criteria for that study was based on age and pack years
only and effectively excludes over 50% of lung cancer cases due to
ineligibility for screening (Young and Hopkins, 2012a). Recent rec-
ommendations have suggested that the age and pack years criteria
for CT screening be widened and that a multivariate approach be
used to identify the smokers at greatest risk (Bach et al., 2012; Jak-
litsch et al., 2012; Young and Hopkins, 2012b). We believe this is
the best way to correctly stratify smokers by risk level and iden-
tify those for whom CT screening is most appropriate. From a
cost-effective viewpoint, maximizing the detection rate of lung
cancer might help make screening more cost-effective (Figure 2;
Young et al., 2012b). We are currently undertaking a study where
our gene-based risk test for lung cancer is being assessed in NLST
participants to explore the utility of the test in improving the sen-
sitivity of current screening criteria and increasing lung cancer
detection rates.

SUMMARY
With recent advances in genetic epidemiology, there are a number
of genetic loci recently identified that underlie COPD and lung
cancer. We have identified that many of these genes are overlap-
ping and can be used in a lung cancer risk model in conjunction
with clinical variables. More importantly, this gene-based risk
model appears to be effective in engaging smokers in risk miti-
gating activities (Young and Hopkins, 2012c), a critical utility that
non-gene-based risk tools have yet to demonstrate. While further
studies are needed to confirm these recent findings, it appears that
we are on the verge of being able to use gene-based risk mod-
els for assessing lung cancer susceptibility and engage smokers in
evidence-based risk mitigating activities.
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To the Editor: We congratulate Chowdhury et al.1 for their 
insightful appraisal of the potential benefits of incorporat-
ing genomic data in risk-stratified population screening for 
breast and prostate cancers, titled “Incorporating Genomics 
Into Breast and Prostate Cancer Screening: Assessing the 
Implications.”1 We believe that the very same benefits are rel-
evant to computed tomographic (CT) screening of lung cancer, 
recently shown to significantly reduce lung cancer mortality in 
a large randomized study.2 We outline below how these ben-
efits relate to screening for lung cancer and how incorporat-
ing single-nucleotide polymorphism–based data in a polygenic 
risk model has wider utility in personalized screening than just 
reducing the costs of screening.2

Following publication of the National Lung Screening Trial 
(NLST) results, several respiratory and oncology groups pub-
lished their lung cancer screening recommendations, the 
majority adopting NLST-based eligibility criteria. While this is 
in keeping with an evidence-based approach, it overlooks the 
fact that eligibility criteria for NLST are based on risk variables 
with limited predictive utility and low specificity (i.e., age and 
smoking history only).2,3 Given the high cost of CT screening 
and this limitation of current selection/eligibility criteria, there 
remain concerns about poor cost effectiveness, high harm-to-
benefit ratio, significant overdiagnosis, and high false-positive 
rates. As a result, there has been considerable debate about how 
to best implement lung cancer screening into clinical practice, 
in particular who best to target for screening.

In a recent article, Tammemägi et al.3 showed that their multi-
variate, Prostate, Lung, Colorectal, and Ovarian Cancer Screening 
Trial (PLCO)-based risk model for lung cancer, which included 
several nongenetic variables (age, smoking history, history of 
chronic obstructive pulmonary disease (COPD), and body mass 
index) and “genetic” variables (family history of lung cancer), 
was more predictive of lung cancer than the NLST-based crite-
ria. Of note, using this model to preselect smokers for screening 
allowed the majority of the lung cancer cases to be identified by 
screening only half of those eligible for screening based on NLST 
selection criteria—roughly doubling the lung cancer detection 
rate. This is not surprising because the nongenetic variables in 
the PLCO model are also risk variables indicative of a predis-
position to COPD, a disease we and others have shown to be 
the single best predictor of lung cancer among chronic (older) 

smokers.2,3 Recent screening trials have shown that a disposi-
tion to COPD, as measured by spirometry (airflow limitation) or 
CT (emphysema), is found in up to 80% of all lung cancer cases 
with widely varying age and smoking exposure. Moreover, we 
recently showed that the lung cancer detection rate per annum 
in the Pittsburgh Screening Study was fourfold to fivefold higher 
in smokers with preexisting COPD as compared with those with 
normal lungs. We suggest that risk-based interventions such as 
screening for lung cancer include COPD-related variables to best 
identify the 10–15% of smokers who will develop lung cancer.

With this in mind, we used data from recently published 
genome-wide association studies to identify the most robust 
genetic markers for COPD and/or lung cancer. Using these 
markers, we have developed a polygenic risk model for lung can-
cer that includes nongenetic and genetic risk variables. The lat-
ter combines a family history of lung cancer with single-nucle-
otide polymorphisms associated with risk of lung cancer and/
or COPD in genome-wide association studies. The genetic risk 
score derived from the combined single-nucleotide polymor-
phism data is inexpensive relative to one CT scan and adds use-
ful discriminatory data.2 Like the PLCO model, this model has 
superior risk predictability over using age and smoking history 
alone, particularly for “screening out” lower-risk smokers for 
whom the costs and potential harm may not justify one or two 
decades of yearly CT screening.2 This gene-based approach was 
especially useful for identifying younger and lighter smokers, 
who would not otherwise be eligible for screening under NLST 
eligibility despite high risk of lung cancer. This is very relevant 
to the preselection issue, and the overall sensitivity of screen-
ing, as we have estimated that over 50% of all lung cancer cases 
fall outside the widely recommended NLST-based criteria.2 We 
propose that multivariate and polygenic based risk models for 
lung cancer can improve specificity of screening, thereby reduc-
ing costs, harm-to-benefit ratio, and false-positive findings (in 
absolute terms). Our polygenic model can also improve sensi-
tivity of lung cancer screening by identifying smokers at high 
risk who fall outside the NLST criteria, accounting for much of 
the 50% of lung cancers not currently eligible.

Another distinguishing aspect of incorporating genetic 
data in a risk model for lung cancer is its potential utility in 
smoking cessation and screening adherence.2 In contrast to 
breast and prostate cancers, in lung cancer, the single most 
relevant risk factor of smoking is readily identified. Although 
quitting smoking reduces the risk of lung cancer, this benefit 
dramatically diminishes the later in life a smoker quits; hence 
40% of lung cancers occur in ex-smokers. Smoking cessation 
is integral to most lung cancer screening recommendations 
because of the benefits of quitting, primarily to minimize 
lung cancer recurrence and other (“competing”) causes of 
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death, notably coronary artery disease and other smoking-
related cancers. There is growing evidence that genetic infor-
mation promotes positive lifestyle changes in some people, 
including quitting smoking. We found in a pilot study using 
our gene-based test that 6-month abstinence rates in smok-
ers with high as compared with moderate risk were twofold 
greater (40 vs. 20%, respectively).2 Gene-based testing also 
increased the uptake of smoking cessation products, sug-
gesting that the risk stratification with a genetic compo-
nent may help motivate some smokers to attempt quitting.2 
We also have pilot data suggesting that the gene-based risk 
testing may improve interest and adherence to lung cancer 
screening.2 Although these findings require confirmation, 
they suggest that there are important additional benefits 
to gene-based risk testing in lung cancer screening and the 
wider context of reducing deaths from smoking.

We believe that there is growing evidence that incorporating 
genomic data into multivariate risk models for lung cancer can 
improve preselection for screening and outcomes from screen-
ing for lung cancer.
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Abstract

Background The National Lung Screening Trial (NLST)

in 2011 showed that low-dose CT (LDCT) screening in

high-risk groups reduces lung cancer deaths. Major pro-

fessional organizations, as well as the U.S. Preventative

Services Task Force, have endorsed LDCT screening in

these select populations. However, major questions remain

about whether widespread deployment of CT screening can

achieve results similar to the NLST, especially in the

community setting.

Methods A prospective cohort study was initiated in

November 2010. Participants at least 50 years old and with

at least 20 pack-years of smoking history underwent LDCT

screening in a community setting.

Results One hundred and fifty four participants under-

went LDCT screening with median follow-up of 2.7 years.

Compared with the NLST, there was a higher rate of

positive screening tests (35.7 vs. 27.3 %), higher false

positive rate (100 vs. 96.4 %), and poor adherence (43 vs.

95 %). Invasive diagnostic follow-up was uncommon and

uncomplicated. No interval lung cancer was detected. Late

follow-up was mostly attributed to participant or primary

care provider preference (67.5 %), participants lost to fol-

low-up (17.5 %), and lack of insurance (10 %).

Conclusions These findings highlight the potential chal-

lenges of generalizing the NLST mortality benefits in the

broad deployment of CT screening. Our results support

current recommendations that LDCT screening be per-

formed in a highly structured and integrated setting.

Keywords Lung cancer � Screening � Low-dose CT �
Community � NLST

Introduction

Despite advances in treatment and a declining incidence

rate, nearly 225,000 new cases of lung cancer are expected

in 2014 and lung cancer remains the leading cause of

cancer death in the United States [1]. There are estimated

to be over 94 million current and former smokers in the

United States, which are at increased risk for lung cancer

[2].

After results from the National Lung Screening Trial

(NLST) in 2011 showed that low-dose CT (LDCT)

screening in high-risk groups significantly reduces lung

cancer deaths [3], the U.S. Preventative Services Task

Force [4], the Centers of Medicare and Medicaid Services

[5], and major professional organizations have endorsed

low-dose CT screening in these select populations. How-

ever, major questions remain regarding widespread

implementation of such screening [6, 7]. Low-dose CT

screening is increasingly available in community hospitals

around the country. However, there is not yet significant

Preliminary data from this study were presented at the 2014 ASCO

Annual Meeting (Abstract 1566).
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data to help inform whether such ‘‘real life’’ deployment

can achieve results similar to that of the NLST. A large

community screening program in Massachusetts prelimi-

narily reported initial positive screening rates comparable

to the NLST and no major adverse events after follow-up

of 10 months [8]. We report here the comprehensive

findings of our 3-year experience with a community-based

prospective cohort study on low-dose CT screening.

Materials and Methods

Trial Overview

REACT is a prospective cohort study initiated in 2010.

High-risk smokers were consecutively enrolled to partici-

pate in low-dose CT screening at El Camino Hospital, a

large suburban community hospital in Mountain View, CA.

Participants were recruited with local media advertising

and primary care provider outreach events. Informed con-

sent was obtained from all participants in this study. The

institutional review board at El Camino Hospital approved

this clinical trial (approval ECH-09-29). All statistical

analyses were performed using the SPSS 18.0 statistical

software package (SPSS Inc., Chicago, Ill).

Participants

We enrolled participants beginning in November 2010 and

followed them for events that occurred through February 1,

2014. Eligible participants were at least 50 years old and

had a history of cigarette smoking of at least 20 pack-years

at the time of study enrollment. All former smokers were

eligible regardless of when they had quit. Persons with a

previous diagnosis of lung cancer were excluded. Addi-

tionally, any other history of malignancy (except for non-

melanoma skin cancer or carcinoma in situ of the cervix)

diagnosed less than 5 years prior to enrollment resulted in

exclusion from the study. Persons with unexplained hem-

optysis, cough, hoarseness, or unintentional weight loss of

at least 15 lbs. in the preceding year were also excluded. A

total of 154 participants were enrolled. They underwent

baseline low-dose CT screening and were referred to an

affiliated smoking cessation program. Additionally, a

prognostic genomic-based test to help assess their baseline

risk of lung cancer was administered [9]. These genomic

data are currently being analyzed as part of a separate, not

yet published study.

CT Screening

Participants underwent baseline low-dose CT screening,

performed and interpreted at El Camino Hospital. Multi-

detector scanners with a minimum of four channels were

used. Acquisition parameters were selected with the goal of

reducing exposure to an average effective dose of 1.5

(millisievert) mSv. CT scans were read by American Board

of Radiology certified general radiologists at El Camino

Hospital, a small subset of whom have specialized training

in thoracic CT imaging. There was no study-specific

quality assurance protocol implemented. Based on the

radiology report, the determination of an abnormal result

was subsequently made by physician members of the study

team according to the NLST criteria. Any non-calcified

nodule measuring at least 4 mm in any diameter was

classified as ‘‘positive’’. CT scans with any other abnor-

malities suspicious for lung cancer, such as adenopathy or

effusion, could be classified as positive as well. Abnor-

malities suggesting clinical conditions other than lung

cancer were also noted.

Our recommendations for diagnostic follow-up of

positive scans generally followed International Early Lung

Cancer Action Program (I-ELCAP) guidelines [10]. Two

notable deviations from the I-ELCAP protocol were the

expanded definition of a positive nodule per NLST criteria

and the absence of annual screening CT exams. The latter

was not part of our protocol due to lack of insurance

reimbursement for such studies.

Follow-up recommendations were communicated within

1 week to the participant and any associated Primary Care

Provider (PCP) on record. Any subsequent diagnostic

imaging was ordered and performed at the discretion of the

PCP or consulting specialist. Further diagnostic follow-up

recommendations were communicated upon our review of

reports for those studies.

Follow-Up

All participants had scheduled telephone follow-up every

3 months. Signs or symptoms potentially concerning for

lung cancer (e.g., hemoptysis, unremitting cough, consti-

tutional symptoms) were elicited. Interim hospitalization

and diagnostic imaging reports were also reviewed if there

was any suspicion for malignant disease. Any new diag-

nosis of malignancy or change in vital status was confirmed

by review of relevant medical records.

Results

Demographics

Table 1 shows baseline characteristics of the study partic-

ipants, with select comparisons to the NLST low-dose CT

cohort [3]. Similar to the NLST, the overwhelming

majority of the REACT participants were White. However,
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REACT had more women (58.4 vs. 41.0 %), former

smokers (72.1 vs. 51.9 %), and a broader age distribution

than the NLST. In the NLST low-dose CT group, only

26.6 % were aged 65 or older, compared to 44.8 % in

REACT. Over 80 % of the REACT participants had at least

a 30 pack-year smoking history. About 42 % of our study

participants would be eligible for CT screening if the full

NLST criteria, including age and quit duration, were

applied. The median duration of follow-up was 2.7 years,

with maximum duration of 3.1 years.

Lung Cancer Risk Scores and Screening Results

CT scan results are shown in Table 2 and are notable for an

initial screening positive rate of 35.7 % (compared to

27.3 % in NLST). Table 3 shows the outcomes of diag-

nostic follow-up for these abnormal scans. Positive CT

exams most often resulted in another CT for diagnostic

follow-up. Approximately half of the abnormal scans had

no recorded follow-up due to poor adherence. 55 % of

those were 12-month interval scans recommended for sta-

ble or less concerning nodules. Invasive diagnostic follow-

up was uncommon (1.8 % of all total positive scans vs.

about 10 % in NLST) and was uncomplicated. Two

positive baseline CT scans eventually required mediasti-

noscopy for biopsy, which demonstrated benign pathology.

No interval lung cancer was detected. However, one

participant with several nodules stable on follow-up CT

scans died of extensive stage small cell lung cancer that

rapidly progressed outside of the prescribed surveillance

interval. A large majority (74.2 %) of initial abnormal

findings were stable or resolved at the time of the first

recommended diagnostic follow-up. There were four par-

ticipants (7.2 % of those with initial positive scans) with

progressive abnormal findings requiring close monitoring

but were lost to follow-up or chose not to have further

diagnostic testing.

Diagnostic Follow-Up Adherence

Only 60 % of participants with a positive baseline CT

adhered to recommended diagnostic follow-up. For all

positive CT scan results (including follow-up scans), only

43 % had timely diagnostic follow-up (median: 10 months

overdue, range 2–31 months). This is a markedly different

result from the NLST adherence rate of 95 %. A significant

portion (34.4 %) of the late diagnostic follow-ups was

eventually completed (median: 4 months overdue, range

2–20 months). After accounting for these late CT scans,

overall adherence was 62.6 %. Late follow-up was often

due to participant or primary care provider preference

Table 1 Baseline characteristics of study participants

Characteristics Number (%)

REACT (n = 154) NLST (n = 26,722)

Gender

Male 64 (41.6) 15,770 (59.0)

Female 90 (58.4) 10.952 (41.0)

Age at enrollment

50–54 15 (9.7) 0 (0)

55–59 33 (21.4) 11,440 (42.8)

60–64 37 (24.0) 8,170 (30.6)

65–69 29 (18.8) 4,756 (17.8)

70–74 24 (15.6) 2,353 (8.8)

C75 16 (10.4) 1 (\0.1)

Mean ± SD 64.4 ± 8.0 N/A

Median 64 N/A

Race

White 146 (94.8) 24,289 (90.9)

Black 1 (0.6) 1,195 (4.5)

Hispanic 4 (2.6) 479 (1.8)

Asian 2 (1.3) 559 (2.1)

Native American 1 (0.6) 91 (0.3)

Smoking status

Current 43 (27.9) 12,862 (48.1)

Former 111 (72.1) 13,860 (51.9)

Pack-years

Mean ± SD 45.4 ± 25.0 N/A

Table 2 CT scan findings

CT

timeframe

Number (%)

Positive

test

Abnormal test not

suspicious for

lung cancer

Normal test

or minor

abnormality

Total

CT

exams

Initial

screening

55

(35.7)

24 (15.6) 75 (48.7) 154

Diagnostic

follow-up

52

(73.2)

6 (8.5) 13 (18.3) 71

Table 3 Diagnostic follow-up outcomes

Variables Number (%)

Initial screening

number (%)

Follow-up

CTs

Total positive tests 55 (100) 52 (100)

Lung cancer confirmed 0 (0) 0 (0)

Positive tests with recorded follow-up 31 (100) 22 (100)

CT 29 (93.5) 20 (90.9)a

FDG PET or PET–CT 1 (3.2) 2 (9.1)a

Biopsy 1 (3.2) 1 (4.5)a

a Total greater than 100 % because one participant had both PET–CT

and biopsy
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(67.5 %), with participants lost to follow-up (17.5 %) and

lack of insurance (10.0 %) also contributing (Fig. 1).

Discussion

To our knowledge, this is the first study reporting long-

term results of low-dose CT screening in a community

setting. With an expanded eligibility criteria compared to

the NLST, our prospective cohort had more elderly par-

ticipants and an age distribution that more closely reflected

the general population. Although we enrolled participants

with lower-risk smoking history, over 80 % of them would

also meet the widely accepted NLST pack-year criteria.

About 42 % of our cohort would fulfill the stringent overall

NLST screening criteria, while 52 % would meet eligibility

standards set forth by the USPSTF and identified by

comparative modeling as the optimal inclusion criteria if

only taking into account age, pack-years, and quit duration

[11]. Of course, those factors alone do not comprehensively

predict lung cancer risk and other multivariate models are

under investigation. Notably, PLCOM2102 is one such

model that utilizes additional factors such as family history

and concomitant COPD and has shown better performance

than the NLST criteria [12].

Regardless, our expanded entry criteria likely result in a

lower-risk study population compared to the NLST, as

potentially reflected by the higher rate of false positives

observed in the study. Because the initiation of our trial

pre-dates the publication of NLST results, our inclusion

criteria were based on I-ELCAP protocols that were com-

monly used at the time. Variability in radiology interpre-

tation in a community setting may also be another factor

contributing to the higher rate of false positives [13].

However, we believe that our experience in this regard

closely models the overwhelming majority of community

hospitals, where dedicated thoracic radiologists are not

routinely available.

Relatively poor adherence was a major finding in this

study. Only 60 % of participants with an abnormal baseline

CT achieved recommended diagnostic follow-up. More-

over, only 43 % of all positive scans had timely follow-up.

This was not unexpected, since early adherence rate even at

an academic I-ELCAP lung cancer screening site was only

65 % [14]. Other similar screening efforts, such as with

mammography, can also have poor follow-up rates (as low

as 32 %) depending on the practice scenario, patient pop-

ulation, etc [15–17]. Our adherence rates reflect some of

the ‘‘real life’’ challenges of coordinating follow-up care in

a disparate community health care system, further com-

plicated at times by differing opinions of primary care

providers regarding recommended diagnostic follow-up.

Requiring PCP approval prior to enrollment in a commu-

nity-based CT screening program may help mitigate such

discordance [8]. Additionally, issues surrounding logistics,

sociodemographics, and perception of cancer risk generally

need dedicated attention to ensure optimal screening fol-

low-up [14, 17–19] A dedicated patient navigator to

facilitate follow-up has shown some benefit in similar

circumstances, especially in underserved communities [20,

21], and has been used in at least one large community

screening program [8].

There are several limitations in our study. Given the

smaller size of our trial and the absence of annual screening

scans, we are unable to make any conclusions about the

effects of community low-dose CT screening on lung

cancer mortality. Harm from invasive diagnostic proce-

dures is a significant component of evaluating screening

benefits. However, we did not have enough invasive

diagnostic events to make significant conclusions about the

rate of complications in the community setting. Addition-

ally, since our study protocol did not include routine annual

screening, we are potentially missing the diagnosis of more

early stage lung cancers. However, this should theoretically

reduce the effect of lead-time and overdiagnosis bias in this

study [7].

Conclusion

In this community-based prospective cohort study on low-

dose CT screening, we observed a higher positive screen

rate and false positive rate, as well as a poor adherence,

compared to the NLST. These findings, especially the

difficulties with adherence, highlight the potential chal-

lenges of generalizing the NLST mortality benefits in the

broad deployment of low-dose CT screening. Our results

support current recommendations that low-dose CT

screening be performed in a highly structured and inte-

grated setting, where there is a dedicated multi-disciplinary

team that can optimize key factors such as quality control

To be 
scheduled 

60% 

Records 
pending 

5% 

Lost contact 
18% 

PCP 
declines 

9% 
Cost 
10% 

Fig. 1 Delayed diagnostic follow-up outcomes
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of low-dose CT interpretation and close management of

abnormal results.
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Low-Dose Computer Tomography (ct) Lung Cancer Screening In The Community: A Prospective Cohort
Study (react) Incorporating A Gene-Based Lung Cancer Risk Test
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: Following the results of the National Lung Screening Trial (NLST), CT screening for lung cancer is widely recommended in theRationale
US. Recent studies show that targeting of very high risk smokers, using validated multivariate risk models for lung cancer, improves cancer
detection rates and lives saved from screening. Moreover, adherence to screening outside clinical trials is typically 50-60% and shown to
be highly dependent on an individual’s risk perception.

: In a community based study of CT screening for lung cancer in volunteer smokers, the utility of a gene-based risk test in assessing riskAim
and affecting adherence to a positive CT scan was examined. The primary aim of this study was to assess the utility of adding personalized
genetic data (based on the presence or absence of risk single nucleotide polymorphism (SNP) genotypes) to a clinical risk score and
determine how many people were reclassified according to their gene-based risk. The secondary aim was to assess how this gene-based
risk assignment affected follow-up according to the screening protocol.

: Following local media-based advertising, 157 current or former smokers (>50 yrs old with ≥20 pack year history) volunteered forMethods
CT screening (using the IELCAP protocol) and were followed up for a mean of 2.4 years. In addition to CT screening, participants were
assigned their baseline risk category (moderate, high or very high risk) according to a published gene-based risk algorithm, combining
clinical risk variables with risk SNP genotypes, to derive a composite lung cancer risk score.

: All 157 screening participants accepted gene-based risk assessment involving a mouth swab for DNA and a simple clinicalResults
questionnaire. Results were given following their baseline CT scan in 154 (98%) of participants. SNP genotype results contributed to
overall lung cancer risk in 88% of participants (compared to age=68%, FHx=29% and self-reported COPD=15%). SNP genotype was the
sole basis of risk assignment in 18% of participants. Adding SNP scores to the clinical risk score re-assigned screening participants into
different risk categories in 28% (44/157). Importantly, timely adherence to the CT screening protocol was greater in those with very high
risk compared to other risk categories (71% vs 52%, OR=2.3, P<0.05). There was no evidence of demotivating effects in the moderate
(lowest) risk group (see Table 1).

: Personalised SNP data makes an important contribution to overall assignment of lung cancer risk and significantly improvesConclusion
screening adherence. Gene-based risk stratification helps improve lung cancer screening.

. Adherence to CT Screening Follow up According to the Lung Cancer Risk Category in REACT Participants (Moderate, High, VeryTable 1
High).

Adherence Lung Cancer Risk Score Category
Moderate High Very High Total

Timely Adherence N=46 (%) 8/12 (38%) 8/27 (30%) 30/592

(51%)
46/107 (43%)

Overall Adherence N=67 (%)
11/12
(52%)

14/27
(52%)

42/591

(71%)
67/107 (63%)

No Adherence N=40 (%)
10/21
(48%)

13/27
(48%)

17/59 (29%) 40/107 (37%)

Total with + CT Scan /Total Screened N=154
(%)

21/43
(49%)

27/41
(66%)

59/70 (84%)
107/154

(69%)

All REACT Participants N=157 (%) 43 (27%) 42 (27%) 72(46%) 157 (100%)

1. Overall adherence (Timely and Late Adherence) in "Very High" risk compared to "High and
"Moderate risk groups: Odds Ratio = 2.3 (95% CI =1.02-5.05, P=0.047).
2. Timely Adherence compared to Late and No Adherence in "Very High" risk compared to "High"
and "Moderate" risk groups: Odds ratio = 2.1 (95% CI = 0.94-4.55, P=0.08 and P=0.04 on 1-tailed).
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The clinical use of biomarker assays to identify cancers, at 
a sufficiently early enough stage to enable a surgical cure, 
remains the “Holy Grail” of cancer diagnostics (1). Progress 
in various bio-assays, especially with liquid biopsies using 
molecular genetic markers (2), has excited the research 
community although their adoption in routine clinical 
practice remains elusive.

In January this year, Cohen and colleagues published 
the results of a multi-analyte assay (CancerSEEK) that 
combines 8 well established protein markers derived from 
the literature and a panel of over 1,000 mutant genetic 
variants identified from numerous cancer tissue samples (3).  
While the results of this study provide further support 
for a “proof of concept” for this approach (4), we remain 
unconvinced that the assay will advance the clinical 
management of oncology patients. On the positive side, the 
assay has a very high specificity (>99%) and has biological 
plausibility in utilising known tumour protein-based 
markers and free DNA variants that correlated with driver 
mutations from a small set of tumour tissues (3). However, 
several methodological issues remain obstacles to routine 
clinical use.

First, the performance statistics of sensitivity and 
specificity are meaningless when derived from case-control 
data (5) where cancer incidence, subject selection, survival 
effects, along with other sources of possible bias, may 
have considerable influence on the utility of the assay. To 
establish any sort of predictive utility, the assay must be 
tested in a cohort study, better reflecting the screening 

population of interest (6). This is particularly the case in the 
study by Cohen and colleagues as they did not include people 
with advanced stage cancers as part of their case group. 
Worse, the controls are likely to be a biased population 
and, along with the cancer cases, not representative of 
the intended screening population (5). Apart from gender 
(for breast and ovarian cancer in women) and smoking 
history (for lung cancer in current and former smokers), 
it is difficult to imagine just who would best represent the 
intended screening population. This is compounded by the 
fact that this assay purportedly identifies 8 common but 
distinct cancer subtypes. This has relevance to the assay’s 
performance in terms of positive and negative predictive 
values and thus its ability to provide clinically useful 
prediction information. When the incidence of the cancer is 
low in the screening population, the negative predictive rate 
will be high based on low incidence alone. The results of 
the Cohen study (3) require replication in the appropriate 
screening population of interest, with further evidence that 
assay variation and analytical utility is established for this 
multi-analyte assay. Such a replication would include the 
finalised “locked down” algorithm where the results of the 
individual biomarker assays would be combined to generate 
a positive or negative result or a composite score.

Second, it is concerning that the sensitivity of the test 
is dependent on the histological type of cancer and also 
its stage. The total number of cancer subjects (n=1,005) 
while large, is made up of 8 different cancer subtypes with 
very different biology and potential for over diagnosis (3). 
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For the individual cancer types, the numbers are too small 
to really understand how CancerSEEK truly functions or 
would contribute in a meaningful way to clinical decisions. 
The description of the selection and characteristics of this 
cohort is limited. The sensitivity was greatest in aggressive 
cancers of the ovary and liver and least in breast cancer and 
lung cancers which are far more common. Moreover, the 
sensitivity of the assay was only 40% in stage I and 70% 
in stage II and III disease (3). These findings may speak 
to the variation in biology according to histological type 
and stage. Like developers of other molecular assays, there 
appears to be a blind faith of acceptance that tumours do 
not drastically alter their signature as they progress through 
different clinical stages, releasing cells, DNA or proteins 
into the circulation as part of this process (7-9). Without 
serial measurement of the CancerSEEK assay, it is unclear 
just how consistently the free DNA mutation detection 
component may alter the performance of the assay overall. 
A further issue is the reproducibility of the individual assay 
components where both the presence and detection level 
of each marker may be subject to considerable variation in 
both the clinical and laboratory setting. False positive and 
false negative rates for each biomarker must be considered.

Third, as the true performance of this assay, as 
demonstrated in a large prospectively collected cohort is 
unknown, it is hard to know how this assay will augment 
existing early detection methods such as CT/MRI screening 
(breast, ovary, liver, pancreas and lung) and endoscopic 
screening (oesophagus, stomach and colon). As any positive 
assay test will require imaging or endoscopic follow-
up, it is questionable just how this assay will simplify or 
improve existing clinical pathways where regular imaging 
or endoscopy is already recommended. While the apparent 
specificity of CancerSEEK is high (>99%), the sensitivity 
is very variable, particularly where stage I cancers are 
concerned (3). To date targeted screening is based on 
gender, age and family history for many of these cancers (10).  
For breast and colon, routine genetic testing provides 
another means to target people outside the usual gender-
age based screening populations (11). One aspect that the 
investigators are not able to model is the ratio of cancers 
detected at a surgically-resectable stage versus those without 
cancer who are false-positives on the assay (3). Although 
a 1% false positive rate sounds acceptable, it depends on 
the cancer incidence in the screening population where 
the assay is being used. For example, in the CT screening 
studies for lung cancer, the annual lung cancer diagnosis 
rate is less than 1% and only a fraction of these will translate 

into lung cancer deaths averted from early detection and 
treatment. We remain concerned that screening using this 
assay will not necessarily address the issues of over diagnosis 
and overtreatment (12). Issues of cost-effectiveness are 
equally unclear here. This is relevant as the assay has limited 
capacity to determine just where the cancer is present (organ 
or metastases) and just which tests are required to verify 
it (imaging, ultrasound, or endoscopy. The real utility of 
this test requires confirmation in several replication studies 
where the performance of the biomarker assay has been 
properly assessed in the screening populations of interest. 

Fourth, we suggest that the methodology to develop a 
bioassay identifying those at risk of lung cancer, or lung 
cancer in its earliest stage is in danger of producing an 
entirely false signal through confounding (13,14). In the 
context of germ-line mutations, we have previously reported 
that undetected chronic obstructive pulmonary disease 
(COPD) is problematic in studies investigating biomarkers 
in lung cancer (15). This is because the prevalence of 
COPD is near always two-fold greater in lung cancer cases 
than the controls. Unless the case-control studies stratify 
on the presence of COPD, they will always be at risk of a 
classic confounding effect where their biomarker signal may 
represent an association with COPD and not lung cancer. 
Even in a stable assay like germline mutations inherited 
from birth (e.g., single nucleotide polymorphisms), the 
potential for mistaking an association with lung cancer 
instead of COPD is considerable. A similar issue applies 
for any of the expression-based biomarkers which may also 
be spuriously linked to lung cancer (instead of COPD) 
due to this fundamental difference in the prevalence of 
COPD in lung cancer case-control studies (16). We have 
recently shown that between 50–75% of lung cancer cases 
have underlying COPD, further complexity is added to the 
expression markers from chronic bacterial colonisation in 
the lung cancer, smoking effects and recent use of inhaled 
or oral corticosteroids. The last are standard treatments in 
patients with moderate to severe COPD and may alter gene 
expression. This means any lung cancer biomarker study 
must account for these factors before claiming their assay 
is actually identifying lung cancer rather than some other 
clinical phenotype associated with COPD. 

Lastly we remain sceptical about the clinical utility 
of biomarkers like CancerSEEK in the context of 
distinguishing benign from malignant lesions. Blood based 
assays (17,18) are by their very essence a composite of blood 
markers from all parts of the body and those presumably 
cannot distinguish just which nodule of concern may be 
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malignant and which nodules are actually benign. Such a 
distinction in lung cancer will have to come down to serial 
imaging examining volumetric changes. Even sensitive 
assays revealing the presence of tumour DNA will not help 
localise it, particular in lung cancer where multiple nodules 
may be present (19). 

In summary, this CancerSEEK assay requires considerable 
validation in large prospective studies in order to confirm a 
clinical utility in the screening populations of interest and 
within the existing screening environment in which it is being 
considered.
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Abstract

Background: Precision interventions using biological data may enhance smoking treatment, yet 

are understudied among smokers who are disproportionately-burdened by smoking-related 

disease.

Methods: We surveyed smokers in the NCI-sponsored Southern Community Cohort Study, 

consisting primarily of African American, low-income adults. Seven items assessed attitudes 

towards aspects of precision smoking treatment, from undergoing tests to acting on results. Items 

were dichotomized as favorable (5=strongly agree/4=agree) vs. less favorable (1=strongly 

disagree/2=disagree/3=neutral); a summary score reflecting generalized attitudes was also 

computed. Multivariable logistic regression tested independent associations of motivation 

(precontemplation, contemplation, preparation) and confidence in quitting (low, medium, high) 

with generalized attitudes, controlling for sociodemographic factors and nicotine dependence.

Results: Over 70% of respondents endorsed favorable generalized attitudes toward precision 

medicine, with individual item favorability ranging from 64-83%. Smokers holding favorable 
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generalized attitudes reported higher income and education (p’s < 0.05). Predicted probabilities of 

favorable generalized attitudes ranged from 63% to 75% across motivation levels (contemplation 

vs. precontemplation: Adjusted odds ratio [AOR]=2.10 [95%CI 1.36-3.25], p<.001; preparation vs 

precontemplation: AOR=1.83 [95%CI 1.20-2.78], p=.005; contemplation vs. preparation: 

AOR=1.15 [95%CI 0.75-1.77], p=.52) and from 59% to 78% across confidence (med vs low: 

AOR=1.91 [95%CI 1.19-3.07], p=.01; high vs low: AOR=2.62 [95%CI 1.68-4.10], p<.001; med 

vs high: AOR=0.73 [95%CI 0.48-1.11], p=.14).

Conclusions: Among disproportionately-burdened community smokers, most hold favorable 

attitudes towards precision smoking treatment. Individuals with lower motivation and confidence 

to quit may benefit from additional intervention to engage with precision smoking treatment.

Impact: Predominantly favorable attitudes towards precision smoking treatment suggest promise 

for future research testing their effectiveness and implementation.

Racial, economic, and regional disparities remain in tobacco use, with minority, low-income, 

and southern-dwelling smokers all bearing a disproportionate burden of smoking-related 

disease and mortality (1,2). Precision medicine that tailors smoking treatment to individuals’ 

genetic characteristics is a promising approach for reducing smoking-related disparities. 

However, it remains unclear whether precision approaches will be taken up and used among 

populations of smokers who are disproportionately burdened by tobacco (i.e., based on their 

race/ethnicity, income, region of the United States, or the intersection of these (1,2)).

Past work supports the efficacy of precision approaches in promoting smoking cessation 

(3-9). Lerman et al (5) demonstrated that smokers with faster nicotine metabolism (assessed 

by the nicotine metabolite ratio (NMR), a genetically informed biomarker of hepatic 

nicotine metabolism) assigned to receive varenicline were twice as likely to quit smoking as 

those assigned to the nicotine patch. Among slower metabolizers, these treatments were 

equally effective, but side effects with varenicline were more pronounced. However, in that 

study smokers were not informed of their NMR results, leaving open the question of how 

they might react to this information if it were incorporated into smoking treatment. Other 

work has demonstrated that smokers who received results from a commercially available test 

for a gene-based lung cancer risk score (Respiragene) (7,8) were more likely to undergo 

lung cancer screening, use nicotine replacement therapy, and quit smoking. Further 

enthusiasm for these specific precision approaches is bolstered by evidence of their 

acceptability among smokers (10-13).

However, for precision approaches to promote health equity, they must be broadly 

implementable, especially among groups suffering from tobacco-related disparities. 

Evidence-based treatments for smoking cessation are underutilized among 

disproportionately burdened smokers (14-16) for many reasons, including unfavorable 

attitudes towards some of these treatments (17-20). Research in other healthcare contexts 

shows racial/ethnic minorities have more concerns about genetic testing and precision 

medicine than Whites, believing genetic testing or precision medicine may be misused, lead 

to racial discrimination, or do more harm than good (21,22). However, preliminary findings 

support the acceptability of precision approaches for smoking among minorities. Shields et 

al. (23) found that African American smokers were more likely than White smokers to be 
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willing to undergo genetic testing to be matched to optimal treatment. Another small study 

of primarily African-American smokers found that participants who had already expressed 

interest in receiving genetic risk results responded favorably to them and that quit attempts 

increased after receiving results (24). These preliminary findings support the hypothesis that 

precision approaches for smoking will be equitably taken up and utilized.

Another key step to successful clinical translation is understanding potential predictors of 

engagement in precision smoking treatment. Lack of motivation and confidence are known 

barriers to successful smoking cessation, and may be used by smokers or their providers as 

rationale to forego the use or offer of smoking treatments, respectively (25,26). However, 

recent research and updated guidelines suggest that services should be offered to smokers 

across the motivational spectrum (27-29). Understanding whether smokers lacking 

motivation or confidence would be willing to use precision treatments could help researchers 

and clinicians identify strategies to increase engagement in this population of smokers.

We build on existing knowledge by concurrently examining attitudes towards two promising 

precision approaches (NMR, which can be leveraged to select pharmacotherapy, and gene-

based risk testing, Respiragene, which can be leveraged to enhance motivation to make 

healthy behavior change) and behavioral changes based on these test results. We examine 

these attitudes among participants of the Southern Community Cohort Study (SCCS), a 

population of disproportionately burdened smokers. We hypothesized that precision smoking 

treatment would generally be viewed favorably, and that favorable attitudes would be more 

likely among motivated, confident smokers.

Methods

Study Population

The Southern Community Cohort Study (SCCS) is a prospective cohort study sponsored by 

the National Cancer Institute and initiated in 2001 (30). The SCCS was established to 

identify causes of disparities in cancer and other health outcomes. The cohort includes 

approximately 85,000 adults throughout the southeastern United States that have been well-

characterized by over 15 years of participation in the study. The cohort consists primarily of 

African American, low-income adults, members of demographic groups that are traditionally 

underrepresented in health research. A majority of the cohort was recruited at community 

health centers, and nearly 25% of respondents currently reside in rural areas. The study also 

features a large biorepository with genetic data for ~90% of participants.

Participants

Participants were eligible for inclusion in the current study’s Precision Smoking Cessation 

Survey, collected in 2017, if they were active SCCS participants residing in Tennessee or 

Mississippi and identified as current smokers in the SCCS Followup 3 survey, collected 

between 2015 and 2018 (N=1407). A total of 988 responses to the Precision Smoking 

Cessation Survey were collected, yielding a response rate of 70%. Of these, 143 were 

excluded (72 had quit smoking since SCCS Followup 3; 31 lacked data on smoking status, 

and 40 did not respond to at least 2/3rd of the precision medicine items, a requirement for 
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inclusion in the analysis) yielding an analytic sample of 845 smokers. Compared to smokers 

with complete data on attitudes towards precision medicine, those missing < 1/3rd of data 

tended to have higher nicotine dependence, as defined by the Heaviness of Smoking Index 

(X2=15.23, p<.001). Further exclusions based on missing data were made on an analysis-by-

analysis basis (see Statistical Analyses). All participants provided written informed consent 

before enrollment in the SCCS. This study was conducted in accordance with recognized 

ethical guidelines (e.g., Declaration of Helsinki, CIOMS, Belmont Report, U.S. Common 

Rule) and was approved by institutional review boards at Vanderbilt University, Meharry 

Medical College, and Tennessee State University.

Measures

Attitudes towards Precision Medicine—Seven items assessed attitudes towards 

different aspects of precision treatment of smoking (Supplementary Table 1). Items were 

designed with iterative feedback from a Community Advisory Board consisting of current 

and former smokers to ensure the use of simple, understandable language. They were 

designed to capture attitudes towards both pharmacogenetics and gene-based lung cancer 

risk assessment, with a focus on clinically relevant behaviors (i.e., taking the tests, taking 

medication, getting lung cancer screening, and quitting smoking). At the time of survey 

construction, Respiragene was commercially available as a buccal swab while NMR was 

often conducted via blood test; item wording reflects these test modalities. Items were rated 

on a 5-point scale (1=strongly disagree, 5=strongly agree), responses were dichotomized to 

reflect favorable (4=agree, 5=strongly agree) vs. not favorable attitudes (1=strongly 

disagree, 2=disagree, 3=neutral).

While each individual item taps into a different aspect of precision smoking treatment, they 

theoretically also capture an underlying construct reflecting more generalized attitudes 

towards precision smoking treatment. To create a measure of generalized attitudes (see 

Statistical Analyses and Results), we first calculated the mean of all 7 items (mean=3.77, 

SD=0.95) and dichotomized mean total scores to correspond to the cutoffs used for the 

individual items reported above (<3.5=not favorable, ≥3.5=favorable), thus facilitating 

comparison between individual items and the summary statistic.

Motivation to Quit—Assessment of motivation to quit was guided by the two items from 

the transtheoretical model (31): “Are you thinking of quitting cigarettes in the next six 

months?” (Yes/No), and, “Are you planning to quit smoking in the next 30 days?” (Yes/No), 

producing three groups (precontemplation=not yet thinking of quitting; 

contemplation=thinking about quitting in the next six months but not planning to quit in the 

next 30 days; preparation=planning to quit in the next 30 days).

Confidence in Quitting—A single item assessed confidence in quitting, “I am confident 

that I can quit smoking,” rated on a 5-point scale (1=strongly disagree to 5=strongly agree) 

(32,33). Responses were categorized into low (disagree, strongly disagree), medium 

(neutral), and high (strongly agree, agree) confidence levels.
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Individual Characteristics

Sociodemographics.: Sociodemographic items included age, sex, race and ethnicity, and 

highest education completed (assessed at SCCS baseline, 2002–2009), annual household 

income and insurance status (assessed at SCCS follow up, 2015–2018).

Nicotine Dependence.: Nicotine dependence was calculated via the Heaviness of Smoking 

Index (HSI, (34)), a metric based on self-reported time to first cigarette (within 5 minutes, 

6–30 minutes, 31–60 minutes, after 60 minutes) and number of cigarettes smoked per day.

Lung Cancer Risk.: Predicted lung cancer risk for each respondent was calculated using 

the Tammemagi risk predictor, which incorporates age, education, race/ethnicity, body mass 

index (BMI), family history of lung cancer, personal history of cancer, diagnosis of chronic 

obstructive pulmonary disease (COPD), emphysema, or chronic bronchitis, current smoking 

status, current cigarettes per day, and years smoked (35). These data were collected through 

participation in the SCCS baseline and follow-up surveys. This calculated risk score was 

included for descriptive purposes to better characterize the sample, but the study was not 

designed to inform participants of this information. Because respondents were not informed 

of their predicted lung cancer risk scores, it was not expected that the scores would be 

associated with attitudes towards precision smoking treatment. Thus, this variable is not 

included in hypothesis testing.

Statistical Analyses—Statistical analyses were conducted using IBM SPSS Statistics 25 

and Stata 15 SE. We conducted an exploratory factor analysis and examined inter-item 

correlations to calculate a summary score reflecting generalized attitudes towards precision 

smoking treatment. Next, we tested whether generalized attitudes towards precision smoking 

treatment differed across demographic and smoking-related factors, using t-tests for 

continuous variables and chi-square tests for both ordinal and nominal variables. These 

analyses used data from the full analytic sample (n=845).

Multivariable logistic regression tested associations between motivation (precontemplation, 

contemplation, preparation) and confidence in quitting (low, medium, high) with generalized 

attitudes towards precision treatment of smoking, adjusting for sociodemographic 

characteristics (age, race, sex, education, insurance) and nicotine dependence. The effects of 

these covariates were also explored. For each level of motivation and confidence, we 

calculated the average predicted probability of holding favorable generalized attitudes using 

the margins posttest in Stata. This test averages the estimates of each individual’s probability 

of holding favorable generalized attitudes if all covariates are unchanged and the exposure 

variable is set to a given value (e.g., low confidence). Respondents with missing data on 

either confidence or motivation (n=50) or on one or more covariates (n=57) were excluded, 

resulting in a sample of 738 smokers for this analysis. Compared to those with complete 

data, smokers missing data tended to have lower levels of education (χ2(2, 823)=10.91, p=.

004) but were similar across other factors. Income was not included in this analysis due to 

the amount of missing data in this variable. However, including income as an additional 

covariate did not change the pattern of results from that reported below.
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Results

Attitudes towards Precision Treatment

Factor analysis of the seven survey questions relating to attitudes towards precision 

treatment of smoking revealed that a single factor explained 61% of total variance in 

responses. In the unrotated factor matrix, factor loadings for the seven individual items on 

the first factor ranged from 0.43 to 0.93. Furthermore, inter-item correlations revealed 

moderate to strong correlations across individual items (Table 1), and Cronbach’s alpha of 

0.89 supported scaling items to form a single construct.

Overall, 71% of smokers held favorable generalized attitudes towards precision smoking 

treatment (Figure 1). For individual items, favorability of each aspect of precision treatment 

ranged from 64% to 83%. The blood test for pharmacotherapy selection based on nicotine 

metabolism was less likely to be rated favorably (Item 2=64%, Item 1=69%) while the saliva 

test for lung cancer risk was most likely to be rated favorably (Item 5=79%, Item 6=81%, 

Item 7=83%). Within these categories, responses were well distributed. The modal 

“favorable” response was “4=agree” for each item, although approximately 1/3 to 1/2 of 

“favorable” responses indicated strong agreement. Within “not favorable” responses, strong 

disagreement was the most common response to items 1–4, while a neutral response was 

most common for items pertaining to the saliva testing for lung cancer risk (5-7).

Baseline Characteristics of the Sample and Relation to Attitudes

Smokers recruited through the SCCS were predominantly African American and low-

income. Approximately one third of the sample was considered at high risk of developing 

lung cancer based on predicted lung cancer risk score (Table 2). Compared to respondents 

without favorable generalized attitudes towards precision smoking treatment, those with 

favorable attitudes tended to be younger, report higher income and education, have private 

insurance or Medicare, have lower nicotine dependence, and have higher motivation and 

confidence to quit smoking.

Multivariable Regression Results

Association between Motivation and Attitudes.—Controlling for sociodemographic 

characteristics and nicotine dependence, the odds of endorsing favorable generalized 

attitudes were directly related to motivation to quit (Table 3). Compared to smokers in 

precontemplation, smokers in contemplation (adjusted odds ratio [AOR]=2.10 [95% CI 

1.36–3.25], p=.001) and preparation (AOR=1.83 [95% CI 1.20–2.78], p=.005) had more 

favorable generalized attitudes. Smokers in contemplation did not significantly differ from 

those in preparation (AOR=1.15 [95% CI 0.75–1.77], p=.52). Adjusted predicted 

probabilities of endorsing favorable attitudes were ≥63% across all levels of motivation (see 

Figure 2).

Association between Confidence and Attitudes.—Odds of endorsing favorable 

attitudes were also directly related to confidence in quitting (see Table 3). In adjusted 

models, compared to smokers with low confidence, those with medium (AOR=1.91 [95% CI 

1.19–3.07], p=.007) and high (AOR= 2.62 [95% CI 1.68–4.10], p<.001) confidence had 

Senft et al. Page 6

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



more favorable generalized attitudes. Smokers with medium confidence did not significantly 

differ from those high in confidence (AOR= 0.73 [95% CI 0.48–1.11], p=.14). Adjusted 

predicted probabilities of endorsing favorable attitudes were ≥59% across all levels of 

motivation (see Figure 2).

Associations between Demographic Factors, Nicotine Dependence and 
Attitudes.—After adjustment, smokers who were younger (AOR=0.96 [95% CI 0.93–

0.99], p=.02), had greater than a high school education (vs. less than high school; AOR=1.61 

[95% CI 1.03–2.54], p=.04), or had private insurance (AOR=2.29 [95% CI 1.00–5.23], p=.

05) remained more likely to hold favorable attitudes towards precision smoking treatment. In 

addition, African Americans were 53% less likely to hold favorable attitudes than Whites 

(AOR=0.47 [95% CI 0.27–0.83], p=.009). There was no significant effect of nicotine 

dependence after adjustment for other variables in the model.

Discussion

Among over 800 low-income, southern-dwelling, predominantly minority smokers in the 

Southern Community Cohort Study, 71% endorsed favorable attitudes towards precision 

approaches to smoking cessation. Smokers with greater motivation and confidence had over 

2 times the odds of endorsing favorable attitudes than those at the lowest levels. Yet 

approximately 60% of those with the lowest levels of confidence and motivation still 

endorsed precision approaches, suggesting that intervention research and clinical 

implementation of precision approaches should be inclusive of smokers across the 

motivational and confidence spectrums. Similarly, despite less positive attitudes toward 

precision smoking treatment among older, African American, and less highly educated 

smokers, endorsement remained generally high. Together, these findings provide evidence 

that precision smoking treatment will be well-received and could promote behavior change 

among disproportionately burdened smokers.

This study is the first to concurrently document the acceptability of NMR, a genetically 

informed biomarker for nicotine metabolism, Respiragene, a gene-based lung cancer risk 

assessment, and participants’ hypothetical estimates of their own behavior change based on 

these tests results. Results add further evidence to the promise of using precision approaches 

for smoking treatment among disproportionately burdened groups (23,24). The personalized 

nature of these approaches may increase their acceptability relative to other existing 

treatments such as counseling and medication, which tend to be viewed less favorably by 

members of disproportionately burdened groups (17-20). Data also support combining 

attitudes towards these varied aspects of precision treatment into a single measure of 

generalized attitudes towards precision smoking treatment, which will facilitate 

measurement and analysis of these and similar approaches in future work.

Results highlight the opportunity of integrating precision approaches into clinical care to 

improve health outcomes. For example, past work suggests that lung cancer screening is 

associated with 20% relative reduction in mortality (36), yet in 2016, only 1.9% of eligible 

smokers were screened, with screening rates in the Southern U.S. being among the lowest 

(37). Notifying patients of their lung cancer risk using Respiragene may motivate 

Senft et al. Page 7

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



engagement in smoking treatment; 83% of respondents in our sample reported that they 

would be more likely to get lung cancer screening if their genetic test result suggested they 

were at high risk of lung cancer. Given that nearly 1/3 of the sample is considered at high 

risk of developing lung cancer, this increased rate of lung cancer screening would likely 

result in lives saved. In addition, 64% of smokers in this sample said they would take 

medication based on results of a blood test, and matching patients to medication based on 

NMR status can double the efficacy of medication for faster metabolizers while minimizing 

side effects for slower metabolizers (5).

Integrating precision approaches with existing motivational and confidence-building tools 

may increase the impacts of each. For example, motivational interviewing, a style of 

counselling aimed at increasing motivation by addressing patients’ ambivalence towards 

behavior change, has been widely applied in clinical settings with small to moderate effects 

(38,39). These data suggest a threshold effect of increased motivation and confidence, with 

more favorable attitudes among smokers with at least moderate (relative to low) levels of 

motivation and confidence, but no added benefit of being highly motivated or confident. It is 

possible that for smokers at the lowest levels of motivation and confidence, small increases 

in these factors may be enough to facilitate engagement in precision treatment. Incorporating 

precision approaches with motivational interviewing techniques may maximize impact on 

smoking cessation for all smokers, but especially those from disproportionately burdened 

groups who lack confidence or motivation. Yet another application of these tests lies in 

improving efficiency of care by reducing waste and cost. For example, a two-fold greater 

efficiency of lung cancer screening can be achieved by using this gene-based approach to 

assessing lung cancer risk to identify who benefits most from lung cancer screening (40).

Though these data suggest that most smokers view precision smoking treatment favorably, 

additional support may be necessary to engage smokers who are older, African American, 

and do not have a high school degree. Sources of resistance to precision treatment are likely 

to vary across these different aspects of identity, perhaps including perceived social norms, 

access, or privacy concerns. If precision approaches are to narrow health disparities, future 

work should examine means of further increasing their appeal to these groups of smokers. 

For example, to influence perceived social norms, these results may be disseminated to 

current smokers to demonstrate the social acceptability of precision smoking treatment 

among their peers. To ensure equity in access, future work should examine the acceptability 

and feasibility of implementing these approaches at the provider and system levels. 

Healthcare systems, particularly in community settings most likely to serve smokers from 

disproportionately burdened groups, may not have the infrastructure or resources in place to 

implement precision approaches. Providers may not be well informed about the efficacy of 

precision approaches or may believe some groups of patients will reject precision smoking 

treatment. Providers may also require additional education or training regarding culturally 

competent communication, which can address patients’ concerns about privacy or the 

potential for harm.

Our study has several limitations. First, we did not assess actual behavior; thus, we cannot 

maintain that respondents will take the tests for nicotine metabolism or lung cancer risk, or 

that doing so will lead to improvements in lung cancer screening, cessation rates, or 
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medication adherence. However, intentions such as those measured here can be powerful 

predictors of behavior (41). Next, items related to Respiragene specified a buccal smear 

(“saliva test”) and items related to NMR testing specified a blood test, confounding the type 

of test with the mode of testing. Higher observed favorability ratings for risk assessment vs. 

pharmacogenetics are likely due to preferences for less invasive buccal smear over blood 

tests. As the field moves forward, these tests will likely be widely available using blood or 

buccal swab samples, suggesting pharmacogenetics will be viewed even more favorably than 

reported here. Next, while the sample of disproportionately burdened smokers is a strength, 

these results may not generalize to other high-risk groups, such as low-income African 

Americans in large urban centers or immigrant groups lacking English proficiency, and 

future work should establish the likely acceptability of precision approaches among these 

groups.

Despite these limitations, results have broad implications for research and clinical settings. 

The study population is a significant strength. Participants were community smokers and 

members of social groups traditionally underrepresented in healthcare research and at high 

risk of suffering tobacco-related disparities. Understanding this group of smokers, their 

attitudes towards precision smoking treatment, and variation in attitudes associated with 

known barriers to cessation (e.g., motivation and confidence) lays the groundwork for 

intervention research to examine the efficacy of precision approaches for equitable treatment 

of smoking cessation. Further, data were collected through the Southern Community Cohort 

Study, which has characterized participants over more than 15 years. We leveraged 

previously collected data to accurately define smoking history and richly describe the 

sample (e.g., calculate predicted lung cancer risk) with minimal additional respondent 

burden. Further, the SCCS offers a large biorepository that can be leveraged for future 

precision treatment approaches with Respiragene and the NMR. This work also has clinical 

implications in that knowledge of the acceptability of genetic testing to assess lung cancer 

risk and to support pharmacotherapy choice supports wide implementation of these 

approaches. Future work would also benefit from the use of hybrid trial designs which 

integrate effectiveness and implementation outcomes (42). Implementation theories and 

frameworks like The Consolidated Framework for Implementation Research (CFIR) offer 

guidance regarding potential facilitators and barriers to the successful implementation of 

precision smoking treatment, such as an organization’s readiness for change and available 

resources, patient and provider knowledge and attitudes, and the presence of individual 

champions or supportive opinion leaders (43). Intervention studies of precision smoking 

treatment would also be strengthened by the inclusion of implementation outcomes such as 

reach among eligible patients, adoption by healthcare systems and individual providers, and 

the sustainability of precision smoking treatment as a component of standard care (44). As 

this research continues to clarify patient, provider, and system level barriers and facilitators 

to precision smoking treatment, implementation science also offers strategies for addressing 

these barriers and increasing engagement (45).

Our collective findings suggest that precision smoking treatment is favorably viewed and 

likely to lead to behavior change among smokers who have historically been less successful 

at quitting and are at especially high risk of suffering and mortality from smoking-related 

disease. These data lay groundwork for future intervention research and support clinical 
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implementation of precision approaches by clarifying the promise of these approaches in 

promoting health equity. Future research should focus on testing the comparative 

effectiveness, as well as cost effectiveness and cost efficiency, of precision approaches in 

promoting health behavior change, including lung cancer screening, medication adherence, 

and smoking cessation. Research should also focus on implementation strategies that 

support efficacy in community health settings to ensure equitable implementation and 

dissemination of precision smoking treatments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Attitudes towards precision smoking treatment. Proportion of smokers endorsing favorable 

(vs. not favorable) generalized attitudes (top row) and attitudes towards aspects of precision 

smoking treatment.
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Figure 2. 
Associations of motivation and confidence with generalized attitudes towards precision 

smoking treatment. Predicted probabilities of having favorable generalized attitudes towards 

precision smoking treatment across levels of motivation (upper panel) and confidence (lower 

panel) are based on results of multivariable logistic regression adjusting for age, sex, race/

ethnicity, education, insurance, and nicotine dependence (n=738).
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Table 1.

Inter-item correlations for each aspect of attitudes towards precision smoking treatment*

1 2 3 4 5 6 7

1. If a blood test could help my doctor choose the best medicine for me to quit smoking, I 
would take that blood test.

1

2. If a blood test could help my doctor choose the best medicine for me to quit smoking, I 
would take that medicine.

0.88 1

3. I want to know how quickly my body breaks down nicotine. 0.76 0.75 1

4. I want to know if the speed at which my body breaks down nicotine affects my chances of 
quitting smoking.

0.79 0.77 0.88 1

5. If a saliva test could use information on my genes to predict my risk of getting lung cancer, 
I would take that saliva test.

0.43 0.40 0.41 0.43 1

6. If I took the saliva test and it showed that I was at high risk of lung cancer, I would be 
more likely to quit smoking.

0.37 0.34 0.37 0.38 0.58 1

7. If I took the saliva test and it showed that I was at high risk of lung cancer, I would be 
more likely to get lung cancer screening.

0.34 0.34 0.35 0.36 0.55 0.66 1

*
p<.001 for all inter-item correlations
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Table 2.

Sociodemographic characteristics, nicotine dependence (HSI), predicted lung cancer risk, motivation and 

confidence across generalized attitudes towards precision treatment

Characteristic: N, % Total
(N=845)

Favorable
(n=599)

Not Favorable
(n=246)

P-Value

Age
1
 (median, IQR)

60 [56, 64] 59 [56, 64] 60 [57, 65] .02

Male sex
1 355 (42%) 248 (41%) 107 (44%) .58

Race
1 .09

 White 124 (15%) 98 (16%) 26 (11%)

 African-American 705 (83%) 489 (82%) 216 (88%)

 Other 13 (2%) 9 (2%) 4 (2%)

 Missing 3 3 0

Education
1 .007

 <High School 241 (29%) 156 (26%) 85 (35%)

 High School or GED 317 (38%) 223 (37%) 94 (38%)

 >High School 265 (31%) 205 (34%) 60 (24%)

 Missing 22 15 7

Household Income
2 .01

 <$15,000 526 (62%) 365 (61%) 161 (65%)

 $15,000-$25,000 163 (19%) 118 (20%) 45 (18%)

 $25,000-$50,000 64 (8%) 57 (10%) 7 (3%)

 >50,000 25 (3%) 18 (3%) 7 (3%)

 Missing 67 41 26

Insured
2 .04

 Medicaid & Medicare 124 (15%) 81 (14%) 43 (18%)

 Medicaid only 151 (18%) 103 (17%) 48 (20%)

 Medicare only 176 (21%) 134 (22%) 42 (17%)

 Private 74 (9%) 63 (11%) 11 (5%)

 Military 38 (5%) 24 (4%) 14 (6%)

 Other 66 (8%) 49 (8%) 17 (7%)

 Uninsured 179 (21%) 125 (21%) 54 (22%)

 Missing 37 20 17

Heaviness of Smoking Index (HSI)
3 .48

 Low (0-1) 286 (34%) 196 (33%) 90 (37%)

 Medium (2-4) 508 (60%) 368 (61%) 140 (57%)

 High (5-6) 41 (5%) 30 (5%) 11 (5%)

 Missing 10 5 5

Predicted Lung Cancer Risk
4 .90

 <1.3% 508 (60%) 359 (60%) 149 (61%)

 ≥1.3% 263 (31%) 187 (31%) 76 (31%)

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 February 01.
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Characteristic: N, % Total
(N=845)

Favorable
(n=599)

Not Favorable
(n=246)

P-Value

 Missing 74 53 21

Motivation
3 <.001

 Pre-contemplation 236 (28%) 142 (24%) 94 (38%)

 Contemplation 262 (31%) 203 (34%) 59 (24%)

 Preparation 325 (39%) 243 (41%) 82 (33%)

 Missing 22 11 11

Confidence
3 <.001

 Low 167 (20%) 92 (15%) 75 (30%)

 Medium 231 (27%) 160 (27%) 71 (29%)

 High 416 (49%) 325 (54%) 91 (37%)

 Missing 31 22 9

1
Assessed at baseline (2002-2009)

2
Assessed at SCCS followup 3 (2015-2018)

3
Assessed for the current study (2017)

4
Based on Tammemagi lung cancer risk calculator, risk threshold ≥1.3% recommended for cancer screening (35).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 February 01.
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Table 3:

Results of regression analysis predicting generalized attitudes towards precision smoking treatment (n=738) 
1, 2

.

Adjusted Odds
Ratio (95% CI) P-value

Motivation

 Precontemplation 1.00 (referent)

 Contemplation 2.10 (1.36-3.25) 0.001

 Preparation 1.83 (1.20-2.78) 0.005

Confidence

 Low 1.00 (referent)

 Medium 1.91 (1.19-3.07) 0.007

 High 2.62 (1.68-4.10) <0.001

Age 0.96 (0.93-0.99) 0.02

Sex

 Female 1.00 (referent)

 Male 0.95 (0.67-1.36) 0.79

Race

 White 1.00 (referent)

 African Amer. 0.47 (0.27-0.83) 0.009

 Other 0.55 (0.12-2.53) 0.44

Education

 <High school 1.00 (referent)

 High school 1.12 (0.74-1.71) 0.59

 >High school 1.61 (1.03-2.54) 0.04

Insurance

 Dual (Medicare/aid) 1.00 (referent)

 Medicaid 1.14 (0.63-2.05) 0.67

 Medicare 1.74 (0.98-3.09) 0.06

 Private 2.29 (1.00-5.23) 0.05

 Military 0.89 (0.38-2.04) 0.78

 Other 1.21 (0.56-2.64) 0.63

 None 1.00 (0.56-1.76) 0.99

Nicotine Dependence

 Low 1.00 (referent)

 Medium 1.35 (0.93-1.94) 0.11

 High 1.54 (0.61-3.89) 0.36

1
Multivariable logistic regression tested associations between motivation and confidence in quitting with generalized attitudes towards precision 

smoking treatment, adjusting for age, race, sex, education, insurance and nicotine dependence.

2
Restricted to smokers with complete data (n=738).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 February 01.
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Chapter 4 Statins – Systemic inflammation is an important underlying feature of both COPD and lung 

cancer, potentially modifiable by statin therapy. 

4.1 Introduction 

The paradigm at the time was that lung cancer resulted from DNA damage following relentless exposure 

to carcinogens generated by the combustion of tobacco following decades of smoking cigarettes.  This 

DNA damage accumulated to the point that normal cell division and cell death was lost and cells of the 

respiratory lining grew uncontrollably into lung cancer.  In contrast, researchers posited that COPD was 

the result of an aberrant and/or excessive inflammatory response to smoking that lead to remodelling of 

the lung epithelium.  This process involved in varying severity the combination of small airway thickening 

with fibrosis and loss of alveolar leading to emphysema.  The inflammatory pathways involved were 

controlled by molecular switches (GTPases), inflammatory cytokines (primarily IL-1, IL-6, IL-8 and TNF-α), 

transcription binding factors (primarily STAT3 and NFκβ), the actions of metalloproteinases (primarily 

MMP1, MMP3, MMP12), and growth factors (primarily TGFβ).  As I reviewed the literature on the 

pathobiology of COPD, I found a body of literature suggesting that these same pathways were involved in 

the pathogenesis of lung cancer.  This “inflammatory-based” model was supported by several large 

epidemiological studies consistently showing that an elevated serum C-reactive protein level (marker of 

system inflammation), after adjustment for smoking, was consistently linked to the development of lung 

cancer.  

In two large review articles, I bought together both laboratory and clinical data to suggest that very 

similar processes underlying COPD were also found to underlie lung cancer (see below). These papers 

examined epidemiological studies showing that people taking statins had better lung function and lower 

rates of lung cancer. While these observational studies may have been subject to bias, they raised the 

very interesting possibility that modifying both systemic and respiratory-based inflammatory pathways 

induced by smoking may reduce the tendency to COPD and/or lung cancer.  These papers also raised the 

interesting possibility that statins, used exclusively in those with coronary artery disease to lower 

cholesterol, may have utility outside this clinical setting, in particular to attenuate the adverse effects of 

smoking on the lungs.  This body of work is based on 15 publications including an original collaborative 

study; several review articles and an editorial in one of Europe’s leading respiratory journals (Thorax). 

4.2 Related papers: Statins in COPD and Lung cancer 

1. Young RP, Hopkins R, Eaton TE. Potential benefits of statins on morbidity and mortality in chronic 

obstructive pulmonary disease: a review of the evidence. Postgrad Med J 2009; 85: 414-421. 

2. Young RP, Hopkins RJ, Eaton TE. Pharmacological actions of statins: potential utility in COPD. Eur 

Respir Rev 2009; 18: 114, 222-232. 

3. Young RP, Hopkins RJ. Effect of statins on cancer in COPD. Thorax 2010; 66: 354-355. 

4. Young RP, Hopkins RJ.  Does Statin Use Improve Pneumonia Outcomes? Chest 2010; 137: 1249. 

5. Young RP, Hopkins RJ.  Possible role of statins in COPD-related pulmonary hypertension. Chest 2010; 

137: 1250-1251. 

6. Lawes CM, Thornley S, Young  RP, et al. Statin use in COPD patients is associated with a reduction in 

mortality: a national cohort study. Primary Care Respir J 2012; 21(1): 35-40. 

7. Young RP, Hopkins RJ. Statin Use in Pneumonia. Am J Med 2013; 126(7); e12. 

8. Young RP, Hopkins RJ.  Statins and small airways disease in COPD. Am J Respir Cell Mol Biol 2013; 

49(3): 501. 

9. Young RP, Hopkins RJ. Statins Reduce Lung Inflammation by Promoting the Clearance of 

Particulate Matter From Lung Tissue. Chest 2013; 144(1) July. DOI:10.1378/chest.13-0496. 

10. Young RP, Hopkins RJ. Interleukin-6 and statin therapy: potential role in the management of 

COPD. Respiratory Research 2013; 14:74-75. 

11. Young RP, Hopkins RJ. Update on the potential role of statins in chronic obstructive pulmonary 

disease and its co-morbidities. Expert Rev Respir Med 2013; 7(5):533-544. 
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12. Young RP, Hopkins RJ, Agusti A. Statins as adjunct therapy in COPD: how do we cope after 

STATCOPE? Thorax 2014; 69(10):891-894. 

13. Young RP, Hopkins RJ. Statins reduce respiratory complications of COPD. Am J Med; 

2014:(doi.org/10.1016/j.amjmed.2013.07.041). 

14. Young RP, Hopkins RJ. The mevalonate pathway and innate immune hyper-responsiveness in the 

pathogenesis of COPD and lung cancer: potential for chemoprevention. Curr Molec Pharma 2017; 

10:46-59. 

15. Hopkins RJ, Young RP. Mevalonate signalling, COPD, and cancer: Statins and beyond. J Invest Med 

2019; 67(4):711-714. 

4.3 Conclusion 

I have published 15 articles linking statins to better outcomes in patients with COPD (492 citations) , not 

by lowering cholesterol but by attenuating the innate immune system thereby reducing the actions of 

immune based molecular signalling molecules (GTPases).  We proposed that this might have several 

benefits on the development of COPD, exacerbations of COPD and mortality from COPD or its 

complications. Several recent articles have made similar conclusions.1-7 

In the first article on statins (Review, ref 1, 78 citations), I tried to de-bunk one of the key criticisms 

associated with the positive outcomes consistently reported in the observational studies of statins in 

COPD. This was described as the “healthy-user effect” which suggested that those patients with COPD 

taking statins were either healthier than those not taking statins or they were receiving other 

interventions that conferred better outcomes that were not directly related to taking the statin itself.  

While this was a convenient way to discredit the results of the observational studies (bias by indication), 

it did not make intuitive sense to me so we undertook our own chart review of patients attending our 

COPD clinic.  What we found was that although those on statins were slightly older with slightly higher 

pack years, they had the same lung function and recent exacerbation history as those not taking statins.  

Despite a 5-fold higher prevalence of heart disease, hence an indication for statin use, COPD patients on 

statins had consistently lower all-cause or  respiratory-related mortality (30-50%) and there were no 

interventions that I could see that could possibly account for this dramatic effect (e.g. vaccinations or 

attending their primary care physician). Assuming bias by indication, those on statins should have had a 

greater mortality due to their greater underlying heart disease histories, yet the opposite was observed. 

In our second paper (Review, ref 2, 166 citations), I outline how the underling pathogenesis of COPD and 

lung cancer overlap with an emphasis on pulmonary inflammation, systemic inflammation and how lung 

remodelling underlying COPD creates a micro-environment that might promote carcinogenesis.  I also 

propose that the role of “systemic inflammation” in COPD and lung cancer might not just reflect a “spill 

over” phenomenon derived in response to smoking and pulmonary inflammation, but that systemic 

inflammation may also promote an exaggerated innate immune response (i.e. inherent/inherited effect) 

that drives COPD and/or lung cancer.  This exaggerated innate immune response, fuelled by decades of 

smoking, might explain several other epidemiological observations.  This includes the observation that 

only a subgroup of smokers develop smoking related lung and heart disease (“susceptible smokers”) and 

that these “susceptible smokers”  are also at risk of other diseases (cardiovascular disease and several  

epithelial cancers), and die prematurely.   This observation links airflow limitation with increased risk of 

smoking-related diseases other than COPD and includes cancer. It also links the beneficial effects of 

statins with other outcomes including reduced all-cause mortality.1,2 In this article I refer to the possible 

role of interleukin-6 along with other innate immunity interleukins such as IL-1B and TNF-α, and the 

possible link between COPD and lung cancer through epithelial mesenchymal  transition (EMT), a form of 

epithelial remodelling). 

In 3 subsequent letters, we propose that statin therapy might reduce the prevalence of epithelial cancer 

in COPD, reduce pneumonia-related mortality and reduced pulmonary hypertension, through the 
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dampening effect of statins on the innate immune system, in particular attenuation of the adverse effects 

of excessive IL-6 production (ref 3-5, 16 citations).  

In 2012, through collaboration with public health physicians and epidemiologists, we published our New 

Zealand cohort study (ref 6, 112 citations) showing statin use in patients with COPD, over 4 years of use, 

reduced all-cause mortality by just over 30%, after extensive adjustment (and propensity matching). Our 

findings were in agreement with those of other countries.1,2  Our findings again showed that the statin 

users had much greater comorbid disease than non-users, but were no different in possible confounders 

such as socio-economic status, smoking history or ethnicity. 

In the following 4 letters (ref 7-10, 39 citations), we point out that statin use reduced pneumonia 

mortality in smokers rather than non-smokers, may reduce small airways disease in those with COPD and 

how statins lower pulmonary inflammation. In the last letter we outline the relationship between 

pulmonary inflammation, systemic inflammation and why statins appear to reduce the complications of 

smoking both in and outside the lung.  We re-iterate that dampening the innate immune response to 

smoking may preferentially reduce poor outcomes in this group and again emphasise that attenuation of 

systemic inflammation may benefit both the lungs and extra-pulmonary complications of COPD (cancer 

and heart disease). 

In the 3rd review (Update, ref 11, 46 citations), I outline recent studies supporting the view that statins 

improve outcomes for many patients with COPD.  In this review I re-analysed data reported in a large 

study reported in the New England Journal of Medicine, to show how statin use was associated with 

reductions in cancer mortality for cancers that were primarily epithelial cell cancer, (exposed to the 

attenuating effects from systemic inflammation), driven in part by the effects of smoking or obesity.  In 

this review, I hi-lighted that two small double-blind placebo-controlled RCTs of statin use in patients with 

COPD showed significant effects on attenuating innate immunity directly in the lungs (see below) which 

were not seen in the placebo group ( see below).4,5 

In an invited “Editorial” in Thorax (ref 12, 27 citations), we outline why the observational studies 

consistently show a benefit with statin use in COPD and why the randomised control trial (RCT) showed 

no benefit.  In particular a major limitation of the STATCOPE RCT*, was the exclusion of all those who 

were at any elevated risk of cardiovascular disease (who may have benefitted from statin use).  Based on 

the disparate results between observational studies and this single RCT, and our knowledge in this area, 

we proposed that the consistent benefit of statins in the observational studies could be attributed to a 

significant proportion of COPD patients who had not yet manifested coronary heart disease but were 

none-the-less at elevated risk.  I coined the term “unhealthy non-users” to describe this group and 

suggested that they represent an under-treated group of patients with COPD who should be considered 

at high risk of coronary heart disease, but were not treated for this.  A recent RCT, better representing 

COPD patients not already on statins,  has reported benefits from statin use in reducing exacerbations by 

about 30% after 12 months of follow-up (ERJ in press).3  This replicates the findings of a large 

observational study6 showing the same benefit, and is the subject of an editorial I have been invited to 

write. In another article (ref 13, 2 citations) we point out that two findings of the study (a “recently of use 

effect” and “dose-response effect”) provide support that the statins were directly implicated in the better 

outcomes.  Lastly, we have published two articles (refs 14 and 15, 13 citations) linking the mevalonate 

(lipid) pathways with the development of both COPD and lung cancer. In the last of these articles I 

describe the interesting results of the Canukinumab study (CANTOS), where statins were given in 

conjunction with an IL-1β antagonist (Canukinumab) in ever smokers with cardiovascular disease.  In our 

re-analysis of the original data we show a 49% reduction in lung cancer deaths in ever smokers over 4 

years. 

* STATCOPE = Simvastatin Therapy for Moderate and Severe COPD  
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4.4 Summary 

This body of work scrutinised the scientific literature examining the potential benefits of statins in COPD 

and from this I drew the following conclusions; 

- there is growing evidence that systemic inflammation may be a primary driver of COPD and lung 

cancer augmented by smoking, 

- statins attenuate the systemic inflammatory response and in doing so may benefit smokers with 

COPD, 

- statins confer a weak reduction in cancer specific mortality where those cancers are linked to 

smoking and obesity, 

- both observational studies and a recent randomised control trial, found a 30% reduction in 

exacerbation rates for those with COPD taking statins, and 

- more randomised studies in patients with COPD are warranted. 

4.5 Limitations, controversies and future work 

At the time of writing this thesis, a soon to be published randomised control trial (RCT) of statin use 

(Simvastatin 40 mg/day),  in patients with spirometry confirmed COPD, showed a 30% reduction in COPD 

exacerbations over a 12 month period (Schenk P, et al.).  Unlike STATCOPE this study recruited a more 

widely representative sample of patients with COPD. This observation needs replication in another larger 

RCT to help confirm this utility of statins in COPD. While we can argue that airflow limitation is an 

independent marker of cardiovascular death and all-cause mortality, and on this basis alone might justify 

adding statins to the management of patients with COPD, more RCTs showing a benefit on respiratory 

outcomes would help support this view. 

4.6 References/Supporting Publications 

1. Raymakers AJN, Sadatsafavi M, Sin DD, et al. The impact of statin drug use on all-cause mortality 

in patients with COPD: A population-based cohort study. Chest 2017; 152: 486-493.  4 citations 

from my body of work 

2. Li W-F, Huang Y-Q, Feng Y-Q. Statins reduce all-cause mortality in chronic obstructive pulmonary 

disease: an updated systematic review and meta-analysis of observational studies. Oncotarget 

2017; 8: 73000-73008. 4 citations from my body of work 

3. Schenk P, Spiel A, Huettinger F, et al. Can simvastatin reduce COPD exacerbations? A randomised 

double blind controlled study. Eur Resp J 2021 (in press). 2 citations from my body of work 

The above papers, together with those listed below, support my conclusions that statin therapy could 

benefit patients with COPD through immune modulatory mechanisms. 

4. Mroz RM, Lisowski P, Tycinska A, et al. Anti-inflammatory effects of atorvastatin treatment in 

chronic obstructive pulmonary disease. A controlled pilot study. J Physiol Pharmacol 2015; 66(1): 

111-28. 

5. Maneechotesuwan K, Kasetsinsombat K, Wongkajornsilp A, et al. Simvastatin up-regulates 

adenosine deaminase and suppresses osteopontin expression in COPD patients through an IL-13-
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with chronic obstructive pulmonary disease. Thorax 2015; 70: 33-40. 
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ABSTRACT
Studies show reduced forced expiratory volume in 1 s (FEV1)
in patients with chronic obstructive pulmonary disease
(COPD) is an important independent predictor of cardiovas-
cular death and is characterised by both pulmonary and
systemic inflammation. Evidence shows statins have
important anti-inflammatory effects in both the lungs and
arteries. Although randomised control trials are yet to be
reported, non-randomised studies have consistently shown
benefit in COPD patients taking statins compared with those
not. These include reductions in both cardiovascular and
respiratory morbidity/mortality. Other potential benefits
include a reduced decline in FEV1 and reduced risk of lung
cancer. It is argued that confounding by a ‘‘healthy user
effect’’ is unlikely to explain the observed benefit. Given the
undisputed benefit of statins in high risk populations and the
growing body of data suggesting statins may benefit
patients with COPD, the question arises ‘‘Should statins be
considered more often in patients with COPD?’’.

Patients with chronic obstructive pulmonary dis-
ease (COPD) die primarily from complications of
smoking, specifically coronary artery disease (CAD),
COPD related complications (respiratory failure
with or without chest infection), lung cancer and
stroke.1–5 Collectively these account for over 80% of
deaths in COPD.1–7 CAD is the most common cause
of death, estimated to affect between 20–50%,1–5 but
both lung cancer and COPD related complications
are also common, estimated at 20–30% and 10–30%
of deaths, respectively.1–6

COPD and reduced forced expiratory volume in 1 s
(FEV1) are both powerful predictors of mortality.
Studies show that the severity of COPD, based on
FEV1, predicts survival with an estimated mortality
of 50% over 5 years.3 8 9 This is comparable to
mortality from advanced CAD and many forms of
cancer. Nevertheless, to date only smoking cessation,
long term oxygen, and lung reduction surgery have
shown benefit in this regard.10 Bronchodilating and
anti-inflammatory treatment for COPD have been
shown to have only a limited effect on decline in lung
function11 and limited reduction on survival.9 10 12–15

Despite being the fourth leading cause of death in
developed countries, COPD is significantly under
diagnosed16 17 and predicted to be the third leading
cause in the coming years. Urgent efforts are required
to address this major public health problem.

LUNG FUNCTION AND CARDIOVASCULAR
MORTALITY
Reduced FEV1 is a powerful marker for CAD18–20

and mortality from cardiovascular disease21 22 after

controlling for several potential confounders.23

Although smoking is implicated in both COPD
and CAD, it is those smokers with poor lung
function, estimated to be 20–30% of all smo-
kers,10 24 25 who are at greatest risk of a coronary
death.3 6 Indeed for men, the combination of
reduced FEV1 and smoking exposure are better
predictors of future mortality from heart disease
than serum cholesterol values.10 In this study,
where FEV1 was compared with traditional risk
factors, it is striking that reduced FEV1 ranks
second only to smoking, well above blood pressure,
social class and cholesterol19 20 as a predictor for all
cause mortality in both men and women. Further
support for the importance of FEV1 in cardiovas-
cular risk assessment comes from two studies
showing that patients with COPD have a higher
prevalence of coexisting cardiovascular risk factors
than those with normal lung function26 27; specifi-
cally, those with COPD had a higher prevalence
(and presumed risk) for diabetes, hypertension and
cardiovascular disease.26 This study showed that by
including COPD (based on spirometry) with
traditional risk factors, further refinement of
cardiovascular risk could be achieved. Although
the second study showed that the relationship
between lung function and cardiovascular death
was reduced after adjustment for traditional risk
factors,27 COPD remained an independent and
significant risk factor in its own right. This
observation is consistent with the hypothesis that
the tendency to exaggerated systemic inflammation
underlies both COPD and cardiovascular disease
(discussed further below).28 Given the increased
CAD risk associated with COPD (or reduced FEV1),
it seems very reasonable to consider drug treatment
to address this risk specifically. On this basis alone,
it could be argued that HMG CoA reductase
inhibitors (statins) would benefit many patients
with COPD for primary prevention of CAD.

To exemplify the extent to which lung function
is relevant to cardiovascular mortality, the authors
highlight data from several studies.21–23 In these
studies, reduced FEV1 is shown to be more
important than smoking exposure after adjust-
ment for other variables (fig 1), not only in
cardiovascular mortality but in death from all
causes. Among smokers of comparable smoking
exposure, reduced FEV1 was associated with as
much as a 3–4 fold greater cardiovascular mortal-
ity.21–23 Remarkably, this effect also extends to non-
smokers where poor FEV1 predicts a risk 2–3 fold
greater than that of heavy smokers with normal
lung function.21 22 We conclude that FEV1 is an
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important marker of future cardiovascular mortality and that
its effects on mortality are both independent of and synergistic
with those from smoking. The underlying mechanism for this
may relate to systemic inflammation which has been implicated
in COPD and cardiovascular disease.

COPD AND LUNG CANCER
Although smoking exposure has a central role in both, only
approximately 10–15% of chronic smokers develop lung cancer29

while 20–30% develop COPD.10 24 30 Epidemiological studies
show that smokers with COPD are at considerably higher risk
of lung cancer than smokers with normal lung function,31–33

contributing over 50% of all lung cancer cases.34 35 There is
growing evidence that COPD and lung cancer result from
common pathological responses to inflammatory processes in
the lung,16 36–38 and that the individual smoker’s response to
these processes are genetically determined.39–42 Collectively,
these studies show that an overlapping subgroup of smokers
(and ex-smokers), characterised by reduced FEV1, are at
increased risk of CAD, COPD and lung cancer.

COPD AND SYSTEMIC INFLAMMATION
Recent studies have shown a consistent association between
biomarkers of systemic inflammation, primarily C reactive
protein (CRP), and severity of COPD.43–49 In a population based
study (NHANES III), those with severe airways obstruction
(FEV1 % predicted ,50%) were twice as likely to have an elevated
CRP value.43 This study also reports an additive effect between
the presence of moderate–severe COPD and elevated CRP on risk
of cardiac injury.43 The finding of an association between
systemic inflammation in both moderate and severe COPD
support epidemiological data showing that even small reductions
in FEV1 can increase cardiac morbidity and mortality 2–3 fold in
the general community.44 45 Surprisingly, this relationship with
CRP exists across smokers, ex-smokers and non-smokers,18 46–49

although one small population study failed to identify any
association.50 Two studies have examined the predictive utility of
CRP in outcome for patients with COPD, although the findings
were inconclusive.51 52 There is certainly a greater tendency to
consider COPD a systemic disease where weight loss predates
lung function decline53 and non-pulmonary manifestations
include diseases such as anaemia and osteoporosis.26 45–47 53

In summary, there is growing evidence that COPD is
associated with systemic inflammation that is exaggerated by,
but not dependent on, cigarette smoking. It is possible other
aero-pollutants are important here54 and that this susceptibility
to systemic inflammation may be in part genetically con-
ferred.55 56 These observations would be consistent with the
hypothesis that lung function is not just a ‘‘barometer’’ to the
lung’s response to airway aero-pollutant exposure but also a
marker of a more general systemic response.39 If this were true,
then drug treatment with systemic anti-inflammatory benefits
may be beneficial in reducing other inflammatory based diseases
such as CAD, lung cancer or stroke. Interestingly, in a
population study from Norway, statin use was associated with
a decrease in CRP concentration.57 More importantly, statin use
in a recently reported randomised control trial of 18 000 healthy
people with elevated CRP and normal lipid profile reported
reductions of 40–60% in cardiovascular end points58 If systemic
inflammation is considered an important determinant of
mortality in COPD and a target for preventive treatment (as
it is in CAD), then statins may have significant additional
benefits in COPD where elevated CRP is a feature43–49 and
existing treatments target pulmonary inflammation only.59 In
this regard, statin treatment may represent a new and much
needed adjunct treatment in the management of COPD.

STATINS AND THEIR ANTI-INFLAMMATORY EFFECTS ON
ARTERIES AND THE LUNGS
In the management of coronary artery disease, statins play a
central role by significantly reducing the serum cholesterol
concentration. However, their role in reduction of mortality and
morbidity in CAD is thought to relate as much to their anti-
inflammatory effects as to their cholesterol lowering effects
(that is, pleiotropy).60 Studies in both primary and secondary
prevention show that statin use is associated with a relative
30% reduction in mortality (table 1).61 The absolute benefit of
statin treatment in secondary prevention (in terms of absolute
risk reduction) is much greater and thus more cost effective
than in those at lower risk.62 To maximise the benefit of statin
therapy, treatment is targeted at patients who have established
CAD or those who have a very high baseline risk of having a
heart attack. People in the latter group are best identified by
assessing their risk based on several clinical parameters such as
age, cholesterol value, blood pressure and family history (for
example, Framingham score).

There is now considerable evidence suggesting that statins
have immunomodulatory effects that could attenuate the
inflammatory effects of smoking on the lung,63–66 not just the
arteries. These include reducing neutrophil migration, cytokine
production, adverse matrix remodelling, small airways inflam-
mation, and apoptosis.64–68 Of note, neutrophil migration into the
mouse lung following lipopolysaccharide (LPS) induced inflam-
mation is inhibited by statins.68 As neutrophil mediated
inflammation is central to smoking effects on the lung in
COPD,63–65 67 68 this effect of statins may be additive to those of
inhaled corticosteroids.67 68 Persistence of neutrophils in COPD
due to inhibition of neutrophil apoptosis and/or phagocytic
clearance might also be relevant to attenuating persisting

Figure 1 Relationship between forced expiratory volume in 1 s (FEV1),
smoking status and (A) odds ratio for cardiovascular mortality (modified
from Tockman et al21) and (B) all cause mortality rate (%) (modified from
Olofson et al22).
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neutrophilic inflammation.68 We suggest that identifying smo-
kers with significant air flow limitation (%predicted FEV1 ,70%)
could be considered analogous (in terms of future cardiovascular
risk) to identifying those with elevated cholesterol.7 39 Evidence of
airflow limitation, together with other CAD risk factors (for
example, smoking, elevated blood pressure or family history)
should prompt consideration of primary preventive treatment
with statin therapy in those with multiple risk factors. Given the
substantial risk of CAD conferred by a reduced FEV1, it would
not be surprising that patients with COPD might gain greater
cardiovascular benefit from statin therapy than those with
normal lung function from the primary prevention studies.

STATINS IN COPD: FINDINGS FROM OBSERVATIONAL STUDIES
Given the importance of reduced FEV1 in cardiovascular risk, we
support others who propose that FEV1 be used in conjunction
with commonly used risk markers,5 7 68 69 such as blood pressure
and serum cholesterol, to assess risk and target preventive
treatment. Such an approach may improve outcomes as
suggested by three recent large prospective observational studies
reporting that patients with COPD on statins had substantial
reductions in both morbidity and mortality compared with
those with COPD who were not.70–72 Strikingly, those with
COPD who took statins had as much as a 50% reduction in all
cause mortality,70 71 50% reduction in myocardial infarction,70

and 30% reduction in hospitalisation from COPD (table 1).70

These findings were replicated in another observational study of
patients with peripheral vascular disease that, after a median
5 year follow-up, showed those with COPD taking statins had
mortality reduction of 30–40% compared with non-users.73

In a recently reported non-randomised study of lung function
screening in smokers and ex-smokers with COPD (n = 319),
compared with those not on statins, those taking statins had a
significantly reduced annual FEV1 decline (+5 ml/year compared
with 286 ml/year in those with mild COPD not taking a statin)
and 37% reduction in COPD related hospitalisation.74 This is
consistent with other studies purporting a 90–110 ml/year loss in

FEV1 in smokers most susceptible to COPD,75 76 versus the normal
annual decline of approximately 10–20 ml.10 16 24 We note that the
decline of FEV1 in clinical trial patients, with mild to moderate
COPD, is estimated to be in the order of 50 ml/year.77 78 As a
randomised clinical trial is needed to confirm that statins
attenuate FEV1 decline, studies involving mild to moderate
COPD might require greater numbers (to improve power) than
those reported in these observational studies. The observation
that statins might attenuate FEV1 decline74 is consistent with data
reported in a subpopulation of the Normative Aging Study
involving 803 men and 2136 measurements over a 10 year follow-
up period.79 Across a wide range of baseline lung function, the
average yearly decline in FEV1 was 24 ml/year in those not on
statins and 11 ml/year in those on statins. Importantly, in both
studies74 79 this effect was found regardless of smoking status,
suggesting statin therapy benefits both smokers and ex-smokers.
When the lung function findings from these studies74 79 are
extrapolated over a 20 year period, the preservation of lung
function in a COPD patient taking statin therapy would be
comparable to that achieved from quitting smoking (fig 2).
Although data from randomised studies are needed to confirm
these interesting findings, they suggest that statins could be one
of the first pharmacological agents to preserve lung function, to
date the only intervention other than smoking cessation to do so.
Although smoking cessation is and must remain the priority in all
patients, the addition of statins to current treatment appear to
confer protective effects on the lung and may be useful in those
ex-smokers with COPD where lung function continues to decline.

These observational data are remarkably consistent and suggest
the mortality benefit in COPD patients taking statins was
approximately twofold greater than the mortality benefit seen
with inhaled corticosteroid treatment (up to 25% reduction)80 or
corticosteroid treatment combined with long acting bronchodila-
tors (up to 35% reduction).81 Moreover, the reduction in
hospitalisation with the statin treatment was comparable to that
achieved with locally acting inhaled corticosteroids, considered by
many as routine therapy.81 The apparent benefit of statins over

Table 1 Risk reduction associated with statin therapy in the observational studies compared with primary
prevention randomised controlled trials (RCTs) in coronary artery disease

Cohort No OR (95% CI) Relative risk reduction Reference

COPD 19720 0.53 (0.42 to 0.62) 47% risk reduction for death or MI in high risk
COPD patients

Mancini et al70

COPD 854 0.57 (0.38 to 0.87) 43% risk reduction for death after hospital
discharge for COPD exacerbation

Soyseth et al71

COPD 76232 0.62 (0.43 to 0.91) 38% risk reduction for death following
hospitalisation with chest infection

Frost et al72

0.19 (0.08 to 0.47) 81% risk reduction for death following
hospitalisation with COPD exacerbation

US Veterans 483733 0.45 (0.42 to 0.48) 55% risk reduction of lung cancer with .

6 months of statin use
Farwell et al83

US Veterans 62842 0.70 (0.60 to 0.81) 30% risk reduction of lung cancer Karp et al84

US Veterans 8652 0.54 (0.42 to 0.70) 46% risk reduction of death following
hospitalisation for pnuemonia

Mortensen et al85

Primary
prevention
RCT*

21087 0.71 (0.56 to 0.91) 29% risk reduction for death following an MI Pignone et al61

0.70 (0.62 to 0.79) 30% risk reduction for having a MI

CI, confidence interval; COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; OR odds ratio.
*Based on a meta-analysis of randomised controlled trials.
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corticosteroids may reflect their greater attenuating effect on
neutrophilic inflammation and/or apoptosis, both of which are
key features of COPD.63–68 Perhaps of greater significance was that
the reduction in myocardial infarction seen with statin treatment
was twofold greater in patients with COPD than was seen in the
coronary artery primary prevention studies.61

Lastly, statin use has also been associated in three large
observational studies with reduced risk of lung cancer
(table 1).82–84 Two US studies reported data from the Veterans
Affairs Healthcare System involving 480 000 patients (from
south Central VA) and 60 000 (from New England). In the
former case–control study, statin use for .6 months was
associated with a 55% reduction in lung cancer risk compared
with those not taking statins.82 This reduction was seen across
all ages and independent of other cardiovascular risk factors
such as smoking and the presence of diabetes. In the New
England study, with a median 5 year follow up, there was a 30%
risk reduction for lung cancer after adjustment for confounding
variables.83 The third study reported data on 60 000 patients and
reported a 35–47% reduction in the incidence of lung cancer
after 7 years of follow up.84 In another Veteran Affairs study,
statin use was associated with a 50% reduction in 30 day
mortality in those hospitalised with community acquired
pneumonia,85 although the benefit of statin use in sepsis
remains controversial.86–88 Just as was seen in the COPD related
studies above, there appears consistency in both the direction
and magnitude of effect with statin use and reduced lung cancer
risk. Although these studies consistently report benefit over
harm, with reductions in statin users ranging between 30–50%,
history shows that the real magnitude of the benefit of statin
use may be less and best estimated from randomised clinical
trials. This is because all these statin studies have been
observational studies,70–78 82–85 where the potential for confound-
ing exists (see ‘‘healthy user effect’’ below).

STATINS: FINDINGS FROM AN INTERVENTIONAL STUDY
The Heart Protection Study (HPS) was a large randomised
clinical trial of secondary prevention in 20 000 patients with
vascular disease or diabetes.89 It concluded that statin users had
a 17% reduction in vascular deaths although no significant

effect on non-vascular death was found. Over the 5 year period
of the study no increase in mortality from diseases such as
cancer (and specifically lung cancer) was observed, but it should
be noted that this was a relatively young cohort to be exploring
effects on cancer incidence. In a sub-analysis, there was a non-
significant trend to reduced death from all respiratory diseases
and hospital admission for COPD. Findings showed death from
all respiratory diseases were reduced in statin users compared
with non-users (26 (0.3%) simvastatin vs 39 (0.4%) placebo, for
respiratory death—relative reduction of 34%, relative risk (RR)
0.66, 95% confidence interval (CI) 0.41 to 1.08, p = 0.10; and 88
(0.9%) vs 110 (1.1%) for COPD admission—relative reduction of
21%, RR 0.79, 95% CI 0.60 to 1.05, p = 0.10). This was a small
subsample from a large RCT, where there was no selection (or
sub-analysis) for patients with COPD. In this setting dilution
effects may be large and result in under-powering for any effect
between statins and respiratory morbidity/mortality. No
significant difference in absolute FEV1 was observed on the
final visit in a subgroup taking simvastatin compared with
placebo. It is difficult to interpret this last finding as no lung
function was done at baseline, smoking prevalence was low, and
it is not clear whether the two groups were matched for
relevant factors such as smoking exposure. As approximately
70–80% of smokers maintain normal or near normal lung
function,30 any beneficial effect of statin treatment over a 5 year
period may be lost (or diluted) by those unlikely to benefit. The
latter group will be large and comprise non-smokers (estimated
at 80% of the cohort) and smokers who have maintained
normal or near normal lung function despite smoking (esti-
mated as 15% of the cohort). Thus, an estimated 95% of the
HPS cohort, where little statin effect on lung function would be
expected, might obscure the beneficial effect of statin use in
those who were smokers and had COPD (remaining 5%). This is
because the positive effects statins might confer on the lungs
come from mitigating the inflammatory effects from smoking
(see effects of statins on the lungs). Any benefit would thus be
found primarily in those smokers where the inflammatory
effects of smoking are exaggerated or maladaptive (that is, in
‘‘susceptible’’ smokers with COPD), leading to remodelling in
both the airways and/or lung parenchyma.

THE ‘‘HEALTHY USER EFFECT’’
The observation that patients with COPD taking statins do
better than those not taking statins has been attributed to the
‘‘healthy user effect’’.90 This effect means any benefits
associated with taking statins is actually secondary to other
factors such as co-existing disease, underlying COPD severity,
other lifestyle factors (for example, smoking), drug compliance
and factors related to health care quality or access. In other
words, those taking statins are doing other things that improve
their health status (for example, attending the doctor more,
smoking less, are otherwise healthier with better lung function
or generally are more compliant with their medications).
Accordingly, improved outcomes in statin users are not due to
taking statins per se but some other unrecognised factor
associated with being prescribed statins (that is, statin use is
confounding the observed better outcomes). Although the
‘‘healthy user effect’’ may explain the mixed results from statin
use in reducing mortality in infection (sepsis or pneumonia),85–88

to attribute this effect to the consistently reported mortality
and morbidity benefits of statin use in the COPD studies
outlined above requires detailed analysis. The benefit of statin
use on mortality is greatest in COPD patients with pre-existing
cardiovascular disease70 and may relate to effects on reducing

Figure 2 Estimated effect of statin treatment on forced expiratory
volume in 1 s (FEV1) decline in non-randomised prospective studies.74 79

COPD, chronic obstructive pulmonary disease.
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systemic inflammatory cytokines linked to coronary disease (for
example, interleukin 6 (IL6)).88 Such an effect may also be of
importance in the lungs and we note with interest the
consistently reported statin effect on reducing FEV1 decline74 79

and reducing lung cancer risk82–84 where pulmonary inflamma-
tion is likely to be most relevant.16 36–38

First, patients taking statins have been recognised to have
established CAD or risk factors for CAD in contrast to those non-
statin users who presumably have not. In the New England
Veterans study of 60 000 participants, statin users had signifi-
cantly higher diabetes prevalence, smoking prevalence, low
density lipoprotein (LDL) values, ‘‘lung diseases’’, and ‘‘cardio-
vascular disease’’.83 Only hypertension and mental illness were
marginally higher in the non-statin user group compared with
the statin users. We conclude that baseline health status, and
thus expected mortality, appears worse in statin users compared
with non-users. Given how well statins are tolerated,91 the
proportion of patients not taking statins because they do not
tolerate them is likely to be small and non-contributory.

Second, although those taking statins have been shown to seek
out other health preventive services92 such as influenza vaccina-
tion, pneumococcal vaccination or cancer screening, there are
several reasons why such activities might not explain a 50%
reduction in mortality. Only the minority of the population
undertake these activities (influenza vaccine 38%, pneumococcal
vaccine 6%, mammography 21% of women, and prostate specific
antigen (PSA) testing 21% of men). Furthermore, the magnitude
of the difference was small (the relative frequency of influenza
vaccination use among statin users was only 21% higher than in
those not taking statins with an absolute difference of 10%).
Given that the difference in uptake of these ‘‘preventive
therapies’’ is modest and that fewer than half of statin users
actually use these treatments, it would require a substantial
benefit on mortality for any of these to account for a 50%
reduction in mortality. To date, none of these ‘‘preventive
therapies’’ have been convincingly shown to reduce cardiore-
spiratory mortality or morbidity and therefore are unlikely to
account for a confounding effect from statin use. Similarly, if
statin use was associated with better drug compliance with
COPD related treatments such as inhaled corticosteroid use, the
latter is unlikely to account for a 50% reduction in mortality
across all those with COPD. In one observational study, where
the effect of a statin was compared in those taking or not taking
corticosteroids, little further risk reduction came from steroid

use.70 It is not apparent what other treatments the statin users
were taking which might confer this degree of effect.

Third, both population and observational studies show there
are much higher rates of cardiovascular disease in those with
COPD taking statins compared with non-users.26 27 65 71 74 76 As
there is no evidence that having COPD increases your lipid
concentrations, it would seem likely that statin users are
inherently at greater risk of cardiovascular disease (with greater
expected mortality) than those not prescribed them. One of the
observational studies attempted to look at this by subdividing
their COPD cohort according to baseline CAD risk70 and found
significantly reduced rates of COPD related hospitalisation and
deaths in the low risk group, although myocardial infarction
reduction was no longer evident. Similarly, the benefits of
taking inhaled corticosteroids did not contribute to better
outcomes in this study.70

Another factor associated with statin use was a higher
frequency of screening for cancer.92 Screening for cancer may
reduce cancer mortality through early diagnosis and treatment,
but does not reduce cancer prevalence. In the previously
discussed observational study from New England, the lung
cancer prevalence was lower in statin users compared with non-
users.82 This is unlikely to be due to a greater proclivity for, or
awareness of, screening in lung cancer.

Several of the observational studies have controlled for other
lifestyle factors such as smoking and still find a mortality
benefit with statin use. Protective lifestyle factors such as intake
of fresh fruits and vegetables may be higher in statin users
compared with non-users, but again the proportion of people
involved and the magnitude of the effect are likely to be too
small to account for the mortality benefit seen in the
observational studies. One possibility is that the combined
effects of all these potential confounding variables might
explain the benefit associated with statin use; however, this
would suggest these beneficial confounders were relevant across
all populations studied by these observational studies.

Lastly, there are only limited data on just how frequently
statins are prescribed in patients with COPD and no evidence to
suggest that statin use is more common in those with milder
forms of COPD (that is, confounding by severity of COPD).
Data from observational studies suggest that the proportion of
patients with COPD prescribed statins to be on average 26%
(range 20–50%).72–74 79 80 This correlates with other population
based studies that report 29% of patients diagnosed with COPD

Table 2 Statin use and lung function in a tertiary centre
chronic obstructive pulmonary disease clinic

Characteristic
Statin user
(n = 125)

Statin non-user
(n = 137)

Mean age (years) 69 67

Male gender (%) 62% 60%

Pack years 48 44

Current smoker 34% 44%

Lung function

FEV1 (litres) 1.86 1.81

%predicted FEV1 67% 65%

FEV1/FVC 59% 58%

Past medical history

Cardiovascular event (%)* 45% 8%

Pneumonia (%) 37% 38%

COPD exacerbation 41% 39%

COPD, chronic obstructive pulmonary disease; FEV1, forced
expiratory volume in 1 s; FVC, forced vital capacity.
*p,0.05.

Key references

c Young RP, Hopkins RJ, Eaton TE. FEV1 not just a lung function
test but a marker of premature death from all causes. Eur
Respir J 2007;30:616–22.

c McClay JD, McAllister DA, MacNee W. Cardiovascular risk in
chronic obstructive pulmonary disease. Respirology
2007;12:634–41.

c Rodriguz-Roisin R, Soriano JB. Chronic obstructive pulmonary
disease with lung cancer and/or cardiovascular disease. Proc
Am Thorac Soc 2008;5:842–7.

c Hothersall E, McSharry C, Thomson NC. Potential therapeutic
role for statins in respiratory disease. Thorax 2006;61:729–34.
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were taking statins84 and 34% with ‘‘lung disease’’.83 We
examined this variable in a small audit of our COPD clinic
patients and found no difference in demographic variables or
lung function between those taking and not taking statins
(table 2). However, among the 48% (n = 125) who were
currently taking statins, nearly a half (45%, 56/125) reported
having had a cardiovascular event (angina, myocardial infarc-
tion, coronary revascularisation or stroke) compared with 8%
(11/137) in the non-statin group. Similar findings have been
reported by others.73 74

Given the evidence to date, it seems the ‘‘healthy user effect’’
is very unlikely to explain the consistent reductions in mortality
and morbidity in those taking statins in these large observa-
tional studies. In the USA alone there are over 90 million
smokers or ex-smokers and an estimated 15 million with COPD
who might benefit from the use of statin treatment as a
preventive agent for not just CAD but COPD and lung cancer as
well. Collectively these diseases account for 70–80% of
premature death in smokers.93 Statins are currently one of the
most widely prescribed drugs and are generally well tolerated
with a safe side effect profile.89 94 95 Analogous to the clinical
situation in CAD, there could be targeting of smokers and ex-
smokers for preventive statin treatment using a risk marker
such as reduced FEV1. We conclude from these data that
although it is possible that an as yet unidentified confounding
factor associated with statin use might explain a 50% mortality
reduction, to date, no convincing explanation has been reported.

SUMMARY
Based on growing epidemiological, laboratory and clinical studies,
there is now considerable evidence to suggest that statin
treatment could improve outcomes in COPD. This could have
considerable impact on this important disease. Given the
importance of reduced FEV1 in predicting cardiovascular disease,
we support others who propose that it be used in conjunction
with accepted risk markers,37 50 54 61 62 69 such as blood pressure,
CRP and serum cholesterol, to assess risk and target preventive
treatment. Targeted treatment could also be based on more
sophisticated models such as the BODE index.96 Such an approach
may improve outcomes in the most cost effective manner.

The magnitude of this respiratory benefit may be as much as
twofold greater than that from existing treatments (for
example, inhaled corticosteroids), while the magnitude of the
cardiovascular benefit may be nearly twofold greater than that

currently seen in heart attack prevention where mortality has
halved since the introduction of statins. Although it is possible
that this statin benefit is confounded by other factors
independently associated with statin use (the so called ‘‘healthy
user effect’’), there is no good evidence to suggest this is the
case. The observational studies typically show that statin users
tend to be older and have more co-morbidities (such as coronary
artery disease, dyslipidaemia and diabetes) than non-users—
that is, not healthier than non-users. There is no apparent
difference in lung function between those prescribed and not
prescribed statins. Moreover, the ‘‘preventive’’ factors reported
to be associated with statin use appear insufficient in frequency
and effect size to account for the morbidity and mortality
benefits seen with statin use.

We and others have previously reported that reduced FEV1 is
an independent predictor of mortality from both cardiovascular
disease (CAD and stroke) and respiratory disease (COPD and
lung cancer).39 45 We have also proposed that reduced FEV1

provides a non-invasive marker of susceptibility to aero-pollutant
exposure and tendency to systemic inflammation.39 Here we
suggest that patients with COPD be considered for statin
treatment for three reasons. Firstly, a diagnosis of COPD (or
reduced FEV1) is in its own right a powerful marker of increased
risk of coronary artery disease.7 8 This risk is greater than that of
other well established risk factors usually prompting statin
treatment (elevated cholesterol, smoking, family history, diabetes
and elevated blood pressure). Second, there is consistency in the
studies showing benefit over harm with clinically significant
morbidity and mortality reductions with statin use that have not
yet been attributed to confounding effects. Third, currently
recommended therapies for COPD merely control symptoms and
have not been shown to reduce morbidity or mortality convin-
cingly.97 Novel treatments such as statins, that have been shown
to attenuate neutrophilic inflammation by reducing recruitment
and/or activation of inflammatory cells in the lungs,97 should be
considered. To date, approximately 20–30% of patients with
COPD are prescribed statins. However, given the impressive
safety data on long term statin use,91 in particular that lowering
cholesterol does not increase risk of cancer nor does it increase
mortality,82 83 85 94 95 should we be considering statins more often
in patients with COPD? Based on the evidence to date showing
clinically relevant reductions in cardiovascular mortality in high
risk populations (20–30%) and the benefits of adding statins to
existing COPD treatment (consistent morbidity and mortality
reductions of 30–50%), the answer is quite possibly yes.

MULTIPLE CHOICE QUESTIONS (TRUE (T)/FALSE (F); ANSWERS
AFTER THE REFERENCES)

1. Based on the observational studies, which one of the following
potential benefits of statin use in patients with COPD is false?

A. Reduced risk of lung cancer

B. Reduced decline in FEV1

C. Reduced cardiovascular and all cause mortality

Current research questions

c In a randomised control trial, how does the anti-inflammatory
benefit of statin treatment compare with inhaled corticosteroids?

c Will randomised control trials replicate the diverse morbidity
and mortality benefits of statin treatment consistently reported
in observational studies?

Key learning points

c Reduced forced expiratory volume in 1 s (FEV1) is associated
with systemic inflammation and is an independent marker of
cardiovascular morbidity and mortality.

c Reduced FEV1 is also an independent marker for risk of lung
cancer and stroke.

c Statins have anti-inflammatory effects in both arteries and
airways through attenuation of neutrophilic inflammation.

c Reported benefits of statin use in patients with chronic
obstructive pulmonary disease (COPD) include reduced
cardiovascular mortality, reduced respiratory morbidity/
mortality, reduced lung function decline, and reduced risk of
lung cancer.

c Although these benefits have yet to be confirmed in
randomised controlled trials, they are unlikely to be explained
by the ‘‘healthy user effect’’.

Review

Postgrad Med J 2009;85:414–421. doi:10.1136/pgmj.2008.078477 419



D. Reduced hospitalisation and mortality from infective
exacerbations

E. Reduction in symptoms and quality of life

2. Based on the animal and human studies, which one of the
following has not been attributed to statin effects in the lungs?

A. Reduced apoptosis in the lung

B. Reduced neutrophil influx and/or migration in to the lung

C. Bronchodilatation and smooth muscle relaxation

D. Reduced cytokine production in the lung

E. Reduced small airway inflammation

3. Which of the following statements regarding reported
observations between CRP and COPD is false?

A. Elevated CRP is inversely related to impaired FEV1 in
patients with COPD, after adjustment for smoking

B. Elevated CRP in COPD patients is unrelated to cardiovas-
cular mortality

C. Elevated CRP and reduced FEV1 have been associated in
cross-sectional studies

D. Statin use is associated with a reduction in CRP

E. Elevated CRP is association with increased mortality in
patients with COPD

4. Which of the following statements about the use of statins in
COPD is false?

A. Benefits of statin use from observational studies suggest
significant reduction in respiratory morbidity even after
adjustment for conventional treatment such as corticosteroids

B. Given the high cardiovascular risk associated with COPD,
statins may be beneficial in many patients with COPD

C. Benefits from statins over existing treatments for COPD
may be attributed to their apparent anti-neutrophilic effects

D. From observational data, it appears statins are taken by the
majority of patients with COPD

E. In a sub-analysis of a large randomised controlled trial
examining statin use and their effect on cardiovascular
disease, a trend for benefit on respiratory morbidity/
mortality was seen despite the inclusion of non-smokers
and subjects with normal lung function

5. Which of the following statements with respect to potential
statin benefits in COPD is unlikely to account for ‘‘the healthy
user effect’’?

A. COPD patients taking statins have a higher prevalence of
cardiovascular disease and higher mortality risk.

B. COPD patients taking statins have greater impairment in
lung function compared with those not taking statins

C. COPD patients taking statins have morbidity/mortality
benefits irrespective of concomitant use of inhaled corti-
costeroids.

D. COPD patients taking statins with low baseline cardiovas-
cular risk had reductions in respiratory morbidity

E. COPD patients taking statins undertake ‘‘preventive
interventions’’ at a slightly higher rate than those not
taking statins but is unlikely to account for the apparent
beneficial effects of statins

Competing interests: None.
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REVIEW

Pharmacological actions of statins:

potential utility in COPD
R.P. Young*, R. Hopkins* and T.E. Eaton#

ABSTRACT: Chronic obstructive pulmonary disease (COPD) is characterised by minimally

reversible airflow limitation and features of systemic inflammation. Current therapies for COPD

have been shown to reduce symptoms and infective exacerbations and to improve quality of life.

However, these drugs have little effect on the natural history of the disease (progressive decline

in lung function and exercise tolerance) and do not improve mortality. The anti-inflammatory

effects of statins on both pulmonary and systemic inflammation through inhibition of guanosine

triphosphatase and nuclear factor-kB mediated activation of inflammatory and matrix remodelling

pathways could have substantial benefits in patients with COPD due to the following. 1) Inhibition

of cytokine production (tumour necrosis factor-a, interleukin (IL)-6 and IL-8) and neutrophil

infiltration into the lung; 2) inhibition of the fibrotic activity in the lung leading to small airways

fibrosis and irreversible airflow limitation; 3) antioxidant and anti-inflammatory (IL-6 mediated)

effects on skeletal muscle; 4) reduced inflammatory response to pulmonary infection; and 5)

inhibition of the development (or reversal) of epithelial-mesenchymal transition, a precursor event

to lung cancer. This review examines the pleiotropic pharmacological action of statins which

inhibit key inflammatory and remodelling pathways in COPD and concludes that statins have

considerable potential as adjunct therapy in COPD.

KEYWORDS: Chronic obstructive pulmonary disease, statins

C
hronic obstructive pulmonary disease
(COPD) occurs as a result of the combined
effects of smoking exposure and genetic

susceptibility to the damaging effects of smoking.
COPD is characterised by progressive, minimally
reversible airflow limitation that results from
varying combinations of parenchymal destruction
(emphysema) and fixed small airways disease from
smooth muscle hypertrophy and airway fibrosis
[1–3]. COPD is also a systemic disease with
progressive muscle wasting of the skeletal and
respiratory system, which further limits exercise
capacity [4–6]. Other systemic manifestations of
COPD include coronary artery disease (CAD),
osteoporosis and anaemia [4, 7]. Although goblet
cell hyperplasia and excessive mucus production
are also clinical manifestations in COPD they do
not appear to be associated with poor outcomes in
COPD, unlike reduced expiratory volumes and
systemic inflammation [3].

PATHOPHYSIOLOGY OF COPD
Smoking has been shown to account for ,85% of
cases diagnosed with COPD, while exposure to

other aero-pollutants such as organic and inorganic
work dusts, heavy air pollution or precipitants of
allergic inflammation may also play a role [3]. The
potential effects of smoking on the lung, systemic
circulation and muscle is shown in figure 1.
Smoking initiates a ubiquitous inflammation orche-
strated by the bronchial epithelium with release of
interleukin (IL)-8 and subsequent sequestration of
neutrophils from the pulmonary capillaries into
respiratory bronchioles and airway lumen [8–10].
IL-8 stimulates further release of neutrophils from
the bone marrow [9]. Activated neutrophils in the
pulmonary tissue (respiratory bronchioles and
alveolar walls) release neutrophil elastase which
contributes to elastin degradation [8]. Other pro-
teases with possible roles in COPD include sereine
proteases, cysteine proteases or chymotrypsin.
Smoke exposure also incites the release of other
inflammatory cytokines from a variety of cells
including IL-6, tumour necrosis factor (TNF)-a, IL-
1b, transforming growth factor (TGF)-b1 and
granulocyte-monocyte colony-stimulating factor
(GM-CSF) [1, 11]. Inhalation of cigarette smoke
results in a huge exogenous oxidant load on the
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lung from reactive oxygen species (ROS), which inactivates many
of the anti-protease mediators, most notably a1-antitrypsin (and
possibly a1-anti-chymotrypsin and serine antiproteases), result-
ing in an acquired anti-protease deficiency [12, 13]. The effect of
IL-8 and neutrophil influx into the pulmonary parenchyma is
accompanied by the influx of macrophages and CD8+ T-
lymphocytes [14]. Macrophages are thought to become activated
and release a number of matrix metalloproteases (most notably
MMP1, MMP2, MMP9, MMP12 and MMP15), which have the
ability to degrade both elastin and collagen leading to further
lung parenchymal damage [10, 11, 15]. The neutrophils are
known to release a high concentration of endogenous oxidants,
which add to those derived from smoking and worsen the global
anti-protease effect through inactivation of systemic anti-pro-
teases (e.g. a1-antitrypsin) and inhibition of local anti-proteases
(e.g. tissue inhibitors of metalloproteinases) [8].

The oxidant load derived from the lung (exogenous and
endogenous) crosses the endothelium where, in combination
with elevated circulating cytokines, it results in systemic
inflammation in the vascular system [4, 7, 12]. Nicotine from
smoke provides agonist activity to the nicotine acetylcholine

receptor found throughout the airways and is thought to
initiate the release of fibronectin leading to pulmonary airway
fibrosis by fibroblasts [16, 17]. The latter is thought to be
mediated by IL-8 and TGF-b1 is released as part of the
inflammatory responses [16, 17] leading to excess collagen
relative to elastin (impaired repair). Finally, recent studies
suggest that dysregulated apoptosis (programmed cell death)
of structural cells (epithelial and endothelial cells) and
inflammatory cells (polymorphic neutrophils) occurs in
patients with COPD [18, 19]. It has been shown that neutrophil
apoptosis is reduced in the sputum of patients with COPD and
is associated with elevated IL-6 and IL-8 levels [19]. This
observation was found to be mediated by nuclear factor (NF)-
kB activation and is consistent with other studies that show
these cytokines are associated with inhibition of apoptosis [20].
Prolonging the lifespan of neutrophils in the lung would result
in persisting neutrophil-mediated inflammation and matrix
remodelling.

It has also been proposed that high levels of cytokines
(primarily IL-6), inflammatory mediators and/or ROS in the
systemic circulation, derived in a large part from the
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pulmonary circulation (the ‘‘spill over’’ effect) [4, 7], may lead
to muscle wasting and decreased muscle function [17–22].
Apoptosis has also been implicated in muscle wasting, as seen
in COPD patients [18, 19], and may be important in survival
[19–22]. Collectively, smoking appears to incite an inflamma-
tory response and high oxidant load that, over time, prema-
turely ages the body [23] through lung destruction
(emphysema), poor elastic recoil of tissues (reduced airway
compliance), maladaptive or excessive healing (airway fibro-
sis), and wasting of skeletal and respiratory muscles resulting
in poor exercise tolerance. These processes are ‘‘exaggerated’’
in smokers who are genetically predisposed to COPD and
result in progressive loss of lung function, muscle wasting and
exercise intolerance.

There is growing epidemiological and molecular evidence that
COPD is closely associated with lung cancer [24–26]. Like
COPD, lung cancer develops in only the minority of long-term
smokers, estimated to be 10–15% [27]. Recently, it has been
shown that 60–90% of those diagnosed with lung cancer have
pre-existing impaired lung function (consistent with COPD)
and/or emphysema on computed tomography scanning [24–
26]. This relationship is comparable to that observed between
obesity and type 2 diabetes. These epidemiological studies
suggest that factors conferring susceptibility to COPD may also
confer susceptibility to lung cancer mediated through genetic
variants underlying the pathogenic pathways, as described
above and as shown in figures 1 and 2 [28].

There is also a growing interest in the role that epithelial-
mesenchymal transition (EMT) plays in lung carcinogenesis
(fig. 2) [29, 30]. In this process, bronchial epithelial cell (BEC)
integrity and function is disrupted by matrix remodelling and
growth factor release that underlies COPD, such as TGF-b and
MMPs, and promotes EMT. The effect of growth factors on
EMT has been shown to be promoted by collagen 1, linking
remodelling (COPD) with EMT [30]. In animal models, the
guanosine triphosphatase (GTPase) proteins (i.e. GTP-binding
proteins e.g. Ras, Rho and Rac) have been linked to the
development of lung cancer, with NF-kB mediating this effect
in a COPD mouse model [31]. In vitro studies show that
inhibition of GTPase can reverse EMT and restore the
epithelium to its normal morphology [32]. Finally, there is a
link between EMT and damage to DNA which results in the
formation of DNA adducts and somatic mutations forming
oncogenes (e.g. k-Ras) and inhibiting tumour suppressor genes,
which are thought to underlie lung cancer development [31].
Although several pathological pathways are likely to be
involved in the development of COPD and EMT (figs 1 and
2), many are mediated intracellularly by GTPases [29]. These
signalling molecules require isoprenylation to be active and, as
described above, are critical for cellular function through up-
regulating effects on transcription binding factors, such as NF-
kB and activator protein-1, central to gene expression in COPD
[33] and lung cancer development [29]. If EMT is an important
pre-malignant event then the inflammation and matrix
remodelling processes that lead to COPD may also lead to
lung cancer, thereby explaining this close relationship in an
overlapping group of genetically susceptible smokers [28]. If
this were true, then any pharmacological agent that could
attenuate the inflammatory and matrix remodelling processes

underlying COPD might also reduce the risk (and develop-
ment) of lung cancer.

EPIDEMIOLOGY OF COPD
Despite the inflammatory and aging effects of smoking on not
just the lungs but the arteries and muscles of the body, why do
only an estimated 20% of smokers develop clinically significant
COPD [3]? Numerous studies have shown that COPD and
lung function have a strong genetic component, especially in
the presence of smoking history [34–36]. Based on widely
divergent drug metabolite levels, classic pharmacogenetic
studies have been able to define high or low drug metabolisers
that were subsequently linked to genetic variants of metabolis-
ing enzymes [37]. Similarly, after o40 yrs of smoking, forced
expiratory volume in 1 s (FEV1) in smokers can be categorised
according to approximately bi- or tri-modal distribution with
the majority (70–80%) maintaining normal (or near normal)
lung function (termed resistant smokers), while the remainder
have accelerated decline in FEV1 and are identified as
susceptible [3, 38–40]. This latter group may eventually be
diagnosed with COPD; however, due to the insidious breath-
lessness and under-utilisation of spirometry, 50–80% of people
with COPD remain undiagnosed [41].

This susceptibility to the effects of smoking is conferred by a
variable combination of low penetrant variants in genes
encoding proteins that are closely linked to the pathogenic
pathways described above [42]. It has been proposed that
reduced FEV1 in smokers is a general barometer of a smoker’s
susceptibility to the adverse effects of smoking and explains
the reported two to five-fold increased risk of other smoking
related complications, such as CAD, lung cancer and stroke, in
comparison to smokers with normal lung function [38]. It has
been shown that both cardiovascular and all-cause mortality
are more closely linked to reduced FEV1 than to smoking
status [43, 44], and maybe mediated by over-lapping inflam-
matory mediators (e.g. C-reactive protein (CRP), TNF-a and
IL-6). Therefore, smoking is an accelerant to an established pro-
inflammatory tendency which may be genetically conferred
[28, 45] and may lead to premature aging of the lungs and
arteries.

CURRENT TREATMENT IN COPD
The mainstay of treatment in COPD is short- and long-acting b-
agonist therapy to relax smooth muscle and dilate airways [2].
This approach is very successful in relieving the brocho-
constriction in asthma where hyperreactive airways and
smooth muscle constriction are important. The bronchodilating
response to this treatment is considerably less in COPD due to
small airway fibrosis and emphysema secondary to matrix
remodelling (imbalance of elastin/collagen content). Inhaled
corticosteroids are also used to inhibit airway inflammation of
COPD although it is strongly neutrophil driven rather than the
T-helper (TH) type-2 inflammatory response of asthma, where
activated lymphocytes are thought to play a central role [2].
Given these significant differences in pathogenic pathways
underlying COPD and asthma, it is perhaps not surprising that
current treatments in COPD modestly improve symptoms but
do no restore patients back to normal lung function. Given that
corticosteroids do little for neutrophilic inflammation [2, 11], it
is also not surprising that COPD is characterised by a
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progressive decline in lung function, exercise tolerance and
premature death despite these treatments. Although some
studies suggest marginal benefits on mortality from inhaled
corticosteroids or combined b-agonist/corticosteroid therapy,
the data are not terribly convincing [46–48]. Based on these
limitations [49, 50], interest has turned to treatments with
greater impact on neutrophil or macrophage derived inflam-
mation [50–53].

COPD AND SYSTEMIC INFLAMMATION
There are a growing number of studies showing that CRP is a
marker of systemic inflammation and a possible effector
molecule in vascular disease [4–6]. Several cross-sectional
and prospective studies have shown the close inverse relation-
ship between high-sensitivity CRP and lung function [54–56].
CRP is synthesised and released by the liver into the systemic
circulation in response to IL-6 released by inflammatory
stimuli. This link between IL-6, CRP and COPD is supported
by population studies showing an inverse relationship
between serum IL-6 levels and FEV1 [5, 57, 58], and murine
models of emphysema resulting from IL-6 overexpression [59].
Interestingly, a1-antitrypsin is also an acute-phase protein
released by the liver at the time of inflammation. It should be

noted that serum IL6 and IL-8 levels are elevated in smokers
with COPD in excess of those with normal lung function [8, 11,
19]. It would appear conceivable that, in those disposed to
COPD, smoking initiates an increase in the cytokines IL-6 and
IL-8 which might underlie the systemic (‘‘spill over’’ effect [4,
7]) and pulmonary inflammation, respectively. This could
explain the observation that patients with COPD have a greater
than two-fold risk of coronary heart disease [6]. Genetic
variation may confer important effects on the expression of
these effector molecules (e.g. CRP, IL-6 and IL-8) that then
mediate the downstream effects on COPD [60] and lung cancer
[45, 61, 62]. The heavy oxidant load derived from smoking has
effects both locally in lung parenchyma and systemically on
muscle function. Given these diverse pathways and anatomic-
ally distant events, what evidence exists to suggest that statin
therapy (or 3-hydroxy-3-methylglutaryl coenzyme A reductase
inhibitors) might affect any of these pathological events?

STATIN EFFECTS ON CLINICAL OUTCOMES IN COPD:
AN OVERVIEW
Statins are known to inhibit endogenous cholesterol synthesis
in hepatocytes by blocking the synthesis of cholesterol in the
mevalonate pathway. This explains the ability of statins to
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lower serum cholesterol. However, evidence from both human
and animal studies has shown that statins have strong
immune-modulating effects in both the systemic [63] and
pulmonary circulation [64, 65], which may have useful anti-
inflammatory actions in COPD (table 1) [52, 65–88].

Recently, there have been a number of observational studies
suggesting that patients with COPD and taking statins have
reduced hospitalisation for COPD exacerbations, lower mortal-
ity from COPD exacerbations (or chest infections) and lower

cardiovascular mortality compared to those not taking statins
(fig. 3) [89, 91–95]. In three recently published reviews,
beneficial effects were consistently found in those taking
statins [66, 99, 100] and appear to be irrespective of
concomitant corticosteroid use [67]. In addition to these
reported benefits, several observational studies have shown
that statin use also reduces decline in FEV1 and lowers the risk
of lung cancer (fig. 3) (reviewed in [66, 90, 96–98, 101]). A
number of observational studies have also examined the effect
of taking statins in patients from the general population with

TABLE 1 Summary of statin mediated pharmacological effects on pulmonary inflammation and remodeling

COPD pathway Study type Statin effect on pathogenic pathways [Ref.]

Cytokine production MM, HM in vitro (liver cell line), HM

in vivo (mononuclear cells)

Reduce IL-6 induced CRP production by hepatocytes [52, 67, 68]

HM in vitro (VSM cells and PBE

cells)

Reduce IL-8 production by VSM cells [69, 70]

MM Inhibition of neutrophil accumulation and IL-8 and TNF-a concentration in BALF in rats [71]

HM in vivo (serum), MM Reduce production of IL-b1 and TNF-a [52, 72]

MM Reduced expression of IFN-c TNF-a and MMP12 in whole lung [73]

Matrix remodelling MM Reduced lung parenchymal destruction and MMP 9 activity in smoke exposed rat lung [74, 75]

HM ex vivo (bronchial epithelial

cells)

Reduce release of MMP2 and MMP9 from bronchial epithelial cells from

lung transplant patients

[70]

Neutrophil/macrophage

influx

HM ex vivo (bronchial epithelial

cells), HM in vivo (PMN)

Reduce neutrophil influx in lung transplant recipients by inhibiting release of

IL-8 and GM-CSF from bronchial epithelial cells

[70, 76, 77]

HM in vitro (PMN),

HM in vivo (serum)

Reduce neutrophil endothelial adhesion and transendothelial migration [76, 78–80]

MM Reduce neutrophil influx and inhibit the development of elastase induced

pulmonary emphysema in mice

[74, 75]

MM, HM ex vivo

(human monocytes)

Reduce CRP-induced monocyte migration by inhibition of

ICAM-1 in human monocytes

[81]

MM, HM in vitro (endothelial cells),

HM in vivo (BALF)

Reduced concentration of neutrophils and lymphocytes in BALF [74, 75]

MM, HM in vitro Reduce chemokine and adhesion molecule expression to reduce migration of

inflammatory cells into the airways

[74, 81, 82]

Epithelial/endothelial

integrity

MM Promotes alveolar cell regeneration and restores endothelial cell function [75]

MM Reduce LPS-induced IL-6 gene expression leading to reduced lung vascular leak and

pulmonary inflammation in mice lung

[83]

HM in vitro (endothelial and smooth

muscle cells)

Inhibition of VEGF in smooth muscle cells and endothelial cells [84]

Apoptosis HM in vitro (macrophages

and PMN)

Enhances clearance of apoptotic cells in alveolar

macrophages from patients with COPD

[85]

HM in vitro (endothelial cells), HM in

vitro (endothelial and smooth

muscle cells)

Increase apoptosis in human vascular endothelial cells [84, 86]

Oxidant response HM in vivo (PMN) Reduce IL-8 release from neutrophils and neutrophil derived reactive oxidant species [77]

HM in vivo (serum), MM Strong anti-oxidant properties [87, 88]

Mucus production MM Reduced LPS-induced goblet cell hyperplasia in bronchial epithelium and Muc5A

induced mucus hypersecretion

[71]

CRP level HM in vitro (liver cell) Reduce CRP levels at the transcriptional level thorough Rac-1 mediated inhibition of

STAT3 phosphorylation

[67]

COPD: chronic obstructive pulmonary disease; CRP: C-reactive protein; MM: murine model; HM: human model; VSM: vascular smooth muscle; PBE: primary bronchial

epithelial; PMN: polymorphic neutrophil; BALF: bronchoalveolar lavage fluid; IL: interleukin; TNF: tumour necrosis factor; IFN: interferon; MMP: matrix metalloproteinase;

GM-CSF: granulocyte-monocyte colony-stimulating factor; ICAM: intracellular adhesion molecule; LPS: lipopolysaccharide; VEGF: vascular endothelial growth factor.
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community acquired pneumonia (table 2) [102–109]. However,
unlike the studies in COPD, the results in pneumonia are not
consistent. This probably reflects the heterogeneity of the study
populations with respect to many possible confounding factors
(e.g. sampling, age and smoking) but specifically the presence
of COPD (where systemic-pulmonary inflammation is pre-
existing) [7].

Such diverse and clinically significant benefits in patients with
COPD might, at first glance, appear unlikely to be attributable to
a single drug (figs 1 and 2). Indeed, some benefits from statin
use have been attributed to the ‘‘healthy user effect’’; however,
there is little, if any, convincing data to support this hypothesis
[66]. Importantly, statin use in patients with COPD should be
associated with greater mortality (confounding by indication)
due to the consistently higher incidence of coexisting cardio-
vascular diseases [89–93, 96–98, 101]; 48% of statin users have
CAD versus 8% in nonusers [66]. Yet in patients with COPD,
despite comparable lung function [66], statin use consistently
confers lower mortality compared to nonuse. It was estimated
from the observational studies that 25–30% of patients with
COPD are currently prescribed statins [66].

The data from randomised control trials (RCTs) examining
statin use in COPD is limited to just two studies [110, 111]. In a
sub-analysis of a large randomised trial of statin therapy and
its effects on cardiovascular disease (the Heart Protection

Study), a trend towards reduced respiratory death (30%
reduction) and reduced COPD exacerbations (20% reduction)
was reported [110]. The only RCT of statin therapy specifically
in patients with COPD was reported from 125 patients in
Taiwan and showed that those randomised to pravastatin for
6 months had a 54% increase in exercise tolerance [111].
Therefore, both observational and randomised studies have
reported clinically important benefits of statin therapy in
patients with COPD. What is more compelling is that, in the
absence of further confirmatory RCT data, the known
pharmacological actions of statins on systemic and pulmonary
inflammation can explain all the beneficial effects reported to
date (table 1).

STATINS EFFECTS ON SYSTEMIC INFLAMMATION IN
COPD
In a prior review, YOUNG et al. [38] argued that impaired lung
function is a strong predictor of cardiovascular death, both
independent of and additive with the risk conferred by
smoking. It has also been proposed that CAD in patients with
COPD results, in part, from the spill over effect of pulmonary
derived inflammatory cytokines (e.g. IL-6 and TNF-a) under-
lying COPD [4, 7]. As stated previously, both cross sectional
and prospective studies show that serum CRP and IL-6 are
inversely related to FEV1 implying a possible causal relation-
ship [54–56]. A recent study showed that, at a therapeutic dose,

All-cause mortality
High CVS risk (total) 19720 0.53 (0.43–0.65) [89]

0.49 (0.41–0.58) [89]
0.99 (0.51–1.94) [90]
0.67 (0.52–0.86) [91]

0.57 (0.38–0.87) [92]
0.62 (0.43–0.91) [93]
0.19 (0.08–0.47) [93]
0.51 (0.40–0.64) [94]
0.43 (0.18–0.99) [95]

0.48 (0.39–0.59) [89]
0.89 (0.64–1.26) [89]

0.71 (0.56–0.90) [89]
0.71 (0.64–0.77) [89]

0.45 (0.42–0.48) [96]
0.70 (0.60–0.81) [97]
0.55 (0.41–0.74) [98]

COPD

N Patients OR/HR/RR (95% CI) [Ref.]

Low CVS risk (total) 103004 COPD
Hospital cohort 418 Population
All-cause mortality 3371 PVD population

Chest infection/exacerbation mortality
Following COPD exacerbation 854 COPD
Following pneumonia or influenza 76232 Population
Following COPD exacerbation 76232 COPD
Following pneumonia 11212 COPD
Following COPD exacerbation 185 COPD

Myocardial infarction
High CVS risk (total) 19720 COPD
Low CVS risk (total) 103004 COPD

Hospitalisation for COPD
High CVS risk (total) 19720 COPD
Low CVS risk (total) 103004 COPD

Lung cancer
Diagnosis of lung cancer 483733 Population
Diagnosis of lung cancer 62842 Population
Diagnosis of lung cancer 30076 Population

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

1.310.60.4
Favours statin Favours no statin

0.30.20.1

FIGURE 3. Morbidity and mortality benefits with statin use in observational studies on a logarithmic scale. CVS: cardiovascular; COPD: chronic obstructive pulmonary

disease. Data are presented as odds ratio (95% confidence interval), except hospital cohort which is presented as relative risk (95% confidence interval) and following COPD

exacerbation which is presented as hazard ratio (95% confidence interval).
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statin therapy was associated with a 50% reduction in GTPase
(Rho) activity of circulating polymorphic neutrophils that
correlated with a reduction in serum CRP [112]. NOHRIA et al.
[112] proposed that this effect might explain the significant
mortality reduction seen with statin use in subjects with
normal lipids (Jupiter RCT [113]), which again correlated with
CRP reduction [113]. In summary, when statins inhibit
systemic inflammation (e.g. CRP and IL-6 derived from
pulmonary inflammation), a clinically important reduction in
mortality can be achieved. As death from CAD is common in
COPD patients [7, 53, 66] and reduced FEV1 is itself a marker
of increased CAD risk, it could be argued that on this basis
alone statins might be prescribed for patients with COPD.

Patients with COPD may be profoundly limited by exertional
breathlessness attributed, in a large part, to skeletal muscle
wasting and atrophy. This limitation of physical activity is not
in keeping with airflow limitation (FEV1) and has been
attributed to the combined effects of elevated oxidative stress
and IL-6, i.e. another systemic inflammation based comorbidity
[7, 17–22]. In the only RCT of statin therapy in COPD, statin
use was associated with a 54% increase in exercise tolerance
[111]. This increase correlated with a reduction in high
sensitivity-CRP and IL-6 suggesting a reduction in systemic
inflammation mediated this clinically important end-point
[111]. The question remains, through what mechanisms could
statins modify pulmonary inflammation and related remodel-
ling effects in patients with COPD (or even smokers with mild
airflow limitation) in addition to traditional inhaler therapies?

STATIN EFFECTS ON PULMONARY INFLAMMATION IN
COPD
It has been recently appreciated that statins have profound anti-
inflammatory effects that might explain their beneficial role in
reducing respiratory morbidity and mortality in COPD (table 1)
[66–101, 114–121]. Studies have shown that statins reduce
neutrophil influx in the lung which might have a strong effect
on attenuating the downstream inflammatory events, such as
macrophage influx, lymphocyte activation and inhibition of
cytokine release, in particular IL-8 that appears central to the

neutrophil inflammation of the lung [67–77, 80–88]. The
inhibition of IL-6, IL-8 and GM-CSF expression by statins has
been shown in cell cultures of human BEC [65, 70]. Statins have
also been shown to modify airway inflammation in animal
models and matrix remodelling, notably inhibiting emphysema
formation [73–75]. Statins also have effects on IL-6 levels in the
systemic circulation and the effects of anti-oxidants on muscle
atrophy [70, 73–77, 80, 87, 88]. Statins also inhibit apoptosis,
which has been linked to both COPD and lung cancer [83–86,
116]. The many pathways affected by statins are shown in
figures 1 and 2, where the site of an inhibitory effect of statins
based on animal or human studies are clearly shown (table 1).

Statins could conceivably affect these pathways through their
inhibition of intracellular prenylation and inhibition of the
GTP-binding proteins that underlie these inflammatory path-
ways [76, 117, 118]. Given these diverse actions on key
components of the pathways underlying COPD, it is possible
that such effects might explain the benefits observed in the
observational studies. In particular, if statins reduce the release
of IL-8 in the lungs of COPD patients, then attenuation of
neutrophilic inflammation could have considerable down-
stream effects, such as reduced inflammatory cells in the lungs
[81] and reduced remodelling of lung tissue to restore elastin
content relative to collagen. If statins reduce the oxidant
burden in the systemic circulation [87, 88] and the catabolic
state conferred by IL-6 release, then wasting and respiratory
muscle function might be improved [21, 22, 87, 88]. It is
interesting to note that the inhibitory effect of statins in
hepatocytes in blocking cholesterol synthesis might also block
cytokine production (primarily IL-6), underlying the prema-
ture aging and associated morbidities from smoking-induced
systemic inflammation [21].

Statins have also been shown in murine models, through
inhibition of GTPase (prenylation), to reverse the hypoxia-
induced pulmonary hypertension [119, 120]; a known late
complication of COPD causing heart failure. Given the
suspected relationship between inflammation, apoptosis and
malignant transformation (particularly EMT), it is possible that

TABLE 2 Mortality benefit of statin use in the general population diagnosed with community acquired pneumonia

Cohort Subject n Risk reduction [Ref.]

Retrospective cohort study in teaching hospital 787 0.36 (0.14–0.92) 64% reduction in 30-day mortality [102]

Population based prospective cohort study 3415 0.78 (0.57–1.07) 22% reduction in mortality or admission to an ICU [103]

Population based retrospective nested case–control 6089 0.47 (0.25–0.88) 53% reduction in fatal pneumonia [104]

Prospective hospital based observational study 1007 0.46 (0.25–0.85) 54% reduction in 30-day mortality [105]

Population based cohort study 29900 0.69 (0.58–0.82) 31% reduction in 30-day mortality [106]

0.75 (0.65–0.86) 25% reduction in 90-day mortality

Retrospective national cohort study 8652 0.54 (0.42–0.70) 46% reduction in 30-day mortality [107]

Population based case–control study 2235 0.81 (0.46–1.42) 19% reduction in risk of pneumonia (after excluding

those with CAD)

[108]

Population based cohort study 3681 0.33 (0.19–0.58) 67% reduction in 30-day mortality [109]

0.45 (0.32–0.62) 55% reduction in long-term mortality

Data are presented as odds ratio (95% confidence interval). Data for population based case–control study and cohort study are presented as hazard ration (95%

confidence interval). ICU: intensive care unit; CAD: coronary artery disease.
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statin therapy may have chemo-preventive actions on lung
cancer [28, 85]; as suggested by the three large observational
studies reporting up to a 50% reduction in lung cancer risk
(fig. 3) [96–98].

Further support for the protective role of statins on lung
inflammation comes from lung transplant studies that show
concomitant use of statins reduces post-transplant bronchioli-
tis and improves lung function compared to patients not
receiving statins [70, 76, 82, 121]. This is an inflammatory-
based complication of lung transplantation with over lapping
pathology with COPD, including small airway inflammation
dominated by airway fibrosis (bronchiolitis obliterans). Similar
pharmacological effects from statins on tissue inflammation
and remodelling has been seen in atherosclerosis [122–124] and
cardiac transplantation [125].

SUMMARY
Current therapy in COPD relieves symptoms and reduces
hospitalisation but does not change the natural history of the
disease (pulmonary inflammation, systemic inflammation and
lung function decline) or outcome (respiratory mortality,
cardiovascular mortality or all-cause mortality) [50, 126].
Statin therapy may improve all these outcomes to some
degree, as suggested by an extensive review of the observa-
tional studies [66] and two recent systematic reviews [99, 100],
which all consistently show benefit over harm. A large RCT,
underpowered to address a statin effect on respiratory
outcomes, showed a trend towards lower respiratory death
and COPD exacerbations [110]. A small RCT of statin therapy
in COPD patients showed an improvement in exercise
tolerance [111], probably mediated through systemic inflam-
mation [4, 7, 49]. Clearly, large RCTs are needed to specifically
test these potential benefits in patients with COPD. However,
based merely on the robust observation that reduced FEV1 is
an independent marker of cardiovascular disease and that the
latter is a common cause of death in patients with COPD, statin
therapy could be initiated for this indication alone [7, 39, 66].
Based on new incites into the pleiotropic effects of statins on
matrix remodelling, response to oxidant load and, most
importantly, cytokine driven inflammation in the lung and
circulation (spill over effect) [4, 7], there is compelling evidence
to suggest statins may confer considerably wider benefits to
patients with COPD.
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Quality assurance in
endobronchial ultrasound
In their study of endobronchial ultrasound-
guided transbronchial needle aspiration
(EBUS-TBNA), Kemp and colleagues report
variation in the learning curves for five oper-
ators, studied by using the cumulative sum
(cusum) technique,1 with which we have
some experience.2 The authors speculate on
whether variations in lymph node size, prev-
alence of underlying diagnoses or rate of
accrual of cases may explain these differences.
We believe there may be other important
influences. Successful EBUS-TBNA is a multi-
disciplinary process: help is invaluable from
colleagues in radiology for identification of
suitable target nodes, in bronchoscopy nursing
for adequate specimen preparation and in
cellular pathology for confident diagnosis
based on cytopathological specimens alone. In
our experience, each of these aspects is subject
to variation between centres. In addition, it is
likely that access to prior positron emission
tomography (PET) scanning, or different
immunocytochemical stains, may have varied.
In our view the results should be regarded as
being those of the centres in question, and not
those of the operators alone.

Kemp and others appear to have misin-
terpreted the cusum plots shown in their
figure 1. The authors use the graphical
representation of the cusum favoured by
Kestin.3 In this representation, if the plot
crosses two boundaries in succession from
below, without crossing a boundary from
above in between, unsatisfactory perfor-
mance is confirmed for the procedure
interval between the two upward crossings.4

Competence is confirmed by analogous
downward crossing of two boundaries. Thus
operator 4 demonstrates unacceptable
performance between procedures 50 and 70
(these procedure numbers are approximate
because the graphs reproduced are too small
to permit their exact estimation), and to say
that he has ‘attained competence almost
immediately’ is not the whole story. Simi-

larly the cusum of operator 2 demonstrates
unacceptable performance during the
following procedure intervals: 32e43, 43e80
and 80e96. It never demonstrates satisfac-
tory performance. Indeed, the only proce-
dure intervals for which competence is
confirmed in figure 1 or figure 2 are proce-
dures 75e95 for operator 1 and 7e47 for
operator 4. Therefore, only operator/centre1
demonstrates competence by the end of the
first 100 procedures. Indeed this is the only
operator/centre with evidence of any lear-
ningdthe others perform no better after 100
procedures than before. An alternative
interpretation of the results, therefore, is
that for some, and possibly most, operators
or centres, no learning curve is expected in
EBUS-TBNA at all, provided that standards
substantially lower than those in the
published literature are accepted.
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Authors’ response
WeagreewithDrs Slade and Slade that success
in endobronchial ultrasound-guided trans-
bronchial needle aspiration relies on many
factors other than the skill of the actual bron-
choscopist and, as such, the term ‘operator ’
may have been misleading. Nevertheless, the
operator is going to have the greatest bearing
on the results obtained. The article1 was
intended to highlight the need for more accu-
rate methods of assessment of competency in
any given task or procedure, using endobron-
chial ultrasound-guided transbronchial needle
aspiration only as an example.

I am sure Drs Slade and Slade recognise
that, as in medicine, there are valid alterna-
tive interpretations for data. In the refer-
enced paper by Bolsin and Colson,2 the
discussion of Kestin’s Cusum plots states
that ‘acceptable performance will be denoted
on this format by a Cusum line which is
roughly horizontal or down-sloping’dthat
is, a line crossing multiple decision intervals
from above is not required to say that
performance is acceptable. While a hori-
zontal line does not indicate learning per se,
this may not necessarily be an appropriate
objective in more experienced practitioners/
centres where the focus is on monitoring
ongoing competence.

The interpretation of statistical methods
is always open to differences, but there is
little doubt that Cusum analysis allows the
effective monitoring of practices and proce-
dures and, when a change in outcomes is
observed (whatever predetermined criteria
are used), we as clinicians should reflect on
our practice in order to determine which
aspects of that practice require attention.
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Effect of statins on cancer in
chronic obstructive pulmonary
disease

We readwith interest the article by vanGestel
et al1 reporting a protective effect of statins
on cancer mortality in chronic obstructive
pulmonary disease (COPD) patients and
suggest here a plausible explanation.

Consistent with the literature, the study
shows that COPD is associated with an
elevated risk of lung cancer. Recently, we
reported that COPD is pre-existing in 70% of
lung cancer cases compared with 15% in
unselected matched smokers.2 We agree with
van Gestel et al1 that this link is likely to be
secondary to a pro-inflammatory disposition
resulting from both smoking and genetic
susceptibility. In this regard serum interleukin
(IL)-6, which is elevated by genetic and
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smoking effects, has been shown to be
inversely correlated with the forced expira-
tory volume in 1 s in prospective studies.3 In a
murine model, overexpression of IL-6 resulted
in the development of COPD (emphysema
and airway fibrosis).3 It has been proposed
that elevated IL-6 is also associated with
epithelial cancers through its growth-
promoting effects4 and the promotion of
epithelialemesenchymal transition (EMT),
a well recognised feature of chronic inflam-
mation and a precursor to malignant trans-
formation in the lung.3 Other cytokines
involved in pulmonary inflammation are
tumour necrosis factor alpha, IL-1b and
IL-8,3 4 which, together with growth factors
like transforming growth factor beta 1 are
implicated in EMT.3 All of these pathways
are mediated via guanosine triphosphatase
(GTPase) signalling molecules (Rho Rac and
Ras).3 There is also growing interest in the role
of systemic inflammation, which not only
characterises COPD,3 but may also be rele-
vant in extrapulmonary epithelial cancers (eg,
prostate, breast and colon).4 These findings
might partly explain the increased suscepti-
bility of COPD patients to both lung cancer
and extrapulmonary cancers (figure 1).1

In a recently published review of statins in
COPD,3 we suggest that the anti-inflam-
matory effects of statins, through inhibition
of GTPases, may explain the protective effect
of statin use on lung cancer incidence as
reported in three large observational studies
(OR 0.45e0.70)3 and also by van Gestel et al1

(OR 0.46e0.74). Studies show that statins
can directly inhibit EMT through GTPase
inhibition and inhibit the effects of IL-6, an
effect that has been shown to block tumour
progression.4 5 We suggest that the anti-
inflammatory actions of statins (eg, anti-IL-6
activity) could underlie the protective effects
for both lung cancer1 3 and extrapulmonary
malignancies (figure 1).1 These observations
add considerable weight to existing data that

suggest that statins may be very beneficial to
patients with COPD.
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We thank Drs Young and Hopkins for their
interest in our study1 and their interesting
explanation for the results observed. It is
indeed likely that the relationship between
chronic obstructive pulmonary disease
(COPD) and cancer (both pulmonary and
extrapulmonary) is attributed to cytokine-

induced inflammation mediated by guano-
sine triphosphatase (GTPase) signalling
molecules. This is advocated by the results of
Man et al who showed that the increased
inflammatory state in patients with COPD
is associated with future cancer mortality
including extrapulmonary cancers.2

Statins are associated with reduced
cardiovascular morbidity and mortality in
patients with cardiovascular disease. Besides
the reduction in low-density lipoprotein
cholesterol levels, statins also reduce
inflammation through reduced expression of
inflammatory cytokines which is known as
one of the pleiotropic effects of statins.3 4 A
recent double-blind placebo controlled trial
in patients who had undergone vascular
surgery showed that patients who were
treated preoperatively with fluvastatins had
significantly decreased levels of interleukin 6
at the time of surgery compared with the
placebo group (�33% and �4%, respectively;
p<0.001).4 The same was observed for
high-sensitivity C reactive protein, another
marker of inflammation, which was
decreased by 21% in the fluvastatin group
and increased by 3% in the placebo group
(p<0.001). Furthermore, patients with
elevated inflammatory levels are more likely
to benefit from statin therapy than those
without elevated levels.5 This might explain
the increased beneficial effects of statins in
patients with COPD and cancer observed in
our study. Although the results of our study
are in line with those of previous studies
which suggest that statins might have an
important role in patients with COPD (with
or without cancer), further studies are
needed before statin treatment can be
recommended for patients with COPD.
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extrapulmonary cancer and inflammation.
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          Statins Use and Pneumonia 

                 To the Editor: 

 We read with interest the recent article in  CHEST  (November 
2009) by Chopra and Flanders,  1   which proposes that statins, 
through pleiotropic antiinfl ammatory effects, might reduce 
mortality in pneumonia. We agree that a “healthy user” effect is 
unlikely to be the basis of this fi nding. 

 In a recent review of statin use in COPD, we also challenge the 
proposition that a healthy-user effect may underlie the consistent 
benefi ts observed with statin use in patients with COPD.  2   First, 
patients taking statins have a much higher prevalence of cardio-
vascular disease and, therefore, may be at greater risk of death 
than those not on statins.  2   One would expect this to result in 
greater mortality in those with pneumonia�COPD taking statins 
because of comorbid cardiovascular disease (ie, confounding by 
drug  indication) in contrast to the lower mortality reported by the 
majority of studies.  1 , 3   Second, in a clinic population of patients 
with COPD, we show lung function is no different between sta-
tin users and nonusers.  2   This is highly relevant because FEV 1  
is a good marker of cardiovascular mortality, respiratory mor-
tality, and all-cause mortality.  2 , 3   We suggest FEV 1  is a biomarker 
of an elevated infl ammatory disposition driven primarily by 
smoking and a genetic predisposition.  3   Third, when we reviewed 
the large observational studies comparing various outcomes in 
COPD, we could fi nd no signifi cant differences in statin users 
compared with nonusers with respect to age, smoking expo-
sure, and  socioeconomic status (consistent with the fi ndings 
of Chopra and Flanders).  2   Fourth, the proposed basis of the 
healthy-user effect in statin users is a greater uptake of “preven-
tive therapies” (eg, vaccinations and screening) over nonusers. 
Given that this greater uptake is small in absolute terms and 
affects only a minority of statin users, it is hard to see how 
such preventive therapies account for the 30% to 50% mortality 
reductions observed.  2   

 Evidence linking statins to improved outcomes in pneumonia 
and COPD comes from longitudinal studies showing that (1) ele-
vated interleukin (IL)-6 predicts hospitalization for pneumonia,  4   
and (2)   �  50% of adult pneumonia cases have preexisting COPD.  5   
Statins, through antiinfl ammatory effects (eg, inhibition of IL-6, 
IL-8, tumor necrosis factor- a  and IL-1 b ), inhibit neutrophil 
migration into infl amed�infected pulmonary tissues, reduce serum�
tissue cytokines, and reduce vascular leak.  3   In agreement with 
Chopra and Flanders,  1   we suggest statins also confer a mortality 
benefi t in COPD and its comorbidities, specifi cally coronary artery 
disease, chest infection (pneumonia and infective exacerbations), 
and lung cancer,  2 , 3   through antiinfl ammatory effects.   
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          Response 

                 To the Editor: 

 We thank Drs Young and Hopkins for their letter regarding our 
article in  CHEST  (November 2009)  1   on the potential impact of 
statin use on pneumonia outcomes. We concur that the “healthy-
user” effect may not be the only explanation for the positive 
association between statins and pneumonia. However (as discussed 
in our review), the precise manner by which statins modulate 
pneumonia outcomes remains unclear. Though plausible theories 
exist, no randomized controlled trial has yet addressed this issue. 
We note that since the release of our article, however, a population-
based, case-control study found that statin use was not associated 
with a decrease in pneumonia risk.  2   

 At this controversial crossroad, we argue that the question we 
should be asking is how better to design studies to capture any 
effect (positive or negative) of statins on pneumonia. In their 
retrospective review, Thomsen et al  3   found that mortality among 
statin users with pneumonia was lower than that of nonusers at 
30- and 90-day intervals. In a prospective study, Chalmers et al  4   
reported that statins decreased 30-day mortality in their cohort 
of 1,007 patients (adjusted odds ratio  , 0.46; 95% CI, 0.25-0.85; 
 P   ,  .01). In contrast, the recent study by Dublin et al  2   reported 
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           Possible Role of Statins in COPD-
Related Pulmonary Hypertension 

                 To the Editor: 

 We read with interest the recent article by Chaouat et al 
(September 2009)  1   proposing that interleukin-6 (IL-6), through 

infl ammatory effects, might contribute to pulmonary hyper-
tension in patients with COPD. The role of IL-6 in pulmo-
nary infl ammation and matrix remodeling underlying COPD 
is well recognized.  2   The fi ndings of Chaouat et al  1   further 
implicate IL-6 and infl ammation in pulmonary hypertension, 
a well recognized complication of COPD. That pulmonary 
hypertension affects those with mild-to-moderate COPD sug-
gests that hypoxia, secondary to poor lung function, is not 
the underlying cause. A similar observation is seen with 
poor exercise tolerance in COPD, wherein infl ammation (eg, 
IL-6) and oxidant load, not lung function, have been directly 
implicated in skeletal muscle dysfunction ( Fig 1 ).  2   The fi nd-
ings of Chaouat et al  1   are made more compelling by the 
close relationship between serum IL-6 level and pulmonary 
artery pressure (PAP). In addition, they report a relationship 
between functional IL-6 genotypes and PAP, which might 
explain why only some patients with COPD develop pulmo-
nary hypertension.     

 The link between PAP and infl ammation raises a possible 
therapeutic role for the use of statins that, through inhibition 
of guanosine triphosphatases (GTPases), lowers serum cyto-
kines such as IL-6.  2   It is noteworthy that studies have recently 
shown that statins lower PAP in humans.  3  ,  4   This represents yet 
another potential benefi t of statins in patients with COPD, 
along with reported reduction in all-cause mortality, mortality 
from respiratory infection, reduced lung function decline, and 
lower prevalence of lung cancer.  2   The mechanism whereby 
statins lower PAP is largely unknown but could be mediated 
through IL-6 inhibition and pulmonary vascular remodeling as 
suggested by Chaouat et al  1   or through inhibition of endothelin-1 
by Lee et al.  4   In the latter study, the reduction in PAP and 
endothelin level was associated with an improvement in exer-
cise tolerance of 50%. In a study by the same group, patients 
with COPD who were randomized to statin therapy experi-
enced a 50% improvement in exercise tolerance that corre-
lated with reduction in serum IL-6.  2   Given that IL-6 is known 
to reduce skeletal muscle function,  5   the benefi t in exercise 
tolerance from statins may be through direct effects on skel-
etal muscle contractility and function.  2   Alternatively, through 
GTPase inhibition, statins might also reduce PAP by abolishing 
hypoxic pulmonary vasoconstriction.  4   Regardless of the mech-
anism, the study by Chaouat et al  1   lends support to the current 
evidence that systemic antiinfl ammatory activity (particularly 
IL-6 inhibition) appears to be an important therapeutic target 
in patients with COPD.   

  Figure  1.      Proposed relationship between IL-6, exercise toler-
ance, and pulmonary hypertension: possible antiinfl ammatory 
effects of statins. IL-6  5  interleukin-6.    

that statin treatment did not decrease the risk for pneumonia; 
rather, if anything, there was a slight increase in pneumonia risk 
among statin users. 

 It is pertinent to recognize that observational studies review-
ing this subject suffer from methodologic limitations and selection 
bias. Although metaanalyses of the existing data may shed some 
light on this issue, we believe it is time for well-designed, ran-
domized controlled clinical trials of statin users with pneumonia. 
Forward-looking randomized studies are critical because adjust-
ment for comorbidities using purely retrospective data sources 
(databases, medical records, surveys, or administrative records) 
lacks the clinical dimensions (eg, functional status, socioeco-
nomic status, comorbidities, and physiologic data) necessary for 
confi dence in study fi ndings. It is important that such trials be 
powered (n  �  1,000) to adequately assess the impact of statins on 
pneumonia.  2-4   Likewise, such studies should also measure and 
report important clinical outcomes, such as death and complica-
tions, at early and late intervals. 

 Based on the numerous theories and ongoing controversies that 
surround the effect of statins on pneumonia, it is our hope that 
randomized controlled trials will be undertaken in the near future 
to clarify the role of statins in acute illnesses. Without such con-
vincing data, the effect of statins on pneumonia is likely to remain 
a subject of ongoing debate.   
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          Response 

                 To the Editor: 

 We thank Young and Hopkins for their interesting comments on 
our article (September 2009).  1   They suggest that low-grade systemic 
infl ammation mediated by interleukin-6 (IL-6) may act concomi-
tantly on the skeletal muscles and pulmonary vasculature to impair 
exercise capacity in patients with COPD. It has been shown that 
IL-6 is increased in the plasma of patients with COPD  2   and induces 
the release of acute-phase proteins; furthermore, IL-6 probably 
has other systemic effects that have not yet been fully elucidated. 
The hypothesis put forward by Young and Hopkins is partly sup-
ported by our results. Our study  1   did not establish a link between 
systemic infl ammation and exercise capacity, because it focused on 
the mechanism of pulmonary hypertension in patients with COPD. 
However, we found a weak but signifi cant correlation between the 
6-min walk distance and plasma IL-6 level ( r   5   2 0.329,  P   5  .04). 
However, as stated in our article, the 6-min walk distance did 
not correlate with mean pulmonary artery pressure. Only very few 
studies found that mean pulmonary artery pressure determined the 
severity of exercise limitation in COPD.  3   We fully agree with 
Young and Hopkins that any drugs designed to improve exercise 
capacity in COPD must have several targets, as shown in their 
Figure 1. Indeed, in our opinion, a drug that only lowers mean 
pulmonary artery pressure is likely to improve neither the dysp-
nea nor the exercise capacity and is probably not worth pursuing. 
It is also important to emphasize that smoke exposure in geneti-
cally susceptible individuals promotes the development of COPD  4   

and may also promote the development of comorbidities through 
systemic infl ammation. 

 Regarding pulmonary hypertension complicating COPD, we 
already know that the Rho A/Rho-kinase pathway, a target of statins, 
has an important role in pulmonary artery endothelial dysfunction 
and remodeling.  5   Therefore, current knowledge suggests that sta-
tin therapy in patients with COPD may improve the pulmonary 
hypertension and skeletal muscle dysfunction  6   and may, therefore, 
increase exercise capacity. To confi rm these hypotheses, further 
pathophysiologic studies of the relationships linking low-grade 
systemic infl ammation to comorbidities in COPD are needed. 
Finally, large randomized controlled studies investigating the 
 effects and safety of statins in COPD are mandatory to determine 
whether these drugs should be routinely added to the current 
long-term pharmacologic regimens.   
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Abstract

Aims: To assess whether statin use is associated with reduced mortality in patients with chronic obstructive pulmonary disease (COPD).

Methods: Hospitalisation, drug dispensing, and mortality records were linked for New Zealanders aged 50-80 years discharged from
hospital with a first admission with COPD in 2006. Patients were classified according to whether or not they were prescribed statins prior
to admission. Baseline characteristics were compared and hazard ratios calculated for statin users versus statin non-users for all-cause
mortality over follow-up of up to 4 years.   

Results: A total of 1,687 patients (mean age 70.6 years) were followed, including 596 statin users and 1,091 non-users. There were more
men in the statin user group (58.4% vs. 48.5%), and statin users were more likely to have a history of cardiovascular disease (58.6% vs.
25.1%), prescription for frusemide as a proxy for heart failure (47.7% vs. 24.5%) or diabetes (35.4% vs.11.6%) than statin non-users
(p<0.001). A total of 671 deaths occurred during the follow-up period. After adjustment for age, sex, ethnic group, history of
cardiovascular disease, diabetes, and prescription for frusemide, the hazard ratio for statin users vs. statin non-users for all-cause mortality
was 0.69 (95% CI 0.58 to 0.84).

Conclusions: Statin use is associated with a 30% reduction in all-cause mortality at 3-4 years after first admission for COPD, irrespective
of a past history of cardiovascular disease and diabetes.

© 2012 Primary Care Respiratory Society UK. All rights reserved.
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Introduction 
Chronic obstructive pulmonary disease (COPD) is the fourth
leading cause of death in New Zealand (total population 4.4
million), and is ranked second in men and seventh in women for
years lost to disability.1-3 Aside from smoking cessation and use
of oxygen in patients with severe disease, current therapeutic
interventions only modify symptoms, with little evidence to
indicate that they positively affect disease progression.4-7 New
therapies are needed to improve prognosis and quality of life
and to reduce mortality for people with this condition.8,9

Statins (HMG-CoA reductase inhibitors) lower plasma
cholesterol and are used as part of the prevention and
management of cardiovascular disease (CVD). However,
laboratory-based and animal research has shown that statins
have a diverse range of ‘pleiotropic effects’ including anti-
inflammatory actions, anti-thrombotic properties, anti-oxidant
effects, and immunomodulatory effects.10-13 Recent evidence
suggests that statins reduce pulmonary inflammation and may
suppress the inflammation associated with cigarette smoke and
ameliorate the associated structural and functional abnormalities
in the lung.12,14 It is therefore possible that these effects may
result in therapeutic benefits in patients with COPD over and
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above reducing their risk of CVD. 
Seven published observational studies have shown that statin

use is associated with beneficial effects for COPD patients for a
number of different outcomes including COPD- and non-COPD-
related mortality and COPD exacerbations.15-21 The majority of
these studies are based on one or a limited number of sites, and
they vary in terms of their sample size, study population, follow-
up, and analytical methods. Despite their heterogeneity, they
consistently report benefit from statin use22,23 and show clinically
meaningful mortality and morbidity reduction in meta-
analyses.22,24 To our knowledge, no previous analyses have been
undertaken at a national level. We therefore used national data
to assess whether statin use is associated with reduced mortality
in patients with COPD in New Zealand.

Methods 
Data collection 
We identified all patients aged between 50 and 80 years
inclusive who were admitted to a New Zealand public hospital
during 2006 with a first primary hospital discharge code
consistent with COPD (ICD-10 codes J43 to J44) and who were
discharged alive. Where an individual had had multiple
discharges in 2006, the first COPD discharge was considered to
be the index event. Using the National Health Index (NHI)
number, a unique patient identifier used throughout the New
Zealand health system, we linked these national hospital
discharge data with mortality and drug dispensing databases for
the study population. Statins are only available on prescription in
New Zealand, all are subsidised, and prescriptions redeemed at
pharmacies are recorded. The reliability of such data has
increased substantially since 2006 and more than 90% of claims
are linked to an NHI number.   

The cases were divided into two groups based on statin use
prior to hospital admission: statin users (those redeeming
prescriptions for statins in the 6 months prior to hospitalisation)
and statin non-users (those with no prescriptions redeemed for
statins in the 6 months prior to hospitalisation). Demographic
variables (age, sex, ethnicity, and socioeconomic status) were
obtained on each participant from the NHI record. Ethnic group
was self-identified and derived from primary healthcare
enrolment records and was prioritised in the following order:
Maori (indigenous New Zealanders), Pacific, South Asian, and
Other (predominantly New Zealand European). Other variables
included: past history of CVD (admission with CVD or outpatient
CVD procedures in the last 5 years, or prescriptions redeemed for
medications for coronary heart disease, specifically glyceryl
trinitrate, isosorbide dinitrate, isosorbide mononitrate,
nicorandil, or perhexiline in the 6 months prior to COPD
admission); a past history of diabetes (admission with diabetes in
the last 5 years, or dispensing of oral hypoglycaemic drugs or
insulin in the 6 months prior to COPD admission); any dispensing
of β-blockers in the 6 months before admission; and whether
patients were currently undergoing cancer treatment  - i.e.

chemotherapy or radiotherapy (recorded in the hospital
procedure records) as an outpatient in the last 5 years). A
prescription redeemed for frusemide in the last 6 months was
used as a proxy for a past history of heart failure or cor
pulmonale. 

It was not possible to ascertain COPD severity accurately
from the available databases as no clinical measures such as
spirometry were included. However, to restrict heterogeneity (or
confounding) by disease severity, we selected only those cases
with first ever admission with COPD over the 5-year period up to
2006. Reliable data were not available on smoking status in
2006.

The study outcome of interest was time to death from any
cause over a maximum follow-up period of 4 years from the date
of hospital discharge during 2006 until 18 January 2010 (median
follow-up 2.3 years; interquartile range 0.6–3.3 years). Any
person with no recorded death was assumed to be still alive at
18 January 2010 and considered to have a censored survival time
on this date.
Statistical analysis   
Cox proportional hazard regression was used to estimate the
hazard ratio for the exposure of interest (statin treatment). Age,
ethnic group, and sex were force fitted into the model.
Socioeconomic status, chemotherapy or radiotherapy treatment,
diabetes, history of CVD, other medications, and frusemide use
were assessed as confounders if inclusion in the model changed
the beta coefficient for the exposure of interest by more than
10%.  

Proportional hazards assumptions were assessed using the R
function cox.zph which calculates tests of the proportional
hazards assumption for each covariate by correlating the
corresponding set of scaled Schoenfeld residuals with a suitable
transformation of time based on the Kaplan-Meier estimate of
the survival function. Stratification was used to allow different
baseline hazards for exposure groups where the proportional
hazards assumption appeared not to hold. Interactions between
statin use, CVD history, and frusemide were tested. Few data are
missing in routinely collected datasets so complete case analysis
was calculated. Because patients who were treated with statins
were likely to have more co-morbidities and adverse prognostic
features than those who were not, propensity scoring25 with
closest unit matching was used to check the validity of the Cox
regression. We adjusted for matched pair effects in the Cox
model of propensity matched subjects. The R project was used
for all analyses.26

Results
A total of 1,687 patients were identified who had been admitted
to any public hospital in New Zealand during 2006 and who had
a discharge diagnosis of first episode of COPD (Table 1). This
included 596 statin users and 1,091 statin non-users, giving the
frequency of statin use among COPD patients hospitalised with
exacerbations of 35%. There were more men in the statin users
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group than in the statin non-user group (58.4% vs. 48.5%,
p<0.001), and the statin user group was also more likely to have
a history of CVD (58.6% vs. 25.1%, p<0.001), to be prescribed
frusemide (47.7% vs. 24.5%, p<0.001), or to have a history of
diabetes (35.4% vs. 11.6%, p<0.001) in the previous 5 years.  

Within the statin user group, 91% (545/596) were prescribed
simvastatin and 9% (55/596) were prescribed atorvastatin, with
four individuals having both agents before admission. Of those in
the statin user group, 528 (89%) had a further prescription
redeemed for statins in the 6 months after discharge compared
with 89 (8.2%) in the statin non-user group.

During the 3–4-year follow-up period there were 671 deaths
(about 40% of all participants). Similar proportions of deaths
occurred among statin users (40.6%, 242 deaths) and among

those not using statins (39.3%, 429 deaths). Cause of death was
only available for 376 of the 671 deaths (56%) because of a
delay in coding, e.g. due to coroner’s cases where cause of death
is initially uncertain. Of the deaths with a disease classification,
137 (36%) were attributed to COPD (ICD codes J43 to J44), 69
(18%) to heart disease (ICD codes I20 to I50), 11 (3%) to stroke
(ICD codes I60 to I69), and 45 (12%) to lung cancer. The
remaining 30% of these deaths were due to other causes. 

An adjusted Cox-modelled survival plot for statin versus non-
statin use is shown in Figure 1 for the two strata of the model:
those receiving treatment for cancer and those not receiving
cancer treatment. The graph depicts the non-proportional
survival between the two strata and shows poorer survival
among the non-statin group (covariates were averaged over the
population). This analysis is adjusted for potential confounders.
After adjustment for age, sex, ethnicity, history of CVD, diabetes,
prescription for β-blockers, prescription for frusemide (as a proxy
for heart failure), the hazard ratio (HR) for statin users versus
statin non-users in Cox’s proportional hazards model was 0.69
(95% confidence intervals (CI) 0.58 to 0.84) (Table 2). Covariate
HRs did not change significantly with time, except for cancer
treatment. For this reason, the model was stratified by this

Characteristics Statin use
No Yes Total
(n = 1,091) (n = 596) (n = 1,687)

Gender
Female 562 (51.5%) 248 (41.6%) 810 (48.0%)
Male 529 (48.5%) 348 (58.4%) 877 (52.0%)

Age (years)
50-59 167 (15.3%) 45 (7.6%) 212 (12.6%)
60-69 331 (30.3%) 197 (33.1%) 528 (31.3%)
70-79 593 (54.4%) 354 (59.4%) 947 (56.1%)

Median age (years) 70.1 71.6 70.6
Ethnicity  

Other 815 (74.7%) 460 (77.2%) 1275 (75.6%)
Maori 219 (20.1%) 99 (16.6%) 318 (18.9%)
Pacific 53 (4.9%) 31 (5.2%) 84 (5.0%)
South Asian 4 (0.4%) 6 (1.0%) 10 (0.6%)

NZDep06 deprivation quintile*

1 and 2 (least 
deprived) 76 (7.3%) 47 (8.2%) 123 (7.6%)
3 and 4 143 (13.8%) 71 (12.4%) 214 (13.3%)
5 and 6 177 (17.1%) 97 (16.9%) 274 (17.0%)
7 and 8 305 (29.5%) 149 (26.0%) 454 (28.2%)
9 and 10 (most 
deprived) 334 (32.3%) 210 (36.6%) 544 (33.8%)

History of CVD 274 (25.1%) 349 (58.6%) 623 (36.9%)

History of diabetes 127 (11.6%) 211 (35.4%) 338 (20.0%)

Dispensed frusemide 267 (24.5%) 284 (47.7%) 551 (32.7%)

Dispensed β-blocker 124 (11.4%) 224 (37.6%) 348 (20.6%)

Undergoing cancer 
treatment 112 (10.3%) 86 (14.4%) 198 (11.7%)

Death during follow-up 429 (39.3%) 242 (40.6%) 671 (39.8%)

Data presented as n (%) except for median age which is presented in years

*NZDep06 is a census-based small area index of deprivation with a relative 
deprivation score assigned to each mesh block (containing a median of 
approximately 90 people) in New Zealand. It combines nine variables from the 
2006 Census reflecting eight dimensions of deprivation including income, home 
ownership, employment, and qualifications. Seventy-eight individuals had 
missing deprivation status. 

CVD=cardiovascular disease.

Table 1. Characteristics of patients at discharge from
hospital.
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Figure 1.  Cox modelled survival plot of statin users vs.
statin non-users for those receiving cancer treatments
and not receiving cancer treatments*

*The adjusted Cox-modelled survival plot for those treated with
statins and those not treated, for the two strata of the model;
treatment or no treatment for cancer. All other covariates are
averaged over the population. The plot is adjusted for potential
confounders such as age, sex, ethnicity, co-morbidities. The vertical
lines at the end of each data line are censoring points. They exist
because participants entered into the study at various time points
during 2006. However, all follow-up ceased at the same date on the
18 January 2010. Therefore the follow-up duration for each
individual varied depending on when exactly they entered the study.
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variable with different baseline hazards estimated for subjects
treated and not treated for cancer. 

We also carried out a propensity-matched analysis with a
restricted dataset. Individuals were matched on the basis of the
demographic and clinical characteristics associated with taking a
statin, derived from a logistic model. After matching by these
criteria, the number of participants was reduced to 1,192 overall,
but the estimate and variance for the effect of statins on
mortality (HR 0.64, 95% CI 0.48 to 0.86) was very similar to the
unmatched analysis.

Discussion 
Main findings 
This cohort study has produced several findings that are
consistent with those of other observational studies of statin use
in patients with COPD. First, statins were used by 35% of all
those admitted to hospital in 2006 with COPD.20,23 Second, those
using statins had significantly higher rates (2–3-fold) of CVD and
diabetes which might otherwise increase their mortality
(confounding by co-morbidity or drug indication).15-21 Third,
about 40% of patients died during the follow-up period, and
nearly 50% of known deaths were attributed to COPD or lung

cancer, 30% to other cancers, and only 21% to CVD.27 Lastly, a
30% lower all-cause mortality was associated with statin use
after adjustment for other risk variables. These findings are
consistent with other reported reductions in mortality of
30–50% in those with COPD taking statins.22-24 

Strengths and limitations of this study  
All cases were defined by a primary hospital discharge code for
COPD. This limited the representativeness of our sample to all
COPD patients; however, it did ensure that our sample was
primarily defined by the disease of interest (i.e. COPD). This case
definition also reduced the heterogeneity of the group in terms
of disease severity, as it excluded less severe non-hospitalised
COPD patients and also patients with more severe COPD with
multiple previous admissions.  

A weakness of the study was the lack of data on smoking
status and severity of COPD (defined by spirometry). While one
can assume that almost all cases would have been long-term
smokers, some may have quit smoking either before or after the
diagnosis, which would impact on disease progression. This is a
common limitation in most of the observational studies of
statins and COPD, and reflects the low priority that has
historically been given to the routine collection of smoking
status in hospital records. It is therefore possible that the
smoking exposure and severity of COPD was lower in statin
users than in non-users. This could have resulted in a ‘healthy
user’ effect where statin users were subject to other factors that
reduced their mortality. However, in an audit of COPD patients
with similar demographic characteristics to the current patients,
smoking status and smoking exposure were not significantly
different between statin users and non-users,23 nor did
spirometry results, past history of pneumonia, and history of
COPD exacerbation frequencies differ between statin users and
non-users. Previous observational studies that controlled for
smoking status still found an overall mortality benefit among
patients taking statins.17,20,21 It is therefore unlikely that
confounding by COPD severity (more mild disease) or smoking
history (less exposure to tobacco smoke) explained the
underlying mortality benefit seen in statin users compared with
non-users. A further weakness shared with all the observational
studies is the lack of accurate data on actual statin usage
(duration, dose, and adherence). However, poor compliance
would most likely dilute – rather than spuriously generate – a
statin-based effect.

Consistent with other studies,17-21 statin users in this study
had more co-morbid disease than non-users, specifically CVD
(59% vs. 25%) and diabetes (35% vs. 12%), but these
differences are controlled for in our analyses. In contrast to other
studies, we also used the prescription of frusemide as a marker
of heart failure and cardiovascular risk. Frusemide use was nearly
twofold greater in statin users than in non-users (48% vs. 25%)
and was the most important independent risk variable for
mortality, exceeding that of age and history of CVD (Table 2).
Despite the significantly higher rates of co-morbid diseases

Characteristics Unadjusted* Adjusted† 
HR (95% CI) HR (95% CI)

Male gender 1.32 (1.13 to 1.53) 1.20 (1.02 to 1.40)
Age (years)

50-59 Ref Ref
60-69 1.77 (1.28 to 2.45) 1.65 (1.18 to 2.31)
70-79 2.50 (1.85 to 3.39) 2.22 (1.60 to 3.07)

Ethnicity  
Other Ref Ref
Maori 0.93 (0.77 to 1.14) 1.04 (0.84 to 1.29)
Pacific 0.77 (0.53 to 1.13) 0.84 (0.57 to 1.25)
South Asian 0.71 (0.23 to 2.20) 0.77 (0.24 to 2.40)

NZDep06 deprivation quintile*

1 and 2 (least 
deprived) Ref Ref
3 and 4 0.94 (0.66 to 1.34) 1.03 (0.72 to 1.46)
5 and 6 1.02 (0.73 to 1.43) 1.07 (0.76 to 1.49)
7 and 8 0.96 (0.70 to 1.31) 1.00 (0.73 to 1.37)
9 and 10 (most 
deprived) 0.97 (0.71 to 1.32) 1.06 (0.78 to 1.46)

History of CVD 1.58 (1.36 to 1.84) 1.46 (1.24 to 1.73)

History of diabetes 1.09 (0.91 to 1.31) 1.03 (0.84 to 1.26)

Dispensed frusemide 2.10 (1.80 to 2.44) 1.94 (1.64 to 2.28)

Dispensed β-blocker 1.24 (1.04 to 1.49) 1.01 (0.84 to 1.23)

Dispensed statin 1.03 (0.88 to 1.20) 0.69 (0.58 to 0.84)

*Unadjusted univariate analysis

†Adjusted hazard ratios using Cox proportional hazard regression were adjusted 
for all variables included in table except socioeconomic status (NZDep06), as 
adjusting for this variable inflated the variance and did not change the estimate 
of the exposure of interest.

CVD=cardiovascular disease.

Table 2. Hazard ratios for all-cause mortality
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(diabetes and CVD), statin users died at the same crude rate as
non-users in the unadjusted analysis (Table 1). We could not
attribute this effect to any other prescribed drug, including use
of β-blockers. 

Although statin users have been found to have significantly
more risk of CVD than non-users, there remains the possibility
that factors other than those discussed above and medication
use may account for the reduction in mortality in those taking
statins. Further explanations for this ‘healthy user’ effect include
differences in other lifestyle factors, and access to and quality of
care between statin users and non-users.28 However, in a
previous review of statin use,23 this hypothesis was discussed in
detail but was not clearly supported by the available data.
Specifically, both the uptake and magnitude of the effect from
‘healthy actions’ such as pneumococcal vaccination were
considered insufficient to account for the mortality benefit
reported. Our results are consistent with other observational
studies15-21 in that statin users were comparable in terms of
socioeconomic status and ethnicity to non-users. In these
circumstances it is hard to attribute the mortality benefit seen
with taking statins to differences in access to, or use of,
healthcare resources. It is acknowledged that it is not possible
for cohort studies to adjust for all potential confounders, and
other unidentified confounders may have influenced the results.
However, we believe that they are unlikely to explain all of the
mortality benefit associated with statin use that we and others
have found among COPD patients.

Additional strengths of our study include the length of
follow-up, methods defining statin use (prescription dispensing
data), and the use of a propensity-matched cohort to further
validate our findings. The propensity-matched analysis
produced results similar to the unmatched regression. This
concordance between the two results suggests that the
covariate profile we had assembled contained the important
determinants of prognosis for individuals in the cohort, and
reduces the likelihood that our results are erroneous due to
unknown confounders. Furthermore, this is the only national
study to examine outcomes in statin users with COPD compared
with non-users with COPD. 
Interpretation of findings in relation to previously
published work 
This study found a 30% reduction in all-cause mortality in those
prescribed statins, which is comparable to the effect found in
previous observational studies.18-21 Cause of death data were only
available for 56% of all deaths, and it was not possible to
undertake detailed analyses for cause-specific deaths. In
addition, this study only captured deaths occurring over a
median follow-up of 2.3 years. However, the observation that
only 21% of known deaths were attributed to CVD, in contrast
to 48% for COPD-related and lung cancer-related deaths
combined, raises the possibility that statins may be associated
with a reduction in deaths from causes other than CVD.
Certainly, observational studies of statins in COPD patients to

date have reported reductions in COPD-related deaths16 and
fewer COPD exacerbations.15,17,18 Studies have also shown
reduced rates of lung cancer29-31 and non-pulmonary
malignancies among patients treated with statins.32 These
observations support the hypothesis that a reduction in mortality
associated with statin use might be attributable to an alternative
biological pathway rather than cholesterol reduction and a
reduced incidence of fatal CVD. Indeed, it is well known that
statins have much wider actions than their effect on cholesterol
– including anti-oxidant, anti-neoplastic (apoptotic), and
immune modulating effects11-14 – and statins reduce both
pulmonary inflammation and systemic inflammation.14 A
detailed review of the pharmacological actions of statins in
COPD14 suggests that the wider pleiotrophic effects of statins
may explain the reductions in both pulmonary and non-
pulmonary-related deaths. However, there are currently no data
from randomised controlled trials to prove this hypothesis.
Conclusions
The results of this study suggest that statin treatment is
associated with a reduction in all-cause mortality for patients
with COPD. If this is indeed the case, it would represent a
significant improvement in outcome for COPD patients who, to
date, receive treatments that reduce symptoms only.4-7 A small
randomised controlled trial of statin use in 125 patients with
COPD has demonstrated improved exercise tolerance and
reduced breathlessness in the treatment group over placebo.33

The positive association between statin use and reduced
mortality in COPD patients demonstrated in this and other
observational studies – together with evidence that many COPD
patients have a high absolute CVD risk, that statins appear to
suppress lung inflammation, and that statins are well tolerated
and cheap – is compelling. However, before statins can be
recommended for routine use in patients with COPD, further
randomised trial evidence with ‘hard’ clinical outcomes
including favourable changes in exercise capacity and lung
function and a favourable incremental cost-effectiveness ratio is
likely to be needed. Evidence of benefit from trial data will be
necessary to effect widespread changes in clinical practice. 
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LETTER
Statin Use in Pneumonia

To the Editor:

In the recent systematic review by Chopra et al,1 they
conclude that although prior statin use appears to lower
mortality following pneumonia, the effect is substantially
diminished following subgroup stratification and adjustment
for confounding covariates. We note that an important
exception to this conclusion is observed in smokers (current
and former), where mortality reduction from statin use was
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37% (and unaffected by adjustment).1 We describe below
why this observation is important.

The best predictors of developing pneumonia are
age, smoking history, and comorbid disease, particularly
chronic obstructive pulmonary disease (COPD) and coro-
nary artery disease.2 The most prevalent of these comorbid
diseases is COPD, which affects as many as 49% of adults
(>45 years old) hospitalized with community-acquired
pneumonia.2 In this study, 55% of smokers with commu-
nity-acquired pneumonia had COPD based on baseline
spirometry (z70% of all COPD cases were ever smokers;
personal communication; see Figure).2 We and others have
shown that, among smokers, COPD confers a 3- to 5-fold
greater risk of death from both cardiac and respiratory
complications of smoking, attributed in large part to the
pulmonary-systemic inflammation underlying COPD.3 It is
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notable that systemic inflammation, characterized by
elevations of serum C-reactive protein and interleukin-6,
predicts greater mortality in both pneumonia4 and COPD.5

Clinical studies show that statins substantially lower
systemic inflammation, achieving reductions in C-reactive
protein and interleukin-6 of over 50%.6 Given the close
relationship between smoking, COPD, systemic inflam-
mation, and pneumonia, we suggest that statin use might
be especially beneficial in those with COPD (where 70%-
80% have smoked).6 Indeed, observational studies of statin
use in COPD have consistently reported reductions in
mortality of 30%-50% following pneumonia or infective
exacerbations.6

Based on these observations, we propose that statin-
mediated attenuation of systemic inflammation might
explain the findings of Chopra et al1 (mortality reduction
from pneumonia in ever smokers) and suggest that
a randomized, controlled trial target COPD. Stratification
by COPD status was not examined in their study, as
spirometry is not routinely performed in pneumonia, or in
smokers generally (explaining why 50%-80% of COPD
goes undiagnosed). We conclude that subgroups of the
population in which systemic inflammation is common
(eg, COPD) are likely to benefit most from statin use.
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Correspondence
Statins and Small Airways Disease in COPD

To the Editor:

In their 2011 Perspective article in the Journal, Churg and
colleagues (1) succinctly critique the merits of using animal
models for assessing potential disease-modifying therapies in
chronic obstructive pulmonary disease (COPD) and highlight
the need to focus on small airways disease. We outline recent
human data that suggests statin therapy may have remodeling
effects on small airways disease relevant to COPD.

We published an article reviewing the animal and human data
suggesting that the antiinflammatory or immunomodulatory
effects of statins may explain their beneficial effects in patients
with COPD (2). Specifically, we suggest that statins achieve this
through one or more of the following pharmacological effects:
inhibition of cytokine production (TNF-a, IL-6, IL-8), inhibi-
tion of neutrophil infiltration, inhibition of fibrotic activity, and/
or antioxidant and antiinflammatory effects. Limited evidence from
human studies suggest that statins might confer specific effects on
small airways disease. Based on computerized tomographic scans of
patients with COPD in the large COPDGene study, those with
COPD taking statins had significantly larger small airways di-
ameter than those not taking statins (3). In a prospective study
of patients with COPD receiving atorvastatin for 3 months,
while FEV1 remained unchanged, there was a significant in-
crease in inspiratory capacity and reduction in thoracic gas
volume, suggesting improvement in dynamic hyperinflation
(4). In the only randomized control trial (RCT), pravastatin
was shown to increase exercise endurance and reduce breath-
lessness by 30 to 50% in patients with moderate COPD while
lung function remained unchanged (2). These studies lead us
to postulate that statins may improve small airways function,
reduce hyperinflation, and thereby improve exercise endurance
and breathlessness.

Numerous human studies suggest mechanisms by which statins
might do this. First, limited data suggest that statins may reduce
airways fibrosis and the development of bronchiolitis obliterans in
lung transplantation (2). Second, statin therapy has been shown
to inhibit cytokine-induced release of matrix metalloproteinases
and to inhibit TGF-b1–induced fibronectin expression in human
airway fibroblasts (5, 6). Collectively, these studies suggest that
statin therapy may improve small airways function through re-
modeling effects mediated by airway epithelium. Further stud-
ies will be required to confirm these findings.

In conclusion, data from both animal (1) and human studies
(2–6) suggest that statin therapy might improve small airways
disease in COPD despite little change in FEV1. This hypothesis
requires testing in carefully designed randomized control trials
of statin therapy in COPD such as the STATCOPE trial (http://
clinicaltrials.gov).

Author disclosures are available with the text of this article at www.atsjournals.org.
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Adverse Effects of Long-Acting Beta-Agonists
on Airway Hyperresponsiveness

To the Editor:

The recent article by Thanawala and colleagues (1) showed that,
in the allergen-induced mouse asthma model, chronic exposure
to formoterol restored expression of the asthma phenotype in
animals depleted of epinephrine. To the point, formoterol also
reinduced airway hyperresponsiveness (AHR) to methacholine.
Similar findings have been reported in patients with asthma
receiving concomitant inhaled corticosteroids (ICS), where the
addition of formoterol increased AHR compared with pla-
cebo in patients expressing the arginine-16 b2 receptor poly-
morphism (2). Indeed, this effect was more pronounced with
formoterol compared with salmeterol, in turn suggesting that
prolonged b2 receptor stimulation by a full rather than a partial
agonist may have deleterious effects that are not protected by
ICS.

Other studies looking at b2 receptor genotype have shown an
influence of long-acting b-agonists (LABA) with ICS on AHR and
exacerbations but not on pulmonary function (3–6). In this
regard, AHR is closer to exacerbations and asthma control
than pulmonary function. Moreover, the study by Basu and
colleagues showed that the adverse effect of ICS/LABA on
exacerbations was related to each copy of the arginine-16 poly-
morphism with a 1.7-fold increased risk per copy (5).

With the advent of ultra-long-acting b2-agonists with high
intrinsic efficacy, such as indaceterol and vilanterol, further clin-
ical studies in genetically susceptible individuals will be required
to investigate potential adverse effects of these drugs on AHR
due to their more prolonged receptor occupancy and associated
propensity for agonist-induced receptor down-regulation and
uncoupling.
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           Statins Reduce Lung Infl ammation 
by Promoting the Clearance of 
Particulate Matter From Lung Tissues   

                          To the Editor: 

 We read with interest the article by Miyata and colleagues  1   
(February 2013) in which the authors reported that lovastatin 
attenuates lung infl ammation in a rabbit model by attenuating 
macrophage and neutrophil recruitment and activation. We out-
line here why this is such an important fi nding. 

 There is growing interest in the potential role of statins as 
adjunct therapy in COPD. Human and animal studies suggest 
that statins reduce both pulmonary and systemic infl ammation, 
which is characterized by reductions in IL-8, IL-6, and C-reactive 
protein.  2   In a published review, we suggested that this immuno-
modulatory effect is directed by the bronchial epithelium, medi-
ated primarily through the innate immune system (neutrophils 
and macrophages), and critical to the pathobiology underlying 
chronic aeropollutant-induced airway disease (eg, COPD) ( Fig 1 ).  2   
This might partly explain why corticosteroid treatment, target-
ing primarily the adaptive immune system, does not signifi cantly 
improve important clinical outcomes in COPD, such as slowing 
the progression of disease or reducing mortality. The study by 
Miyata et al  1   elegantly demonstrates that inhibition of the innate 
immune system has an important effect on the response of the 
lungs to chronic aeropollutant exposure and how this may be 
inhibited through systemic-based therapy.     

 The importance of the fi nding that statin therapy effectively 
inhibits both pulmonary and systemic infl ammation goes beyond 

that of COPD.  2   Evidence from a large prospective study of patients 
with COPD showed that systemic infl ammation conferred its great-
est risk on susceptibility to lung cancer.  3   A recent population-based 
study showed that statin therapy reduced mortality for a number 
of cancers by about 20% to 30%, particularly those linked with 
smok ing and obesity.  4   In absolute terms, we estimate that 42% 
of all the lives saved with statin therapy were from a reduction in 
death from lung cancer specifi cally. That statins reduce the risk 
of lung cancer or deaths from lung cancer is consistent with the 
literature  2   and concurs with our understanding of the adverse 
effects of sys temic infl ammation on epithelial cancers.  2 - 4   More-
over, Arimura and colleagues  5   recently showed that systemic 
infl ammation was responsible for DNA damage in the airways of 
mice and was mediated through macrophages, further implicating 
systemic infl ammation in lung cancer (reverse effect) ( Fig 1 ). 

 We conclude that statin therapy provides a powerful immuno-
modulatory action that has a profound effect on the innate immune 
system in the lung, specifi cally cytokine-driven infl ammation that 
characterizes aeropollutant-based airways disease (ie, COPD and 
its comorbidities). We suggest that it is time to examine statins 
as adjunct therapy to inhaler-based treatment in COPD.    

    Robert P.     Young   ,   BMedSci, MBChB, DPhil  
   Raewyn J.     Hopkins   ,   RN, MPH 

   Auckland, New Zealand    

   Affi liations:   From the School of Biological Science     and Faculty 
of Medicine and Health Science, The University of Auckland. 
    Financial/nonfi nancial disclosures:  The authors have reported 
to  CHEST  that no potential confl icts of interest exist with any 
companies/organizations whose products or services may be dis-
cussed in this article  .  

  
 Figure 1.      Proposed relationship among pulmonary infl ammation, systemic infl ammation, and COPD-
related comorbidities. *Statins have been shown to attenuate both pulmonary and systemic infl ammation 
through their effects on the innate immune response and NF k B/STAT3-mediated infl ammatory path-
ways. CRP  5  C-reactive protein; ETS  5  environmental tobacco smoke; M F   5  macrophage; NF k B  5  nuclear 
factor  k B; PMN  5  polymorphic neutrophil; SAD  5  small airways disease; STAT3  5  signal transducer 
and activator of transcription 3; TNF a   5  tumor necrosis factor- a .    
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LETTER TO THE EDITOR Open Access
Interleukin-6 and statin therapy: potential role in
the management of COPD
Robert P Young* and Raewyn J Hopkins
Dear Editor
We read with interest the article by Ferrari and col-

leagues showing in a small prospective study of chronic
obstructive pulmonary disease (COPD) patients that
interleukin-6 (IL-6) is a useful biomarker predicting
worsening exercise tolerance and greater mortality [1].
We outline below the significance of this finding and its
potential impact on the future management of COPD.
The findings by Ferrari and colleagues concur with

other prospective studies, including the recently pub-
lished ECLIPSE study, showing elevated IL-6 is a clinic-
ally useful marker predicting poor outcomes in COPD
[2-4]. In large prospective studies a similar utility was
found for elevated C-reactive protein (CRP), whose ex-
pression is controlled primarily by IL-6 and also associ-
ated with poor outcomes in COPD [5-7]. These poor
outcomes include poorer exercise tolerance, worsening
lung function, greater exacerbation rate, greater co-
morbidities (lung cancer, pneumonia, diabetes and cor-
onary artery disease) and most importantly, greater
mortality. Collectively, these findings suggest that the
natural history of COPD and its prognosis can be pre-
dicted to some extent by elevated IL-6, a serum marker
of systemic inflammation. These observations also suggest
that systemic inflammation plays a primary pathogenic
role in the natural history of this disease (“reverse” effect,
Figure 1), not just a secondary phenomenon from pul-
monary inflammation (the “spill over” effect, Figure 1) [8].
In animal models where IL-6 is over-expressed, the clin-
ical phenotype closely resembles that of COPD further
suggesting a primary role for IL-6 (and systemic inflam-
mation) in the development of COPD [9], We have re-
cently reviewed the literature and suggest that IL-6
-mediated systemic inflammation is also relevant to many
of the COPD-related co-morbidities described above [8].
The prospective study by Ferrari and colleagues provides
* Correspondence: roberty@adhb.govt.nz
School of Biological Sciences and Faculty of Medical and Health Sciences,
University of Auckland, Auckland, New Zealand
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further data to suggest that elevated IL-6 plays an active
role in the progression of this important disease [1].
If these observations are true, then it follows that

HMGCoA reductase inhibitors (statins) might be benefical
in COPD patients through their powerful inhibition of IL-
6-mediated systemic inflammation [8]. Indeed, there is a
large body of data from numerous observational studies
showing that statin therapy reduces both morbidity and
mortality in COPD including; reducing the rate of infect-
ive exacerbations, slowing the decline in FEV1, reducing
mortality from pneumonia or infective exacerbations
and improving exercise tolerance [8]. This last clinical
feature of COPD is very important as it significantly af-
fects quality of life. In the first randomized control trial
of statin therapy in COPD, exercise tolerance was im-
proved by nearly 50% after 6 months of statin therapy
compared to placebo [10]. This improvement correlated
with a significant reduction in serum IL-6 level (and
CRP) but not lung function [10], suggesting IL-6-medi-
ated systemic inflammation might be one of the primary
determinants of poor exercise tolerance. Also of consid-
erable importance, is the recent finding that elevated
IL-6 or CRP levels are associated with increased risk of
lung cancer [11], particularly in patients with COPD
[12], and that lung cancer mortality is reduced by 17%
with statin use [Supplementary Figure S11 from ref.
[13]. Together with the findings of the observational
studies described above, these results make a strong
argument for examining the role of statins as adjunct
therapy to inhaler therapy in COPD (Figure 1) [8,14].
This is particularly the case as current inhaler therapy
in COPD is symptom-based, minimizing breathlessness
and reducing exacerbations, while statin-based systemic
therapy, inhibiting both systemic and pulmonary in-
flammation, appears to confer significant disease modi-
fying benefits. It also argues in favor of investigating the
utility of measuring serum IL-6 (or it’s surrogate CRP)
in patients with COPD to target and monitor therapy
[1-7,14].
Central Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.
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Figure 1 Proposed relationship between Interleukin-6 mediated systemic inflammation, pulmonary inflammation, COPD and
COPD co-morbidities.

Young and Hopkins Respiratory Research 2013, 14:74 Page 2 of 2
http://respiratory-research.com/content/14/1/74
We conclude that the study of Ferrari and colleagues
confirms earlier studies showing that outcomes in
COPD are related to IL-6-mediated systemic inflamma-
tion [1]. This observation not only provides the basis on
which to better phenotype patients with COPD [14], but
more importantly highlights the important potential
utility of statin therapy as a significant disease-modifying
therapy in COPD [8]. This hypothesis requires urgent
examination in clinical trials.
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Update on the potential role
of statins in chronic
obstructive pulmonary
disease and its co-morbidities
Expert Rev. Respir. Med. 7(5), 533–544 (2013)
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Chronic obstructive pulmonary disease (COPD) is soon to become the third leading cause of
death in developed countries. COPD is increasingly considered a multisystem disease
characterized by both pulmonary and systemic inflammation. Over the last 5 years, there
have been a growing number of studies showing that the cholesterol-lowering drugs statins
(HMG-CoA reductase inhibitors) have a beneficial effect in patients with COPD. While statins
are known to have a number of pharmacological effects (pleiotropy) that could explain these
benefits, it is currently not clear which effects are most relevant in COPD. This article reviews
the most recently published studies of statin therapy in patients with COPD, focusing on the
important COPD co-morbidities of the pulmonary system (infective exacerbations, pneumonia,
influenza and lung cancer) and cardiovascular system (acute coronary syndrome, endothelial
dysfunction and pulmonary hypertension). While we await the results of randomized
controlled trials, there continues to be consistent (albeit indirect) evidence from observational
studies suggesting statins are beneficial for patients with COPD, conferring important
pharmacological effects on inflammation not conferred by current inhaler-based therapies.

KEYWORDS: chronic obstructive pulmonary disease • co-morbidities • HMG-CoA reductase inhibitors • lung cancer

• pneumonia, smokers • spirometry • statins

Over the last 5 years, there has been a growing
interest in the potential beneficial effects of
HMG-CoA reductase inhibitors (statins) in
chronic obstructive pulmonary disease
(COPD) [1–5]. This has come at a time when
there has also been a growing interest in the
systemic effects of COPD [6–8] on disease pro-
gression, particularly from infective exacerba-
tions and co-morbid cardiac disease [6,9–14]. It
is well recognized in the cardiology literature
that statins are associated with important
cholesterol-lowering and immune-modulating
effects [5]. It is the immune-modulating (anti-
inflammatory) effects that may be particularly
important in COPD where both pulmonary
and systemic inflammation (FIGURE 1) are
thought to be central to symptoms (exertional
breathlessness, cough and fatigue), hospitaliza-
tion and premature death (from pulmonary
infection/exacerbation, lung cancer and cardiac
disease) [5]. However, the vast majority of this
evidence has come from observational studies

in human trials or laboratory-based studies
involving rodent models or cell culture meth-
ods. The clinical studies suggest that statin
therapy may confer a number of benefits in
COPD such as reducing both the frequency
of, and mortality from, infective exacerbations,
reducing mortality from pneumonia, reduced
decline in lung function and reduced risk of
lung cancer [1–5]. While the benefits of
statin therapy in COPD can be rationally
explained by the known pharmacological
effects of statins on the lungs [5,13,14], and justi-
fied where co-morbid cardiac disease com-
monly exists [1,5,11], there remains uncertainty
about the routine use of statins in COPD in
the absence of randomized controlled trial
(RCT) data.

To date, only one randomized placebo-
controlled double-blind trial of statins in
COPD has been done which found a 50%
improvement in exertional breathlessness and
exercise tolerance after 6 months of therapy [15].
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These improvements correlated with a significant reduction in
systemic inflammatory markers (specifically IL-6 and C-reactive
protein [CRP]). This improvement could not be explained by
improvement in lung function. More studies of this type are
urgently needed to confirm or refute these findings because to
date, treatment for COPD is primarily limited to inhaler-based
therapy for symptom control and prevention of infective exac-
erbations. What is needed in COPD are new treatments that
minimize neutrophilic-derived pulmonary and systemic inflam-
mation that alter the natural history of the disease by slowing
the decline in lung function, minimizing cardiovascular mor-
bidity, minimizing respiratory infection-related morbidity and
reducing the risk of lung cancer [5]. Statin therapy has this
potential because statins have been shown to significantly and
rapidly reduce neutrophil migration into the lung attenuating
the subsequent release of cytokines and oxidants that substan-
tially magnify the damaging effects of the inflammatory
response to smoking [5,14]. This article reviews publications of
the last 2 years reporting on statin therapy in COPD and its
co-morbidities.

The role of systemic inflammation in COPD
Over recent years, there has been a growing interest in the role
of systemic inflammation in COPD [5–13]. Epidemiological
studies show that elevation of systemic inflammatory markers,
notably CRP, IL-6 and fibrinogen, predict poor outcomes in
COPD such as accelerated loss of lung function, greater pro-
pensity to infective exacerbations and greater mortality [16–21].
The basis of this systemic inflammation comes from two likely
possibilities (FIGURE 1). First from a ‘spill-over’ effect from inflam-
mation driven primarily in the lungs in response to aero-
pollutants chiefly cigarette smoke exposure, neutrophilic inflam-
mation and recurrent infection [22,23]. Second, from an inherent
systemic-based proinflammatory state conferred by a genetic
disposition [1,5,24,25]. In the latter, smoking significantly enhances
(possibly unmasking) this inflammatory disposition by being a
recurring proinflammatory stimulus to the pulmonary and
immune systems. This possibility is supported by data showing
that poor lung function (reduced forced expiratory volume in
1 second (FEV1)), independent of smoking, predicts poor vascu-
lar and respiratory outcomes (FIGURE 2) [26–29]. Conversely normal
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Figure 1. Proposed schema linking pulmonary and systemic inflammation in chronic obstructive pulmonary disease and its
co-morbidities. Statins have been shown to attenuate both pulmonary and systemic inflammation through their effects on the NF-kB/
STAT3 proinflammatory pathways.
†See FIGURE 3.
AECOPD: Exacerbation of COPD; BHR: Bronchial hyperresponsiveness; COPD: Chronic obstructive pulmonary disease; CRP: C-reactive pro-
tein; EMT: Epithelial mesenchymal transition; ETS: Environmental tobacco smoke; Mf: Macrophage; PMN: Polymorphic neutrophil;
SAD*: Small airways disease; STAT3: Signal transducer and activator of transcription 3.
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lung function, even after decades of
smoking exposure, confers a greater
‘degree of protection’ from cardiorespira-
tory outcomes than that observed in
those with poor lung function who have
been lifelong non-smokers (FIGURE 2).
These observations raise the possibility
that systemic inflammation could be a
secondary driver of inflammation in the
bronchial epithelium along side that
derived from smoke exposure (‘reverse’
effect) [1,5,7]. Genetic epidemiological
studies are examining whether part of this
proinflammatory or suppressed inflamma-
tory state is derived from a genetic disposi-
tion [7,13,24,25].

The ECLIPSE study has been very help-
ful in advancing our understanding of the
role of inflammatory markers in COPD
and its outcomes [8]. Notably, elevations in
serum CRP, IL-6, IL-8, TNF-a, fibrino-
gen and white blood cells (WBCs) appear
to have a differential role in smoking and
COPD [8,9]. Elevation of at least one
marker of inflammation was found in
70% of those with COPD [8]. Based on
the study by Agusti et al., it appears that
smoking is the primary driver behind ele-
vations in IL-8 and WBCs while in
COPD, it is IL-6, CRP and fibrinogen
that confer the greatest risk [8]. Systemic
inflammation is important in COPD
because it has been implicated in accelerat-
ing cardiovascular disease long-term.
Recently, it has been suggested that acute
peaks in systemic inflammation may
underlie myocardial infarction/necrosis or
heart failure that accompany infective
exacerbations (FIGURE 3) [30–32]. Systemic
inflammation has also been implicated in
contributing to fatigue, poor exercise toler-
ance and osteoporosis [5–7]. High levels of inflammatory markers
have been associated with worse outcomes in pneumonia [33,34] and
infective exacerbations [8,9] suggesting it has a role in respiratory
complications of COPD. Lastly, elevation in systemic inflammation
has been linked to progressive loss of lung function in numerous
studies [6–12,35] as well as being linked to many forms of cancer
[36–38], primarily those related to smoking and obesity (see below).

Given that statins have been shown to lower systemic inflam-
mation through inhibition of the GTPases and inhibition of the
inflammatory pathways mediated by NF-kB and IL-6 [5], it is no
surprise that statins are now considered effective anti-inflammatory
agents, lowering systemic markers (IL-6 and CRP) by over 50%
in a matter of days [39]. It should not be forgotten that statins also
possess important anti-apoptotic, anti-oxidant and anti-

proliferative effects [5], although whether these are independent of
their anti-inflammatory effects is not known. Lastly, there is a
large amount of data from observational studies showing that sta-
tin therapy confers substantial benefits on those who are taking
them compared with those who are not [1–5]. These benefits are
most notable in people with high levels of systemic inflammation
such as those with COPD or smoking histories [5]. This review
outlines recently published data that demonstrates these benefits
and attempts to put these findings in context. While naysayers
continue to attribute the benefits from statin therapy to vari-
ous forms of bias [40–42], hard evidence supporting bias from
the ‘healthy user’ effect is lacking [3]. Although some of the
mortality studies have been limited by an immortal time
bias [42], there have been several studies that have addressed
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Figure 2. Relationship between smoking status, lung function, coronary artery
disease and all-cause mortality. The image depicts the relationship of smoking status
and lung function (FEV1% predicted) with (A) coronary artery disease mortality (odds
ratio) and (B) all-cause mortality (mortality rate %). In both studies, airflow limitation not
only interacts with smoking status (80–90% of chronic obstructive pulmonary disease
patients have a smoking history) to predict the greatest mortality (back corner), it was
also found to be a greater independent biomarker of mortality (right corner) than smok-
ing status (left corner). This suggests that an inherent predisposition to irreversible air-
flow limitation (proinflammatory disposition), beyond that resulting from smoking,
confers a greater risk of death than for a heavy smoker with normal lung function
(non-inflammatory disposition), where powerful protective mechanisms are at play.
FEV1: Forced expiratory volume in 1 second.
Data taken from [26,27].
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this issue and still found significant reductions in mortal-
ity [43,44]. While we await the results of more randomized con-
trol studies, it is the authors’ concern that we may be
needlessly undertreating patients with COPD. While currently
recommended therapy for COPD is primarily inhaler-based,
where the aim is to reduce symptoms, improve quality of life
and reduce hospitalization, this approach does not substan-
tially change disease progression or reduce mortality. More
importantly, these treatments do not improve the many and
varied systemic manifestations of COPD. The only oral medi-
cation for COPD is roflumilast, which is limited to severe dis-
ease characterized by recurrent acute exacerbations of COPD
(AECOPD). The current fixation with inhaler therapy for
COPD could be likened to the use of nitrates for symptom
control (angina) in coronary artery disease that dates back over
50 years. It is notable that coincident with routine use of sta-
tins, mortality from coronary artery disease has halved over
the last 2 decades. It appears compelling that systemic treat-
ment is indicated in the treatment of many patients with
COPD and this review describes why statin therapy might be
part of such an approach.

Statins in COPD
While the results of a large randomized trial on simvastatin
in COPD are pending (STATCOPE [101]), there continues
to be consistent evidence of a beneficial effect of statins in
COPD from observational studies (FIGURE 4) [43–46]. A -
national-based study from New Zealand recently reported a
30% reduction in mortality in patients diagnosed with

COPD taking statins compared with
non-users, followed for 6 years after
their first hospital admission for
COPD [43]. While bias remains an
issue for this observational study, the
statin-user group was carefully matched
through propensity scoring with the
non-user control group for demo-
graphic variables, co-morbid diseases
and drug therapy. Another study made
the important observation that poten-
tial confounding through greater smok-
ing exposure or poorer lung function
in non-users [3], compared with statin
users, does not explain their worse sur-
vival statistics [43]. This study also
matched for the use of cardiovascular
drugs like b-blockers and frusemide,
associated with coronary heart disease
and heart failure, respectively. As co-
existing cardiovascular disease is com-
mon in COPD, and a frequent cause
of death, this additional approach to
adjust for bias was important.

A large prospective study looking at the
effect of statins on mortality in COPD

was reported from the Rotterdam study [44], a population-based
study of nearly 8000 subjects over 55 years old with a follow-up
of 16 years. In this larger and longer study, the all-cause mortal-
ity was reduced by 39% in those using statins for more than
2 years’ duration (FIGURE 4). With the recent interest in the role of
systemic inflammation in COPD, stratification by high sensitiv-
ity CRP (hsCRP) revealed all-cause mortality was reduced by
78% in those with a hsCRP ‡3 mg/l (high) compared with only
21% in those where hsCRP was <3 mg/l (normal). The authors
concluded that the benefit of statin therapy on all-cause mortal-
ity from statin use was observed primarily in those with underly-
ing systemic inflammation reflected in their elevated CRP. This
is a sub-phenotype of COPD reported to affect about 50–70%
of patients with COPD and is associated with accelerated FEV1

decline [8–13], frequent exacerbations and a reduced diffusion
capacity (DLCO) [8,9]. This finding suggests that statin therapy
in patients with COPD may confer the greatest mortality bene-
fits in those with evidence of increased systemic inflammation.
In addition to this observed reduction in mortality from statin
use in COPD, there have been two recent prospective observa-
tional studies showing that statin therapy over 1 or more years
reduces hospitalization for COPD exacerbations by over 30%
(FIGURE 4) [45,46]. This finding is consistent with previously
published studies also showing a 30–40% reduction in COPD
hospitalization with statin use [5].

Statins in community-acquired pneumonia
In a recent systematic review by Chopra et al., they con-
cluded that while prior statin use appears to lower mortality

AECOPD

Pulmonary
thromboembolism

Endothelial
dysfunction

Dynamic
hyperinflation

Hypoxia ±
respiratory failure

Systemic 
inflammation

Pulmonary
hypertension

'Cardiac dysfunction'
(stretch, necrosis, failure)

'Subclinical'
ischaemia

↑BNP ↑Troponin

Figure 3. Proposed mechanisms underlying ‘cardiac dysfunction’ (elevation of
BNP and troponin) in acute exacerbations of chronic obstructive pulmonary dis-
ease characterized by dynamic hyperinflation, elevated systemic inflammation
and coagulopathy. It is proposed that COPD is characterized by a proinflammatory state
that results in remodeling of the lung and varying degrees of systemic inflammation. This
inflammation is acutely increased during ‘infective AECOPD’ precipitating clinically impor-
tant ‘cardiac dysfunction’. The mechanism/s underlying this dysfunction is not yet known
but may be detected by elevations in cardiac biomarkers.
AECOPD: Acute exacerbations of COPD; COPD: Chronic obstructive pulmonary disease.
Data taken from [30–32].
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following pneumonia, the effect was
substantially reduced following sub-
group stratification and adjustment for
confounding covariates [47]. We note
that an exception to this conclusion
was observed in smokers (current and
former), where mortality reduction
from statin use was 37% and unaf-
fected by adjustment [47]. The best pre-
dictors of developing pneumonia are
age, smoking history and co-morbid
disease, particularly COPD and coro-
nary artery disease [48]. The most prev-
alent of these co-morbid diseases is
COPD, which affects as many as 49%
of adults (>45 years old) hospitalized
with community acquired pneumonia
(CAP) [48]. In this study, 55% of
smokers with CAP had COPD based
on baseline spirometry (70% of all
COPD cases were ever smokers, per-
sonal communication Dr David Man-
nino, see FIGURES 5 & 6). Stratification by
COPD status was not examined in the
study by Chopra et al. as spirometry is not routinely per-
formed in pneumonia, or in smokers generally (explaining
why 50–80% of COPD goes undiagnosed) [47]. Importantly,
we and others have shown that among smokers, COPD
(reduced lung function) confers a three- to fivefold greater
risk of death from both the cardiac and respiratory complica-
tions of smoking [1,6,7]. This significantly increased risk has
been attributed in large part to pulmonary-systemic inflam-
mation underlying COPD [1,6,7]. It is notable that systemic
inflammation, characterized by elevations of serum CRP and
IL-6, predicts greater mortality in both pneumonia [49] and
COPD [50]. Moreover, clinical studies show statins substan-
tially lower systemic inflammation, achieving reductions in
CRP and IL-6 of over 50% [15,39]. Given this close relation-
ship between smoking, COPD, systemic inflammation and
pneumonia (FIGURE 1), we suggest that statin use might be espe-
cially beneficial in those with COPD (where 70–80% have
smoked) and systemic inflammation has been associated with
poor outcomes (e.g., in pneumonia) [5]. Indeed, previously
published observational studies of statin use in COPD have
consistently reported reductions in mortality of 30–50% fol-
lowing pneumonia or infective exacerbations [5]. Based on
these observations, it is plausible that statin-mediated attenua-
tion of systemic inflammation might explain the findings of
Chopra et al. (mortality reduction from pneumonia in ever
smokers) [47]. We suggest that future RCTs examining statin
effects on pneumonia target patients with COPD.

Of relevance to COPD, are two further studies showing
that prior statin use was associated with a reduced incidence
of pneumonia and reduced mortality following influenza
infection [51,52,]. In combination, these studies suggest that

statin therapy is associated with less morbidity and mortality
from pulmonary infections (FIGURES 1, 5 & 6). While these find-
ings require confirmation, they suggest identifying those most
at risk of pulmonary infection, namely pneumonia and influ-
enza, might be important. This argues in favor of routine spi-
rometry for people with a smoking history (over 45 years
old) [53] and those suffering chest infections, thereby identify-
ing and better managing patients with COPD who are at
greatest risk from these infections [53].

Statins in lung cancer
There is mounting evidence that COPD and lung cancer are
related by much more than smoking or aero-pollutant exposure
alone [54–63]. Epidemiological studies dating back 30 years have
suggested that the propensity to lung cancer is substantially
increased in those with COPD, even after correction for smok-
ing exposure [55]. In both non-CT-based and CT-based studies
of lung cancer, it has been shown that between 50 and 90% of
lung cancer cases have features of COPD, primarily spirometry-
defined COPD and/or CT-based emphysema [56–58]. Using data
from more recent CT screening studies has revealed that the
lung cancer detection rates are four- to fivefold greater in
smokers with existing COPD (or emphysema) compared with
smokers with normal lungs [59]. Genetic epidemiological stud-
ies show that genes implicated from large genome-wide associ-
ation studies overlap between COPD and lung cancer,
implicating receptors expressed on the bronchial epithelium
and mediating smoking-related inflammatory responses [54,60,61].
These current findings suggest that some of the pathological
pathways involved in COPD (particularly inflammatory path-
ways mediated by NF-kB1 and STAT3 molecular signaling of

COPD mortality Total (n) Statin users HR† p-value

• NZ Study [43] 0.69 <0.001

• Rotterdam study [44] 

• Total 0.61 0.05
• High CRP‡ 0.22 0.02 
• Low CRP   0.79 NS

AECOPD hospitalisation 

• Taiwan study [45] 0.66 <0.001

• Greek study [46]
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Figure 4. Statin use and chronic obstructive pulmonary disease-related mortality
and hospitalization. After adjustment for confounding variables, two studies reported
30–40% lower mortality in patients with COPD using statins compared with those not
using them [43,44]. In one study, baseline CRP was measured and in the subgroup with
CRP ‡3 mg/l (elevated), the mortality reduction was much greater (nearly 80%) [44]. Two
further studies both showed a 34% reduction in hospitalization for AECOPD for those
with COPD taking statins compared with not taking statins [45,46], comparable with previ-
ously published studies examining the same end point [5].
†HR adjusted for confounding variables.
‡High CRP: ‡3 mg/l; low CRP: <3 mg/l.
AECOPD: Acute exacerbations of COPD; COPD: Chronic obstructive pulmonary disease;
CRP: C-reactive protein; HR: Hazard ratio; NS: Not significant.
Data taken from [43–46].
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inflammation (FIGURE 1), are relevant to both diseases implicating
inflammation in their pathogenesis [60–64] and providing a
potential target for chemopreventive treatment [5]. Numerous
prospective studies have reported associations between elevated
CRP (systemic inflammation) and mortality from cancers of
the lung, breast, prostate and colon [36–38,65–67]. Of these, the
results are most consistent for lung cancer, in particular squa-
mous cell and small cell cancers (i.e., exclusively smoking-
related lung cancers) [38]. Based on these observations, we and
others propose that it is, in part, through these pathways that
genetic variation predisposes smokers to a heightened inflam-
matory response and susceptibility to both COPD and lung
cancer (FIGURE 1) [5,54,62,63].

Using nation-wide cancer mortality data, Nielsen et al.
recently reported that statin users have a 20–30% reduction in
mortality from several cancers [64]. We note that the majority of
these cancers are those associated with either smoking (lung,
pharynx, esophagus, urinary) or obesity (colon, prostate, breast;
see FIGURES 1 & 7). While Nielsen et al. suggested this finding might
be secondary to cholesterol lowering, we suggest it might be sec-
ondary to the attenuation of systemic inflammation [5,64]. As
stated above, large prospective studies report that elevated serum
CRP is associated with increased mortality from lung, breast,
colon and prostate cancers [65–67], but in particular lung cancer
where systemic inflammation is implicated and clearly predates

the cancer. Interestingly, smoking- and obesity-related cancers are
often associated with systemic inflammation and NF-kB-medi-
ated elevation of inflammatory cytokines (e.g., IL-6, TNF-a) [68–

70]. In regards to lung cancer, which accounts for more deaths
per annum than breast, colon and prostate cancers combined,
several large studies have also reported 30% or more reduction
in lung cancer mortality with statin use [5, 71–73]. Moreover, in a
small prospective study of smokers with COPD (also associated
with systemic inflammation) statin use was associated with a 20–
30% reduction in both pulmonary and extrapulmonary can-
cers [74,75]. While statin use is consistently associated with an
overall 20–30% reduction in cancer mortality for the common
cancers (FIGURE 7) [64], the absolute reduction in mortality attrib-
uted to lung cancer is substantial. Relative to other cancers,
where cancer-specific mortality (and frequency) is much less, the
absolute number of lives saved for lung cancer attributed to sta-
tin therapy is significant accounting for 43% of all lives saved.
While the mechanism underlying this statin effect on lung can-
cer is unknown, a recently published study in mice showed
chronic systemic inflammation induces oxidant-related DNA
damage in the lung epithelium (i.e., direct evidence of a ‘reverse
effect’) (FIGURE 1) [76]. Given these observations implicating sys-
temic inflammation in lung cancer, and the likelihood that
smoking-related and obesity-related cancers will remain prevalent
in the coming decades, we suggest targeted statin-based chemo-
prevention requires urgent investigation.

Statins in cardiovascular disease in COPD
In a recent editorial entitled ‘Cardiovascular mechanisms of
death in severe COPD exacerbation: time to think and act
beyond guidelines’, Fabbri et al. raises two important issues [11].
First, ‘What more can be concluded about the close relationship
between COPD and cardiovascular dysfunction?’ and second,
‘What should we do about it?’ There is a plethora of evidence
dating back over 30 years showing that reduced FEV1 (character-
izing COPD) is associated with increased cardiovascular morbid-
ity and mortality (FIGURE 2), and that cardiovascular disease is a
common cause of death in patients with COPD [1,5,77–80]. We
agree with Fabbri et al. that systemic inflammation (characterized
by elevated CRP and IL-6) may be very relevant [1,5] as it is cen-
tral to coronary atherosclerosis and plaque rupture, and it has
been linked with the progression of COPD [5], AECOPD [16–20]

and the development of pulmonary hypertension (PHT) [11,5,80].
Studies also link systemic inflammation and reduced FEV1 with
arterial stiffness, carotid intimal thickness and endothelial dys-
function, all features of early aging of the vascular system [10].
During an AECOPD, it is possible acute hypoxia together with
systemic inflammation worsen PHT (see FIGURE 3), leading to ele-
vations in both brain-natriuretic peptide (BNP) and tropo-
nins [11]. However in the studies by Chang et al. and
others [30–32], there was no relationship between either biomarker
of cardiac dysfunction (BNP or troponin) and oxygen saturation
or CRP. While a worsening of PHT might explain elevations in
these biomarkers during an AECOPD [11], the findings of
Chang et al. suggest that worsening of hypoxia or systemic

Pneumonia (n = 20,375)

Current /former smokers
(n = 12,046)

Never smokers
(n = 8329)

COPD GOLD 0–4
(n = 10,040)

7028 smokers

3012 never smokers

Figure 5. Relationship between smoking status (grey box)
and spirometry-defined chronic obstructive pulmonary dis-
ease (dotted box) among community-acquired pneumonia
cases diagnosed in two US population-based cohorts fol-
lowed prospectively. In a large case series of adults admitted
with community-acquired pneumonia, it was found that 49%
had COPD and that compared with age and smoking history,
COPD was one of the most important risk variables for getting
pneumonia [48]. As the vast majority of those with COPD are cur-
rent or former smokers, nearly 75% of all those with pneumonia
have either COPD or a smoking history (pulmonary ± systemic
inflammation). Statin use has been associated with a 30–40%
reduction in mortality from pneumonia (see FIGURE 6) [5,47].
Data taken from [48].
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inflammation appear unlikely to be pri-
mary determinants of this cardiac dys-
function (see FIGURE 3) [30]. As concomitant
undiagnosed heart failure, subclinical
ischemia, dynamic hyperinflation or
thromboembolism, all remain possible
factors [11,30], more research will be
required to better understand the mecha-
nism underlying these findings. Latest
studies implicate endothelial dysfunction
as another mechanism underlying cardiac
dysfunction and PHT in patients with
COPD (FIGURE 3) [10].

The second issue is what should be
done about these findings apart from
further mechanistic studies. Based on
limited data, Chang et al. suggest the
cardioprotective effects of b-blockers
are worthy of further investigation in
reducing both frequency of, and mor-
tality from, COPD exacerbations [30].
However, these findings are based on
observational data only and could be
due to confounding by drug indication
and/or concomitant drug use. More-
over, the antagonistic effect of b-
blockade on nebulized b-agonist may
be problematic in the setting of
AECOPD. We and others have previ-
ously reported that statin therapy has
been shown to reduce both pulmonary
and systemic inflammation [5], as well
as having beneficial effects on reducing pulmonary artery
pressure [80]. We have previously suggested that statin ther-
apy, through systemic anti-inflammatory effects [81], may
preferentially improve small airways disease in COPD [82].
This might in turn reduce the effects of dynamic hyperinfla-
tion and cardiac strain. Although uncertainty surrounds the
mechanism underlying elevations of BNP and troponin in
AECOPD [11], there are extensive data in the cardiovascular
literature showing that pre-treatment with statins confers
considerable cardioprotection after ischemic injury [77], sig-
nificantly reducing troponin elevation and increasing survival
following cardiac revascularization or myocardial infarc-
tion [77,78]. There are limited data suggesting statin therapy
might be associated with reducing BNP elevation in
non-ischemic heart failure [79]. These findings add further
weight to the possibility that statins might confer important
cardioprotective benefits in high-risk patients such as those
with AECOPD [11]. If elevated pulmonary artery pressure and/
or systemic inflammation are mechanistically related to eleva-
tions in BNP and/or troponin [11], then this alternate
‘cardioprotective’ effect of statins may be of considerable bene-
fit to patients with COPD [5,11], particularly during acute exac-
erbations. We suggest these observations might explain, in

part, why statin therapy has been consistently found to signifi-
cantly reduce short- and long-term mortality in AECOPD and
pneumonia [5], as effectively as they do heart attacks (~30%
relative risk reduction). While new studies exploring the poten-
tial benefits of combined long-acting b-agonist and inhaled
corticosteroid treatment may show a reduced all-cause mortal-
ity in those with COPD and cardiovascular disease (e.g.,
SUMMIT), it is the authors’ view that the clinical and phar-
macological data published to date indicate that statin therapy
is likely to be superior in this regard.

Conclusion
That statins might improve both respiratory- and cardiovascular-
related mortality in COPD is a very exciting prospect. Such a sug-
gestion is not just based on the clinical data presented here but
from the numerous molecular studies showing that the down-
stream effects of both pulmonary and systemic inflammation are
mediated through NF-kB-STAT3 proinflammatory pathways
(FIGURE 1) and known to be attenuated by statin therapy [83]. We
believe it is time to view COPD as a systemic disease, with impor-
tant and life-threatening cardiovascular complications, which
deserves more than inhaler therapy. Recent prospective studies
have shown that systemic inflammation is seen, in varying degrees,

Study or group Unadjusted HR (95% CI)              Adjusted HR (95% CI)

Pneumonia Mortality [47]

Timeline analysis

• Hospital 0.66 (0.62–0.70) 0.90 (0.82–0.98)
• 30 day 0.42 (0.25–0.71) 0.48 (0.39–0.59)
• 90 day 0.69 (0.60–0.79) 0.75 (0.05–0.85)
• 180 day 0.60 (0.48–0.75) 0.67 (0.49–0.91)

Overall 0.62 (0.54–0.71) 0.66 (0.55–0.79)

Subgroup analysis

• Current/former smokers† 0.64 (0.60–0.68) 0.63 (0.55–0.79)
• Vaccination status 0.63 (0.49–0.81) 0.74 (0.56–0.97)
• Propensity score 0.66 (0.61–0.70) 0.75 (0.58–0.96)

Pneumonia Incidence (Jupiter RCT post-hoc analysis) [51] 0.81 (0.67–0.98)

Hospitalised 0.59 (0.38–0.92)Influenza Mortality [52]

* Adjustment did not significantly alter the mortality reduction in current/former smokers with
pneumonia (it is estimated that 50–60% have underlying COPD [48]). 

Figure 6. Statin use and chest infections (pneumonia and influenza). In a large sys-
tematic review of community-acquired pneumonia and statin use, the short- and long-
term mortality from pneumonia was reduced in those taking statins. After adjustment for
confounding variables, this protective benefit was reduced in all subgroups except those
with a smoking history [47], many of whom had chronic obstructive pulmonary disease. In
other studies, statin use was associated with a lower mortality from influenza [52] and in
a subanalysis of an RCT, lower incidence of pneumonia [51].
†Adjustment did not significantly alter the mortality reduction in current/former smokers
with pneumonia (it is estimated that 50–60% have underlying chronic obstructive pulmo-
nary disease [48]).
HR: Hazard ratio; RCT: Randomized controlled trial.
Data taken from [47,51,52].
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in about 50–70% of patients with COPD at baseline and is consis-
tently associated with poor outcomes in COPD. These include
more frequent exacerbations, greater risk of co-morbid disease
(pneumonia, lung cancer, coronary artery disease and heart failure)
and greater mortality [8,84–87]. We suggest that it is time to urgently
examine the potential utility of existing ‘cardioprotective therapies’
in patients with COPD (± systemic inflammation) to test their
effects on morbidity and mortality. We suggest RCTs assessing
the potential utility of ‘adjunct therapy’, using existing cardiopro-
tective drugs (e.g., statins and STATCOPE) with known long-
term safety data, should be urgently undertaken. This might even
take preference over investigating new (commercially viable)
inhaler-based therapies, where pharmaceutical funding might be
available, but where efficacy is limited to pulmonary effects and
long-term safety is not known.

We conclude that findings from recently published obser-
vational studies continue to report clinically significant ben-
efits from statin therapy in patients with COPD or
common co-morbidities of COPD. Important benefits
include a reduction in mortality which has not been shown
with the existing inhaled therapies in COPD. Benefits of
statins in acute COPD-related co-morbidities, like infective
exacerbations or pneumonia, have been extensively reported.

However, there also exists potential benefit from long-term ther-
apy to reduce or defer other complications like coronary artery
diseases and possibly lung cancer. There is growing evidence
that attenuation of systemic and pulmonary inflammation may
underlie these benefits although more studies are needed to clar-
ify these observations. While randomized control studies are
awaited, there continues to be both clinical and laboratory data
supporting the use of statins (or some other effective anti-
oxidant therapy) in patients with COPD where high oxidant
load and cytokine-driven inflammation remains untreated with
existing COPD therapies.

Expert commentary
COPD is a multisystem disease characterized by varying degrees
of pulmonary and systemic inflammation. It is characterized by
a reduced FEV1, a barometer of susceptibility to smoking and
biomarker of premature death from all common causes [1].
COPD is also a disease characterized by epithelial and airway
remodeling which is associated with a significantly increased risk
of lung cancer [5]. Large prospective epidemiological studies
have shown that systemic inflammation is found in about 50–
70% of patients with COPD at baseline and associated with
greater decline in lung function, accelerated coronary artery

• Lung cancer 11,280 8730 0.83 (0.79–0.88) <0.001
• Oesophageal cancer 660 462 0.76 (0.60–0.98) 0.02
• Pharyngeal cancer 1040 335 0.70 (0.52–0.88) <0.001
• Urinary cancer 2240 921 0.75 (0.62–0.88) <0.001

Smoking-related cancers Total (n) Deaths (n) HR (95% CI) p-value

• Colon cancer 10,224 3960 0.81 (0.74–0.87) <0.001
• Breast cancer 8424 1313 0.83 (0.73–0.97) 0.01
• Prostate cancer 10,036 2473 0.85 (0.75–0.93) 0.001

Obesity-related cancers

• Leuknemia 1296 510 0.67 (0.52–0.85) <0.001
• Non-Hodgkins 1016 280 0.89 (0.67–1.21) 0.49
• Pancreatic cancer 1836 1533 0.93 (0.82–1.07) 0.36
• Stomach cancer 1008 560 0.81 (0.66–1.01) 0.07
• Liver cancer 596 381 0.97 (0.75–1.25) 0.83
• Cervical cancer 492 107 1.07 (0.68–1.63) 0.76
• Ovarian cancer 1312 647 0.95 (0.77–1.16) 0.67
• Endometrial cancer 1564 270 0.81 (0.60–1.11) 0.20
• Kidney cancer 1152 464 0.88 (0.68–1.13) 0.34
• Melanoma 1800 261 1.16 (0.87–1.57) 0.31

Other cancers

0.5 0.75 1.0 1.251.75
HR 95% CI

Figure 7. Statin use and reduced risk of death from cancer (matched and adjusted analysis). In a large systematic review of statin
use and cancer mortality, several cancers were found to have lower mortality in statin users compared with non-users after adjustment
for confounding variables [64]. We noted that it was cancers primarily related to smoking and obesity, where cancer risk is associated with
elevations of C-reactive protein and significant reductions in mortality were found with statin therapy. Such an observation supports the
hypothesis that statin-induced reduction of systemic inflammation (and/or tumor-related inflammation) might reduce mortality in specific
cancers where systemic inflammation is important (e.g., lung cancer [65–67,76]).
HR: Hazard ratio.
Data taken from [61].
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disease, greater tendency to infective exacerbations and greater
mortality from pneumonia and lung cancer [8, 84–87]. To date,
treatment of COPD has been limited to inhaler-based therapy
aimed at minimizing symptoms due to airway inflammation
and bronchoconstriction. There are a growing number of obser-
vational studies that consistently show that statin therapy confers
a wide number of benefits in patients with COPD. In the most
recent of these observational studies (published in July 2013), a
national population-based nested case–control study showed sta-
tin use in patients with COPD was associated with a 30%
reduction in hospitalization for infective exacerbations [88]. This
finding remained after careful adjustment for confounding varia-
bles showing both a dose–response effect and a withdrawal
effect, making confounding bias an unlikely explanation for this
finding (see below) [88]. These benefits can be explained by the
known pharmacological actions of statins which are independent
of those from existing inhaler treatments [5]. While some argue
that these benefits result from bias (e.g., ‘healthy user effect’), it is
the authors’ opinion that this is very unlikely. The reason we
believe the ‘healthy user effect’ is unlikely to account for the con-
sistently reported reductions in COPD-related morbidity and
mortality is that i) there is no evidence that statin users are signifi-
cantly different to non-users with regards to plausible confound-
ing ‘healthy’ effects like better smoking profiles, lung function or
educational status [3], and ii) there is no evidence that the pro-
posed ‘healthy actions’ of statin users (e.g., higher use of screen-
ing, vaccination or other drug treatments), or their biological
mechanisms, would collectively account for the significant and
varied benefits reported with statin use (e.g., 30–50% reductions
in cardiorespiratory mortality) [3,88]. In two small randomized tri-
als of adjunct statin therapy in patients with stable COPD, signifi-
cant improvements in exercise capacity have been reported in
those on statins compared with those not [15,89]. In both studies,
improvement in exercise capacity was observed which correlated
with a (statin-mediated) reduction in markers of systemic inflam-
mation (CRP). This was reflected by a greater exercise treadmill
duration (mean 50% increase [15]) and reduced symptom score
(mean 24 unit reduction in the ‘Activity Domain score’ of the St
George’s Respiratory Questionnaire, personal communication
FIGURE 8, [89]). We conclude that, in the two RCTs reported to date,
statin therapy significantly reduced systemic inflammation and
improved both breathlessness and exercise tolerance in patients
with COPD [15,89]. We believe larger randomized control trials are
urgently needed to establish whether adjunct statin therapy has a
role in the management of COPD, particularly in COPD patients
with elevated markers of systemic inflammation. Chemopreven-
tion that slows the remodeling effects of smoking may have addi-
tional utility in both current and former smokers by reducing
pulmonary inflammation and slowing the progress of COPD
toward lung cancer and cardiovascular complications (FIGURE 1).

Five-year view
The future management of COPD is likely to involve a greater
use of systemic therapies targeted to reduce systemic inflamma-
tion and indirectly, pulmonary inflammation. Recent studies

have shown that markers of systemic inflammation (primar-
ily CRP and IL-6) are found to be elevated in 50–70% of
patients with COPD and predicted poor outcomes such as
increased exacerbation rate, increased COPD-related co-mor-
bidity and increased mortality [8,85–87]. There will be a
greater emphasis on identifying systemic-based complications
of COPD and treating them with existing therapies with
established efficacy. Based on the results of these biomarker
studies, we predict a future where systemic markers of
inflammation will be routinely used to phenotype patients
with COPD to facilitate targeted systemic anti-inflammatory
therapy [89–91]. Biomarkers will therefore take on an increas-
ing importance in managing COPD much as they do for
coronary artery disease where they provide the cornerstone
of treatment. Genetic epidemiological studies will help eluci-
date the genes involved in conferring resistance or suscepti-
bility to COPD and may even help explain the basis of
emphysema and small airways disease or the disposition to
lung cancer or heart disease. Whether statins are adopted for
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Figure 8. Improvement in exercise capacity with statin
treatment in small randomized studies reported to date. (A)
exercise treadmill walk time and (B) symptom score from the
SGRQ Activity Domain.
Rx: Treatment; SGRQ: St George’s Respiratory Questionnaire.
Data taken from [15,89].
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routine use in subgroups of patients with COPD will
depend on the outcome of the RCTs like STATCOPE.
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Key issues

• Chronic obstructive pulmonary disease (COPD) is characterized by varying degrees of exaggerated pulmonary and systemic inflammation

that play an important role in the natural history of this disease.

• Current therapies in COPD target only the pulmonary features of COPD with little or no effect on the natural history of COPD or its co-

morbid complications.

• Results from numerous observational studies consistently show clinically important benefits for COPD patients taking statins compared

with those not taking them.

• Systemic inflammation has been implicated in worse outcomes for both pulmonary and systemic complications of COPD. Data from

recently published statin studies suggest that reducing these inflammatory processes could explain these benefits of statins.

• Randomized controlled trials are urgently needed to establish whether statin therapy should become a routinely used adjunct therapy in

patients with COPD, identifying which subgroup might benefit most.
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Statins as adjunct therapy in COPD:
how do we cope after STATCOPE?
Robert P Young,1 Raewyn J Hopkins,1 Alvar Agusti2

INTRODUCTION
Statins are inhibitors of 3-hydroxy-3-
methylglutaryl coenzyme A reductase that
are widely used to reduce cardiovascular
(CVS) disease risk yet have pleiotropic
effects in other organs, including the
lungs.1 2 The results of the Simvastatin
for the Prevention of Exacerbations in
Moderate-to-Severe COPD (STATCOPE)
study, that investigated their potential
effects on exacerbations of COPD, have
been recently published in the New
England Journal of Medicine.3 In this Hot
off the breath editorial, we review the
rationale for the study, discuss its design,
main results, strengths and limitations,
and speculate on the future of statins in
COPD.

RATIONALE: HINTS FROM
OBSERVATIONAL STUDIES
Statins reduce the recruitment of neutro-
phils and macrophages into the lung,
alter bronchial remodelling, prevent
emphysema and reduce systemic inflam-
mation.1 2 4 These biological effects
appear to have clinical relevance as obser-
vational studies in COPD patients report
reduced all-cause mortality,5–8 reduced
mortality from acute exacerbations,8–10

reduced frequency of COPD exacerba-
tions,8 11–13 and reduced decline of lung
function,14 for those taking statins, as
compared to not taking them.

In one small randomised controlled
trial (RCT), statin use in COPD patients
was associated with a clinically significant
increase in exercise tolerance, although
this benefit was limited to those in whom
baseline C-reactive protein (CRP) was ele-
vated (ie, those with evidence of systemic
inflammation).15 To date, STATCOPE is
the only RCT that has assessed the effect
of adjunct statin treatment prospectively
on acute exacerbations in COPD in a
large cohort of patients.3

STATCOPE FINDINGS: THE BASIS OF
DISCORDANT RESULTS
STATCOPE was a large, randomised, mul-
ticentre, double-blind, placebo-controlled
trial of simvastatin (40 mg/day) in the pre-
vention of COPD exacerbations in
patients with moderate-to-severe COPD
(N=885).3 Importantly, patients with dia-
betes or CVS disease (figure 1), those
already on statins, or those that required
statins based on accepted CVS risk cri-
teria, were excluded. The primary
outcome of the study was negative, as
simvastatin treatment for between 12 and
36 months was no more effective than
placebo in reducing the frequency or
severity of COPD exacerbations.3

Moreover, lung function and quality of
life were not different between groups.3

So why did observational studies observe
a 30–50% reduction in COPD exacerba-
tions with statin therapy,8 11–13 whereas
STATCOPE found none? These discordant
results raise issues about the strengths and
weaknesses of observational data (reflecting
‘real-world’ statin use in an uncontrolled
setting) over RCT data (reflecting statin use
in a highly selected COPD subgroup in a
controlled and highly monitored setting).
These are discussed in detail below.

OBSERVATIONAL STUDIES: NO
EVIDENCE FOR A ‘HEALTHY USER
EFFECT’
The first possibility is that statin therapy
does not really reduce the frequency of
COPD exacerbations, and that the obser-
vational study results were confounded by
variables not adequately adjusted or
matched for. However, a careful review of
these observational studies show that lung
function, cumulative smoking exposure,
Body Mass Index, COPD-related medica-
tion use, vaccination use or socio-
economic status were similar in COPD
patients prescribed statins versus
non-users.5–13 Hence, a ‘healthy user
effect’ seems unlikely to account for the
observed effects. By contrast, statin users
invariably (albeit not surprisingly) had sig-
nificantly greater diabetes (26% vs 11%)12

and CVS disease prevalence, including
arterial hypertension (52% vs 34%),12

heart failure (12% vs 8%),11 coronary
artery disease (51% vs 24%).10 That statin
use in these observational studies was

consistently associated with better out-
comes in COPD patients with more
comorbid diseases,5–13 effectively excludes
‘confounding by drug indication’ where
outcomes would be worse (not better) in
patients with comorbid CVS-related
disease.

OBSERVATIONAL STUDIES AND THE
EVIDENCE FOR AN ‘UNHEALTHY
NON-USER EFFECT’
A more plausible explanation is that obser-
vational studies include a large percentage
of COPD patients with co-existing CVS dis-
eases who are ‘non-users’, but would
benefit from statin therapy (figure 1). These
patients are likely to do very poorly due to
one or a combination of undertreated pul-
monary inflammation, unrecognised sys-
temic inflammation, or subclinical CVS
disease.16–18 These comorbid phenotypes
of COPD are strongly associated with an
increased risk of hospitalisation with ‘acute
exacerbations’ and greater mortality.16–18

Hence, it is possible that many COPD
patients who have not been prescribed
statins in observational studies do badly
from undertreatment, a hypothesis sug-
gested by the STATCOPE investigators to
explain the discordant results.3 Data from
the observational studies, which include
COPD patients outside hospital outpatient
clinics, indicate that about 30–40% of all
patients with COPD are prescribed statin
therapy.2 5–13 If a significant proportion of
the remaining 60–70% of COPD patients
not prescribed statins would benefit from
statin therapy, then the non-use of statins in
the observational studies would be asso-
ciated with poor outcomes and attributed
to an ‘unhealthy non-user effect’ rather
than a ‘healthy user effect’ (figure 1). Of
note, of those COPD patients not taking
statins in the observational studies, 11–25%
had diabetes, 34–50% had hypertension,
13–24% had coronary heart disease (CHD)
and a surprising 41% had ‘cardiovascular
disease’.10–12 This suggests that as much as
one half of COPD patients not taking
statins, for clinically apparent CVS disease,
probably should be based on their cardio-
vascular risk profiles alone. This estimate
concurs with that calculated by STATCOPE
investigators (see Protocol).3 If this were
true, then the 1.5–2.0-fold greater mortal-
ity, which has been consistently reported in
statin non-users in observational studies,5–7

would be entirely expected.

PRIMARY PREVENTION IN COPD:
SHOULD WE ADD UNDERTREATMENT
TO UNDERDIAGNOSIS?
A plausible explanation for the
STATCOPE findings is that statin therapy
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has no effect on reducing ‘acute exacerba-
tions’ in COPD patients where coexisting
clinical and subclinical CVS disease has
been all but excluded. This is important,
as recent studies suggest that the role of
cardiovascular comorbidity underlying
‘acute exacerbations’ of COPD, in particu-
lar heart failure, may be much greater
than previously recognised.19–21 These
studies suggest between 30% and 50% of
admissions attributed to an acute exacer-
bation may be due, in part, to ‘cardiac
dysfunction’.20 Systemic inflammation has
also been linked in prospective studies to
congestive heart failure in the absence of
clinically obvious coronary artery
disease.21 Given the findings of the
STATCOPE study, it might be reasonable
to conclude that statin therapy is primarily
indicated in those patients with COPD
where their cardiovascular risk justifies its
use according to established
Framingham-based guidelines (this might
include as much as 60–70% of all COPD
patients (see later)). However, such a con-
clusion makes two potentially incorrect
assumptions. First, that COPD is not itself
an independent predictor of CVS disease
(eg, like diabetes). Yet, there is evidence
indicating that reduced FEV1 independ-
ently conferred just as great a risk of
CHD as increased serum cholesterol,22

where statins are routinely recommended
in the absence of overt coronary disease.
Second, that statins do not have a benefi-
cial effect on mortality independent of
that attributed to the treatment of CVS

diseases in patients with COPD. The
observational studies reported so far have
consistently found that all-cause mortality
in unselected COPD patients is improved
by 30–50% with statin therapy compared
to those not taking statins.5–7 While this
might be attributed solely to reduced CVS
deaths,1 in three observational studies, a
reduction in ‘respiratory-related’ deaths
was also found,5 7 9 although the accuracy
of death certification remains a limitation
of these findings. The observation that
statin therapy reduces mortality, and spe-
cifically respiratory-related mortality, in
COPD patients requires confirmation in a
RCT.

SELECTION OF COPD PATIENTS IN
STATCOPE: IS STATCOPE
GENERALISABLE TO THE WIDER COPD
POPULATION?
STATCOPE excluded patients on statins as
well as those who should be on statins
based on their ‘cardiovascular risk pro-
files’.3 This may have removed the very
COPD patients who might benefit most
from statin therapy. Such an exclusionary
approach might therefore leave a largely
lower risk and potentially
‘statin-unresponsive’ group recruited into
the STATCOPE study where any benefit
might be limited (figure 1). Several fea-
tures of STATCOPE support such a possi-
bility. It is notable that reduction of
low-density lipoprotein in STATCOPE,
with 40 mg of simvastatin, was only 23%,
and less than the expected 36–40%

reduction normally seen with this dose.23

Mortality in the placebo arm of
STATCOPE over 3 years was 6%, only
half that reported in TORCH over a
similar time period.24 Additionally, the
frequency of comorbid cardiovascular-
related diseases in the STATCOPE partici-
pants has not been reported but is pre-
sumably very low or non-existent. This
brings into question the generalisability of
the STATCOPE findings to COPD popula-
tions in general, where overt or subclinical
cardiovascular disease may collectively
affect as much as 75% of all patients.3–13
25 Given participants in STATCOPE were
prescreened through medical record data,
it is impossible to estimate what propor-
tion of COPD patients were excluded due
to their cardiovascular profile alone.
Based on observational studies of
comorbid disease in COPD,5–13 26 it may
have been as much as 30–40% which, in
addition to the 30–40% taking statins (as
estimated by STATCOPE investigators),3

leaves only 20–30% ‘lower risk’ COPD
patients eligible for STATCOPE (figure 1).

STATCOPE AND EFFECT OF
SIMVASTATIN: WHAT’S HAPPENING
TO SYSTEMIC INFLAMMATION?
A further possibility underlying the
STATCOPE findings is that any benefit
from statin therapy in reducing COPD
exacerbations may be primarily confined
to those patients with coexisting systemic
inflammation.3 Recent results suggest
between 40% and 70% of patients with

Figure 1 Proposed schema of the
COPD patients participating in
observational studies and STATCOPE,
stratified according to the presence of
comorbid CVS diseases*, background
statin use and presence of systemic
inflammation (SI). The diameter of
each circle is roughly proportional to
the percentage of patients in each
group (shown below each one).
The overlapping circles on the left
(yellow=overt CVS disease and
red=subclinical, or high risk of, CVS
disease) indicate that some patients
with CVS diseases are not treated with
statins, whereas others with high CVS
risk are for primary prevention. By
contrast, the right hand circle has no
overlap since no patient in this group
is on statins given their low CVS risk.
*CVS diseases include: IHD, ischaemic
heart disease; PVD, peripheral vascular
disease; CVD, cerebrovascular disease;
CHF, congestive heart failure,
#unhealthy non-user effect.
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stable COPD have elevation of at least
one marker of systemic inflammation.27 28

Further, two published RCTs on exercise
tolerance in COPD,15 28 and one observa-
tional study on mortality,7 suggest that the
statin-derived benefits in COPD are
almost exclusively observed in those with
systemic inflammation arbitrarily defined
as a CRP greater than 3 mg/L7 15 28 A sec-
ondary (still unpublished but much
awaited) analysis of STATCOPE will look
at the effects of simvastatin on patients
with systemic inflammation (see online
supplementary materials from Criner
et al).3 However, if the exclusion criteria
of STATCOPE effectively removed those
with elevated cardiovascular risk
(figure 1), it is possible (or even likely)
that many patients with systemic inflam-
mation had been excluded too. If so,
underpowering from small sample size
may become an issue, particularly since
studies in the cardiovascular literature
have shown that the effect of 40 mg of
simvastatin on reducing systemic inflam-
mation is related to the baseline CRP
value: null in those with CRP<1 mg/L
(in whom CRP actually goes up), 16% in
those with CRP values 1–3 mg/L, and
32% in those with CRP>3 mg/L.29

STATCOPE AND THE QUESTION OF
STUDY DESIGN
Another possible explanation for the dis-
cordant findings between the observa-
tional studies and STATCOPE is that
other relevant differences between the
COPD populations under consideration
may have diminished any beneficial effect
of statins in the latter (figure 1). First, in
STATCOPE, nearly 73% of COPD patients
were taking inhaled corticosteroids (ICS)
compared to a mean of 7% (range 4–77%)
in the observational studies.3 10–12

Furthermore, in STATCOPE, COPD
patients were contacted during the study
on a monthly basis with telephone calls or
clinic visits, where drug compliance was
closely monitored.3 Given that ICS may
reduce pulmonary and systemic inflamma-
tion30 if taken by the majority of
STATCOPE participants, it is possible that
little additional benefit for COPD exacer-
bations was gained by adding simvastatin
in this closely monitored cohort. Second,
according to the STATCOPE protocol, it
appears that any patients who met exclu-
sion criteria based on the risk-based eligi-
bility for statin therapy during follow-up,
may be prescribed simvastatin and con-
tinue in the study on an intention-to-treat
basis.3 What proportion of patients origin-
ally randomised to placebo, received statins
during follow-up as per the safety-based

treatment cross-over, is not stated in the
STATCOPE publication. If it was large, a
dilutional effect on outcome may have
resulted. Finally, in most other aspects, the
STATCOPE COPD patients were represen-
tative of moderate to severe COPD,
although supplementary oxygen use (sig-
nificantly greater at >40%) and duration
of statin therapy (significantly shorter with
56% <2 years) were also substantially dif-
ferent to that reported in the observational
studies.

LIFE AFTER STATCOPE WITH STATINS
‘DOWN BUT NOT OUT’: WHERE TO
FROM HERE?
So what should readers of Thorax make
of the findings? There is no argument that
statin therapy is indicated in patients with
COPD who have clinically overt CHD
(secondary prevention) or those at high
risk of CVS diseases (primary prevention).
Based on the results of the JUPITER
trial,31 the latter might include those clin-
ically stable COPD patients with elevated
systemic inflammation (CRP>3 mg/L). At
this time, there is no RCT evidence to
support statin use in reducing acute
exacerbations of COPD. The secondary
analysis of STATCOPE based on systemic
inflammatory biomarkers may help clarify
the usefulness of simvastatin in this
setting, although exclusion of those
patients at high risk of CVS disease and
systemic inflammation may dilute a poten-
tially beneficial effect. Given that limited
RCT data found improvement with exer-
cise tolerance and quality of life measures
in those with the systemic inflammatory
phenotype,15 28 and that observational
data suggests that significant reductions in
mortality remains a potential benefit,5–10

more RCTs are urgently needed to better
examine the potential benefits of statins as
adjunct therapy in COPD.
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LETTER
Statins Reduce Respiratory Complications of
COPD

To the Editor:

In their population-based nested case control study,
Wang et al1 showed that statin use in patients with chronic
obstructive pulmonary disease (COPD) was associated with
a 30% reduction in hospital exacerbations. While these
results mirror those of other observational studies,2 several
important findings from this study deserve mention.

Two noteworthy features of the Wang study were the
dose-response effect and “recency of use” effect. Their
results provide good evidence of a dose-response effect
across low, medium, and high statin doses (adjusted odds
ratios [ORs] of 0.82, 0.60, and 0.33, respectively, P <.05).
Just as important was the “recency of use” analysis where an
inverse “withdrawal-response effect” was seen according to
past use of statin therapy (current, past [>6 months], and
remote [>12 months] use with ORs of 0.60, 0.60, and 0.95,
respectively). This is the second study in COPD patients to
report persisting benefits with statin therapy, attenuating
6-12 months after stopping them.3 Together, the dose-
response and “recency of use” effects make a “healthy
user” bias an unlikely explanation for the reduction in ex-
acerbations, particularly as the protective effect did not
persist 1 year after stopping statin therapy. Moreover, we
agree that the small differences in “healthy user” activities
(use of preventive health services), between those taking
and not taking statins, are just too small to explain a 30%-
70% reduction in exacerbation rates.4 In a case series of
patients with spirometry-defined COPD, we found that
smoking history and severity of COPD were no different
Funding: None.
Conflict of Interest Statement: None.
Authorship: Both authors had access to the data and a role in writing

the manuscript.

0002-9343/$ -see front matter � 2014 Elsevier Inc. All rights reserved.
between statin users and nonusers4 and therefore unlikely to
account for significant confounding effects.

We conclude that the Wang study provides further
evidence of a beneficial effect from statins on respiratory
complications of COPD.1 We have recently reported on a
national-based study of patients with COPD (n ¼ 1687),
followed for 4-6 years, where those taking statins had a 30%
reduction in all-cause mortality5 and a 50% reduction in
respiratory-related deaths.6 Overall, these studies suggest
that statins mediate a systemic-based inhibition of pulmo-
nary inflammation in COPD that has a profound effect on
respiratory complications (infective exacerbation frequency
and respiratory mortality). This requires urgent confirmation
in randomized studies.

Robert P. Young, BMedSc, MBChB, DPhila,b
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aSchool of Biological Sciences
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ABSTrACT
Evidence suggests that smoking confers a persistent 
and/or exaggerated inflammatory response in the 
lungs that, with underlying genetic susceptibility, 
may result in lung remodeling and impaired repair. 
The innate immune response to smoking described 
above, which is modified by the mevalonate 
pathway, provides a plausible pathogenic link 
between the development of chronic obstructive 
pulmonary disease and lung cancer. The mevalonate 
pathway modifies innate responsiveness through 
important intracellular signaling molecules 
called guanine phosphate transferases (GTPases) 
such as Rho-A. Smoke exposure activates cell 
surface proteins which, through the mediating 
influence of GTPases, then modifies the activation 
of nuclear factor kappa -light-chain-enhancer 
of activated B cells (NFĸB) its downstream 
effects on genes underlying innate immunity, 
neutrophilic inflammation and carcinogenesis. The 
mevalonate pathway is modifiable through the 
enzyme 3-hydroxy-3-methyl-glutaryl-Coenzyme A 
(HMGCo-A) reductase. This enzyme controls the 
rate limiting step of the mevalonate pathway and 
is subject to inhibition by statin drugs (HMGCo-A 
reductase inhibitors) and small chain fatty acids 
derived from high dietary fiber intake. Ths, inhibitory 
effect dampens the innate immune response to 
smoking and may modify pulmonary inflammation 
and lung remodeling. This article is a symposia 
summary outlining the preclinical and clinical data 
suggesting that statins and a high-fiber diet may 
have a chemopreventive effect on lung cancer.

InTroduCTIon
There is growing evidence that persisting and/or 
exaggerated inflammation in the lungs, initiated 
by smoking and upregulated through genetic 
susceptibility, may underly lung remodeling 
and impaired repair that characterizes smok-
ing-related lung disease.1–3 This presentation 
summary proposes that through well-recog-
nized modifying effects from the mevalonate 
pathway, the innate immune response to 
chronic smoking contributes significantly to the 
development of chronic obstructive pulmonary 
disease (COPD) and lung cancer (figure 1).2–6 
The mevalonate pathway produces important 
intracellular signaling molecules called guanine 
phosphate transferases (GTPases) such as 
Rho-A.2 4–6 It is generally accepted that chronic 

smoke exposure activates cell surface proteins 
on both epithelium and immune cells, which 
then modify the activation of NFĸB and its 
downstream effects on the expression of genes 
of the innate immune system.2 4 The expression 
of these genes, encoding cytokines of the innate 
immune system, is modified by the action of the 
GTPases derived by the mevalonate pathway.2 
This observation has relevance to COPD and 
lung cancer because the mevalonate pathway 
is readily modified through inhibition of the 
enzyme 3-hydroxy-3-methyl-glutaryl-Coen-
zyme A (HMGCo-A) reductase.7–22 This enzyme 
controls the rate limiting step of the mevalonate 
pathway and is subject to inhibition by statin 
drugs and small chain fatty acids derived from 
high dietary fiber intake (figure 1 and figure 1 
of ref 22).2 7–22 Other modifiers of the inflam-
matory cytokines underlying the innate immune 
response may also play a role.23–25 The over-
riding impression is that by dampening the 
innate immune response to smoking, and inhib-
iting the pulmonary inflammatory response that 
follows, lung damage can be attenuated.2 8 26 27 
Such an action might slow the progression of 
COPD and reduce the tendency to the develop-
ment of lung cancer.10

dampening the innate immune response
One possible mechanism whereby smoking 
affects the lungs is through the activation 
of cell surface receptors and the phospho-
inositide 3-kinase (PI3K) or related immune 
pathways.2 23–25 Although several receptors 
are implicated (eg, epidermal growth factor 
receptor  (EGFR) and other growth factor 
receptors), the cholinergic acetylcholine 
receptor that binds nicotine in the bronchial 
epithelium has been implicated by in vitro and 
genetic epidemiologic studies.28 29 Activation 
of these pathways, which underlie the innate 
immune system, result in an increased expres-
sion of inflammatory cytokines including inter-
leukin (IL)-1, IL-6, IL-8 and tumor necrosis 
factor-α (TNFa). These cytokines play an 
important role in the inflammatory response, 
tissue repair and cell death. Collectively clinical, 
preclinical and epidemiologic studies implicate 
these inflammatory cytokines in the develop-
ment of COPD and lung cancer, in particular 
IL-1 and IL-6.2 7 8 23 24 30 31 Similarly, there is 
growing evidence that the reported 2–4 fold 
higher risk of lung cancer in current or former 
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Figure 1 Proposed relationship between the mevalonate pathway, smoking, chronic obstructive pulmonary disease and lung cancer.

smokers with COPD is secondary to the effects of smoking 
on these overlapping immune pathways.3 This raises the 
interesting hypothesis that some inhibition of the innate 
immune system might delay or prevent the development of 
COPD or lung cancer.14

Statins and cancer
Evidence suggesting that inhibition of the innate immune 
system might attenuate the development of lung cancer 
comes from many scientific studies, in particular two seminal 
studies.7 32 The first study showed that people taking statins 
have a 20%–30% reduction in smoking-related cancers.14 32 
Statins are drugs that inhibit the enzyme 3-hydroxy-3-meth-
yl-glutaryl-Coenzyme (HMGCo-A) reductase. This enzyme 
controls the rate limiting step of the mevalonate pathway 
through inhibition of the synthesis of molecular signaling 
molecules called GTPases. Inhibition of GTPases by statins 
reduces the expression on IL-6 by 30%–50% and may confer 
an antiproliferative effect. This statin effect is thought to be 
mediated through an IL-6 trans-signaling pathway and not 
through direct antagonism of the IL-6 receptor.20 This is 
important because in vitro studies have shown that upreg-
ulation of Rho-A (GTPase) has been linked to both COPD 
and lung cancer. The second study was a large randomized 
control trial of dual IL-6 and IL-1 inhibition in high-risk 
cardiovascular patients.7 Those on the IL-1 inhibitor had 
a 40%–50% reduction in lung cancer incidence compared 
with the placebo group over the 4 years of follow-up 
(figure 2). This study suggests that when combining IL-6 
and IL-1 inhibition,7 the progression to lung cancer in 
smokers was delayed or prevented and that dampening the 
innate immune system conferred some beneficial effects on 
lung carcinogenesis. However, this benefit was off-set by 
an increase in sepsis related deaths (table 1). In addition, 
large observational studies have suggested that reduction in 
lung cancer in those taking statin therapy may be in the 
order of 30%–50%.10 Collectively these studies support the 
hypothesis that dampening of the innate immune response 
to smoking-related inflammation may reduce the develop-
ment of lung cancer.

Statins in CoPd
Recently, two small randomized studies in patients with 
COPD have shown biopsy evidence that after statin 
therapy, there was a reduction in epithelial inflammation 
of the lung compared with baseline (pretreatment) and 
not seen in those on placebo.30 31 This provides direct 
evidence of a pulmonary benefit directly conferred by 
statins and might explain the numerous studies suggesting 
a reduction in exacerbations of COPD and mortality in 
patients with COPD taking statins compared with those 
not.14 33–35 We have suggested that the relatively poorer 
outcomes from those with COPD not on statins is due 
to unrecognized cardiorespiratory disease (the ‘unhealthy 
non-user effect’).35 Indeed, it has been known for decades 
that current or former smokers with impaired lung func-
tion (characteristic of COPD) have premature death from 
cardiovascular, respiratory and cancer causes.3 We and 
others have shown that as lung function declines, (higher 
GOLD grade), there is a comparable increased risk of lung 
cancer incidence, lung cancer deaths and cardiovascular 
deaths.3 36 This observation leads us to suggest that the 
innate immune response characterized by an increase in 
systemic inflammatory markers such as IL-6 and CRP, are 
associated with an increased risk of COPD, coronary heart 
disease and lung cancer. It is on this basis that statin-based 
modification of the mevalonate pathways may reduce the 
incidence of these complications from smoking. Other 
benefits attributed to statin therapy includes an antioxi-
dant and antiproliferative effect.8 10

Fiber, the gut microbiome, CoPd and lung cancer
We and others have proposed that the gut microbiome 
is also able to moderate the innate immune system and, 
through this mechanism, moderate the effect of smoking on 
the lung.8 37 38 Numerous studies have shown that diets high 
in fiber reduces the risk of COPD and death from respi-
ratory disease or smoking-related cancers.8 37 38 High-fiber 
diets promote the growth of gut bacteria known to secrete 
anti-inflammatory molecules (small chain fatty acids) which 
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Figure 2 Absolute rates of lung cancer incidence and mortality in the Canakinumab Anti-Inflammatory Thrombosis Outcomes 
Study (CANTOS)7 relative to lung cancer incidence during the follow-up interval 3–4 years of the NLST* CXR arm. CXR, chest X-ray; 
NLST*, National Lung Screening Trial is the largest lung cancer screening trial to date and reported a 20% reduction in lung cancer 
mortality through the identification and surgical treatment of early stage non-small cell cancer. Over the same duration of follow-up in 
the CXR arm of the NLST, we found a comparable incidence of lung cancer to that in the placebo arm of CANTOS (1.61% and 1.82% 
respectively).34

Table 1 A comparison of observed minus expected outcomes 
in relation to cause-specific mortality (data sourced from Ridker 
et al7)

Cause of death

deaths in 
placebo*
(n=3344 total)

death in 
treated
(n=6717 total)

Expected 
deaths†

observed-
expected
(difference [%])

Lung cancer 38 39 77 −38 (−49)

Other cancers 43 76 86 −10 (−12)

Sepsis 23 78 46 +32 (+70)

Cardiovascular 182 319 366 −47 (−13)

Other/unknown 89 193 178 +15 (+8)

Total 375 705 753 −48

†The absolute number of expected deaths in the treated arm were calculated according to 
deaths in the placebo arm*. These were estimated to be approximately twofold that in the 
placebo arm.7

are absorbed into the portal circulation and then the system 
circulation.8 One of these small chain fatty acids (butyrate) 
inhibits the mevalonate pathway in the liver.15 Limited 
evidence suggests that the liver plays a modifying role in 
lung infection through dampening of the innate immune 
response to infection.21 This is notable because high-fiber 
diets are associated most dramatically with a reduction in 
deaths from infection where pneumonia and multiorgan 
dysfunction syndrome are prevalent. These diseases are 
characterized by an excessive innate immune response 
where elevations of the inflammatory cytokines correlate 

with mortality. Smaller reduction in respiratory deaths 
and cardiovascular deaths are reported, along with smok-
ing-related cancers.5 We conclude that a high-fiber diet is 
associated with significant reductions in COPD-related 
symptoms, COPD and respiratory deaths. Further animal 
studies are needed to identify the mechanism underlying 
this fiber–gut–smoking interaction where the mevalonate 
pathway and innate immune responsiveness may well play 
important parts.

Summary
In summary, we suggest there exists growing and consistent 
evidence that dampening of the innate immune response 
can improve outcomes in those with COPD. This might be 
achieved through diet or drugs modifying the mevalonate 
pathway and opens up a plethora of possible preventive 
approaches to smoking-related lung disease to augment 
existing smoking cessation interventions.
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Chapter 5 Fibre - Smoking-related lung disease may be modifiable by dietary fibre intake. 

5.1 Background 

In 2013, I became aware that lung cancer risk was affected by ethnicity and in particular, that Mexican 

Hispanics in the US were at lower risk of lung cancer than their Caucasian counterparts despite their 

lower socioeconomic status. Indeed, relative to Caucasians, the lung cancer rates were highest in African-

Americans and those of Polynesian ancestry and lower in Asians and Hispanics.  This apparent difference 

in lung cancer susceptibility was only evident in ever smokers and was almost opposite in non-smokers, 

suggesting the presence of a smoking-ethnicity effect.  A key component to the heightened susceptibility 

in African-American and Polynesians was the absence of the expected dose-response relationship 

between smoking exposure (generally measured as pack years) and lung cancer incidence. Re-analysing 

data from a seminal paper by Marchand and colleagues, we showed these high-risk ethnicities were 

highly susceptible to lung cancer at all levels of smoking. This smoking-ethnicity effect led me to propose 

that one explanation for the lower rates of lung cancers in Mexican Hispanics was related to their high 

intake of dietary fibre, specifically refried beans. The main thesis of this idea was that dietary fibre 

modified the gut microbiome found in the large bowel promoting good bacteria to release large amounts 

of small chain fatty acids that were absorbed into the portal circulation. I made the novel suggestion that 

these bacteria-derived molecules had known anti-inflammatory effects that changes how the liver 

responded to inflammatory signals from other parts of the body, not just the gut.  In this model, I 

suggested smoking -induced lung inflammation, which “spilled over” into the systemic circulation thereby 

inciting inflammation elsewhere in the body (e.g. coronary arteries), was part of an amplification 

feedback by the liver (controls systemic inflammation).  A high fibre diet might help reduce this liver-

derived amplification of inflammation in the lung and reduce the consequences of smoking-induced 

promotion of these inflammatory pathways.  I have published 8 articles that critique evidence supporting 

the possibility that dietary fibre may play a role in the development of COPD and lung cancer that 

culminated in an editorial in a respiratory journal (Annals Am Thoracic Society (White Journal)). 

5.2 Related papers: Dietary Fibre in COPD and Lung Cancer 

1. Young RP, Hopkins RJ. The Hispanic paradox further unravelled. Thorax 2013; September 

(doi:10.1136/thoraxjnl-2013-204152). 

2. Young RP, Hopkins RJ. High dietary fibre lowers systemic inflammation: potential utility in COPD 

and Lung Cancer. Am J Med 2014; (http://dx.doi.org/10.1016/j.amjmed.2014.01.037). 

3. Young RP, Hopkins RJ. A review of the Hispanic paradox: time to spill the beans? Eur Respir Rev 

2014; 23: 439-449. 

4. Young RP, Hopkins RJ. Healthy diet and risk of COPD. The BMJ; 2015: February 

(www.bmj.com/content/350/bmj.h286/rr-0). 

5. Hanson C, Lyden E, Rennard S, Mannino DM, Rutten EPA, Hopkins RJ, Young RP. The relationship 

between dietary fiber intake and lung function in the National Health and Nutrition Examination 

Surveys. Ann Am Thorac Soc 2016; 13:643-650. 

6. Young RP, Hopkins RJ, Marsland B. The Gut-Liver-Lung Axis: Modulation of the innate immune 

response and its possible role in COPD. Am J Respir Cell Mol Bio 2016; 54: 161-169. 

7. Young RP, Hopkins RJ, Hanson C. Connecting dietary fibre with good lung health. Annals ATS 

2016; 13: 1869-1870. 

8. Young RP, Hopkins RJ. Is the "Western Diet" a new smoking gun for chronic obstructive 

pulmonary disease? Annals ATS 2018; 15(6):662-663. 

 

 

http://dx.doi.org/10.1016/j.amjmed.2014.01.037
http://www.bmj.com/content/350/bmj.h286/rr-0


Chapter 5 
 

25 

5.3 Conclusion 

In our first article ( ref 1, 6 citations),  we proposed that  a relative reduction in risk of COPD related to a 

diet-by-smoking interaction. Specifically that, the reduced risk of COPD in Mexican Hispanics may have 

resulted from a higher consumption of beans in their traditional Mexican diet.  This was despite the 

Mexicans having lower educational status and corrected for lower smoking rates in this group.   

The Hispanic paradox, or Latino paradox, also known as the “epidemiologic paradox”, refers to the 

epidemiological finding that Hispanic and Latino Americans tend to have health outcomes that 

“paradoxically” are comparable to, or in some cases better than, those of their U.S. non-Hispanic White 

counterparts, even though Hispanics have lower average income and education.  

Low socioeconomic status is almost universally associated with worse population health and higher death 

rates everywhere in the world. 

In doing so we challenged the hypothesis of past investigators suggesting the “Hispanic Paradox” might 

be genetic in origin rather than due to lifestyle factors.  We also proposed that this beneficial effect was 

mediated through attenuation of systemic inflammation thereby proposing that COPD was not just about 

pulmonary inflammation driven by smoking but also an innate susceptibility to smoking mediated 

through systemic inflammation (“reverse effect” – Figure 4, ref 3).1  We also linked this beneficial effect 

to reducing risk for COPD and lung cancer.  In our second related letter (American  Journal of Medicine 

letter, ref 7 citations), we emphasise the data showing that the fibre effects on lowering systemic 

inflammation were greater for lung disease than for cardiovascular disease, where the focus had been to 

date.  Several studies support our findings.1-5 

In a review article (“A review of the Hispanic paradox:  time to spill the beans?”,  ref 3, 22 citations),  we 

review the epidemiological  data that supports our hypothesis that dietary fibre affects the gut 

microbiome and that by attenuating systemic inflammation may dampen the adverse effects of smoking 

on the lungs.  In this review article not only do we challenge existing hypotheses underlying this paradox, 

we argue why a diet high in beans (high fibre), modifies the gut microbiome to produce more small chain 

fatty acids and how this might dampen the innate immune system  affecting the lung.  In essence, we 

argue for a diet-by-smoking effect on the development of COPD and lung cancer. In a letter published in 

the British Medical Journal, we propose that the beneficial effects of a “healthy diet” on lowering COPD 

could be attributed almost entirely to high intakes of whole grains high in fibre (ref 4). 

In an original article, we report the results of a collaboration with Dr Corrine Hanson, (the University of 

Kansas) showing that in the NHANES* study (cohort study, ref 5, 32 citations), people with a low fibre diet 

experienced worse lung function.  This analysis provided independent support for our hypothesis that a 

high fibre diet was good for the lungs.  This has been replicated by several epidemiological studies 

published in 2020.2,3,5 

We then published the “Gut-Liver-Lung “ paper ( ref 6, 49 citations), where we teamed up with Dr Ben 

Marsland, and proposed that the mechanism underlying the benefits of a high fibre diet were mediated 

through the liver and it’s immune function mediating systemic inflammation. This hypothesis has been 

endorsed by other.1  We again reviewed the latest data on fibre and cause-specific mortality showing that 

the high fibre effect was associated with the greatest reductions for death from infection (primarily 

pneumonia), respiratory disease (primarily COPD) and smoking-related cancer (primarily lung cancer).  

We also connected the beneficial effects of dietary fibre and statins through their effects on the liver 

enzyme HMGCoA  reductase, (also inhibited by statins, Chapter 4), controlling the innate immune system 

through GTPases.  We followed up this article with a letter (ref 7) that outlines the mechanistic pathways 

outlining how “good diets” (i.e. high in fibre) can contribute to better lung health (measured as lung 

function). 
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Lastly, we published an invited editorial (ref 8, 13 citations) to a large confirmatory study showing high 

dietary fibre was protective against poor lung function.  In this article we posit that the traditional 

“Western diet” low in dietary fibre may be the “smoking gun” for  COPD and that in developing countries 

where smoking rates are increasing, along with westernisation of the diet (lowering fibre intake), may 

contribute to worsening lung health.  

*NHANES = National Health and Nutrition Examination Surveys 

5.4 Summary 

From this body of work I drew the following conclusions; 

- there is growing evidence that dietary fibre has a beneficial effect on smoking-related lung 

disease, 

- diet may confer some benefits  to those at risk of COPD, particularly in certain cultures (e.g. 

Mexican Hispanic), where fibre is taken in large amounts, 

- there exists the possibility that by manipulating systemic inflammation through diet, (or statins – 

see earlier Chapter 4), some of the damage of smoking may be attenuated. 

5.5 Limitations, controversies and future work 

The utility of a high fibre diet in reducing the risk of COPD, (and possible lung cancer), requires  a 

large prospective RCT. These are difficult studies to do due to the large sample sizes needed.  There 

exists interest in fibre supplementation of diets or other interventions to improve the gut 

microbiome.  I would like to see more animal models testing the relative effects of dietary fibre on 

smoking induced lung disease and the mechanisms underlying these effects. Such a study was 

published in 2020 and showed that mice fed a high fibre diet and exposed to cigarette smoke 

developed much less emphysema than those just on the high fibre diet (see below Jang et al.).3 I 

believe there is considerable merit in exploring systemic immune modulatory approaches, (drugs and 

dietary based), that attenuate the lung remodelling and damaging effects of smoking, (or vaping),  in 

order to reduce the burden of disease, particularly effective in those who have quit smoking but 

constitute a large  and on-going proportion of those developing COPD and lung cancer. 

5.6 References/Supporting Publications 

1. Vaughan A, Frazer ZA, Hansbro PM, Yang IA. COPD and the gut-lung axis: the therapeutic 

potential of fibre. J Thorac Dis 2019; 11: S1273-S2180.  3 citations from my body of work 

2. Kurmi OP, Dehgan M, Mente A,  et al.  Associations of legumes with impaired lung function and 

respiratory mortality in 21 countries. Eur Respir J 2020; in press.  4 citations from my body of 

work 

3. Jang YO, Lee SH, Choi JJ,  et al. Fecal microbial transplantation and a high fibre diet attenuates 

emphysema development by suppressing inflammation and apoptosis. Exp Mol Med 2020; 52: 

1128-1139.  2 citations from my body of work. 

4. Kaluza J, Harris H, Wallin A, et al. Dietary fibre intake and risk of chronic obstructive pulmonary 

disease: A prospective cohort study of men. Epidemiol 2018; 29: 254-260. 1 citation from my 

body of work. 

5. Szmidt MK, Kaluza J, Harris HR, et al. Long-term dietary fibre intake and risk of COPD: A 

prospective cohort study of women. Eur J Nutrition. 2020; 59: 1869-1879. 1 citation from my 

body of work. 

Collectively, these papers confirm our findings and suggest that high dietary fibre intake confers a 

reduced risk of COPD probably due to inherent anti-inflammatory effects of dietary fibre on the lung.  

This supports my suggestion that targeting systemic inflammation through diet (and/or statins) may be 

beneficial in COPD.  

 



CORRESPONDENCE

The Hispanic paradox further
unraveled?

In their cross-sectional study, Powell et al1

found no evidence that genetic ancestry or
self-reported ethnicity effected lung func-
tion among US smokers, in particular no
evidence of a reduced risk of COPD in
Hispanics (Hispanic paradox) previously
described in a prospective study by Bruse
et al.2 This observation might be due, in
part, to the definition of Hispanic and
lighter smoking histories in the Powell study.

In the Powell study, only 51% of those
defined as Hispanic were Mexican while the
rest were predominantly of Caribbean ances-
try. This is important because the Mexican
Hispanics are of European and American
Indian ancestry, whereas the Caribbean
Hispanics also have African ancestry and a
greater risk for COPD compared with
Mexicans (http://www.cdc.gov/nchs/data/
databriefs/db63.pdf)2 Significantly in the
study by Powell et al, smoking exposure
was much lower than that of Bruse et al
(16 vs 34 pack years respectively in
Hispanic men).1 2 Given that the smoking
and lung function relationship is non-
linear and the ‘ancestral effects’ may be
subject to different smoking exposure
history, we suggest a further analysis be
done by Powell including only Mexican
Hispanics stratified by matching pack-year
exposure.

While the Bruse et al study suggests that
American Indian genetic ancestry confers a
reduced risk of COPD, potentially
accounting for the Hispanic paradox, it
remains a possibility that there exists a
non-genetic basis to this phenomenon.
Interestingly, the Hispanic paradox
extends to lung cancer,3 another
smoking-related lung disease where pul-
monary and systemic inflammation has
been implicated. We suggest that it is pos-
sible that cultural differences may account
for the Hispanic paradox, in particular the
effect of diet. It is noteworthy that the
Mexican (and American Indian) diet is
high in the consumption of legumes, pri-
marily beans and lentils (figure 1), which
are a rich source of dietary fibre.4 Recent

studies show that high consumption of
legumes is associated with a 30–50%
reduction in the systemic inflammatory
markers C reactive protein and interleukin
6.5 It is possible that a diet high in legumes
might suppress systemic inflammation
thereby partly attenuating the inflamma-
tory effects that smoking has on the lungs.
This observation may also be relevant to
the ‘Asian paradox’ where a high soy bean
based diet might also underlie lower rates
of COPD and lung cancer.1 3

We suggest that while the (Mexican)
Hispanic paradox may have a genetic
basis, there may be a plausible dietary
explanation for this phenomenon that
requires further study.
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LETTER
High Dietary Fiber Lowers Systemic
Inflammation: Potential Utility in
COPD and Lung Cancer
To the Editor:

In their cross-sectional National Health and Nutrition
Examination Survey study, Grooms et al1 found that a high
fiber intake was associated with a reduction in systemic
inflammation, obesity, and metabolic syndrome, even after
adjustment for important confounding variables. This ben-
eficial effect was strongest for systemic inflammation, which
affected 35% of the population.1 We describe why a diet
high in fiber also might confer benefits in smoking-related
lung disease and suggest that respiratory outcomes be cor-
related with fiber in the National Health and Nutrition
Examination Survey cohort.

Prospective studies show that between 50% and 70% of
those developing chronic obstructive pulmonary disease and
lung cancer have elevated systemic inflammation (compared
with 53% in cardiovascular disease).2,3 Recently, we sug-
gested that systemic inflammation, initiated by smoking in
genetically susceptible people, is a primary determinant of
both chronic obstructive pulmonary disease and lung cancer,
linking these diseases through overlapping pathogenetic
pathways.2 Such a hypothesis might explain why systemic
inflammation is associated consistently with poor outcomes
in chronic obstructive pulmonary disease (including lung
cancer).2 It also might explain the large body of evidence
showing that inhibition of systemic inflammation, through
the use of 3-hydroxy-3-methylglutaryl-coenzyme A reduc-
tase inhibitors (statins), is associated consistently with
reduced mortality in chronic obstructive pulmonary disease
and lung cancer.2 Recently, we proposed that a high intake
of legumes (high in fiber) might confer beneficial effects
in ex/smokers through their anti-inflammatory effect.4

Indeed, diets high in fiber have been shown to significantly
reduce systemic inflammation5 and disposition to chronic
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obstructive pulmonary disease.6 We believe this might be
through the absorption of colonic small chain fatty acids
known to have anti-inflammatory effects (inhibits 3-hydroxy-
3-methylglutaryl-coenzyme A reductase) and anti-neoplastic
effects.5 If this were true, then the high-fiber intake of
Mexicans described by Grooms et al1 and Young and
Hopkins,4 might partly explain their lower rates of chronic
obstructive pulmonary disease and lung cancer (basis of
Hispanic paradox).4

Although we agree with Grooms et al1 that optimizing
dietary fiber intake might help reduce poor outcomes in
cardiovascular disease, we believe these benefits might
extend to smoking-related lung disease, in which systemic
inflammation is more prevalent and consistently linked
to poor outcomes. Although the role of statins in reduc-
ing systemic inflammation has established chemopreven-
tive utility, a diet high in dietary fiber seems worthy of
investigation.

Robert P. Young, BMedSc, MBChB, DPhila,b

Raewyn J. Hopkins, RGON, BN, MPHb

aSchool of Biological Sciences
bFaculty of Medical and Health Sciences

University of Auckland
Auckland, New Zealand
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A review of the Hispanic paradox: time to
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ABSTRACT Past epidemiological observations and recent molecular studies suggest that chronic obstructive

pulmonary disease (COPD) and lung cancer are closely related diseases, resulting from overlapping genetic

susceptibility and exposure to aero-pollutants, primarily cigarette smoke. Statistics from the American Lung

Association and American Cancer Society reveal that mortality from COPD and lung cancer are lowest in

Hispanic subjects and generally highest in African American subjects, with mortality in non-Hispanic white

subjects and Asian subjects in between. This observation, described as the ‘‘Hispanic paradox’’, persists after

adjusting for confounding variables, notably smoking exposure and sociodemographic factors. While

differences in genetic predisposition might underlie this observation, differences in diet remain a possible

explanation. Such a hypothesis is supported by the observation that a diet high in fruit and vegetables has been

shown to confer a protective effect on both COPD and lung cancer. In this article, we hypothesise that a diet

rich in legumes may explain, in part, the Hispanic paradox, given the traditionally high consumption of

legumes (beans and lentils) by Hispanic subjects. Legumes are very high in fibre and have recently been shown

to attenuate systemic inflammation significantly, which has previously been linked to susceptibility to COPD

and lung cancer in large prospective studies. A similar protective effect could be attributed to the consumption

of soy products (from soybeans) in Asian subjects, for whom a lower incidence of COPD and lung cancer has

also been reported. This hypothesis requires confirmation in cohort studies and randomised control trials,

where the effects of diet on outcomes can be carefully examined in a prospective study design.

@ERSpublications

High fibre (bean-based) diet may reduce COPD and lung cancer risk through inhibition of systemic
inflammation http://ow.ly/u6tlc

Introduction
From a public health perspective, the burden of lung cancer and chronic obstructive pulmonary disease

(COPD) is significant. Lung cancer accounts for ,25% of annual deaths from cancer in the USA and COPD is

the fourth leading cause of death (around 160 000 and 130 000 deaths per annum, respectively) [1, 2]. While

cigarette smoking accounts for 80–90% of all COPD and lung cancer cases, only 15–20% of smokers are

affected by these diseases [3, 4]. Indeed, COPD and lung cancer are relatively rare in the absence of a smoking

or alternate aero-pollutant exposure. Established risk factors underlying these diseases are age, degree of

smoking exposure, family history and diet [1–4], where the regular consumption of fruit and vegetables has

been shown to have a protective effect [5, 6]. This protective effect is relatively strong, even after correction for

other variables like smoke exposure, and suggests diet may modify, to some degree, the harmful effects of
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smoking. Although the underlying basis of this protective effect is not known, it is believed to stem from the

collective antioxidant effects derived through consuming a diet rich in fruit and vegetables [5, 6].

The COPD–lung cancer link
Recent molecular studies support past epidemiological observations suggesting COPD and lung cancer are

linked by more than just smoking exposure [7]. Using spirometry, COPD has been found to predate lung

cancer in 50–70% of lung cancer cases, two-to-three-fold the observed prevalence of COPD in age and

smoking matched groups [8, 9]. Indeed, when age and smoking are accounted for, the presence of COPD

(characterised by a reduced forced expiratory volume in 1 s % predicted) is the strongest predictor of lung

cancer [9]. Interestingly, the risk variables of age and pack-years have been shown to have a strong

interactive effect on disease risk, with an exponential rise in disease prevalence observed in smokers

compared with nonsmokers, above the age of 45 years in COPD and 65 years in lung cancer [10, 11]. While

there is growing evidence that the genetic factors underlying susceptibility to COPD and lung cancer are

overlapping [7, 12, 13], there is also evidence for both diseases that the consumption of fruit and vegetables

is protective [5, 6]. This raises the question: what mechanism that links susceptibility to COPD and lung

cancer might also be influenced by diet?

Systemic inflammation in the COPD–lung cancer link
Smoking is recognised as a critical initiating insult to the bronchial epithelium, triggering a strong

pulmonary innate immune response, in those who develop COPD and lung cancer [14–16]. However, there

is also evidence that systemic inflammation plays a primary role in the development (and possibly

progression) of these diseases [15, 16]. This conclusion comes from numerous prospective studies showing

that markers of systemic inflammation, notably elevated interleukin (IL)-6 or C-reactive protein (CRP), are

consistently associated with an increased risk of COPD and lung cancer in both population and cohort

studies [17–24]. In several prospective studies, elevated markers of systemic inflammation have been

repeatedly associated with a decline in lung function in young adults [17–19] and COPD in adults [20–22].

Similarly, in numerous prospective studies of cancer, elevated systemic markers have been associated with

the development of lung cancer 5–15 years later [23–27]. Further evidence supporting a role for systemic

inflammation in COPD and lung cancer comes from animal studies showing overexpression of IL-6 is

linked to the development of COPD and that systemic inflammation in a nonsmoking murine model is

linked to innate immune response-mediated DNA damage in the bronchial epithelium [28–31]. This

increase in systemic inflammation may result from either an overactive bronchial epithelial response to

smoking or an underlying primary hyper-immune response of the innate immune system, or both [28–31].

Support for the latter comes from studies showing systemic inflammation is linked to many cancers, where

smoking (or obesity) are known risk factors, although the link is strongest for lung cancer [23–27]. Systemic

inflammation, to varying degrees, affects between 50% and 70% of those with COPD and lung cancer

[20, 22, 26]. There are then bidirectional effects between smoking-induced airway inflammation and

"inherent" systemic inflammation, where the latter may be responsible for persisting neutrophilic

inflammation in the lungs [16]. This, in turn, contributes to the aberrant repair–remodelling processes

underlying COPD that result from a protease–antiprotease imbalance, excessive oxidative stress and

progressive DNA damage [16]. In such a microenvironment, rich in metalloproteases and growth factors,

both epithelial remodelling (epithelial turnover, and mucous gland hyperplasia and metaplasia) and

mesenchymal remodelling (small airway fibrosis, emphysema and epithelial–mesenchymal transition) may

contribute to the development or progression of lung cancer [16]. Therefore, we propose that attenuation of

systemic inflammation might be one of the critical pathophysiological processes linking diet with smoking-

related lung disease. Indirect support for this hypothesis comes from numerous studies showing that

3-hydroxy-3-methylglutaryl coenzyme A (HMGCoA)-reductase inhibitors (statins), which are powerful

inhibitors of systemic inflammation, confer strong protective effects in COPD and lung cancer [16, 31–33].

The question then arises, what other factors, apart from a diet rich in fruit and vegetables, have been

associated with a reduced susceptibility to COPD and lung cancer?

The Hispanic paradox
Statistics from both the American Lung Association and American Cancer Society show that in the USA, the

incidence of lung cancer is greatest in African American subjects followed by non-Hispanic white subjects and

Asian subjects, with Hispanic subjects having consistently the lowest incidence (table 1 and fig. 1) [37–39].

These inter-ethnic differences in susceptibility to lung cancer persist after correction for many leading

confounding variables such as smoking and low socioeconomic status [40, 41]. These studies consistently

report a 40–50% reduction in the risk of lung cancer in Hispanic subjects compared with white subjects, a

finding recently confirmed in a large prospective study of lung cancer screening in 53 000 current or former

smokers [41]. In this study, after adjustment for age, smoking history and educational level, the risk of lung
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cancer (odds ratio), relative to Caucasians, was 1.48 in African American subjects, 0.63 in Asian subjects and

0.48 in Hispanic subjects [41]. Although these observations in lung cancer provide the basis for the ‘‘Hispanic

paradox’’, they may also be relevant, to a lesser degree, in other smoking-related cancers (e.g. bladder and

oropharyngeal) (fig. 2) [39]. As this racial/ethnic effect persists after careful adjustment for important risk

factors for lung cancer, like age and detailed smoking history, it suggests to the authors that the Hispanic

paradox cannot be readily explained by differing rates of smoking [40, 41]. Moreover, the Hispanic paradox

appears to extend to increased survival from nonsmall cell lung cancer in Hispanic compared with African

American and non-Hispanic white subjects, despite comparable lung cancer histology and staging at diagnosis

[42]. Such a finding suggests the factors underlying this paradox may be implicated in both initiation and

progression of lung cancer.

Interestingly, similar inter-ethnic differences have been reported for COPD (prevalence and mortality) in a

comparison of ethnic groups in the USA (table 1, and figs 1 and 3) [34, 35, 37, 43]. Comparable to the data

for lung cancer, statistics for the USA suggest Hispanic subjects have lower COPD prevalence and mortality

rates, even after adjustment for smoking and socioeconomic status (suggesting the Hispanic paradox

extends to COPD as well as lung cancer) (table 1 and fig. 1) [34, 35, 37, 44, 45]. In one study, the reduced

rates of COPD in Hispanic subjects, compared with other ethnic groups, was most marked in those of lower

socioeconomic status suggesting factors other than genetic factors are relevant (see below) [34]. The finding

that a low socioeconomic status in Hispanic subjects is associated with a greater protection from COPD

contrasts strongly with data from other ethnic groups where the opposite is the case [37]. Such a finding

suggests that other exposures traditionally linked to socioeconomic status, from occupational and/or

domestic aero-pollutants, are unlikely to account for the paradoxical effect observed in Hispanic subjects.

TABLE 1 Basis of the Hispanic paradox based on incidence, prevalence and mortality figures for chronic obstructive pulmonary
disease (COPD) and lung cancer in USA and South American populations comparing Mexican/Hispanic with other ethnicities

Disease Clinical phenotype Comparison Outcome % Risk
reduction %

First author
[ref.]

COPD COPD prevalence (%) over 2007–2009
among adults aged o18 years

Mexican versus non-Hispanic white 2.6 versus 5.7 54 AKINBAMI [34]

Mexican versus Puerto Rican 2.6 versus 6.9 62
COPD prevalence unadjusted (GOLD)

Prevalence of rapid FEV1 decline
Mexican versus non-Hispanic white 14.9 versus 29.5 50 BRUSE [35]

Mexican versus non-Hispanic white 21.6 versus 31.6 32
COPD prevalence in two Latin

American cities (adjusted for smoking
and ethnicity)

Mexico City versus Montevideo 12.7 versus 20.3 37 MENZES [36]

COPD mortality rates (2006)
(age-adjusted per 100 000 per year)

Hispanic versus Caucasian (males) 21.2 versus 50.5 58 American Lung
Association [37]

Hispanic versus American Indian (males) 21.2 versus 32.2 34
Hispanic versus Caucasian (females) 13.1 versus 39.1 66

Hispanic versus American Indian (females) 13.1 versus 28.6 54
Lung

cancer
Lung cancer incidence rates 2002–2006

(age-adjusted per 100 000 per year)
Hispanic versus Caucasian (males) 43.2 versus 77.6 44 American Lung

Association [38]
Hispanic versus American Indian (males) 43.2 versus 51.6 16

Hispanic versus Caucasian (females) 24.7 versus 54.8 55
Hispanic versus American Indian (females) 24.7 versus 39.8 38

Lung cancer incidence rates 1999–2003
(age-adjusted per 100 000 per year)

Hispanic versus Caucasian (males) 52.7 versus 88.8 41 HOWE [39]

Hispanic versus Caucasian (females) 26.7 versus 56.2 52
Lung cancer mortality rates 2002–2006

(age-adjusted per 100 000 per year)
Hispanic versus Caucasian (males) 33.9 versus 69.9 52 American Lung

Association [38]
Hispanic versus American Indian (males) 33.9 versus 41.2 18

Hispanic versus Caucasian (females) 14.4 versus 40.9 65
Hispanic versus American Indian (females) 14.4 versus 28.3 49

Lung cancer mortality rates 1999–2003
(age-adjusted per 100 000 per year)

Hispanic versus Caucasian (males) 37.2 versus 73.8 50 HOWE [39]

Hispanic versus Caucasian (females) 14.7 versus 42.0 65

GOLD: Global Initiative for Chronic Obstructive Lung Disease; FEV1: forced expiratory volume in 1 s.
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Importantly, when lung function decline in Hispanic subjects was compared with other ethnic groups in

nonsmokers, the paradox was no longer present [44, 45]. Similarly, in a study of female nonsmokers, lung

cancer mortality rates were highest in Asian and Hispanic subjects [46]. These studies suggest the protective

effect underlying the Hispanic paradox may be highly dependent on there being exposure to smoking, but

much less on smoking exposure dose per se [40, 41, 44, 45].

One popular theory to explain the Hispanic paradox is that genetic factors underlie this finding [35, 44, 45].

Indeed, when the prevalence of COPD is compared among various ‘‘Hispanic’’ subgroups in the USA, it is

notable that COPD prevalence is lowest in Hispanic Mexicans compared with Hispanic subjects from

Puerto Rico and Cuba (Caribbean Hispanic), where the prevalence is closer to that observed in African

Americans (fig. 3) [35]. This is perhaps not surprising, as Hispanic subjects of Caribbean origin have more

African American genetic (and cultural) ancestry than the Mexican Americans who have predominantly

Caucasian and Native American (Amerindian) ancestry [35, 44, 45]. However, in a recently published large

cross-sectional study examining lung function and smoking in the USA, POWELL et al. [47] failed to find

supporting evidence for the Hispanic paradox. In this study, the Hispanic group was only 52% Mexican and

the remainder of the subjects were predominantly Caribbean Hispanic, in whom, as suggested above, there

is higher COPD prevalence (fig. 3) [34] and greater African American ancestry [47, 48]. After careful

matching of smoking exposure and sub-classification of Hispanic subjects by Mexican and Caribbean

origin, no difference in lung function was found [49]. These data suggest that, in regards to susceptibility to

COPD, the Hispanic paradox is not as consistently reported as it is for lung cancer and requires clarification

in further prospective studies.

Another observation critical to unravelling the origins of the Hispanic paradox is the significant variation in

COPD prevalence in Central and South America, where the rates are lowest in Mexico compared with many

of its Amerindian South American neighbours [36]. As these countries share similar genetic ancestry and

sociodemographic backgrounds, this finding suggests something other than genetic factors may underlie the

Hispanic paradox. When genetic ancestry data are examined in detail, they show that Mexicans, like people

from South American countries, have a greater proportion of Amerindian (Native American ancestry) genes

than European or African genes [50]. This raises the possibility than Native American genetic ancestry may

be ‘‘protective’’ and contribute to the lower rates of COPD in Hispanics [35]. We note for both COPD and

lung cancer mortality rates, Hispanic subjects have a ,30% lower rate than American Indians, substantially

less than the 50–60% reduction compared with non-Hispanic white subjects (table 1 and fig. 1) [3, 4]. As

Mexican Hispanic subjects share their genetic ancestry with Native Americans, it remains possible that there

is some genetic protective effect. However, Native Americans and Hispanic subjects also share some dietary

preferences (cultural ancestry), such as a high consumption of legumes, so further studies will be necessary

to separate these inter-ethnic effects. A study comparing Alaskan Indians with American Indians concluded

that, despite similar genetic and cultural back grounds, lower smoking rates in the latter (39% versus 21%,

respectively) could not explain the five- to seven-fold lower rates of lung cancer [51]. Instead, a diet low in
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fruit, vegetables and fibre in Alaskan Indians was implicated as possibly contributing to the marked

increased lung cancer rates [51].

While some have suggested the Hispanic paradox results from a differential pattern of healthy Hispanic

people emigrating to the USA and older unhealthy Hispanic people returning to their home country,

the evidence for this is lacking [35, 44]. Moreover, although genetic ancestry from the Iberian Peninsula

(Spanish and Portuguese) is common across Central and South America, it has not been linked to lower

rates of COPD or lung cancer elsewhere in the world. These observations suggest to the authors that

something other than genetic factors may be at play here. An alternative hypothesis to explain the Hispanic

paradox is that Hispanics have reduced COPD and lung cancer due to a protective ‘‘cultural factor’’ shared

by the majority of smoking Hispanic subjects [44]. While two possible hypotheses have been suggested to

explain the Hispanic paradox, namely a difference in genetic predisposition or difference in environmental

factors [44, 48], the evidence for the former appears to be weak. In particular, the genetic ancestry of

Hispanic Mexicans (a combination of Native American, South American Amerindian and Spanish gene

pools) does not confer any clear-cut protective effect elsewhere in North America (Alaskan Indian), South

America (Amerindian) or Europe (Spanish) [35, 36, 51].

Here we present data to suggest that the increased consumption of high-fibre foods such as legumes, primarily

in the form of beans, may provide an alternate explanation for the Hispanic paradox [43, 48, 52–67]. Data on

bean consumption shows that Hispanic subjects, who represent 11% of the USA population, are the largest

consumers of beans (accounting for 33% of all consumption) [52]. Not only do a greater proportion of

Hispanic subjects regularly consume beans compared with other ethnic groups (twice that of non-Hispanic

white and African American subjects) (fig. 3) [53], but individually they consume up to four- to five-fold

more beans per head of capita than white subjects (14.24 kg (31.4 lbs) versus 2.51 kg (5.5 lbs) per year,

0

Lung Bladder Hepatobiliary StomachOropharyngeal Colorectal

100

80

In
c
id

e
n

c
e

 r
a

te
 p

e
r 

1
0

0
 0

0
0

60

40

20

120a)

b)

0

Lung Bladder Hepatobiliary StomachOropharyngeal Colorectal

50

40

In
c
id

e
n

c
e

 r
a

te
 p

e
r 

1
0

0
 0

0
0

30

20

10

60

Non-Hispanic white

American Asian 

African American

Hispanic

FIGURE 2 Age-adjusted incidence rates (per 100 000) for several cancers for 1999–2003 according to sex and ethnicity in
the USA for a) males and b) females [39].

THE HISPANIC PARADOX | R.P. YOUNG AND R.J. HOPKINS

DOI: 10.1183/09059180.00000814 443



respectively) [43]. The key question now becomes, how might an increased consumption of beans affect a

smoker’s susceptibility to COPD or lung cancer?

Legumes/beans and systemic inflammation
As stated above, the consumption of fruit and vegetables has been shown to be protective against COPD and

lung cancer [5, 6]. This has been attributed to an antioxidant or anti-inflammatory effect according to many

epidemiological, animal and in vitro studies [5, 6]. However, the specific food group and biological

mechanism underlying this effect has not yet been clearly identified. Several studies have linked a lower

incidence of lung cancer to the consumption of phyto-oestrogens, suggesting that the oestrogenic effect of

this food group may confer hormonal protective effects [54–58]. In a very detailed analysis of the dietary

intake of lung cancer cases compared with controls carefully matched for age, sex, ethnicity and smoking,

SCHABATH et al. [54] reported that consumption of phyto-oestrogens reduced lung cancer risk in a dose–

response relationship. Further analysis of this observation revealed that it was due to differences in

consumption of soybean in particular, over that of fruit and vegetables, or lignin containing (tea and coffee)

sources [54]. While this apparent ‘‘protective effect’’ was evident in lifelong nonsmokers, it was two-fold

greater in current and former smokers [54]. This suggested to the authors that an important diet–smoking

interactive effect was at play that partly attenuated the adverse effects of smoking on the lungs. We have

observed a similar effect with statin therapy in several large observational studies [16, 32]. The diet–smoking

effect we describe, mediated through attenuation of systemic inflammation, might also explain why the

Hispanic paradox is most obvious across several smoking-related diseases (ie. lung cancer, COPD and

bladder cancer) (fig. 2), and why the protective effect on lung function decline and lung cancer mortality

was reduced or lost in nonsmokers [45]. Interestingly, the diet–smoking effect in the study by SCHABATH

et al. [54] was strongest in males compared with females, suggesting an oestrogen-based modifying effect.

However, in contrast to SCHABATH et al. [54], we suggest that the consumption of high fibre legumes,

primarily from bean-based sources, best explain their observations. We also suggest that it is the anti-

inflammatory effect of legumes that explain their observation (rather than phytoestrogenic effects) and that

this effect underlies the Hispanic paradox. However, it remains a possibility that other sources of

antioxidants (e.g. quercetin from apples) are important in the Hispanic paradox, although data to support

such a hypothesis are currently lacking.

Legumes are very high in fibre and have been previously linked to a reduced risk of COPD and lung cancer

through the antioxidant properties of fibre [59–61]. Although previous epidemiological studies have

implicated the antioxidant effects of flavonoids (especially from apples, tea and pears) in reducing lung

function decline [62, 63], increased dietary fibre has been linked to reduced respiratory symptoms [64],

better lung function [59, 60] and reduced respiratory mortality [65, 66]. Surprisingly, in the study on

mortality [65], the protective effect conferred by a high fibre diet was greater for respiratory deaths than for

cardiovascular disease and cancer, further implicating an anti-inflammatory mechanism [66]. Importantly,

the beneficial effect of fibre on lung function and respiratory mortality was independent of smoking, sex,
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ethnicity, vitamin (carotenoid) intake and other potential confounding variables [60, 65]. Consumption of

legumes has recently been linked to a significant reduction in systemic inflammation [67, 68]. In a cross-

sectional study of 486 females, reductions in both IL-6 and CRP were noted in those taking a diet rich in

fruit, vegetables, tea, grains and legumes [67]. When this dietary effect was explored in greater detail in a

subsequent analysis, high legume consumption (lentils, peas, chickpeas and beans) was found to be

associated with reductions in IL-6 and CRP of 30–50% in the highest tertile compared with the lowest tertile

of legume consumption [68]. This finding is supported by prospective interventional data from a

randomised crossover feeding trial showing a high-legume based diet significantly lowered CRP levels [69].

This legume-mediated reduction in CRP (and IL-6) is clinically significant and comparable to that seen with

statin therapy [16]. That this anti-inflammatory effect is mediated through the high fibre content of legumes

is supported by numerous cross-sectional and longitudinal studies that have shown high-fibre diets are

associated with lower systemic inflammation [70–72]. We conclude that there is substantial evidence

supporting the proposition that high legume consumption has an anti-inflammatory effect that is probably

mediated through its high fibre content.

We have previously noted that an increase in systemic inflammation, characterised by elevated IL-6 or CRP

levels, has been linked to an increased risk of both COPD and lung cancer (fig. 4) [15–27]. Moreover, a

reduction in IL-6-mediated systemic inflammation, through the use of HMGCoA reductase inhibitors

(statins), has been closely linked to improved outcomes and reduced mortality in COPD, and to reduced

mortality and prevalence of lung cancer [16, 32]. We propose that the Hispanic paradox results in part from

a high consumption of dietary fibre (primarily from legume consumption) causing attenuation of systemic

inflammation [59, 60]. Diets high in fibre are known to increase the concentration of small-chain fatty acids

(SCFAs) in the blood (notably acetate, propionate and butyrate) [73, 74]. These SCFAs have established

anti-inflammatory effects, lowering systemic inflammation (IL-6 and CRP levels) through their inhibition

of HMGCoA reductase, with downstream inhibition of the pro-inflammatory transcription factor nuclear

factor (NF)-kB (fig. 4) [73–78]. That statins and a diet high in fibre (promoting SCFA formation) both

appear to effectively attenuate systemic inflammation through HMGCoA reductase inhibition [16, 73, 74, 78],

and reduce lung cancer incidence by nearly 50% [16], is both surprising and potentially of considerable public

health interest. While past epidemiological studies have spuriously associated high intakes of vitamins

(b-carotene and a-tocopherol) with a lower risk of lung cancer [61], it may have been the high fibre in these

vitamin-rich diets and not the vitamins that actually conferred the protective effect. The anti-inflammatory

and anti-neoplastic effects of colonic SCFAs are thought to underlie the protective effect of fibre in bowel

cancer [78]. However, SCFAs found in the systemic circulation, and derived from the combined effects of

dietary fibre and colonic bacteria [73, 74], may have several relevant protective functions in COPD and lung

cancer. These include attenuation of innate immunity through effects on the regulation/migration of

neutrophils [73, 74], epithelial protection against bacterial infection [76] and anti-proliferative effects through
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inhibition of histone deacetylase [73, 75, 77]. Given the bidirectional effects of smoking-initiated airway

inflammation and systemic inflammation driving aberrant repair processes and lung remodelling (fig. 4), it is

conceivable that diet-induced suppression of systemic inflammation could have wide reaching effects on the

lung, particularly in lighter smokers (e.g. Hispanic Mexicans). We suggest these mechanisms provide the most

plausible explanation of how a diet high in legumes (or fibre) might partially protect against smoking-induced

respiratory disease, although other possibilities have been proposed [54, 60, 68]. We conclude that, while more

research is needed to better understand the link between high fibre (legume or bean) consumption and the

lowering of systemic inflammation, we favour an anti-inflammatory or immune-modulatory effect mediated

through inhibition of the NF-kB/IL-6/CRP inflammatory pathway. Our final question is: are there any other

ethnic groups where the risk of COPD or lung cancer may be affected by diet?

Other ethnic groups and the consumption of legumes
Lower rates of COPD and lung cancer have also been observed in Asians in the USA (figs 1–3) [3, 4] raising

the possibility that diet may also be relevant to this group [34, 37–39, 40]. The lower risk of lung cancer in

Asians was confirmed in a recently published lung cancer screening study (odds ratio of 0.63 compared with

Caucasians), where age, smoking history and sociodemographic variables were carefully accounted for in

the analysis (see earlier) [41]. Moreover, USA data on bean consumption suggests Asians are also high

consumers of legumes, in particular soy products [43, 52–55, 59, 79]. This is because soy products (e.g. tofu)

are derived from the soybean and may confer the same protective effect as legumes (attenuation of systemic

inflammation as outlined above) [54, 55]. We, therefore, suggest that the lower incidence of both COPD

and lung cancer in American Asians (figs 1–3) may also result, in part, from the beneficial effects of a high

fibre and legume (soy-based) diet. By contrast, for African Americans, where low intake of fruit and

vegetables has been reported, the increased prevalence of COPD and lung cancer cannot be explained by a

difference in bean consumption [51, 52]. Although other dietary or lifestyle factors may contribute to an

increased risk of COPD and lung cancer in African Americans [35, 47], genetic effects linked to elevated

systemic inflammation remain a possibility [80].

Conclusion
This article has proposed that there are several lines of indirect evidence supporting the hypothesis that

consumption of fibre, and specifically beans or bean-based products (soy and tofu), might have a beneficial

effect in Hispanic subjects (and possibly Asians) who smoke, explaining, in part, their lower mortality of

COPD and lung cancer. The data, to date, suggest this effect might result from the anti-inflammatory effects

of this food group, specifically the attenuation of systemic inflammation implicated in COPD and lung

cancer. This ‘‘systemic inflammation hypothesis’’ [15, 16, 31, 33] is supported by the observation that

Hispanic subjects, compared to non-Hispanic white subjects, have improved survival from lung cancer,

colon cancer and breast cancer [1, 2, 37–39]; the latter two are linked to systemic inflammation through

obesity. However, this beneficial effect does not extend to liver or stomach cancer (fig. 2) [39]. Hispanics

also have better survival from cardiovascular disease, which is known to be linked with elevated systemic

inflammation [15, 16].

As described above, an interesting observation that provides indirect evidence linking lowering of systemic

inflammation with lower rates of COPD and lung cancer comes from several studies on the use of

HMGCoA reductase inhibitors [16]. These drugs are potent inhibitors of systemic inflammation and have

been strongly linked, in observational studies, to reduced mortality in COPD and reduced prevalence of

lung cancer [16]. We propose that a similar protective immune-modulatory effect may occur with regular

consumption of legumes (fibre) and that this effect might also be mediated through the same underlying

mechanism, inhibition of the HMGCoA reductase enzyme. In addition to lowering cholesterol, inhibition

of HMGCoA reductase blocks signalling molecules called guanosine triphosphatases (Rho, Ras and Rac)

that control NF-kB-based inflammatory pathways underlying IL-6 mediated systemic inflammation [16].

Our hypotheses can be tested in large prospective cohort studies and clinical intervention trials where

accurate dietary intake is recorded and outcomes carefully documented. We suggest that this hypothesis

should be examined as the public health implications of such a finding are considerable. While cigarette

smoking remains a tolerated, albeit increasingly marginalised, lifestyle choice in developed countries, its

legacy in both current and former smokers will persist long into the future in the form of COPD and lung

cancer. This is important because the risk of COPD and lung cancer remains high in ex-smokers even

decades after quitting. The increasing burden of these diseases in developing countries remains a concern.

While diets high in fruit, vegetables and fish are generally recommended, it may be that legumes (with a

high fibre content) in particular confer specific protective effects in current or former smokers. We believe

this hypothesis requires investigation in prospective studies.
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Healthy diet and risk of COPD 

In their recent paper, Varraso and colleagues show in two large prospective studies of men 

and women, a healthy diet confers a protective effect on the development of COPD (HR=0.67 

for highest vs lowest/least healthy diet quintile).1 This finding persisted after adjustment for 

smoking (HR=0.69 and HR=0.50 for current and former smokers respectively) and was 

present in both genders (HR=0.69 and HR=0.60 for women and men respectively). Although 

slightly greater in magnitude in men compared to women, the protective effect failed to 

achieve significance due under-powering from 4 fold fewer COPD cases in men (167 vs 

723). This gender effect persisted after stratification by smoking status, where the magnitude 

of the protective effect was even greater in ex-smokers compared to current smokers 

(HR=0.52 for women and HR=0.0.44 for men, and HR=0.70 for women and HR=0.64 for 

men, respectively). These findings raise 3 important questions outlined below. 

Given all that has been written about healthy diets and reduced risk of coronary heart disease 

and cancers, it is refreshing to see comparable studies now focussing on lung health, and in 

particular susceptibility to COPD.1,2 We have previously suggested that a reduced FEV1, the 

characteristic marker of COPD, is likely a barometer of a generalised susceptibility to heavy 

oxidant exposure (particularly from smoking in the case of COPD) and/or disposition to 

pulmonary-systemic inflammation (in part driven by genetic susceptibility).3 As the lung is a 

very vascular organ, with a closely apposed air-capillary interface, it is perhaps of no surprise 

that a healthy diet also confers protection for COPD, where both pro-oxidant and pro-

inflammatory pathogenic mechanisms have been strongly implicated. The first question is 

“How does the magnitude of the protective effect on COPD (HR=0.67 or 33% reduction) 

compare with other prospective studies of other chronic diseases using the same dietary 

tool?” We note reductions in all-cause mortality, cardiovascular mortality and cancer 

mortality for men and woman (HR=0.76 both genders, HR=0.71 and 0.72 for men and 

women respectively, and HR=0.82 and 0.88 for men and women respectively).4  

In a detailed breakdown of their dietary assessment tool, Varraso and colleagues identify 

differences in whole grain intake as the single most important driver of the protective effect 

of diet on susceptibility to COPD. In contrast, fruit and vegetables did not show a comparable 

protective effects as previously described,5 although they did find that fruit conferred a 20% 

reduction (with a trend to significance). The second question is “How closely correlated are 

https://doi.org/10.1136/bmj.h286


these component scores (fruit, vegetables, whole grain and red meat) to each other and what 

happens to the overall healthy diet effect (HR=0.67) when a high whole grain intake is 

“adjusted” or controlled for in the analysis?” Whole grains are notable for their high fibre 

content which has been associated with lower risk of COPD in several other prospective 

studies.6,7 We have previously suggested that high fibre diets may confer their protective 

effect on COPD through alteration of colonic bacteria, increased synthesis of of naturally 

occurring anti-inflammatory compounds (small chain fatty acids) absorbed in to the portal 

circulation and inhibition of HMGCoA reductase and/or histone deacetylase in the liver.7 If 

this were true, it would put systemic inflammation and the Gut-Liver-Lung axis front and 

center of COPD pathophysiology.8 It would also suggest that primary or secondary 

prevention of COPD through inhibition of pulmonary-systemic inflammation makes good 

sense, and that this is achievable through diet or pharmacological interventions (such as with 

statins).9,10  

After stratification by gender, the protective effect of whole grains on COPD is stronger in 

women than men (HR=0.67 and HR=0.82 respectively), with again no apparent gender effect 

for fruit or vegetable intakes. Women generally smoke less intensely than men (cigs/day), 

although rates of “current smoker” in nurses are 2 fold higher than doctors.11 This leads us to 

propose the protective effect of whole grain in women may be greater because they continue 

to smoke into their midlife. The only other significant protective effect on COPD, after 

stratification by gender, was from low intake of red/processed meat in men (HR=0.47), not 

evident in women (HR=0.88). This processed meat effect has also been reported by others 

with regards to risk of COPD and could possibly interact inversely with whole grain 

intake.12 The last question is “Has the protective effect of whole grains in men been “offset” 

by their higher intake of red/processed meat and/or more intense smoking exposure?”  

We appreciate that due to the small number of COPD cases in this study, the HR estimates 

have overlapping confidence intervals after stratification by gender and smoking status. We 

also appreciate that the relationships between the overall dietary scores and scores from 

individual components is likely to be complex. However, the results of the study from 

Varraso and colleagues suggests to us that dietary fibre is the most important dietary 

constituent to confer a protective effect on COPD and that this effect maybe modified by 

smoking and possibly red meat consumption. The public health implications of this study are 

considerable and we are hopeful that the investigators can answer these questions and, in 

doing so, provide greater clarity around the dietary benefits of fibre on susceptibility to 

COPD.  
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Abstract

Rationale: Extensive research supports a protective effect of a
high-fiber diet in certain disease states; however, little is known
about its relationship to lung health. The National Health and
Nutrition Examination Surveys (NHANES) contain spirometry
measures and dietary intake information, allowing us to assess this
relationship.

Objective: Determine the association between fiber intake and
measures of lung function in a representative sample of U.S. adults.

Methods: Participants included 1,921 adults who had spirometry
measurements andfiber intake available. Theprimary outcomeswere
lung function measurements, including FEV1, FVC, and percent
predicted FEV1 and FVC. We also conducted a categorical analysis
of fiber intake and airflow restriction and obstruction based on
Global Initiative for Chronic Obstructive Lung Disease and
Spirometry Grade (SG) classifications. Multivariable regression
models were used to look at the association of lung function

measurements with dietary fiber intake after adjustment for
relevant confounders. All analyses accounted for the weighted
data and complex design of the NHANES sample.

Measurements and Main Results: Subjects in the highest
quartile intake of fiber had mean FEV1 and FVC measurements that
were 82 ml and 129 ml higher than the lowest quartile of intake
(P = 0.05 and 0.01, respectively), and mean percent predicted FEV1

and FVC values that were 2.4 and 2.8 percentage points higher
(P = 0.07 and 0.02, respectively). In the categorical analysis, higher
fiber intake was associated with a higher percentage of those with
normal lung function (P = 0.001) and a significant decline in the
proportion of participants with airflow restriction (P = 0.001).

Conclusion: Low fiber intake was associated with reduced
measures of lung function. A diet rich in fiber-containing foods
may play a role in improving lung health.

Keywords: diet; fiber; lung function; restrictive lung disease;
obstructive lung disease
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Lung diseases are a major public health
problem, with chronic obstructive
pulmonary disease (COPD) now the third
leading cause of death in the world (1).
Lung function is a predictor of mortality
in the general population as well as in
patients with lung disease (2), making
maintaining lung function an important
goal in the prevention of COPD and a

major public health objective (3). Despite
this, few preventative interventions other
than smoking cessation have been
identified. Although smoking remains an
important risk factor, it has become clear
that other factors contribute to the risk of
lung disease, and evidence has revealed that
diet may be an important consideration
in lung health (4–17).

There is extensive research supporting
the protective effects of a high-fiber diet
in certain disease states, including heart
disease and cancer (18–20). However,
little is known about fiber and its
relationship to lung health. Dietary
fiber has been shown to exhibit both
antiinflammatory and antioxidant
properties (18, 21–26), which have been
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implicated in both the development and
progression of lung disease (27–29).

The National Health and Nutrition
Examination Surveys (NHANES) include
spirometry measures and dietary intake
information, allowing us to test the
hypothesis that lower fiber intake will be
associated with reduced lung function in a
sample of U.S. adults. Therefore, the
purpose of this study was to examine if
intake of dietary fiber is associated with
measures of lung function and presence of
airflow restriction or obstruction in a United
States adult population and possible
mediators of this relationship, including
systemic inflammation reflected in
differences in C-reactive protein (CRP)
measurements. Some of the results of this
study have been previously reported in the
form of an abstract (30).

Methods

Subjects
This analysis includes adults 40 to 79 years
of age in the NHANES cycle 2009 to 2010
who had prebronchodilator spirometry

measurements available. Subjects with self-
reported energy intake outside a plausible
range (women, ,600 or .6,000 kcal/d;
men, ,800 or .8,000 kcal/d) were
excluded. Detailed methods and protocols
for the NHANES study have been
previously reported, including informed
consent procedures for all participants (31).
As the data used in our study are freely
available in the public domain, the study
was exempt from human subjects review.

Lung Function Outcomes
Prebronchodilator spirometry was offered to
participants aged 6 to 79 years in NHANES
2007 to 2010. Protocols for these
measurements have been summarized
elsewhere (32–35). Only spirometry
measurements conforming to the American
Thoracic Society standards were used in this
analysis. Lung function was also expressed as
percent predicted using the spirometric
reference values from the third NHANES (35).

Respiratory Phenotype Determination
The Global Initiative for Chronic
Obstructive Lung Disease (GOLD)
classification of COPD was used to establish

the presence and severity of airflow
obstruction according to GOLD groups
(36). Alternate classification methods for
COPD have also been proposed, including
the COPD Foundation Spirometry Grade
(SG) classification, where those with no
airflow obstruction are subclassified
according to normal lung function and
those with submaximal spirometry
(FEV1/FVC> 0.70, FEV1, 80% predicted)
(37). Our analysis therefore included three
comparator groups: (1) a group with
normal spirometry (FEV1/FVC> 0.70,
FEV1> 80% predicted); (2) a group
who met the criteria for classification
for a “restrictive” spirometric pattern
(FEV1/FVC> 0.70, FEV1, 80%
predicted); and (3) those with airflow
obstruction (FEV1/FVC, 0.70), where
severity was defined according to FEV1%
predicted into SG 1 to 3 or GOLD 1 to 4.
The definitions and distributions of these
classifications are presented in Table 1.

Dietary Assessment
Dietary intake in the NHANES survey
was determined from two interviewer-
administered 24-hour recalls, developed

Table 1. Comparison of population distributions according to definitions of Spirometry Grade and Global Initiative for Chronic
Obstructive Lung Disease classification based on prebronchodilator spirometry

Category SG Classification GOLD Classification

SG
Classification

Spirometry
Definition

N (%) Subtotals
N (%)

GOLD
Classification

Spirometry
Definition

N (%) Subtotals
N (%)

Normal SG-0 FEV1/FVC> 0.7
and FEV1> 80%
predicted

1,196 (62.3) 1,196 (62.3) Normal FEV1/FVC> 0.7 1,628 (84.7) 1,628 (84.7)

Airflow
restriction

SG-U* FEV1/FVC> 0.7
and FEV1, 80%
predicted FEV1

432 (22.5) 432 (22.5)

Airflow
obstruction

SG-1 FEV1/FVC, 0.7
and FEV1> 60%
predicted

238 (12.4) 293 (15.3) GOLD 1 FEV1/FVC, 0.7
and FEV1
> 80%
predicted

128 (6.7) 293 (15.3)

GOLD 2 FEV1/FVC, 0.7
and 50%<
FEV1, 80%
predicted

136 (7.0)

SG-2 FEV1/FVC, 0.7,
30%< FEV1
, 60%
predicted

53 (2.8) GOLD 3 FEV1/FVC, 0.7
and 30%<
FEV1, 50%
predicted

27 (1.4)

SG-3 FEV1/FVC, 0.7,
FEV1, 30%
predicted

2 (0.1) GOLD 4 FEV1/FVC, 0.7
and FEV1
, 30%
predicted

2 (0.1)

Totals 1,921 1,921 1,921 1,921

Definition of abbreviations: GOLD =Global Initiative for Chronic Obstructive Lung Disease; SG = Spirometry Grade.
*Also called “unclassified.”
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and validated by the U.S. Department of
Agriculture. Participants’ dietary intake of
total fiber in grams per day was calculated
(16, 38). The use of fiber supplements
was not included because of limited
information.

Other Covariates
To assess smoking status, survey participants
were asked about current and past tobacco
use. Smoking status was defined as: never,
former (smoked. 100 cigarettes in lifetime
but does not currently smoke), and current
(smoked. 100 cigarettes in lifetime and

smokes currently). Subject height and weight
were measured during the clinical
examination and were used to calculate body
mass index (BMI). BMI categories were
created based on the World Health
Organization BMI classifications (39), and
participants were categorized as follows:
underweight, less than 18.5; normal range,
18.5 to 24.9; overweight, 25 to 30; and obese,
greater than 30. The ratio of family income
to poverty levels variable was used to adjust
for socioeconomic status. CRP
concentrations were included in the analysis
as a biomarker of inflammation.

Statistical Analysis
Mean and SEs were used for descriptive
statistics. To incorporate the complex,
multistage sampling design of the NHANES
in the statistical analysis, the SAS procedures
SURVEYFREQ, SURVEYMEANS,
SURVEYREG, and SURVEYLOGISTIC
were used. Univariate and multivariable
regression models were used to look at the
association of lung function measurements
and respiratory phenotypes with quartiles of
dietary fiber intake. The multivariable
regression models were adjusted for the
possible confounders of height, age, sex,

Table 2. Participant characteristics stratified by energy-adjusted fiber intake quartile

Characteristic Fiber Intake Quartile [Mean (SE)] P
Value

<10.75 g/d
(n = 360)

10.75 to <13.46 g/d
(n = 461)

13.46 to 17.5 g/d
(n = 529)

>17.5 g/d
(n = 571)

Continuous variables, mean (SE)
Age, yr 52.9 (0.5) 53.1 (0.5) 52.8 (0.5) 52.5 (0.3) 0.76
FEV1, L 2.6 (0.04) 3.0 (0.04) 3.1 (0.05) 3.2 (0.05) ,0.0001
FEV1, % predicted 80.9 (0.8) 86.6 (0.8) 89.0 (1.0) 90.6 (0.5) ,0.0001
FVC, L 3.3 (0.04) 3.9 (0.05) 4.1 (0.06) 4.3 (0.06) ,0.0001
FVC, % predicted 82.3 (0.7) 87.2 (0.8) 90.0 (0.9) 92.7 (0.6) ,0.0001
FEV1/FVC ratio 0.76 (0.005) 0.77 (0.005) 0.76 (0.003) 0.76 (0.003) 0.079
Socioeconomic status, income:poverty

status ratio
2.96 3.55 3.56 3.68 0.007

Fruit/vegetable/legume intake, cups/d 1.5 (0.04) 2.1 (0.03) 2.8 (0.04) 3.6 (0.04) ,0.0001
Whole grain intake, ounces/d 0.22 (0.02) 0.47 (0.03) 0.89 (0.04) 2.4 (0.04) ,0.0001
C-reactive protein, mg/dl 0.47 (0.5) 0.41 (0.06) 0.31 (0.04) 0.31 (0.05) 0.01
Energy intake, kcal/d 1,868.4 (48.8) 2,076.7 (46.6) 2,224.9 (48.5) 2,368.9 (42.3) ,0.0001
Cured meat intake, times per day 0.22 (0.3) 0.25 (0.01) 0.27 (0.01) 0.26 (0.01) 0.37
Vitamin E intake, as a-tocopherol, mg 6.7 (0.38) 7.9 (0.3) 9.2 (0.3) 9.3 (0.3) ,0.0001
a-Carotene intake, mg 325.9 (45.5) 323.3 (27.2) 505.6 (114.2) 533.8 (27.7) 0.0005
b-Carotene intake, mg 1,982.1 (284.5) 2,053.9 (161.6) 2,742.3 (312.6) 2,863.5 (27.7) 0.019
b-Cryptoxanthin intake, mg 55.5 (10.4) 73.4 (7.8) 77.4 (5.5) 126.9 (20.0) 0.026
Lycopene intake, mg 3,565.7 (468.3) 5,105.0 (634.2) 6,331.4 (591.9) 6,156.9 (653.0) 0.001
Lutein1 zeaxanthin intake, mg 1,402.5 (277.9) 1,692.4 (192.5) 1,972.8 (191.5) 1,965.5 (241.5) 0.32
Vitamin C intake, mg 59.0 (6.8) 87.3 (7.9) 86.0 (1.9) 106.5 (6.4) 0.002
BMI 29.8 (0.5) 29.8 (0.4) 28.9 (0.3) 28.4 (0.04) 0.035

Discrete variables, n (%)
BMI Category 0.026

Underweight: ,18.5 3 (0.6) 5 (1.1) 7 (2.3) 6 (1.6)
Normal range: 18.5–24.6 83 (28.1) 84 (21.0) 112 (22.8) 125 (26.5)
Overweight: 25–30 107 (28.7) 163 (36.1) 192 (38.0) 224 (38.7)
Obese: .30 167 (42.6) 208 (41.8) 218 (36.9) 215 (33.2)

Sex ,0.0001
Male 79 (18.4) 215 (45.2) 300 (54.9) 376 (64.9)
Female 283 (81.6) 246 (54.8) 232 (45.1) 198 (35.1)

Smoking 0.0031
Never 162 (45.6) 239 (55.7) 275 (52.8) 313 (57.0)
Former 97 (27.6) 125 (29.7) 154 (30.7) 163 (28.5)
Current 103 (26.8) 97 (14.6) 103 (16.5) 98 (14.5)

Spirometry Grade classifications ,0.0001
Normal airflow 183 (50.1) 269 (50.1) 354 (67.0) 390 (68.3)
Airflow restriction 122 (29.8) 125 (29.7) 85 (14.1) 95 (14.8)
Airway obstruction 55 (20.1) 67 (16.9) 90 (18.9) 86 (17.0)

GOLD 0.35
Normal 305 (80.0) 394 (85.9) 444 (81.1) 485 (83.1)
Airflow obstruction 55 (20.1) 67 (14.1) 85 (18.9) 86 (16.9)

Definition of abbreviations: BMI = body mass index; GOLD =Global Initiative for Chronic Obstructive Lung Disease.
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BMI, smoking, socioeconomic status, CRP,
and energy intake. On the basis of other
literature, we also adjusted for the following
factors: intakes of vitamin E, a-carotene,
b-carotene, b-cryptoxanthin, lycopene,
lutein plus zeaxanthin, vitamin C, and
cured meat (28, 29, 40). Odds ratios and
95% confidence intervals were determined
using PROC SURVEYFREQ.

As smoking remains the most
important cause of respiratory disease, we
analyzed the interaction between fiber
intake and smoking status. A similar
analysis was performed for BMI based on
the BMI categories described above. In
addition, recent literature has indicated
that diet may affect lung function
differently on the basis of sex (16);
therefore, a test for interaction between
fiber intake and sex was conducted, and
analysis was stratified based on sex for
variables with a positive interaction signal.
All analyses accounted for the weighted
data and complex design of the NHANES
sample. A P value less than 0.05 was
considered statistically significant.

Results

The final number of eligible participants was
1,921. Overall, the cohort was 50.2% men
and 49.8% women. The mean age of the
participants was 52.8 years, with a mean
BMI of 29.2. Participants with a higher fiber
intake tended to have a lower BMI; a higher
intake of fruits, vegetables, and whole grains;
lower CRP; and higher energy intake than
those with lower fiber intakes. Lower intake
of fiber was also associated with smoking.
The demographic characteristics of the
sample by quartile of fiber intake are given
in Table 2.

There was a statistically significant
relationship between lung function
measurements and dietary fiber intake in
both univariate models (data not shown)
and multivariable models (Table 3). After
adjusting for confounders (age, height,
BMI, sex, energy intake, smoking status,
socioeconomic status, CRP, height, and
intake of other vitamins), participants in
the highest quartile intake of fiber intake
(.17. 5 g/d) had mean FEV1 and FVC
measurements that were 82 ml and 129 ml
higher than the lowest quartile of intake
(,10.5 g/d) (P = 0.05 and 0.01,
respectively). Mean percent predicted FEV1

and FVC values were 2.4 and 2.8 percentage

points higher (respectively) in participants
with the highest quartile intake when
compared with participants in the lowest
fiber intake quartile (P = 0.07 and 0.01,
respectively). In contrast to the other lung
function parameters, where we found no sex
effect with daily fiber intake, for FVC an
effect was found for men (P = 0.003) but not
women (P = 0.84). There was no association
between fiber intake and FEV1/FVC ratio.

To determine if associations differed
by source of fiber, additional analysis was
conducted for servings per day of fruits/
vegetables/legumes (cups per day) and
daily whole grain intake (ounce equivalents
per day). Significant associations were
present for intake of fruit/vegetables/
legumes (Table 3), with participants who
were in the highest quartile for daily fruit/
vegetable/legume intake having mean
FEV1 and FVC 107 ml and 127 ml higher,
respectively, than those in the lowest
quartile (P = 0.001, P = 0.006) and mean
percent predicted FEV1 and FVC values
that were 3.3% and 2.8% higher than
participants in the lowest quartile intake
(P = 0.0009 and 0.007, respectively). There
was no association between lung function
measurements and daily whole grain
intake (data not shown).

To investigate whether smoking status
modified the associations of fiber with
lung function, each of the lung function
outcomes was evaluated with fiber intake,
smoking classification, and the interaction
between smoking and fiber intake. There was
no significant interaction between smoking and
fiber for any of the outcomes (interaction terms

P. 0.10). Similar results were found for BMI,
with no statistically significant interactions
found between BMI and fiber intake related to
any of the lung function outcomes.

There was evidence of relationship
between fiber intake, normal lung function,
and airflow restriction. With increasing
daily fiber intake, the percentage of those
with normal lung function increased (50.1
vs. 68.3% for quartile 1 vs. quartile 4, P =
0.001), although the effect was attenuated
at quartiles 3 and 4 (Figure 1). For
increasing daily fiber intake, there was a
significant decline in the proportion of
participants with airflow restriction (29.8
vs. 14.8% for quartile 1 vs. quartile 4, P =
0.001), which again was attenuated at the
higher quartiles (Figure 2). There was no
relationship between daily fiber intake and
severity of airflow obstruction (data not
shown).

Discussion

In this analysis of the population-based
NHANES study, we found that low fiber
intake was associated with lower lung
function. These associations were consistent
across subcategories of smoking and BMI.
Of note, the beneficial association of high
dietary fiber intake was independent of
antioxidant intake, intake of cured meat,
and other possible dietary risks associated
with lung function decline. Although we
found no effect of dietary fiber on the
prevalence of airflow obstruction (SG 1–3
or GOLD 1–4), we did find a greater

Table 3. Results of multivariable regression models of fiber intake quartiles and lung
function measurements

FEV1 (ml) FVC (ml) % Predicted FEV1 % Predicted
FVC

b P Value b P Value b P Value b P Value

Daily fiber intake quartile, g/d
,10.75 Reference
10.75< 13.46 36.8 0.28 25.3 0.45 1.4 0.23 0.75 0.34
13.46< 17.5 82.3 0.04 115.2 0.003 2.7 0.03 2.7 0.003
>17.5 81.7 0.05 128.9 0.01 2.4 0.07 2.8 0.02

Daily fruit/veg/legume Intake, cups/d
,1.69 Reference
1.69 to ,2.31 68.1 0.06 46.3 0.32 1.9 0.07 1.0 0.32
2.31 to ,3.07 28.0 0.47 75.1 0.18 0.96 0.43 1.5 0.23
>3.07 106.7 0.001 127.0 0.006 3.3 0.0009 2.8 0.007

Models adjusted for age, body mass index, energy intake, smoking status, height, sex,
socioeconomic status, C-reactive protein, and intakes of a-tocopherol, a-carotene, b-carotene,
b-cryptoxanthin, lycopene, lutein plus zeaxanthin, vitamin C, and cured meat.
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prevalence of airflow restriction group
in those with lowest dietary fiber intake
(P = 0.0001). We believe the failure to
identify an association with spirometric-
defined airflow obstruction may be the
consequence of the low smoking exposure
in this group and the overall low
prevalence of COPD.

Our results are consistent with other
cross-sectional studies showing there is a
strong fiber–smoking interaction on FEV1

that is considerably weaker when never
smokers are analyzed (9). Our results build
on similar associations in earlier studies,
including an analysis of the Atherosclerosis
Risk in Communities (ARIC) study, which
found participants in the highest quintile of
fiber intake had higher lung function
measurements than those in the lowest
quintile (28). Varraso and colleagues (29)
and Hirayama and colleagues (41) have
both reported significant, independent
associations between total fiber intake
and risk of COPD. Other studies have
demonstrated that higher fiber intakes are
associated with 40 to 50% reduction in
respiratory-related deaths, compared with
25 to 30% reductions for cardiovascular
disease (42, 43). Taken together, these

findings suggest dietary fiber has
considerable relevance to lung health,
notably impaired lung function and
reduced respiratory mortality.

Intake of fruits, vegetables, and
legumes was associated with lung function
in our study independent of intake of
antioxidants previously associated with
lung function (44). Several studies have
found stronger associations with intakes of
whole fruit when compared with
individual fruit-related nutrients (6, 11, 45,
46) such as vitamin C, suggesting that
other compounds, or the interaction of
these compounds, may be more relevant.
Dietary fiber has been one of the
compounds speculated to contribute to the
positive effect of fruits and vegetables on
preserving lung function (9). Indeed,
adjustment for fiber has eliminated
univariate associations between fruit
intake and FEV1 (47).

Interestingly, our results did not show
an association between intakes of whole-
grain foods and lung function; however,
whole-grain intake may be poorly estimated
in only 2 days of diet recalls. The lack of this
relationship in our study conflicts with
previous studies of fiber intake and COPD

that stratified by fiber source and found the
effects were due mainly to cereal fibers (29).
The relationship between healthy diet and
better lung health in relation to COPD was
reported by Varraso and colleagues using a
“Healthy Eating Index” (16). Current
evidence is not conclusive about which
fiber-containing foods are most beneficial
for COPD. Fiber occurs in both soluble and
insoluble forms, and studies attempting
to stratify by fiber type have faced the
challenge that foods usually contain a
mix of both soluble and insoluble fibers,
making it difficult to determine if one
type is more accountable.

There are several plausible mechanisms
through which intake of fiber may impact
lung function and predispose to airflow
restriction and risk of COPD. Systemic
inflammation is considered an important
subphenotype of COPD (48, 49), and
there are a growing number of studies
that show CRP is a marker of systemic
inflammation, activation of the innate
immune system, and a possible effector
molecule in vascular disease (50–52).
Higher intakes of dietary fiber have
been associated with reduced systemic
inflammation and CRP levels (53), and
CRP levels have been shown to have an
inverse relationship with lung function
and respiratory morbidity (50, 54–60).
Consistent with other studies, we did find
that a higher fiber intake was associated
with lower CRP (Table 2) (61).

Attenuation of systemic inflammation
may be only one of the mechanisms
through which fiber impacts lung
function. Dietary fiber has been shown
to change the composition of the gut
microbiome, in particular altering the
ratio of Firmicutes to Bacteroidetes
(61), consequently increasing the
concentrations of short-chain fatty acids.
These byproducts of fiber fermentation in
the gastrointestinal tract are found in the
systemic circulation and have several
relevant protective functions regarding
lung function and COPD, including
regulation of neutrophils (62) and
attenuating pulmonary inflammation and
epithelial-based protection against
bacterial infection (63).

Our finding showing a trend toward a
greater prevalence of those classified as
airflow restriction with low dietary fiber
intake is novel. This airflow restrictive
subgroup, which constituted 22.6% of our
older NHANES sample, includes those
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Figure 1. Percentage of participants with a normal airflow pattern according to the spirometry
grading classification by each fiber intake quartile (Q). Fiber intake key: Q1, less than 10.75 g/d;
Q2, 10.75 to less than 13.46 g/d; Q3, 13.46 to 17.5 g/d; Q4, greater than 17.5 g/d.
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Figure 2. Percentage of participants with a restrictive airflow pattern according to the spirometry
grading classification by each fiber intake quartile (Q). Fiber intake key: Q1, less than 10.75 g/d;
Q2, 10.75 to less than 13.46 g/d; Q3, 13.46 to 17.5 g/d; Q4, greater than 17.5 g/d.
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with a normal FEV1/FVC ratio but
proportionately reduced FVC and FEV1.
This group has also been called
PRISm, for preserved ratio impaired
spirometry, and has a reported prevalence
of 5 to 18% in other studies (12% in
COPDGene) (64, 65). This group is highly
heterogeneous, with as many as three
subphenotypes defined in COPDGene
as “restrictive,” “early COPD,” and
“metabolic” (66). Recent evidence shows
that many of the people in this subgroup
have systemic inflammation, poor exercise
capacity, and emphysema on computed
tomography scanning, with or without
airway inflammation (64). This group
remains poorly characterized and
invariably excluded from studies of COPD.
It is possible this group represents a
separate and unique pulmonary phenotype
that is, according to this study, significantly
overrepresented in those with low dietary
fiber intake.

To our knowledge, this is the first
study to examine the association between
dietary fiber intake and lung function
regarding this otherwise poorly
understood subgroup. As this subgroup
has a high prevalence of comorbid
conditions, and is highly symptomatic
despite not meeting traditional COPD
criteria, they may represent a group that
might benefit from targeted dietary
interventions to improve overall outcomes.
However, it is also possible that evidence of
this relationship given was driven by
residual confounding from obesity that was
not well captured by BMI. BMI is an
imprecise measure of obesity and may not
fully account for factors such as distribution

of fat mass. As truncal adiposity has been
associated with lung function, it is possible
this may explain some of the association
between diet and a restrictive airflow
pattern (66–68).

Our study has several limitations. First,
the NHANES data we analyzed is cross-
sectional, so we cannot evaluate any
temporal relationships, such as dietary
fiber effects on lung function decline, nor
can we establish causality. It could be
proposed that fiber is a surrogate measure
for an overall healthy lifestyle. Indeed, the
recent study by Varraso and colleagues
serves to stress the importance of the overall
diet quality in pulmonary health (16).
Studies have also shown that increased
intake of catechins and flavonoids are
positively associated with FEV1 (69).
Improving the overall quality of the diet
may drive an individual’s intake toward a
more plant-based diet, which would also
be a diet rich in other beneficial nutrients
such as phytochemicals, antioxidants,
flavonoids, or ligands. These nutrients
may work in a synergistic fashion and are
much less likely to be accurately captured
in current dietary studies, where recall over
relatively short time periods is traditionally
used to assess long-term intake. As lung
function reflects both maximal lung
function attained in early adulthood
and lung function lost with aging (70),
it is surprising we find an association
at all between dietary fiber intake
and contemporaneous lung function
measurements.

Second, serum levels of nutritional
antioxidants have been associated with lung
function (71, 72), and other studies of

dietary fiber intake and lung function have
adjusted for this (73). Serum levels of
antioxidant nutrients were not available for
this NHANES cycle; however, we did
include adjustment for intakes of these
nutrients in our models. Adjustment for
physical activity, which is relevant to
dietary choices, was not adjusted for in
this analysis and remains a potential
source of confounding. Third, this study
used prebronchodilator measurements
for lung function rather than post-
bronchodilator values, so it is harder to
extrapolate our findings on dietary fiber
intake and lung function in this study to
COPD. In this study we have used the
fixed ratio (FEV1/FVC) to define the
presence of airflow limitation, consistent
with other dietary studies, and found
comparable results using the lower limit
of normal.

Our study does have a major
strength in our ability to use spirometry
measurements for identifying the
presence of airflow limitation and
accurately distinguish those with
subnormal lung function, as opposed to
the self-reported diagnosis of COPD used
in many epidemiological studies.

Conclusions
Low dietary fiber intake was associated
with reduced measures of lung function
and an increased prevalence of
participants with airway restriction.
A diet rich in fiber-containing foods may
play a role in improving lung health. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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Abstract

Evidence from epidemiological studies suggests that a diet high in
fiber is associated with better lung function and reduced risk of
chronic obstructive pulmonary disease (COPD). Themechanism for
this benefit remains unknown, but, as fiber is not absorbed by the gut,
thisfinding suggests that the gutmayplay an active role in pathogenic
pathways underlying COPD. There is a growing awareness that
aberrant activity of the innate immune system, characterized by
increased neutrophil and macrophage activation, may contribute to
the development or progression of COPD. Innate immunity is
modulated in large part by the liver, where hepatic cells function in
immune surveillance of the portal circulation, as well as providing a
rich source of systemic inflammatory cytokines and immune

mediators (notably, IL-6 and C-reactive protein). We believe that
the beneficial effect of dietary fiber on lung function is through
modulation of innate immunity and subsequent attenuation of the
pulmonary response to inflammatory stimuli, most apparent in
current or former smokers. We propose that the “gut–liver–lung
axis”may play a modifying role in the pathogenesis of COPD. In
this review, we summarize lines of evidence that include animal
models, large prospective observational studies, and clinical trials,
supporting the hypothesis that the gut–liver–lung axis plays an
integral part in the pathogenic mechanisms underlying the
pathogenesis of COPD.

Keywords: gut–liver–lung axis; chronic obstructive pulmonary
disease; dietary fiber; innate immunity; systemic inflammation

Chronic obstructive pulmonary disease
(COPD) is characterized by airflow
limitation, and is thought to result, in
part, from exaggerated pulmonary
inflammation in response to chronic
aeropollutant exposure, primarily
from smoking (1). Although this excessive
pulmonary inflammation is believed to
result in “spillover” into the systemic
inflammation (2), there are several lines
of evidence suggesting an exaggerated
innate immune–mediated inflammatory
response might also contribute to poor

lung function (3–7). One of the early
and key findings in the lungs of
smokers is an increased influx of
neutrophils and macrophages, more
marked in those with COPD (8). These
effector cells are the first line of defense
for the innate immune system against
invading bacteria, and are thought to
cause an increased oxidant load in the
lung with increased protease/elastase
release, which, under conditions of
chronic activation, may contribute to
matrix remodeling (1, 8). Together, these

pathogenic processes may lead to small
airways disease, chronic mucous
production, and emphysema, which
characterize the epithelial matrix
remodeling seen in varying degrees in
patients with COPD (1, 8). Currently, the
primary aims of treatment in COPD
are bronchodilatation (inhaled short-
and long-acting b-agonist and
antimuscarinic therapies) and
attenuation of pulmonary inflammation
(inhaled and oral corticosteroids). As
innate immunity has been shown to be

(Received in original form July 29, 2015; accepted in final form October 16, 2015 )

This work was supported by grants from the University of Auckland, Auckland District Health Board, Auckland Medical Research Foundation, Health Research
Council of New Zealand, Lotteries Health and Synergenz BioSciences Ltd. (R.P.Y.). Synergenz BioSciences Ltd. holds patents for gene-based risk testing for
lung cancer susceptibility.

Author Contributions: R.P.Y. and R.J.H. conceived of the ideas, reviewed the literature and prepared the first draft. B.M. reviewed the scientific content, refined
conclusions drawn from the early drafts and contributed to interpretation of the preclinical studies.

Correspondence and requests for reprints should be addressed to Robert P. Young, B.Med.Sc., M.B.Ch.B., D.Phil. (Oxon), P.O. Box 26161 Epsom, Auckland
1344, New Zealand. E-mail: roberty@adhb.govt.nz

Am J Respir Cell Mol Biol Vol 54, Iss 2, pp 161–169, Feb 2016

Copyright © 2016 by the American Thoracic Society

Originally Published in Press as DOI: 10.1165/rcmb.2015-0250PS on October 16, 2015

Internet address: www.atsjournals.org

Perspective 161

mailto:roberty@adhb.govt.nz
http://dx.doi.org/10.1165/rcmb.2015-0250PS
http://www.atsjournals.org


an important contributor to both the
development and progression of COPD
(9–11), this might explain why current
inhaler-based therapies confer minimal
benefit on the natural history of
COPD. We ask, “What is the evidence
directly implicating innate immune
responsiveness in the pathogenesis
of COPD?”

Exaggerated Innate Immune
Response as an Accelerant
of COPD: the Liver–Lung axis

There are several different lines of evidence
suggesting that increased innate immune
responsiveness, characterized by elevation
of systemic inflammatory markers, such
as C-reactive protein (CRP), contributes
directly to both morbidity and mortality in
COPD (11–20). First, large prospective
studies that have followed healthy people
for up to 20 years found that a chronically
elevated CRP is associated with a
progressive loss of lung function and
greater risk of COPD (13–17). Although
this effect is greatest in smokers, it was also
found in nonsmokers, suggesting that a
chronically overactive innate immune
response itself may contribute to poor lung
function, independent of aeropollutant
exposure (13, 15). Studies that have
followed outcomes according to
proinflammatory mediators, such as an
elevated serum IL-6 concentration (the
primary determinant of CRP), have also
demonstrated worse outcomes (greater
symptoms and mortality) in COPD (11, 12,
18). A direct role for CRP has recently been
suggested by a study showing that CRP
expression was found to be significantly
greater in the lungs of those with COPD
compared with smoking control subjects
with normal lung function (19). Second, in
studies of obese nonsmokers with COPD,
poor lung function was associated with
markers of innate immune activation
(elevated CRP and IL-6), thought to be
derived from visceral fat and elevated body
mass index (20). Third, in smoke-free
mouse models, where an overactive innate
immune response was genetically induced
by the overexpression of IL-6, features of
COPD, including emphysema, developed
after birth (6). In another smoke-free
mouse model, innate immune activation
was induced by intraperitoneal LPS
injection, and changes in the lung

consistent with smoking damage were seen
(5). In an aeropollutant mouse model,
lovostatin was found to attenuate the
damaging effects of macrophages on the
lungs compared with mice given placebo
(4). This is not surprising, as statins are
powerful inhibitors of the mevalonate
pathway in the liver that modulates innate
immune responsiveness (see subsequent
discussion) (8). Fourth, in a small,
randomized, controlled clinical trial in
patients with COPD, compared with
placebo, atorvastatin was shown to
reduce pulmonary inflammatory cells by
30–60% and inhibit the expression of
proinflammatory genes (7). These effects
were associated with a significant reduction
of both serum CRP and IL-6 (markers of
systemic inflammation) limited to the
atorvastatin group, directly linking
modulation of the innate immune system
with pulmonary inflammation (7).
Finally, there have been several large
prospective studies in patients with COPD
showing that activation of innate immunity,
reflected in an elevated CRP, is associated
with a greater decline in lung function, more
COPD exacerbations, and greater mortality
(16–22). In combination, these studies
provide compelling evidence that innate
immune responsiveness, particularly in those
who have smoked, may have direct effects
on the lung to promote the development
or progression of COPD (9–12). This
mechanism may also contribute to the
development of lung cancer (8, 23–28).

It is now well recognized that the liver
is important in immune regulation,
functioning as a key organ of immune
surveillance and containing approximately
80% of all tissue-based macrophages
(29–33). The liver is also known to modify
innate immunity and, through systemic
inflammatory effects, actively participates
in innate immune responses in other
organs via secretion of inflammatory
cytokines and mediators, such as IL-6 and
CRP (29–32). Indeed, the liver is the
primary source of acute-phase proteins,
such as CRP, which is itself synthesized
in response to elevations of serum IL-6.
This means that IL-6 functions in a
paracrine fashion in the innate immune
response to up-regulate or maintain tissue
inflammation as part of the normal
immune response to bacterial invasion or
smoking (Figure 1) (8, 10, 11). Therefore,
the liver is crucial for the activation of
macrophages and the recruitment of

neutrophils to sites of sterile injury (30), as
is seen with smoking effects on the lungs.
Indeed, in a recently reported mouse model,
it was shown that the liver may function
to amplify innate immune responsiveness
(“secondary amplification”) in the lungs
after bacterial infection by increasing
alveolar macrophage release of IL-6 along
with other acute-phase proteins (33).
This suggests that these circulating cytokines
and acute-phase proteins, which also
characterize chronic systemic inflammation,
function adversely by maintaining
activation of neutrophils and macrophages
(i.e., innate immune hyperresponsiveness)
in both the circulation and in the lungs
of susceptible smokers or those with
COPD (8, 34). In the liver, the mevalonate
pathway is a key regulator of the innate
immune response (Figure 1) (35, 36).
These observations support the existence
of a “liver–lung axis” that links the liver,
and the mevalonate pathway, with the
innate immune response in the lung (33).
We ask, “How might dietary factors and
the gut be linked to the liver and lungs?”

Dietary Fiber and Its Effect on
COPD: the Gut–Liver–Lung
Axis

Over the last 7 years, there has been a
growing interest in the possible role of
dietary fiber in COPD and respiratory
mortality (37–44). In three large
prospective studies, all have shown that
diets high in fiber are associated with better
lung function and reduced risk of COPD
(Table 1) (37–40). The latest and largest
study combined data from the Nurse’s
Health Study and Physician’s Health
follow-up study, including over 120,000
subjects followed for between 12 and
16 years (40). It showed that a healthy diet
was associated with a 33% reduction in the
development of COPD (hazard ratio
[HR] = 0.67) (40). Although the effect was
comparable according to sex (HR = 0.60
and 0.69 for men and women, respectively),
it was greater in ex-smokers compared with
current smokers (HR = 0.50 and 0.69,
respectively) suggesting a smoking–diet
interaction. When specific food groups
were examined, the protective effect was
limited to whole-grain intake (HR = 0.70),
although there was a trend for fruit intake
(HR = 0.81) (40). This observation
implicates diets high in fiber over ones high
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in antioxidants (37–41). In a cross-sectional
study of diet and lung function (absolute
forced expiratory volume in 1 second
[FEV1]), a small, but significant, protective
effect of a high–whole-grain diet in
nonsmokers was found (50 ml difference
across dietary quartiles) (42). This effect
increased substantially (200 ml difference
across dietary quartiles) when comparing
FEV1 in “ever-smokers” according to
quartiles of whole-grain intake. This study
showed that, in nonsmokers, although
high-fiber intakes were associated with a
small increase in FEV1, this protective effect
was substantially magnified, and clinically
significant, in ever-smokers. Other cohort
studies have also shown that diets high
in fiber are associated with better lung
function (Table 1) (42). Importantly, we
note that study participants in the highest
two quartiles (or quintiles) of dietary
fiber intake are usually consuming the
recommended daily requirement of

between 25 and 30 g of fiber per day, and
those in the lowest quartile (referent group)
have suboptimal intakes of less than 15 g of
fiber per day (39, 43, 44). These results
suggest that, at least among smokers and
ex-smokers, a suboptimal intake of dietary
fiber magnifies the deleterious effect of
smoking on lung function, further
implicating the gut–liver–lung axis in
COPD (Figure 1).

In large mortality studies, a high-fiber
intake has been consistently associated
with reduced respiratory-related deaths
(43, 44). This observation extended to
cardiovascular deaths and cancer deaths,
although to a lesser degree, suggesting a
more global protective effect beyond that
of the lungs (Table 1) (43, 44). This is
consistent with evidence showing that
innate immune responsiveness
(characterized by chronic elevation of
systemic inflammatory markers in the
stable state) is closely linked with coronary

artery disease and epithelial-based cancers
through mechanisms that include the
proinflammatory effects of CRP and
procarcinogenic effects of IL-6 (8, 22, 34).
Evidence to suggest that dietary fiber has
important immunomodulatory actions on
innate immunity comes from studies
comparing the effects of dietary fiber on
specific causes of death (Table 1) (43, 44).
One study showed that the greatest
reduction in mortality from a high-fiber diet
was seen for deaths from infectious disease
(HR = 0.44 and 0.41 for men and women,
respectively), followed by respiratory disease
(HR = 0.69 and 0.54 for men and women,
respectively) (43). Although significant
reductions in mortality for cardiovascular
disease (HR = 0.76 and 0.86) and cancer
deaths (HR = 0.83 and 0.96) were
observed, these were of lesser magnitude.
Importantly there was no effect on death
from accidents, lessening the potential for
a confounding effect (43). In another large
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Table 1. Summary of the Epidemiological Studies Reporting Hazard Ratios, Relative Risks, and Odd Ratios Associated with a
High-Fiber or Whole-Grain Diet and Respiratory-Related Outcomes

Study Design Size (n) Outcome
HR/RR

(Q5 versus Q1)
OR

(Q5 versus Q1) 95% CI
P Value

(for trend)

Prospective cohort studies:
fiber intake, g/d

Mortality
Park and colleagues

(43) (fiber)
219,123 Respiratory deaths—men 0.69 — 0.54–0.87 ,0.001

Infection deaths—men 0.44 — 0.26–0.74 ,0.001
Cancer deaths—men 0.83 — 0.76–0.92 ,0.001
Cardiovascular deaths—men 0.76 — 0.68–0.85 ,0.001

168,999 Respiratory deaths—women 0.54 — 0.40–0.72 ,0.001
Infection deaths—women 0.41 — 0.23–0.73 0.006
Cancer deaths—women 0.96 — 0.85–1.08 0.48
Cardiovascular deaths—women 0.66 — 0.55–0.79 ,0.001

Chuang and colleagues
(44) (fiber)

452,717 Respiratory deaths—men 0.47 — 0.30–0.75 0.001
Non–CVS/cancer inflammatory—men 0.54 — 0.41–0.70 ,0.001
Smoking-related cancer deaths—men 0.75 — 0.63–0.87 ,0.001
Non–smoking-related
cancer deaths—men

1.16 — 0.96–1.40 0.884

Circulatory deaths—men 0.83 — 0.71–0.98 0.032

Respiratory deaths—women 0.40 — 0.25–0.64 ,0.001
Non–CVS/cancer
inflammatory—women

0.42 — 0.25–0.70 ,0.001

Smoking-related cancer
deaths—women

0.75 — 0.63–0.89 0.004

Nonsmoking cancer deaths—women 1.00 — 0.87–1.14 0.258
Circulatory deaths—women 0.67 — 0.55–0.82 ,0.001

COPD
Varraso and colleagues

(40) (healthy diet)
120,254 Newly diagnosed

COPD—total (both sexes)
0.67 — 0.53–0.85 ,0.001

Newly diagnosed
COPD—ex-smoker total

0.50 — 0.33–0.75 0.002

Newly diagnosed
COPD—Current total

0.69 — 0.49–0.98 0.03

Varraso and colleagues
(40) (whole grain)

120,254 Newly diagnosed COPD—total 0.70 — 0.55–0.90 0.01
47,026 Newly diagnosed COPD—men 0.82 — 0.70–1.38 0.13
73,228 Newly diagnosed COPD—women 0.67 — 0.51–0.89 0.04

Varraso and
colleagues (39)

111,580 Newly diagnosed COPD—total (fiber) 0.67 — 0.50–0.90 0.03
Newly diagnosed COPD—total (cereal) 0.77 — 0.59–0.99 0.04
Newly diagnosed COPD—total (fruit) 0.77 — 0.59–1.01 0.31
Newly diagnosed COPD—total
(vegetable)

0.92 — 0.71–1.18 0.89

Cough/Phlegm
Butler and colleagues (37) 63,257 Newly reported cough or phlegm — 0.61 0.47–0.78 ,0.001

Cross-sectional
case–control studies

COPD
Kan and

colleagues (38)
11,897 Spirometric defined COPD,

n = 1,321 (fiber)
— 0.80 0.63–1.02 0.04

Spirometric defined COPD,
n = 1,321 (cereal)

— 0.79 0.64–0.98 0.017

Hirayama and
colleagues (41)

618 278 COPD versus 340
control subjects (total fiber)

— 0.49 0.26–0.95 0.160

Tabak and
colleagues (42)

13,651 COPD symptoms (whole grain) — 0.79 — ,0.001

Definition of abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; CVS, cardiovascular system; HR, hazard ratio; OR,
odds ratio; Q1, first quartile (lowest intake); RR, relative risk.
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prospective study of more than 450,000
Europeans, a high-fiber diet was also
associated with a 50–60% reduction in
respiratory deaths (HR = 0.47 and 0.40 for
men and women, respectively) (44). This
study also reported a 25% reduction in
smoking-related cancer (in both sexes),
but not non–smoking-related cancers
(Table 1) (44). Consistent with the
findings for COPD, the effect was
consistently greater in former smokers
than current smokers, and minimal in
never-smokers (42, 44). In both mortality
studies, where the source of fiber was
examined in detail, fiber from whole grain
(cereals) most reliably conferred benefits
on reducing respiratory-related deaths in
contrast to fiber from fruit and vegetables
(43, 44). Finally, both epidemiological
studies and clinical interventional studies
show that diets high in fiber may modify
innate immunity, as evidenced through
clinically significant reductions in markers
of systemic inflammation, notably CRP
and IL-6 (45–49). In a randomized clinical
trial, a diet high in fiber reduced the
serum CRP by 20–30% from baseline,
significantly greater than that observed in
the usual-diet group (46). Collectively,
these findings suggest that the beneficial
effect of a high-fiber diet are greatest in
ever-smokers, especially former smokers,
and may be mediated through the innate
immune system (based on the known
actions of IL-6) and potentially
independent of an antioxidant effect (47).
Finally, we ask, “Are there other known
modifiers of innate immunity that have
conferred benefits in COPD?”

Targeting the Innate Immune
System: Implications for the
Future Management of COPD

In a 3-year observational study of clinic-
based patients with moderate–severe COPD
(Evaluation of COPD Longitudinally to
Identify Predictive Surrogate Endpoints),
it was established that elevations in serum
CRP and IL-6 (systemic inflammation)
were among the best markers of an
activated innate immune response to
distinguish smokers with and without
COPD (12). Over the first year of follow up,
this study showed that only about 30% of
those with COPD had no evidence of
systemic inflammation, whereas, at any one
point in time, nearly 30% of patients with

COPD had convincing evidence of
exaggerated innate immune response
(two elevated inflammatory markers while
stable) (12). Importantly, those with
persisting elevation of systemic
inflammatory markers had significantly
worse clinical outcomes (symptoms and
exacerbations) and greater all-cause
mortality. However, in this clinic-based
cohort of patients with COPD, no effect on
FEV1 decline was seen over the 3-year
follow up (12). Based on the results of the
Evaluation of COPD Longitudinally to
Identify Predictive Surrogate Endpoints
study, and the large prospective studies
described previously here, there is growing
evidence supporting the targeting
of innate immune activation (or
hyperresponsiveness) in patients with
COPD when it is present (8, 11, 12, 24).

Currently, smoking cessation, and a
reduction in smoking rates, remains the
mainstay of primary and secondary
preventative efforts in COPD. However,
there is strong evidence indicating that
pulmonary inflammation persists in many
smokers after quitting, primarily those with
established changes of COPD (1). Persisting
activation of the innate immune system has
been implicated in this observation, and
may be the basis for on-going remodeling
in the lung leading to progressively worse
COPD. (9–12, 24). Such a mechanism
might also underlie progression to lung
cancer (particularly in ex-smokers) and, in
part, explain the close relationship between
COPD and lung cancer (8, 24). As
summarized here, the dietary studies
consistently report that high-fiber diets
modify innate immunity and attenuate
systemic inflammation, conferring a broad
protective effect on progression of COPD,
respiratory-related deaths, and smoking-
related cancers (Table 1) (37–50). However,
there exists several alternate mechanisms
that might underlie the beneficial effects of
a high-fiber diet on innate immunity and
the lungs, including antioxidant related,
autoimmunity mediated, apoptosis-related,
DNA damage mediated, epithelial integrity
from microbial invasion, and immune
tolerance (Table 2) (51–56).

One mechanism underlying this
beneficial effect may come from studies
showing that fiber stimulates “good”
bacteria in the bowel to synthesize, through
fermentation, high quantities of small-
chain fatty acids (SCFAs) (47, 50, 57–64).
Although an important source of energy

and cytoprotection for colonocytes, some
SCFAs (proprionic, butyric, and acetic
acids) are absorbed into the portal
circulation, where they are active in the
liver and bone marrow in modifying innate
immune activation (Figure 1) (57–64). In a
murine model, colonic concentrations of
these SCFAs correlated well with levels in
the portal circulation, and for proprionic
acid and butyric acid in the systemic
circulation as well (64). Strong support
for this SCFA-related mechanism has
recently come from murine models,
where a high-fiber diet inhibited
pulmonary inflammation in mice exposed
to dust mite allergen, and attenuated the
development of emphysema in a smoking
rat model (61, 63). These studies suggest that
SCFAs play an important immune-based
role in modifying the pulmonary response to
inflammatory stimuli, most likely through
effects on the migration and activation
of both neutrophils and macrophages
(i.e., innate immune response) via G protein
receptors (GPRs; e.g., GPR43) (58–61,
65–67). SCFAs have also been shown to
inhibit another important enzyme, called
histone deacetylase, and promote regulatory
T cells, both implicated in cell cycle control
linking COPD and lung cancer (57, 58, 62,
65). Interestingly, these SCFAs have been
found to inhibit the rate-limiting enzyme
(3-hydroxy-3-methylglutaryl-coenzyme A
[HMGCoA] reductase), further modifying
innate immunity through the mevalonate
pathway in the liver (Figure 1) (50, 68).
HMGCoA reductase inhibition in the liver
“dampens” the innate immune response
and lowers serum levels of IL-6 through
the IL-6 trans-signaling pathway (8).
This leads to a downstream inhibitory effect
on the proinflammatory transcription
factors NF-ĸB and signal transducer and
activator of transcription 3 (8).

The members of the cholesterol-
lowering drug family of statins are powerful
inhibitors of HMGCoA reductase, reducing
serum CRP and IL-6 by over 50% within
48 hours of a typical daily dose (8). We have
reviewed the extensive literature on statin
use in smokers and patients with COPD (8).
Among these studies, although largely
observational, it is consistently shown
that statins confer reductions of between
30 and 50% in both mortality from COPD
and incidence of lung cancer in large
prospective studies (8). In a small,
randomized study in COPD, atorvastatin
use was associated with a marked reduction
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in systemic inflammation and a 30–60%
reduction in pulmonary inflammatory cell
infiltrate (7), potentially explaining
reductions in decline of lung function and
reduced all-cause mortality (8). Studies have
also shown that statin use confers a 40–50%
reduction in all-cause mortality after
admission with a COPD exacerbation (8)
and a 50% reduction in respiratory-related
mortality in a 7-year follow-up study of
COPD exacerbators (69). However, although
adjunct therapy with statins is consistently
associated with reduced mortality in COPD,
most likely mediated through attenuation of
the innate immune response, a beneficial
effect on recurrence of COPD exacerbations
appears to be limited to patients with COPD
with underlying clinical or subclinical
cardiovascular disease (70–72). Indeed, the
beneficial outcomes associated with statin
use reported by many observational studies

of patients with COPD have been attributed,
in part, to the relative undertreatment
of coexisting, often unrecognized,
cardiovascular diseases in the control
subjects, where an exaggerated innate
immune response is a recognized feature
(i.e., “unhealthy non-user” effect) (70, 71).

Collectively, these studies suggest that
high-fiber diets and statin therapy may
modify the natural history of COPD, and
that one possible mechanism is through
their immunomodulatory effects on the
innate immune response in the liver and
lung (7, 8). Although other mechanisms
may be relevant in reducing poor outcomes
in COPD (e.g., antioxidant, autoimmune,
and antiproliferative effects), it is plausible
that statin-mediated modulation of the
mevalonate pathway in the liver
(“dampening effect”) (33, 62), attenuating
“secondary amplification,” is central to

these protective effects (Figure 1) (8). We
propose that SCFAs (especially butyrate
and proprionate), derived from colonic
bacteria after a high-fiber diet, may also
confer a positive effect on COPD through
modification (or dampening) of innate
immunity (50). Given the central role of the
liver in immune surveillance and activation
of the innate immune system (29–33, 35, 36),
it appears plausible to the authors that the
benefits of statins and a high-fiber diet could
account for the apparent reductions in lung
function decline and development of COPD,
as reported by numerous studies, both
preclinical and clinical (8). It is also plausible
that interventions, such as a high-fiber diet
and statin therapy, which “dampen” innate
immune responsiveness, and reduce systemic
inflammation by up to 50%, lead to
considerable reductions in mortality via
these immunomodulatory pathways (e.g.,
mevalonate pathway; Figure 1) (7, 8, 50, 57–61).

Limitations and Gaps in the
Existing Literature

The link between low dietary fiber (,15 g/d)
and worse outcomes for respiratory-related
deaths, greater declines in FEV1, and
greater risk of COPD are based primarily
on large, prospective, observational studies
(37–44). There is consistency in both the
magnitude and direction of effect, which
strongly implicates “high” dietary fiber
with better lung health and lower lung-
related mortality (Table 1). Large,
prospective, observational studies also link
chronic low-grade systemic inflammation,
an indirect marker of activation of innate
immunity, with poorer outcomes in regard
to lung function decline, greater
symptoms, and greater COPD-related
mortality (14–18, 21). However, there have
been no large, randomized, control trials
(RCT) with fiber-related interventions to
confirm these relationships. In one small
RCT, where attenuation of innate
immunity (and systemic inflammation)
was targeted through 12 weeks of
atorvastatin, a large inhibitory effect on
pulmonary inflammation in patients with
COPD was found, which correlated with a
significant reduction in symptoms (7).
Although there may be several
mechanisms to explain the link between
dietary fiber, innate immunity, and
pulmonary inflammation (Table 2)
(51–56), recently published murine models

Table 2. Proposed Mechanisms Linking Dietary Fiber, Lung Health, and Obstructive
Lung Disease

Mechanism Study Findings References

Autoimmunity High-fiber diet alters gut bacteria and,
through changes in the synthesis of
SCFAs, peptidoglycan, or
polysaccharide A, inhibits the
tendency to autoimmunity.

51

Antioxidant Whole grains and cereals are a rich
source of phytoestrogens, phenolic
compounds, and plant lignins with
antioxidant properties. Whole grains
are also rich in vitamin E.

52, 53

Apoptosis High-fiber diet alters gut bacteria and,
through changes in the synthesis of
SCFAs, inhibit HDACs, thereby
promoting cell cycle arrest and
apoptosis.

54

Anti-DNA damage Dietary fiber contains complex
carbohydrates and resistant starches
that decrease DNA damage, most likely
through SCFAs conferring protection
from genotoxic agents.

55

Abberant Immune Tolerance Metabolites derived from the gut flora,
such as SCFAs, maintain epithelial
integrity and immune tolerance.

56

Innate Immunity High-fiber diet modulates innate immune
responsiveness through: (1)
SCFA-mediated activation of G-protein
receptors on neutrophils and
macrophages; (2) HDAC inhibition; and/
or (3) inhibition of NF-ĸb activation of
proinflammatory cytokines.

58–62
65–67

Innate Immunity (via mevalonate
pathway)

High-fiber diet leading to increased
SCFAs may inhibit the rate-limiting
enzyme, HMGCoA reductase, in the
mevalonate pathway (same mechanism
as statins).

68

Definition of abbreviations: HDAC, histone deacetylase; HMGCoA, 3-hydroxy-3-methylglutaryl-coenzyme
A; SCFA, small-chain fatty acid.
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have been most illuminating (4–6, 58–60).
In an allergic inflammatory model,
convincing evidence was found suggesting
that high dietary fiber altered the gut
microbiome to produce immune
modulatory molecules, called SCFAs (59).
These SCFAs are absorbed from the bowel
into the portal and then systemic
circulations (57–60, 64), where they
modify the immune response to inhaled
allergen (60). Although only a murine
model, this study provides compelling
evidence that dietary fiber has important
immunomodulatory effects (described as
“dampening”) in the lungs after an
allergen inhalation challenge (62). In a
smoking mouse model, a similar
“dampening effect” was seen when mice
fed a high-fiber diet had a reduced
tendency to develop emphysema
compared with controls (63). However,
although these preclinical studies provide a
strong basis on which to propose that
dietary fiber, through immune modulatory
effects, has an important action on the
lungs after repeated aeropollutant
challenge, interventional studies in
humans are needed (58–64). Moreover,
as several mechanisms may explain the
dietary fiber relationship with lung health
in smokers (Table 2) (51–56), more
preclinical studies are critical in advancing
our understanding of these mechanisms.

Finally, there are growing observational
and clinical data suggesting that chronic,
persisting activation of the innate immune
system confers poor outcomes on lung
function and mortality in both healthy
individuals and those affected by COPD
(14–22). However, there is only a single
RCT that showed that high dietary fiber
reduces markers of systemic inflammation
(46), linking fiber to innate immunity (47).
On the basis of the findings to date, we
propose that there exists a “gut–liver–lung
axis” that requires further investigation
with respect to both preclinical and clinical

studies in lung disease. Although the
animal data are strongly supportive of this
hypothesis, further mechanistic studies are
required to examine the interactive effects
of smoking and dietary fiber on the lung,
specifically data implicating SCFAs derived
from gut microbiota with both innate-
mediated systemic (liver) and pulmonary
(lung) inflammatory responses. Although
we propose that the apparent “dampening
effect” of a high-fiber diet on pulmonary
inflammation is most likely mediated by
effects on neutrophil migration and
macrophage activation (involving the
mevalonate pathway and/or innate
immunity), this needs direct evidence,
which murine models are well placed to
provide. Large, prospective, observational
and randomized studies, examining the
effects of dietary fiber on the development
of COPD, are also needed (73).

Conclusions

Despite being the third leading cause of
death, COPD remains underdiagnosed in
the community, with as little as 30% of cases
identified (74). This low diagnostic rate
reflects the insidious loss of lung function
and progressive exercise intolerance typical
of COPD. It also reflects a widespread
nihilistic indifference to actively screening
for subclinical cases (asymptomatic COPD)
(75, 76). Surprisingly, the current
recommendations for the management
of COPD discourages widespread use of
spirometry screening of asymptomatic
current or former smokers, which is certain
to perpetuate the considerable
underdiagnosis of COPD that already exists
(75, 76). There has been a recent call for
research into the primary prevention of
COPD to extend beyond just smoking
cessation (77, 78). Although smoking
cessation must remain a priority for
reducing the burden of COPD from

smoking, it appears that other
interventions, such as optimizing diet and
minimizing the effects of an exaggerated
and harmful innate immune response, may
be useful, especially in ex-smokers (24, 78).
Based on the evidence presented in this
review article, the authors propose that
there exists an important gut–liver–lung
axis, amenable to modification by existing
dietary interventions and systemic drug
therapies, the role of which in the natural
history of COPD is of sufficient relevance to
require further investigation.

Summary

Numerous studies have linked diets high
in fiber with reductions in lung function
decline, COPD incidence, and respiratory
mortality. High-fiber diets have been shown
to attenuate innate immune-mediated
systemic and pulmonary inflammation. One
plausible mechanistic link is the inhibitory
effect of SCFAs, derived from bacterial
fermentation of fiber (gut), on innate immune
responsiveness controlled by the liver (liver).
In this inhibitory setting, the liver may
function to “dampen” (rather than amplify)
the innate immune response to smoking-
related pulmonary inflammation (lung). This
involves reducing neutrophilic inflammation
and macrophage-driven matrix remodeling.
SCFAs may achieve this through binding
with GPRs or inhibiting the mevalonate
pathway through its rate-limiting enzyme,
HMGCoA reductase. These findings provide
a plausible basis whereby high dietary fiber
attenuates innate immune-mediated systemic
and pulmonary inflammation through the
gut–liver–lung axis. Such a hypothesis opens
the door for the evaluation of modifying
interventions aimed at preventing or
delaying progression of COPD (78). n

Author disclosures are available with the text
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Kivimäki M. Association of CRP and IL-6 with lung function in a
middle-aged population initially free from self-reported respiratory
problems: the Whitehall II study. Eur J Epidemiol 2011;26:135–144.

15. Walter RE, Wilk JB, Larson MG, Vasan RS, Keaney JF Jr, Lipinska I,
O’Connor GT, Benjamin EJ. Systemic inflammation and COPD: the
Framingham Heart Study. Chest 2008;133:19–25.

16. Dahl M, Vestbo J, Lange P, Bojesen SE, Tybjaerg-Hansen A,
Nordestgaard BG. C-reactive protein as a predictor of prognosis in
chronic obstructive pulmonary disease. Am J Respir Crit Care Med
2007;175:250–255.

17. Thomsen M, Dahl M, Lange P, Vestbo J, Nordestgaard BG.
Inflammatory biomarkers and comorbidities in chronic
obstructive pulmonary disease. Am J Respir Crit Care Med 2012;
186:982–988.

18. Ferrari R, Tanni SE, Caram LMO, Corrêa C, Corrêa CR, Godoy I. Three-
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A, Arellano E. C-reactive protein and serum amyloid a
overexpression in lung tissues of chronic obstructive pulmonary
disease patients: a case–control study. Int J Med Sci 2013;10:
938–947.

20. Toraldo DM, De Nuccio F, Scoditti E. Systemic inflammation in chronic
obstructive pulmonary disease: may diet play a therapeutic role?
J Allergy Ther 2013;S2:005.

21. Man SFP, Connett JE, Anthonisen NR, Wise RA, Tashkin DP, Sin DD.
C-reactive protein and mortality in mild to moderate chronic
obstructive pulmonary disease. Thorax 2006;61:849–853.

22. Celli BR, Locantore N, Yates J, Tal-Singer R, Miller BE, Bakke P,
Calverley P, Coxson H, Crim C, Edwards LD, et al.; ECLIPSE
Investigators. Inflammatory biomarkers improve clinical prediction of
mortality in chronic obstructive pulmonary disease. Am J Respir Crit
Care Med 2012;185:1065–1072.

23. Nielsen SF, Nordestgaard BG, Bojesen SE. Statin use and reduced
cancer-related mortality. N Engl J Med 2012;367:1792–1802.

24. Young RP, Hopkins RJ. Interleukin-6 and statin therapy: potential role
in the management of COPD. Respir Res 2013;14:74.

25. Ko YJ, Kwon YM, Kim KH, Choi HC, Chun SH, Yoon HJ, Goh E, Cho
B, Park M. High-sensitivity C-reactive protein levels and cancer
mortality. Cancer Epidemiol Biomarkers Prev 2012;21:
2076–2086.

26. Allin KH, Bojesen SE, Nordestgaard BG. Baseline C-reactive protein is
associated with incident cancer and survival in patients with cancer.
J Clin Oncol 2009;27:2217–2224.

27. Il’yasova D, Colbert LH, Harris TB, Newman AB, Bauer DC, Satterfield
S, Kritchevsky SB. Circulating levels of inflammatory markers and
cancer risk in the health aging and body composition cohort.
Cancer Epidemiol Biomarkers Prev 2005;14:2413–2418.

28. Wauters E, Janssens W, Vansteenkiste J, Decaluwe H, Heulens N,
Thienpont B, Zhao H, Smeets D, Sagaert X, Coolen J, et al. DNA
methylation profiling of non–small cell lung cancer reveals a COPD-
driven immune-related signature. Thorax [online ahead of print] 8 Sep
2015; DOI: 10.1136/thoraxjnl-2015-207288.

29. Jenne CN, Kubes P. Immune surveillance by the liver. Nat Immunol
2013;14:996–1006.

30. McDonald B, Pittman K, Menezes GB, Hirota SA, Slaba I, Waterhouse CC,
Beck PL, Muruve DA, Kubes P. Intravascular danger signals guide
neutrophils to sites of sterile inflammation. Science 2010;330:362–366.

31. Inatsu A, Kinoshita M, Nakashima H, Shimizu J, Saitoh D, Tamai S, Seki
S. Novel mechanism of C-reactive protein for enhancing mouse liver
innate immunity. Hepatology 2009;49:2044–2054.

32. Seki S, Nakashima H, Kinoshita M. The liver as a pivotal innate immune
organ. Immunogastroenterology 2012;1:76–89.

33. Hilliard KL, Allen E, Traber KE, Yamamoto K, Stauffer NM, Wasserman
GA, Jones MR, Mizgerd JP, Quinton LJ. The lung–liver axis: a
requirement for maximal innate immunity and hepatoprotection
during pneumonia. Am J Respir Cell Mol Biol 2015;53:378–390.

34. Young RP, Hopkins R, Eaton TE. Forced expiratory volume in one
second: not just a lung function test but a marker of premature death
from all causes. Eur Respir J 2007;30:616–622.

35. Thurnher M, Nussbaumer O, Gruenbacher G. Novel aspects of
mevalonate pathway inhibitors as antitumor agents. Clin Cancer Res
2012;18:3524–3531.

36. Tousoulis D, Psarros C, Demosthenous M, Patel R, Antoniades C,
Stefanadis C. Innate and adaptive inflammation as a therapeutic
target in vascular disease: the emerging role of statins. J Am Coll
Cardiol 2014;63:2491–2502.

37. Butler LM, Koh WP, Lee HP, Yu MC, London SJ. Dietary fiber and
reduced cough with phlegm: a cohort study in Singapore.
Am J Respir Crit Care Med 2004;170:279–287.

38. Kan H, Stevens J, Heiss G, Rose KM, London SJ. Dietary fiber, lung
function, and chronic obstructive pulmonary disease in the
atherosclerosis risk in communities study. Am J Epidemiol 2008;167:
570–578.

39. Varraso R, Willett WC, Camargo CA Jr. Prospective study of dietary
fiber and risk of chronic obstructive pulmonary disease among US
women and men. Am J Epidemiol 2010;171:776–784.

40. Varraso R, Chiuve SE, Fung TT, Barr RG, Hu FB, Willett WC, Camargo
CA. Alternate Healthy Eating Index 2010 and risk of chronic
obstructive pulmonary disease among US women and men:
prospective study. BMJ 2015;350:h286.

41. Hirayama F, Lee AH, Binns CW, Zhao Y, Hiramatsu T, Tanikawa Y,
Nishimura K, Taniguchi H. Do vegetables and fruits reduce the risk of
chronic obstructive pulmonary disease? A case–control study in
Japan. Prev Med 2009;49:184–189.

42. Tabak C, Arts ICW, Smit HA, Heederik D, Kromhout D. Chronic
obstructive pulmonary disease and intake of catechins, flavonols,
and flavones: the MORGEN Study. Am J Respir Crit Care Med 2001;
164:61–64.

43. Park Y, Subar AF, Hollenbeck A, Schatzkin A. Dietary fiber intake and
mortality in the NIH–AARP diet and health study. Arch Intern Med
2011;171:1061–1068.

44. Chuang S-C, Norat T, Murphy N, Olsen A, Tjønneland A, Overvad K,
Boutron-Ruault MC, Perquier F, Dartois L, Kaaks R, et al. Fiber intake
and total and cause-specific mortality in the European Prospective
Investigation into Cancer and Nutrition cohort. Am J Clin Nutr
2012;96:164–174.

45. Esmaillzadeh A, Azadbakht L. Legume consumption is inversely
associated with serum concentrations of adhesion molecules and
inflammatory biomarkers among Iranian women. J Nutr 2012;142:
334–339.

46. Hartman TJ, Albert PS, Zhang Z, Bagshaw D, Kris-Etherton PM,
Ulbrecht J, Miller CK, Bobe G, Colburn NH, Lanza E. Consumption of
a legume-enriched, low-glycemic index diet is associated with
biomarkers of insulin resistance and inflammation among men at risk
for colorectal cancer. J Nutr 2010;140:60–67.

PERSPECTIVE

168 American Journal of Respiratory Cell and Molecular Biology Volume 54 Number 2 | February 2016



47. Kuo S-M. The interplay between fiber and the intestinal microbiome in
the inflammatory response. Adv Nutr 2013;4:16–28.

48. King DE, Egan BM, Geesey ME. Relation of dietary fat and fiber
to elevation of C-reactive protein. Am J Cardiol 2003;92:1335–1339.
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Currently, such efforts require stronger supporting evidence to earn
attention and garner resources from hospital leadership. Moreover,
as an overarching barrier to these efforts, measurement of sleep
in the ICU is a major challenge and continues to hinder research
aimed at linking improvements in ICU outcomes with sleep
promotion. Polysomnography can be infeasible and expensive for
use in large studies (6); actigraphy, while feasible to implement, has
variable reliability in sedated or restrained patients (7). Subjective
sleep measures can significantly overestimate sleep (8). Limited
high-quality evidence and difficulty in measuring ICU sleep are
also barriers to motivating cost intensive macro-level changes
(i.e., improving room layout and building noise).

In addition, providing patients an opportunity to sleep while
ignoring the issue of ICU-related circadian disruption may cause sleep
promotion interventions to fall short. Circadian rhythm disruption,
defined asmisalignment between the brain’smaster clock and peripheral
body clocks, is a distinct component of ICU sleep disruption. Circadian
rhythms are core physiologic determinants and have broad implications
for end organ function (9). Circadian alignment in the ICU could be
promoted via increased exposure to daytime light and exercise, and via
feeding schedules designed to mimic normal meals.

In summary, most ICU physicians and nurses agree that
sleep is poor and is a problem for their patients. In light of the
2013 PAD guidelines, ICUs are likely in varying phases of
implementing interventions to promote sleep. As with any ICU-
wide intervention effort, promoting sleep is complex, and requires
resources and meticulous planning to maximize success and
sustainability. We need large, rigorous studies that include
circadian alignment as part of an overall ICU sleep improvement
strategy to validate and motivate these efforts.
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Connecting Dietary Fiber Directly with Good
Lung Health

To the Editor:

In their editorial on the relationship between dietary fiber intake and
lung function (1), Jacobs and Kalhan make two important points.
First, diets associated with lower mortality are centered on plant
foods, often high in dietary fiber (1). Second, it may be better to
view lung function in the context of “lung health,” or lack of it, in
preference to specific lung disease, for example, chronic obstructive
pulmonary disease (1). Although we concur with these sentiments
(2), we outline below epidemiological and preclinical data that
suggest high dietary fiber is linked directly to better lung (health)
function and reduced pulmonary-related mortality (3, 4).

In a review of the epidemiological data linking poor lung
function with an increase in all-cause mortality (3), we propose that
lung function provides a “barometer” of the body’s response to high
oxidant load, especially from smoking. In this setting, smokers with
an exaggerated innate immune response develop accelerated lung
aging (and remodeling) characterized by obstructive or restrictive

lung disease, or both. These people have impaired spirometry (poor
“lung health”) and greater mortality from respiratory disease,
cardiovascular disease, stroke, and many cancers (3).

There is growing evidence that, to varying degrees, an aberrant
innate immune response driving accelerated aging may underlie
all these diseases (5). Understanding this mechanistic connection
may be critical to identifying truly disease-modifying interventions
that lower mortality attributed to poor “lung health” (4).

In a second review article we propose that dietary fiber, through
modification of the gut microbiota, may directly attenuate
(“dampen”) pulmonary inflammation and help maintain good lung
health (4). In two large prospective studies, “high” fiber diets
reduced mortality from infectious or inflammatory disease (50%
reduction), respiratory disease (60% reduction), smoking-related
cancers (25% reduction), and cardiovascular disease (25%
reduction) (4). No benefit was seen from accidents or non-smoking-
related cancers. The observed mortality reductions were almost
completely attributed to dietary fiber intake from whole grain or
cereal sources (4). Several prospective studies have reported between
a 20 and 40% reduction in the development of COPD with “high”
fiber intake and a strong fiber–smoking interactive effect (4). In one
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study, the reduction in lung function attributed to smoking (100-ml
reduction in FEV1) was reduced further, by a similar magnitude, by
a low-fiber diet (100-ml reduction in FEV1) (6).

Although at first glance it might be tempting to attribute the
beneficial effects of fiber to a generally “good” diet (1), we would
disagree. Murine models have confirmed that dietary fiber has a
direct effect on modulating the immune response in the lungs after
aeroallergen or pathogen exposures, and can even attenuate the
development of emphysema after smoking exposure (4). Notably,
the immune-modulatory effect of small-chain fatty acids, derived
from fermentation of fiber, supports a direct antiinflammatory
effect in the liver, systemic circulation, and lungs (4). In this
setting the pulmonary inflammation initiated by smoking, and
maintained by an activated innate immune response (4), may be
profoundly dampened by the absorption of these by-products of
fiber fermentation. We have coined this the “gut–liver–lung axis”
and propose that this could plausibly explain how a diet high in
fiber reduces mortality and protects against poor lung health (4).

We conclude that the association we report between good
“lung health” and high dietary fiber intake (2) may stem in part
from the direct immune-modulating effects derived from the
by-products of dietary fiber fermentation (4). The resulting
antiinflammatory action may confer protective effects on
comorbid diseases associated with poor lung health and provide
the basis for future preventive interventions.
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EDITORIALS

Is the “Western Diet” a New Smoking Gun for Chronic Obstructive
Pulmonary Disease?
Robert P. Young1,2 and Raewyn J. Hopkins2

1School of Biological Sciences and 2Faculty of Medical and Health Sciences, University of Auckland, Auckland, New Zealand

Although smoking exposure remains the
primary basis for chronic obstructive
pulmonary disease (COPD), numerous
studies have identified other lifestyle factors
underlying this disease (1). With the
growing influence of Western culture in
developing countries, the question arises,
“Does a Western diet adversely affect
respiratory outcomes as well as cardiovascular
outcomes”? A Western diet, in comparison
to the traditional diets of developing
countries, is characterized by a high intake
of refined grains, red or processed meats,
and foods with a high sugar content (2).
Although these dietary factors have
been linked to worsening cardiovascular
outcomes, there has been little interest in
their effects on the respiratory system (3).
Recent studies have implicated systemic
inflammation in both coronary artery
disease and, more recently, COPD (4). This
association is distinct from the immune-
pathogenic processes underlying asthma.
It is in this light that the results of the
cross-sectional study in this issue of the
AnnalsATS by Brigham and colleagues
(pp. 675–682) (5) show that in comparison
to a “Prudent diet,” a Western diet is
associated with increasing symptoms of
cough, wheeze, phlegm; prevalence of self-
reported COPD; and worsening spirometry.
No effect on asthma was seen.

The study by Brigham and colleagues
adds to several previously published studies
exploring dietary effects on respiratory
morbidity and mortality (5–10). These
studies consistently show that a Western-
type diet confers a greater risk for COPD,
but not asthma. This consistency in findings
is strongly suggestive of a true underlying
effect rather than an effect generated by
residual bias uniformly affecting all studies.

Although the study by Brigham and
colleagues (5) relies on cross-sectional data,
and thus has potential for unaccounted bias,
their findings are based on a study design
that is incrementally superior to prior
studies. Notably, their study has used a
population-based methodology, spirometry
evaluation of airflow limitation, and
extensive adjustment for confounding
factors including obesity, sex, smoking,
occupation, environmental tobacco
exposure, and caloric intake. Unfortunately,
the data used by Brigham and colleagues (5)
were derived from cross-sectional data from
the Atherosclerosis Risk in Communities
(ARIC) Study, in which outcomes were
focused exclusively on cardiovascular
disease and not respiratory disease.
Although intake of individual dietary factors
may be interrelated, the authors have used
principal component analysis to help
construct dietary patterns representative of
Western or Prudent diets, where the former
is characterized by high intakes of refined
grain, red or processed meats, and foods
with a high sugar content (2, 5). In contrast,
the Prudent diet is characterized by high
intakes of vegetables, fruit, fish, and fiber (5).
This Prudent diet characterizes many of
the traditional diets of developing cultures
or countries.

Not only are the results of this
population-based study consistent with
previously published case-control or cohort
studies (i.e., external consistency) (5–10) but
also the findings of Brigham and colleagues
show considerable internal consistency.
This consistency of results was not
undermined by extensive adjustment for
potential confounding effects. Given that the
study does not report on prospective results,
including declining lung function or new-

onset symptoms, a causal relationship
remains elusive. That said, in line with other
studies, Brigham and colleagues have
applied a measure of dietary intake that
accounts for only 13% of the variation after
assigning people according to their dietary
score, characterizing either the “Western” or
“Prudent” type diet. With only a small
amount of the variation explained by these
dietary scores, it is somewhat surprising that
their prevalence ratios of between 1.3 and
1.6 reached statistical significance across the
quintiles. We note that the magnitude of
the difference for spirometry outcomes
across quintiles is, however, modest from a
clinical setting.

The relevance of these findings remains
a challenge for the clinical community, as
dietary intervention studies are likely to
be difficult to design, fund, and power
sufficiently. In contrast, the findings of
Brigham and colleagues lend themselves to
animal studies, and in particular studies
in which the effects of cigarette smoke
exposure can be controlled along with
specific dietary components (11–13). Such
an approach has the additional utility of
exploring the underlying mechanistic
factors contributing to the development of
airways disease or emphysema. Although
smoking rates continue to decline in
developed countries, developing countries
are at risk from the dual effects of dietary
trends toward a Western diet and growing
smoking prevalence. This suggests that
a greater awareness of dietary factors
contributing to poorer lung health may be of
public health interest (3). In a recent study,
a high intake of high-sugar “soft” drinks
increased the risk for COPD by nearly
twofold (14). In another study, Tabak
and colleagues report a very interesting
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smoking-by-diet effect suggesting the
adverse effects of smoking on the lung
could be attenuated by a better diet,
characterized by high fruit and fiber intakes
(15). More surprisingly, the magnitude of
effect on lung function from smoking in
this study was somewhat comparable to
that of a poor diet. Although we and others
would advocate that a good diet may help
attenuate respiratory morbidity, this is
unlikely to be verified by randomized
control trials. What Brigham and colleagues
do show is that the Western diet is certainly

associated with greater risk and worse
outcomes (5). Ethically, such a trial showing
this adverse effect could not be done
in humans, but certainly lends itself to
animal trials to help better establish the
causal link.

We suggest that an overactive innate
immune response, characterized by elevated
inflammatory cytokines in response to one
or a combination of smoking, obesity, or
a pro-inflammatory Western diet, underlies
COPD (10, 16). Although reduction in
smoking rates remains the cornerstone for

the prevention of COPD, a healthy or
Prudent diet may also help to maintain
good respiratory health. Animal studies
examining the effects of combinations
of dietary factors on respiratory health
may help establish causality and support
general recommendations about good
diet in general, and perhaps specifically
in those with early signs of respiratory
disease. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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Chapter 6 Lung cancer Screening - The relevance of the COPD-lung cancer relationship at the bedside 

6.1 Introduction 

Over the last 8 years there has been growing evidence that screening for lung cancer, through annual 

chest computed tomography (CT) scans, might enable many lung cancers to be diagnosed and surgically 

removed at an early stage thereby reducing mortality.  Two large randomised controls trials have shown 

relative reductions in lung cancer mortality compared to those undergoing annual chest x-rays, (20% 

reduction in the NLST), or compared to no screening at all, (30% reduction in NELSON*). The current 

paradigm in screening is to target those at greatest risk, (based on age and smoking exposure), to achieve 

greater efficiency (more cancers diagnosed per person screened). While we were initially of the same 

view, further studies by us have proved this to be wrong. My group has analysed a subgroup of the NLST 

and found that while pre-existing COPD and increasing airflow limitation severity increases the risk of 

lung cancer as anticipated, this does not always improve outcomes from screening.  This is because we 

found that COPD is associated with more aggressive lung cancers, less surgery for early stage lung cancer 

and more deaths from other disease associated with COPD.  In this body of work, I have also found that 

by combining genetic and clinical data to assess risk of lung cancer, I can better predict who benefits from 

screening for lung cancer.  This work is subject to further validation studies but has been the first to show 

that age and smoking exposure should not be the sole basis on which to decide who benefits from lung 

cancer screening.  It also challenges the paradigm that increasing risk equates to increasing benefit.  

Indeed we show why there is a ‘sweet spot’ where increased risk and increased benefit can be achieved 

by combining clinical and genetic data. This body of work has been based on 25 publications including an 

original collaborative study with NLST investigators, where we have shown that CT screening identified 

cancers not often detected in a non-screening setting and that pre-existing COPD had an important effect 

on both risk and outcomes of screening. 

*NELSON = Nederland-Leuvens Longkanker Screenings Onderzoek  

6.2 Related papers: Lung cancer Screening – the COPD effect.  

1. Young RP, Hopkins RJ. Chronic Obstructive Pulmonary Disease Detection During Lung Cancer 

Screening. JAMA 2012; 307(7): 664. 

2. Young RP, Hopkins RJ. Lung Cancer Risk Prediction to Select Smokers for Screening CT – Letter. 

Cancer Prev Res 2012; 5(4): 698-697. 

3. Young RP, Hopkins RJ.  CT screening for lung cancer. Thorax 2012; 67(7): 650-651. 

4. Young RP, Hopkins RJ.  Diagnosing COPD and targeted lung cancer screening. Eur Respir J 2012; 40: 

1063-1064. 

5. Young RP, Hopkins RJ. Screening with Low-dose Computed Tomography: Response to the American 

Association of Thoracic Surgery Guidelines. The J of Thoracic and Cardiovascular Surgery 2012; 

(http://dx.org/10.1016/j.jtcvs.2012.08.074). 

6. Young RP, Hopkins RJ, Midthun DE.  Computed Tomographic Screening for lung Cancer. JAMA 2012; 

308: 1320. 

7. Young RP, Hopkins RJ,  Midthun DE. Predictive accuracy of the Liverpool Lung Project Risk Model. 

Ann Int Med 2013; 158: 568. 
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Chest 2013; 144 (3): 1419-1420. 

9. Young RP, Hopkins RJ. Is 20% of a Loaf Enough? Cancer 2013; 119(15):2815. 

10. Young RP, Hopkins RJ. Stage Shift in Computed Tomography Screening: Possible Role of Indolent 
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11. Young RP, Hopkins RJ. Estimating Overdiagnosis of Lung Cancer. Ann Int Med 2013; 58(8);635-

636. 
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13. Young RP, Duan F, Chiles C, Hopkins RJ, et al. Airflow limitation and histology shift in the National 

Lung Screening Trial: the NLST-ACRIN cohort subsidy. Am J Respir Crit Care Med 2015; 192:1060-

1067. 

14. Young RP, Duan F, Greco E, et al. Lung-cancer specific mortality reduction with CT Screening: 

Outcomes according to airflow limitation in the ACRIN-NLST substudy.  Am J Respir Crit Care Med 

2016; 193: A6166. 

15. Hopkins RJ, Duan F, Young RP. Lung cancer susceptibility, ethnicity and the benefits of computed 

tomography screening. Am J Respir Crit Care Med 2015; 192: 1394-1395. 

16. Young RP, Hopkins RJ. Mortality reduction, overdiagnosis, and the benefit-to-harm ratio of 

computed tomography screening.  Am J Respir Crit Care Med 2015; 192: 398-399. 

17. Young PR, Hopkins RJ. Measures of outcome in lung cancer screening: maximising the benefits. J 

Thorac Dis 2016: 8: E1317-E1320. 
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Translational Lung Cancer Res 2018; 7(3):347-360. 

19. Rivera MP ɸ, Tanner NT, Silvestri GA, Detterbeck FC, Tammemagi MC, Young RP, et al. 

Incorporating Coexisting chronic illness into decisions about patient selection for lung cancer 

screening: An Official ATS Statement. Am J Respir Crit Care Med 2018; 198: e3-e13. 

20. Young RP, Hopkins RJ. Identifying patients for whom lung cancer screening is preference-

sensitive. Ann Int Med 2018; 169(11):822-823. 

21. Hopkins RJ‡, Ko J, Gamble GD, Young RP.  Airflow Limitation and Survival after Surgery for Non-

Small Cell Lung Cancer: results from a systematic review and lung cancer screening trial (NLST-

ACRIN sub-study). Lung Cancer 2019; 135:80-87. 

22. Young RP, Hopkins RJ. The potential impact of chronic obstructive pulmonary disease in lung 

cancer screening: implications for the screening clinic. Expert Review Resp Med 2019; 1638766. 

23. Young R P, Scott R J. Risk versus benefit in lung cancer screening decisions. Ann Int Med 2020; (in 

Press). 

24. Young RP, Hopkins RJ.  Cost-effectiveness analysis of lung cancer screening in the United States. 

Ann Int Med 2020; 172(10):705-706. 

25. Silvestri GA, Young RP. Strange bedfellows: the interaction between COPD and lung cancer in the 

context of lung cancer screening. Ann Am Thorac Soc 2020; 17: 810-812. 

6.3 Conclusion 

At the onset of our work, CT-based screening for lung cancer had not yet been shown to be effective in a 

randomised control trial until the results for the National Lung Screening Trial (NLST) were published in 

2011. Based on past studies, and our own findings, we predicted that targeting high risk smokers with 

COPD would increase the efficiency of lung cancer screening by identifying more lung cancers per person 

screened (refs 1-5, 49 citations).  This conclusion was supported by others.1,2 Another observation we 

made soon after the NLST was published, was the modest proportion of lung cancer cases that would be 

diagnosed with screening when eligibility criteria was based on older age and high smoking pack years.  

We proposed that expanding the inclusion criteria by adding spirometric airflow limitation, (and CT-based 

emphysema), along with wider age and pack year criteria, would substantially increase the sensitivity of 

the screening eligibility criteria (refs 1-5, 49 citations). This was verified in several subsequent 

publications.1,3-6  

However, in three letters published in JAMA, Annals of Internal Medicine and CHEST, we argued that 

multivariate models might better identify smokers at risk of lung cancer, especially where spirometry-

defined COPD was included in the analysis (ref 6-8, 18 citations). Indeed, the lung cancer detection rates 

were highest when exclusively those with COPD were screened based on post-hoc analysis. We also 

argued that cost-effectiveness might also be improved with better targeting those at risk when those 

with COPD were targeted (ref 9). 
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In his reply to our JAMA letter, Peter Bach (Memorial Sloan Kettering Hospital) cautioned that co-existing 

COPD might be associated with reduced life expectancy and thus attenuate the benefits of screening.  

This turned out to be correct and we were able to explain just why this occurred.  First we showed in a re-

analysis of data published from the Pittsburgh Screening Study that pre-existing COPD was associated 

with more aggressive lung cancer (shorter doubling times) and that more “indolent” lung cancer was seen 

more often in those with normal lung function (ref 10. 7 citations). We followed this finding up with a re-

analysis of the NELSON study, suggesting the excess lung cancers found consistently in the CT arm of 

screening studies, (relative to CXR or non-screening arm), could be attributed to an excess of BAC and 

adenocarcinomas (ref 11, 14 citations). This strongly questioned the assumption that CT programmes 

(single arm observations) showing a stage shift, could necessarily assume better mortality reduction 

when over-diagnosis may be an alternate explanation. This meant that single arm screening studies such 

as the International Early Lung Cancer Action Program (I-ELCAP), and screening programmes (UK 

screening studies), should be careful in assuming benefit from a stage shift alone.  In another letter we 

outlined why a COPD-centric approach to lung cancer screening may be beneficial, in part by reducing the 

tendency to over-diagnosis where a histology shift, (favouring BACs and other indolent cancers), might 

underlie a stage shift of uncertain benefit, (ref 12, 10 citations). 

In 2014, we accessed the NLST data for the American College Radiology Imaging Network (ACRIN) sub-

study arm, and started to look at the possible role of spirometric-defined COPD on outcomes in 

screening. We identified a number of other factors associated with the presence of COPD that turned out 

to be highly relevant to screening outcomes.   In our first analysis of the NLST-ACRIN sub-study, we 

showed that the stage shift achieved by CT screening in those with no COPD, could be largely attributed 

to an increase in the identification of the most indolent lung cancer, (Bronchioloalveolar  subtype). These 

cancers were rarely seen in the CXR arm and almost exclusively identified during the screening interval of 

the CT arm (ref 13, 80 citations).  In this study we confirmed that over-diagnosis, (mostly screen-detected 

BAC), were rarely identified in the CXR arm during screening and not identified at all in either screening 

arm during the subsequent 3 years of follow-up.  This suggested that BACs were mostly indolent, readily 

identified by CT, and contributed to the stage shifts reported by single arm studies. 

Second, when we examined the outcome of screening in the NLST sub-cohort, stratified by the presence 

of underlying COPD, we found the reduction in lung cancer deaths with CT strongly favoured those with 

normal lung function. In a peer-reviewed abstract, we reported that the lung cancer specific mortality 

was 28% in those with no COPD and 15% in those with COPD (ref 14, 12 citations). This finding surprised 

us and is the subject of a bigger analysis in the 18,000 ACRIN cohort. This observation confirmed the 

concerns that Bach raised, and sent us down a pathway to better understand why outcomes in those with 

COPD were less than those with normal lung function. 

In 3 further articles we critiqued papers or editorials on lung cancer screening. In one article we 

highlighted how ethnic differences in lung cancer risk were associated with a loss of the normal dose-

response relationship between pack years and lung cancer incidence and how this might relate to ethnic 

specific susceptibility for those of African or Polynesian decent where susceptibility is greatest (ref 15, 1 

citation). In a second article we discussed the role of over-diagnosis in the CT arm of the Danish Screening 

Trial (DANTE) and the possibility that this is a bigger problem in the randomised screening studies where 

no screening was done in the controls (ref 16, 2 citations). Lastly we published an invited editorial on the 

results of a single arm screening programme and highlighted the shortcomings of using stage shift alone 

as the basis of benefit. In this editorial, we also point out that reductions in cancer specific deaths in the 

screening arm do not equate to lives saved and pointed out the unexplained dilution of the 20% 

reduction in lung cancer deaths in the NLST versus only 7% in all-cause mortality (ref 17, 6 citations).  

The key question was “Given the increased risk of lung cancer, why was COPD associated with smaller 

reductions in lung cancer deaths?”, (see, ref 11 above).  Following further analysis of the relationship 
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between risk of lung cancer and outcomes of screening we identified that screening participants with 

COPD had less surgery and increased prevalence of other smoking related complications, (higher 

cardiovascular comorbidity).  This was especially the case for those with severe COPD, GOLD grade 3-4, 

who died of respiratory and cardiovascular disease rather than lung cancer, (Invited Review, ref 18, 20 

citations).   This observation completely changed how the risk and benefit equation of lung cancer 

screening was viewed.  Specifically our analysis suggested those at greatest risk of lung cancer, (top 

quintile of risk), were actually not benefiting from screening due to their severe COPD.  Another aspect of 

this work was to show that clinical variables identifying smokers at greatest risk of lung cancer were also 

identifying those with more severe COPD, hence highest risk smokers don’t always benefit from 

screening. This work resulted in my co-authoring an ATS Statement on “Comorbid disease in lung cancer 

screening” (ref 19, 21 citations).2 This was because my work on the NLST was among the first to recognise 

that those at greatest risk of lung cancer might not gain the greatest benefit. We followed this up with an 

article proposing that the optimal group to screen for lung cancer is the middle risk group, (middle 3 

quintiles), where increased risk is associated with better life expectancy and more cost-effective 

screening (ref 20, 1 citation). 

In a meta-analysis and literature review we showed that of those with unscreened lung cancer 

undergoing surgery for early stage lung cancer, mild COPD is associated with similar 5-year survival to 

non-COPD, but that those with severe COPD do worse. This was confirmed by our analysis of outcomes 

from the NLST (ref 21, 1 citation). 

Lastly, one important finding reported in my work has been the observation that lung cancer screening is 

not like other cancer screening programmes such as for breast or colon cancer.  For lung cancer, 

screening eligible subjects are older and have extensive smoking pack year exposure.  This means that the 

prevalence of comorbid disease is much higher in screening participants for lung cancer than other 

cancers, (Invited Review, ref 18, 20 citations).  It also means that for smokers undergoing lung cancer 

screening, the life expectancy is dramatically shorter, particularly for those with COPD, where low FEV1 

has been an important biomarker of biological age.5,6 As smoking can affect people in markedly different 

ways, the range of risk variables for lung cancer in this group is dramatically different between those 

deemed at low risk versus high risk.  This means that outcomes from screening are affected by much 

more than just achieving a stage shift favouring early curable cancers. In another invited review, we point 

out that not only should assessing risk be the basis on which screening may be cost-effective, but that the 

expected benefit from screening, (reduction in lung cancer death), should also be considered in better 

targeting of screening  (ref 22, 1 citation). As outlined above, the benefits of screening for lung cancer are 

closely associated with surgery but not exclusively so.  Other factors affecting outcomes from screening 

are competing causes of death. We further argue the benefits of targeting the middle risk group in a 

letter published in the Annals of Internal Medicine (ref 23).  In a second letter published in this journal we 

argue that risk-based approaches to lung cancer screening mainly include very high risk people with a 

reduced life expectancy and little benefit from screening (ref 24).5,6  My knowledge in this area led to me 

co-writing an invited editorial with Dr Gerard Silvestri about the complex relationship of COPD in the 

context of lung cancer screening (Editorial, ref 25, 4 citations). 

6.4 Summary 

From this body of work I drew the following conclusions; 

- increased risk of lung cancer does not equate to increased benefit of screening in a simple linear 

relationship as is currently assumed, 

- the presence of underlying COPD, of which two thirds is undiagnosed,  is associated with more 

aggressive lung cancer, lower surgical rates and more deaths from non-lung cancer causes, 

- the best outcomes from screening come from smokers in the middle risk group where the risk of 

lung cancer is elevated but the benefits of screening are optimised, and 



Chapter 6 
 

31 

- the evidence to support the use of spirometry in the assessment and decision making around 

lung cancer screening, has come from post-hoc analyses of the NLST.  

6.5 Limitations, controversies and future work 

Further studies are needed to better define who is at elevated risk of lung cancer and who would benefit 

most from screening, in particular those at high risk despite younger age and lower pack year exposures. I 

have argued that lung cancer screening is quite different to screening other cancers, (breast and colon), 

due to the high incidence of comorbid disease, in particular COPD. Further clinical studies are needed to 

better understand why some subgroups of smokers benefit more from lung cancer screening than others.  

Large trials will help with this process. 
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These papers concur with my results showing that spirometry provides a useful tool with which to 

identify current or former smokers at greater risk of lung cancer. In particular, that identifying and 

including high risk smokers with COPD, but ineligible for screening based on accepted age and smoking 

criteria (lower age or pack years), would improve the efficiency of screening.  However, only two of these 

papers recognised that although severe COPD (GOLD 3-4) was associated with the greatest risk of lung 

cancer, the benefits of screening in this group may be compromised by a reduced life expectancy, poor 

surgical operability and competing causes of death.  I have just had a paper accepted in Chest that 

outlines this issue and argues that spirometry identifies undiagnosed COPD and those with normal lung 

function where the gains from screening are greatest. 

 

 



of 930) were in liver recipients and were diagnosed in the
first 6 months after transplantation. We reported this ob-
servation and indicated that the standardized incidence ra-
tio (SIR) for liver cancer in liver recipients decreased dra-
matically when the first 6 months were excluded (from 43.83
to 2.22). For all organ recipients together, excluding the first
6 months of follow-up decreased the SIR for liver cancer to
1.31 (95% CI, 1.07-1.60).

The situation is similar, but not as extreme, for lung can-
cer. As we reported, lung cancer risk was substantially el-
evated in the first 6 months among lung recipients, and the
SIR for lung cancer decreased when we restricted fol-
low-up to the subsequent period. For kidney transplanta-
tion (unlike for liver and lung transplantation), native or-
gans are usually left in situ, and there is limited opportunity
at the time of transplantation to diagnose a prevalent kid-
ney cancer. In our study, kidney cancer risk in kidney re-
cipients was not so high in the first 6 months to suggest a
major contribution from prevalent cases. Of note, neither
lung nor kidney cancer is an indication for transplanta-
tion. For all organ recipients together, excluding the first 6
months of follow-up yielded SIRs of 2.00 (95% CI, 1.89-
2.12) for lung cancer and 4.43 (95% CI, 4.10-4.78) for kid-
ney cancer.

We agree with Vajdic et al that most of the apparent ex-
cess of liver cancer is an artifact, but risk remains elevated
even after a correction. It is less clear whether prevalent cases
contribute to the excess of lung and kidney cancers follow-
ing transplantation.
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Chronic Obstructive Pulmonary Disease
Detection During Lung Cancer Screening

To the Editor: The study by Dr Mets and colleagues con-
cluded that computed tomography (CT)–based screening for
lung cancer provided the additional utility of identifying un-
diagnosed chronic obstructive pulmonary disease (COPD)
in current and former heavy smokers.1 However, identifying
smokers with mostly mild (and asymptomatic) COPD through
screening remains controversial.2 Given there is no evi-
dence that identifying and treating this group has merit, re-
cently published recommendations state that asymptomatic
people (including smokers) should not undergo spirometry
screening to identify COPD. While we disagree,2 the same
negative position might be taken for CT-based screening.1

We believe that as interest in the utility of CT screening
for lung cancer grows, identifying which smokers are most
susceptible to developing COPD is central to understand-
ing their propensity to develop lung cancer. We suggest that
the combined use of spirometry to diagnose COPD and CT
to diagnose emphysema could help to better prioritize at-
risk smokers, potentially increasing both the specificity and
cost-effectiveness of CT screening to detect lung cancer. A
number of studies suggest such an approach may be ben-
eficial. In a study by Wilson et al,3 68% of those diagnosed
with lung cancer had airflow obstruction based on spirom-
etry, 75% had CT evidence of emphysema, and 85% had both.
They found that airflow obstruction and emphysema were
associated with the risk of lung cancer, although only CT-
diagnosed emphysema was independently associated.3 We
recently reported that the prevalence of COPD diagnosed
by spirometry in newly diagnosed lung cancer cases was 60%
to 65% compared with 10% to 15% in matched smokers.4

A study of current and former smokers participating in a
CT screening trial showed that many of those with CT-
detected emphysema and normal lung function went on to
develop airflow limitation on follow-up.5 We suggest that
the wider use of spirometry could help to identify smokers
with airflow limitation (COPD) and those most likely to be
diagnosed with lung cancer who would benefit from par-
ticipation in a CT-screening program.

Robert P. Young, BMedSc, MBChB, DPhil
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In Reply: Dr Young and Ms Hopkins mention the contro-
versy surrounding the merit of diagnosing mild COPD. How-
ever, there is evidence that early cessation of smoking in high-
risk individuals prevents disease progression and that early
intervention may improve COPD outcome, making early de-
tection clinically relevant. Furthermore, the Forum of In-
ternational Respiratory Societies1 notes that “Hundreds of
millions of people struggle each year for life and breath due
to lung diseases, including tuberculosis, asthma, pneumo-
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nia, influenza, lung cancer and chronic obstructive pulmo-
nary disorder, and more than 10 million die.” They recog-
nize that “Although it will be the 3rd leading cause of death
worldwide by 2020, COPD is frequently not diagnosed.”1

Thus, the importance of early COPD diagnosis is widely ac-
knowledged. Automated screening of high-risk individu-
als who undergo CT for other reasons may play an impor-
tant role in achieving this; the results of our study have shown
that lung cancer screening CT scans may additionally be used
to detect mild and previously unknown COPD cases with
reasonable diagnostic accuracy.

The authors posit an interesting hypothesis on whether
spirometry-based diagnosis of COPD in combination with
CT-based diagnosis of emphysema could predict the occur-
rence of lung cancer, a research topic that is currently un-
der active discussion. The evidence from previous research
has been conflicting, with some studies, as referred to by
Young and Hopkins, suggesting that it may be useful to ad-
just lung cancer screening to the amount of emphysema and
the presence of COPD, while others suggest that the rela-
tionship with lung cancer is too weak to be practically use-
ful.2,3 Therefore, we believe it is premature to conclude that
COPD and CT-diagnosed emphysema are useful predic-
tors of lung cancer above and beyond age, sex, and smok-
ing history. More evidence is needed to support the atten-
dant implication that any future implementation of CT-
based lung cancer screening should exclude patients without
evidence of COPD or CT-diagnosed emphysema.

Onno M. Mets, MD
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Electron-Beam Sterilized Hemodialyzers
and Thrombocytopenia

To the Editor: Dr Kiaii and colleagues1 described index cases
of thrombocytopenia occurring during hemodialysis that led
to an extensive investigation, culminating in the finding of
an association between the use of electron-beam sterilized
dialyzers and thrombocytopenia. We have some concerns
and urge caution when interpreting the conclusions.

The hemodialysis process has been known to cause a de-
crease in platelet counts for a variety of reasons, including
the effects of the dialyzer membrane, anticoagulation, clot
formation and consumption of platelets, and bioincompat-

ibility of components such as blood tubing and dialysate.
Because the comparisons used historical controls over a pe-
riod of several months, it is important to know whether any
other changes in hemodialysis practices occurred during this
period. Changes in vascular access from catheter or graft to
fistula, dialysate composition from higher acetate to lower
acetate, dialysate purity by a change in water treatment, use
of a dialysate filter, or the dose or supply of heparin could
significantly alter the platelet count. Thrombocytopenia in
patients receiving hemodialysis may be more prevalent in
those who receive hemodialysis through a catheter, related
to the inflammatory milieu caused by the foreign body,
chronic infection, or the anticoagulant used.

The article described 20 index patients who came from
the same hemodialysis unit; these 20 patients contributed
significantly to the total number of patients with thrombo-
cytopenia and could represent a unit-specific factor wor-
thy of exploring further. Patient-related factors may also be
playing a role. The group with increased risk for thrombo-
cytopenia was older. While presented for analysis of the in-
dex patients, information was not given for the population
about medications or platelet-specific antibodies.

Pseudothrombocytopenia is a rare benign condition seen
predominately with the use of EDTA-containing specimen
tubes. The authors described elimination of pseudothrom-
bocytopenia with the use of EDTA tubes, but this is not cor-
rect. EDTA is known to induce in vitro thrombocytopenia
through interaction with platelet receptor glycoprotein IIb/
IIIa.2 Using citrate-containing tubes or performing a blood
test to evaluate for platelet clumping can eliminate this pos-
sibility.3 The description of the method of platelet measure-
ment used in the index patients does not rule out a rela-
tionship between pseudothrombocytopenia and the dialyzer.
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In Reply: We agree with Drs Bieber and Ahmad that the origi-
nal phenomenon was described in a single center. How-
ever, that does not discount the fact that the phenomenon
was observed across 2 provinces and was substantially re-
duced when electron-beam sterilized dialyzers were elimi-
nated. We agree that there are many possible etiologies for
thrombocytopenia in patients receiving hemodialysis; how-
ever, we systematically excluded patient-specific factors in
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Letter to the Editor

Lung Cancer Risk Prediction to Select Smokers for Screening
CT—Letter

Robert P. Young and Raewyn J. Hopkins

In a recent article, Maisonneuve and colleagues described
risk models identifying smokers at greatest risk of lung
cancer for computed tomographic (CT) screening (1). We
agree that such an approach will help increase lung cancer
detection rates, improve cost-effectiveness, and reduce
harm from unnecessary follow-up to screening. However,
we propose below an alternative approach based on the
current literature.
Among the risk models for lung cancer that they

described (1), some were developed in populations includ-
ing lifelong nonsmokers. As such, the relevance of these
models in the context of CT screening, where exclusively
current or former smokers are targeted, is not clear. More-
over, the model developed by Maisonneuve and colleagues
(1) is based on age and smoking exposure (Bach model)
and little comment is made of the sensitivity of such an
approach. Using a representative sample of 446 lung cancer
cases (2), we estimate that the eligibility criteria of the
National Lung Screening Trial (NLST) and COSMOS trial
would identify only 47% and 57% of cases, respectively.
This means that approximately 40% to 50% of all lung
cancer cases will occur outside these current screening
programs.
We strongly agree with the study of Maisonneuve and

colleagues (1) that additional clinical variables such as
chronic obstructive pulmonary disease (COPD; airflow
limitation and/or emphysema) will contribute signifi-
cantly to the risk-based approach to optimizing CT
screening. The epidemiologic data linking reduced FEV1

(airflow limitation) to an elevated risk of lung cancer is
strongly supported by both cross-sectional and prospec-
tive data (1–3). Using data from the Pittsburgh and
NELSON CT trials (3, 4), simple spirometry identified
COPD 89% and 84% of the time, respectively, compared
with using CT-based emphysema which identified 49%
and 67%, respectively (3, 4). More importantly, based on
the Pittsburgh trial (3), 85% of lung cancer cases were
identified among smokers with either airflow limitation
and/or CT-based emphysema (see Fig. 1). In these trials,
this constitutes 46% to 48% of all CT screening partici-
pants. Conversely, only 15% of lung cancers were

detected in those who had normal lungs (normal spi-
rometry and no emphysema). Consistent with the recent-
ly published National Comprehensive Cancer Network
(NCCN) recommendations for lung cancer screening
(www.NCCN.org), we have developed a risk model for
lung cancer that includes age, COPD, and genetic risk
variables (family history and genetic markers) that has
use in all smokers, including those with normal lung
function (5). This is currently undergoing further valida-
tion in the NLST. We conclude that the optimal target
population for CT screening of lung cancer can be iden-
tified by risk models that include clinical variables indic-
ative of COPD (1, 3, 5).
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Figure 1. Relationship between spirometry-basedCOPD (GOLD I–IV; gray
box) and CT evidence of emphysema (mild-severe: light gray box) in a CT
screening study and overlap with CT-detected lung cancer (dark gray
oval; ref. 3). LC, lung cancer.

Cancer
Prevention
Research

www.aacrjournals.org 697

Research. 
on August 20, 2020. © 2012 American Association for Cancercancerpreventionresearch.aacrjournals.org Downloaded from 

http://cancerpreventionresearch.aacrjournals.org/


References
1. Maisonneuve P, Bagnardi V, Bellomi M, Spaggiari L, Pelosi G, Rampi-

nelli G, et al. Lung cancer risk prediction to select smokers for screening
CT—a model based on the Italian COSMOS trial. Cancer Prev Res
2011;4:1778–89.

2. Young RP, Hopkins RJ, Christmas T, Black PN, Metcalf P, Gamble GD.
COPD prevalence is increased in lung cancer independent of age,
gender and smoking history. Eur Respir J 2009;34:380–86.

3. Wilson DO, Weissfeld JL, Balkan A, Schragin JG, Fuhrman CR,
Fisher SN, et al. Association of radiologic emphysema and airflow

obstruction with lung cancer. Am J Respir Crit Care Med 2008;
178:738–44.

4. Mets OM, Buckens CFM, Zanen P, Isgum I, van Ginneken B, ProkopM,
et al. Identification of chronic obstructive pulmonary disease in lung
cancer screening computed tomographic scans. JAMA 2011;306:
1775–81.

5. Young RP, Hopkins RJ, Hay BA, Epton MJ, Mills GD, Black PN, et al. A
gene-based risk score for lung cancer susceptibility in smokers and ex-
smokers. Postgrad Med J 2009;85:515–24.

Young and Hopkins

Cancer Prev Res; 5(4) April 2012 Cancer Prevention Research698

Research. 
on August 20, 2020. © 2012 American Association for Cancercancerpreventionresearch.aacrjournals.org Downloaded from 

http://cancerpreventionresearch.aacrjournals.org/


CORRESPONDENCE

CT screening for lung cancer
We read with interest the recent opinion
piece by Field et al1 outlining plans for a CT
screening trial in the United Kingdom (the
UK Lung Screen (UKLS)) following the
results of the National Lung Cancer
Screening Trial. We agree that cost-effec-
tiveness and defining who would most likely
benefit from CT screening remain key issues
to be resolved before CT screening can be
offered routinely in clinical practice.2

First, cost-effectiveness is most likely to
be achieved through optimising the risk
assessment of those potentially eligible for
CT screening1 and maximising the number
of cancers identified for each scan done.
While historical data may assist in this risk
assessment,2 it is possible that biomarkers
are required to better stratify this risk. In
this regard, we and others have shown that
a reduced forced expiratory volume in one
second (FEV1) is the single most important
risk factor (and biomarker) for lung cancer
susceptibility and is present in up to 80% of
those diagnosed with lung cancer.3 We
hypothesise that targeting those smokers
with mildly or moderately reduced FEV1
may help maximise picking up of ‘treatable’
lung cancer.3 Such an approach was reported
in a small community-based study where
lung cancer was detected in 6% of those
who underwent baseline CT screening,4

much greater (by over threefold) than that
reported by the National Lung Cancer
Screening Trial and estimated in the UKLS
(1e2%).2 In the absence of abnormal lung
function, other biomarkers such as gene-
based risk stratification5 might have utility
in identifying those at the greatest risk of
lung cancer. We note that although neither
lung function nor DNA sampling contrib-
utes to the Liverpool Lung Cancer Risk
Prediction Model,2 all UKLS participants
will have these taken.2

Second, apart from optimising entry into
a CT-based screening programme, cost-
effectiveness might also be improved by
limiting subsequent CT screening according
to the risk profile. In this regard, we
hypothesise that smokers with normal lung
function, no evidence of emphysema on
baseline CT scan and/or ‘low gene-based
risk’5 might not require yearly scanning.

Such a group might defer scanning (or
increase the scanning interval), much like
colonoscopy for bowel cancer screening is
individualised according to the risk level.

Both these hypotheses could be examined
in the UKLS where the ‘single screen’ design
and DNA sampling enable a gene-based risk
model to be examined with respect to
predictability and survival (figure 1). We
conclude that optimisation of patient selec-
tion and scan interval, through biomarker-
based risk stratification, may help improve
the cost-effectiveness of CT screening.
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Figure 1 Proposed study design to assess cost-effectiveness in the UK Lung Screen using
spirometry and gene-based risk stratification to optimise lung cancer detection rate. LLP, Liverpool
Lung Project model.2
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CORRESPONDENCE

Diagnosing COPD and targeted lung cancer screening
To the Editors:

We agree with SEKINE et al. [1] and endorse their view that
screening smokers for evidence of chronic obstructive pulmon-
ary disease (COPD) will help identify those for who computed
tomography (CT) screening for lung cancer is most appropriate
[2]. We outline below further evidence supporting this view-
point, specifically how the inclusion of COPD in screening
eligibility might improve both sensitivity and specificity of CT
screening for lung cancer.

With respect to sensitivity, current selection criteria for CT
screening for lung cancer are limited to age and pack-yr
exposure, despite this having poor predictive value [1]. If future
CT screening is limited to those who meet the eligibility criteria
used in the National Lung Screening Trial (NLST), we estimate
only 47% of all lung cancers would be eligible for screening and
over 50% of lung cancers will be missed [3]. Recent studies report
that about 67% of lung cancer cases have underlying COPD
based on spirometric criteria (Global Initiative for Chronic
Obstructive Lung Disease (GOLD) 1+) [4, 5]. This means that if
all current/former smokers with COPD were screened, regard-
less of age and pack-yr exposure, approximately two-thirds of all
lung cancers would be eligible for screening. With this in mind,
we have recently developed a risk model for lung cancer that
incorporates age, pack-yrs, COPD and genetic factors (family
history and genetic variants) that in combination identifies
current/former smokers (with and without COPD) at greatest
risk [6]. We estimate that this model identifies about 80% of all
lung cancers (authors’ unpublished data), a finding that is
currently undergoing validation in a subgroup of the NLST.
Based on these observations, we suggest that the sensitivity of
eligibility criteria for lung cancer screening would be signifi-
cantly improved using a multivariate approach.

A second aspect to optimising CT screening for lung cancer is
establishing eligibility criteria that maximises specificity or the
number of cancers identified per individual scanned (i.e. lung
cancer detection rate). Improving specificity will improve cost-
effectiveness and minimise harm to low risk individuals. To
date, most CT screening trials have used age and pack-yr
exposure to define eligibility criteria and achieved lung cancer
detection rates between 0.5 and 1.0% per year [1, 4]. These
detection rates are not significantly altered by using wider age
and pack-yr criterion. However, there is growing data to suggest
that a ‘‘COPD-based’’ (but not exclusive) approach to help define
screening eligibility might substantially improve these rates
(fig. 1) [4, 7, 8]. The Pittsburgh (PA, USA) study is the only CT
screening study to date that has published the results of
spirometry-defined COPD and CT-based emphysema in both
the screened cohort and lung cancer cases [4]. This study showed
that over 3 yrs of screening, the lung cancer detection rates were
1.0%, 4.5% and 5.1% in those with normal lungs, those with
spirometry-based COPD (GOLD 1+) and those with CT-based

emphysema, respectively (fig. 1). This shows that compared to
screening participants with normal lungs, detection rates were
4–5-fold greater in those with spirometry-based COPD or CT-
based emphysema. These findings are supported by a large

a)

LC

b) Absolute numbers# c) Lung cancer rates¶

Normal lungs (42%)

CT-based
emphysema (42%)

Spirometry-based
COPD (42%)

573 913 4.5%

5.1%

1495 558 1.0%

58

1715

9

FIGURE 1. Relationship between a) spirometry-based chronic obstructive

pulmonary disease (COPD) (Global Initiative for Chronic Obstructive Lung Disease

1–4, light grey shaded area), computed tomography (CT)-based emphysema (area

with dots) and lung cancer (LC) (n599, dark grey oval) detection in a CT screening

study [4]. Normal lungs are shown as white area with no dots. b) #: based on data

from [4], screening participants: spirometry-based COPD, 1486 (42%) out of 3539;

CT-based emphysema, 1471 (42%) out of 3539; ‘‘COPD disposition’’, 2044 (58%)

out of 3539; normal lungs, 1495 (42%) out of 3539. c) ": lung cancer detection rates

were calculated as follows: COPD, 67 (4.5%) out of 1486; emphysema, 75 (5.1%)

out of 1471; normal lungs, 15 (1.0%) out of 1495 [4].
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prospective study by MANNINO et al. [7] showing over a 20 yr
follow-up that lung cancer occurred 5-fold more frequently in
those with spirometry-based COPD compared with normal lung
function. Lastly, BECHTEL et al. [8] screened exclusively current/
former smokers with COPD in a 1 yr community-based CT
screening study and reported a lung cancer detection rate of 4–
6%. Based on these observations, we suggest that lung cancer
detection rates (specificity) can be improved by using a multi-
variate approach to CT screening eligibility that includes
variables indicative of COPD [2–4].

The multivariate approach described above is consistent with
recommendations from the National Comprehensive Cancer
Network (NCCN) in which they suggest that, in addition to the
NLST criteria, smokers of younger age (o50 yrs) and lower
smoking exposure (o20 pack-yrs) should also be screened if
they have one additional risk factor such as family history of
lung cancer or COPD [9]. Such an approach is also consistent
with a recently published lung cancer risk model from the
Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial
(PLCO) study that includes these variables [10].

In conclusion, while the results of the NLST provide evidence
that lung cancer mortality can be reduced through CT
screening, we suggest that better targeting of high risk smokers
can substantially improve sensitivity and specificity through
pre-selection based on multivariate risk models.
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FIGURE 1. Mortality (per 1000 people) from lung cancer in men and women in the US according to

age and smoking status.4

LETTERS TO THE EDITOR
SCREENING WITH LOW-DOSE
COMPUTED TOMOGRAPHY:
RESPONSE TO THE AMERICAN
ASSOCIATION OF
THORACIC SURGERY
GUIDELINES
To the Editor:

In the recently published American
Association for Thoracic Surgery
(AATS) guidelines for lung cancer
screening,1 it was recommended that
computed tomographic (CT) screen-
ing should include current and former
smokers of wider eligibility than that
recently recommended by Bach and
colleagues2 on the basis of the Na-
tional Lung Screening Trial (ages
55-74 years, �30 pack-year, quit
time<15 years). Such a recommenda-
tion recognizes that the National Lung
Screening Trial criteria have poor
sensitivity (estimated to be <50%)
relating to their exclusion of many
high-risk smokers who fall outside
these criteria.3 We strongly endorse
the broader eligibility criteria for CT
screening and outline here why this
broadening is justified.

First, as outlined in theAATSguide-
lines,1 the age-specific incidence of
lung cancer goes up beyond 75 years
of age. More importantly, age-
specific lung cancer mortality in the
US (accounting for competing causes
of death) increases exponentially after
50 years of age and peaks at 80 years of
age (Figure 1).4 These data further sup-
port the widening of the eligibility cri-
teria to include those 50 to 79 years
old. We estimate that this widening of
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the age criteria1 will increase the pro-
portion of lung cancer cases eligible
for screening by an estimated 10% to
15% (47% with National Lung
Screening Trial–based recommenda-
tions and 62%with AATS recommen-
dations).3 Similarly, we estimate
a widening of the pack-year smoking
history (to include 20-29 pack-year)
will add a further 10% to 15% of
lung cancer cases. We therefore agree
with the AATS recommendation1 to
screen current or former smokers
with wider age and pack year criteria
(50-79 years and �20 pack-year)
with additional risk factors. We sug-
gest that both chronic obstructive
pulmonary disease and a genetic
predisposition are particularly rele-
vant, becausewe have found that these
risk variables confer 4- to 6-fold and
2- to 10-fold increased risks of lung
cancer, respectively, relative to the
risk derived from age and smoking
history alone.5

Although we agree that clinically
validated lung cancer risk tools should
be used in CT screening selection, we
are less convinced that web-based re-
porting of absolute risk (http://www.
mskcc.org/cancer-care/adult/lung/pre
of Thoracic and Cardiovascular Surge
diction-tools) is the best way to iden-
tify and engage smokers for CT screen-
ing.1 First, this is because risk reported
as an absolute risk is a concept poorly
understood by doctors and patients
alike. It is well documented that for ab-
solute risk to be understood, it needs to
be compared with the risks of other
people or different circumstances (as
illustrated by Jaklitsch and col-
leagues1), thereby converting absolute
risk into a comparative or relative
risk.4,5 Second, comparative risk is an
important concept in promoting risk
mitigating actions such as smoking
cessation,4 considered an integral part
of CT screening in all recommended
guidelines to date.1,2 We have
recently demonstrated that a gene-
based risk tool that we developed for
lung cancer risk improves both smok-
ing cessation and interest in CT screen-
ing,6 most likely through increasing
motivational tension and undermining
the unrealistic optimism commonly
seen in smokers. We conclude that
wider eligibility criteria for CT screen-
ing are justified and that patient-
friendly risk assessment can provide
a teachable moment with which to tar-
get and engage high-risk smokers in
ry c Volume 145, Number 1 307
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Reply to the Editor:
We thank Drs Young and Hopkins

for their kind remarks in favor of the
American Association for Thoracic
Surgery guidelines for lung cancer
screening with low-dose chest com-
puted tomographic scans. In creating
guidelines on the basis of a successful
research protocol, the Association
chose to expand the age of the screen-
ing population beyond the ages of the
participants in the National Lung
Screening Trial.1 The rationale behind
this decision included the age distribu-
tion of the disease in North America,
the fact that increasing age is an inde-
pendent risk factor for development of
cancer, and the improvement in
308 The Journal of Thoracic and C
quality life years expected up to the
9th decade of life. Drs Young and
Hopkins offer additional justification
for this guideline, namely the age-
specific lung cancer mortality in the
United States increases exponentially
after the age of 50, with a peak at the
age of 80 years.
We envision a Web-based program

that would allow each citizen to cal-
culate his or her own absolute risk
of lung cancer, dissemination of eas-
ily updated educational materials,
and potential data collection for spe-
cific populations. It is our hope that
such risk assessment would in turn
lead to risk modification and smok-
ing cessation as integrated compo-
nents of patient care. Personal risk
calculators are currently available,
but they are not easily accessible to
the public. Such a Web-based tool
might convert a guideline or instruc-
tion into a conversation between
physician and patient, including the
opportunity to further patient interest
in smoking cessation.
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CORRECTION OF FAULTY
ASSUMPTIONS IN COST-
EFFECTIVENESS ANALYSIS
To the Editor:
We read with interest the Canadian

cost-effectiveness analysis by Doble
and colleagues1 comparing transcath-
eter aortic valve replacement (TAVR)
with standard management (SM) for
inoperable patients and with surgical
aortic valve replacement (SAVR) for
high-risk patients with severe,
ardiovascular Surgery c January 2013
operable aortic stenosis. Although
we found many aspects of this work
to be well done, we believe that the
published analysis contains a few im-
portant factual errors and a few as-
sumptions that have been
contradicted by recently published
follow-up data from the PARTNER
trial.

First, the Sapien valve (Edwards
Lifesciences LLC, Irvine, Calif)
price in Doble and colleagues’ analy-
sis1 ($37,606) is $13,606 greater
than the current Canadian price of
$24,000 (all figures are in Canadian
dollars). With no other changes to
the model of Doble and colleagues,1

correction of the Sapien valve price
would make TAVR slightly cost sav-
ing (by $2453) relative to SAVR
in high-risk surgical patients and
would reduce the incremental cost-
effectiveness ratio for TAVR relative
to SM from $36,458 to $20,497
per life year gained (or from $51,324
to $29,037 per quality-adjusted life
year gained). Second, Doble and col-
leagues1 estimated the costs of
SAVR in Ontario from provincial
data for patients aged 70 years and
older in Case Mix Group (CMG)
165, cardiac valve repair. SAVR pro-
cedures are not coded under this
CMG in Ontario, however, but rather
under CMG 162 (cardiac valve re-
placement), which has slightly higher
reimbursement. More importantly,
we believe that ‘‘average’’ reimburse-
ment values for SAVR in patients aged
70 years and older are likely to under-
estimate the true costs of SAVR
among patients like those in the
PARTNER trial, whose baseline char-
acteristics in the clinical trial placed
them in the highest 5% to 10% of
predicted operative risk.2

In projecting survival for inopera-
ble patients, Doble and colleagues1

used Canadian life table data for years
2 through 20 of their model for both
TAVR and SM patient cohorts. This
approach assumes that survivals be-
yond 1 year would be similar for the
two groups, in essence ignoring the
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understood by doctors and patients
alike. It is well documented that for ab-
solute risk to be understood, it needs to
be compared with the risks of other
people or different circumstances (as
illustrated by Jaklitsch and col-
leagues1), thereby converting absolute
risk into a comparative or relative
risk.4,5 Second, comparative risk is an
important concept in promoting risk
mitigating actions such as smoking
cessation,4 considered an integral part
of CT screening in all recommended
guidelines to date.1,2 We have
recently demonstrated that a gene-
based risk tool that we developed for
lung cancer risk improves both smok-
ing cessation and interest in CT screen-
ing,6 most likely through increasing
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Computed Tomographic Screening for Lung Cancer

To the Editor: In the systematic review by Dr Bach and col-
leagues,1 the American Cancer Society, the American Col-
lege of Chest Physicians, the American Society of Clinical
Oncology, and the National Comprehensive Cancer Net-
work recommended that computed tomography (CT) for
lung cancer screening be offered to those meeting National
Lung Screening Trial (NLST) criteria. While evidence-
based, these criteria limit screening to current or former
smokers aged 55 to 74 years with a 30 pack-year or longer
history. However, age and pack-years alone are not the best
predictors of lung cancer risk.2-4 Patient selection for CT
screening using these 2 criteria results in only a 1% annual
detection rate for lung cancer,1 and less than 50% of all those
who will develop lung cancer would be eligible for screen-
ing.3

One solution to the low overall sensitivity is to optimize
the group screened. Multivariate risk models for lung can-
cer, which include other risk factors in addition to age and
pack-years (eg, chronic obstructive pulmonary disease, fam-
ily history, body mass index, and genetic markers), have
shown superior risk prediction to those using age and smok-
ing exposure alone.2 When chronic obstructive pulmonary
disease is included with age and pack-year criteria, for ex-
ample, the detection rate for lung cancer increases approxi-
mately 2- to 5-fold or 4% to 6% annually,3 equivalent to 1
lung cancer case detected per 17 to 25 individuals screened
rather than 1 in 100 individuals screened. Incorporating a
multivariate approach would allow the inclusion of indi-
viduals at equivalent or higher risk for lung cancer than those
meeting the currently recommended criteria.4

We agree with Bach et al1 that a lack of cost-effectiveness
information and a self-pay approach remain important ob-
stacles to the adoption of CT screening. Lung cancer screen-
ing based on CT has been estimated to be 3- to 5-fold more
costly than currently accepted screening programs,5 al-
though we await the cost-effectiveness analysis from the
NLST. If an annual lung cancer detection rate of 1% is found
to be cost-effective, then we propose a multivariate ap-
proach be used to include more individuals at equivalent
or higher risk for lung cancer than those identified by the
NLST criteria. Alternatively, if a 1% annual detection rate
is to too low to be cost-effective, a multivariate approach

would allow identification of individuals at much higher risk,2

and the subsequent increase in detection rate would make
CT screening more acceptable.1,5 We recommend that analy-
ses of existing CT screening trials be done to test these hy-
potheses further.

Robert P. Young, BMedSc, MBChB, DPhil
Raewyn J. Hopkins, BN, MPH
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In Reply: My colleagues and I believe that it is crucial to
focus guidelines on what is known from the evidence. The
review noted the characteristics of individuals for whom low-
dose CT screening has been shown to reduce mortality. Dr
Young and colleagues propose using a risk prediction model
to select individuals for screening instead of using the char-
acteristics of the individuals who have been studied.

While risk prediction is an intriguing area of research,
Young and colleagues’ approach may overlook important
factors in the risk-benefit calculus.1 For instance, while iden-
tifying patients at increased risk of cancer is important (ie,
these are the individuals who may benefit from screening),
there are factors other than risk to consider when deter-
mining the magnitude of the expected benefits and risks.

Some major risk factors for lung cancer, including el-
evated age, heavy smoking, and underlying lung disease, are
also associated with reduced life expectancy. Therefore,
higher risk of lung cancer may be inversely proportional to
potential gains in quality-adjusted life-years for each death
from lung cancer prevented. Low-dose CT screening itself
may be less effective in certain high-risk individuals. It can
be harder to detect cancer in the presence of extensive scar-
ring related to several lung diseases that elevate risk.

These conditions are frequently associated with more be-
nign nodules and an increased risk of complications from
invasive procedures. The underlying assumption of Young
and colleagues’ argument that the efficacy of low-dose CT
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screening will be the same (independent of these factors)
is one that needs further assessment as well.2
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Definition of Acute Respiratory Distress Syndrome

To the Editor: The updated and revised Berlin Definition
for acute respiratory distress syndrome (ARDS)1 suggested
correction of the ratio of arterial partial pressure of oxygen
to fraction of inspired oxygen (PaO2/FIO2) if the altitude is
higher than 1000 m. We agree with this recommendation;
however, we believe that it applies only to patients sponta-
neously breathing room air. People who live at high alti-
tudes have ventilatory acclimatization to low PaO2.2 Pérez-
Padilla3 estimated in 2002 that in Mexico, approximately
5% of the population lived at altitudes 2500 m above sea
level, and half lived above 1550 m. In normal persons, upon
exposure to an altitude such as that of Mexico City (2240
m), an increase in the FIO2 returns the PaO2 to levels achieved
at sea level.2

Some of the interventions performed to improve oxygen-
ation in critically ill patients with acute respiratory failure
include oxygen therapy and noninvasive and invasive me-
chanical ventilation with positive end-expiratory pressure
(PEEP). The most frequent cause of hypoxemia in patients
with ARDS is pulmonary shunt. It is unlikely that any of
the aforementioned measures would not be required dur-
ing the acute phase of the disease. Critically ill patients with
ARDS who require noninvasive mechanical ventilation or
invasive mechanical ventilation likely never breathe an FIO2

below 21%. A reduction in the equivalent altitude can be
achieved by small amounts of oxygen supplementation; add-
ing 1% of oxygen to the room air reduces the altitude equiva-
lent by more than 300 m.4

In addition, at present there is not enough evidence to
support the use of noninvasive ventilation in patients with
ARDS, and its use is still controversial. Nevertheless, the
ARDS Definition Task Force suggests the use of noninva-
sive ventilation for mild ARDS (200 mm Hg�PaO2/
FIO2�300 mm Hg with PEEP or continuous positive air-
way pressure [CPAP] �5 cm H2O). Recently, Agarwal et al5

reported an almost 50% failure rate in patients with acute
lung injury (removed from the Berlin Definition) or ARDS
treated with noninvasive ventilation.
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To the Editor: The ARDS Definition Task Force1 presented
a consensus draft definition developed by a panel of ex-
perts. They proposed 3 categories of ARDS based on de-
gree of hypoxemia and, using a large database (4457 pa-
tients with 1256 deaths), reported increasing severity of ARDS
to be associated with increased mortality and duration of
mechanical ventilation. The Berlin Definition also pre-
dicted mortality marginally better than its predecessor, the
American-European Consensus Conference (AECC) defi-
nition.

The AECC definition demonstrated the difficulty with ac-
curately diagnosing ARDS. Referenced against autopsy evi-
dence of diffuse alveolar damage (the pathological corre-
late of ARDS), it discriminated poorly between ARDS and
other forms of acute respiratory failure (sensitivity of 0.83
and specificity of 0.51),2 and provided a mortality predic-
tion barely better than chance. Such a flawed definition risked
many patients without ARDS being included in clinical trials.

Instead of radical revision, the ARDS Definition Task Force
tweaked the AECC criteria, ignoring evidence that acces-
sible variables such as oxygenation index, dead space ven-
tilation, and lung features on computerized tomography pre-
dict mortality.3,4 They did not test their model against autopsy
evidence despite the poor clinical-pathological perfor-
mance of the AECC definition. The probability that a pa-
tient has ARDS using the Berlin Definition is unlikely to be
significantly higher than using the AECC criteria. If the new
definition has a sensitivity and specificity similar to the old
one, then at least one-third of the assumed ARDS patients
will not actually have ARDS. With some variables dis-
carded and almost none added, the improved mortality pre-
diction with the new model is trivial (area under the re-
ceiver operating characteristic curve difference of 0.041).

This experience contrasts with modeling in other dis-
eases. In an attempt to improve the poorly discriminative
Child-Pugh definition, the investigators of the Model for End-
Stage Liver Disease (MELD) examined 16 demographic, clini-
cal, biochemical, and hemodynamic factors in patients with
end-stage hepatic disease and identified 4 variables that pre-
dicted mortality with much higher discriminative capac-
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COMMENTS AND RESPONSES

Predictive Accuracy of the Liverpool Lung Project
Risk Model

TO THE EDITOR: We agree with Raji and colleagues (1) that the
selection of current and former smokers for computed tomography
(CT) screening for lung cancer should target those at greatest risk “to
maximize the benefit–harm ratio” (2). We also agree that a multi-
variate approach to risk assessment is the best way to achieve this goal
(3) but question whether the validated Liverpool Lung Project (LLP)
model maximizes this ratio as suggested.

Although the LLP multivariate model performs better than risk
models for lung cancer that use age and smoking history alone (1), it
is less clear that this superior performance translates into improved
CT screening outcomes. Bach and Gould (4) strongly argued that
screening should be limited to persons at greatest risk to avert the
greatest number of deaths from lung cancer per person screened.
Using the results of the NLST (National Lung Screening Trial), they
showed that the absolute number of deaths averted by screening is
maximized when the detection rate (or death rate) for lung cancer is
maximized.

Raji and associates’ study (1) does not show a superior detection
rate by using the LLP model, which the authors have estimated to be
only 1.0- to 1.5-fold higher than that from the NLST criteria (5). If
the LLP model does not substantially increase the detection rate of
lung cancer (1), it is difficult to see how it will maximize the benefit–
harm ratio (4).

Given that the LLP model uses more variables and achieves a
higher area-under-the-curve performance characteristic than Bach
and Gould’s model (which is also externally validated), why might
the detection rate not differ from that of the NLST criteria that uses
age and smoking history alone? It may be because the arbitrary cutoff
of 5% used for selection based on the LLP model is too low. Only
validation in a CT screening study will clarify this issue.

Using data from PLuSS (Pittsburgh Lung Screening Study), we
have shown that, when eligible smokers were stratified according to
the presence of chronic obstructive pulmonary disease (COPD), the
detection rate for lung cancer was 5-fold greater in those with this
disease (2, 3). Therefore, the absence of COPD in the LLP model
may reduce its utility in distinguishing those at highest risk for lung
cancer among older heavy smokers. The role of “COPD-related” risk
factors in improving detection rates for lung cancer is currently un-
der investigation in the NLST (2).
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IN RESPONSE: We thank Dr. Young and colleagues for their interest
and useful comments on our article. The LLP risk model was shown
to perform better than those based on age and smoking history alone.
The superior net benefit shown in 3 independent studies suggested a
predicted clinical utility in terms of screening decision at relevant
thresholds; however, this was a retrospective performance assessment
and the actual effect can only be shown with prospective CT screen-
ing trials.

The detection rate of 1.5% that Baldwin and associates (1)
reported in 2011 was a conservative estimate used to power the
UKLS (United Kingdom Lung Screening) trial and may be an un-
derestimation. Whether the LLP risk model achieves the objective of
identifying a “high-risk” population will only be proven when the
UKLS CT screening trial with the necessary follow-up is completed
and the cost-effectiveness of the approach has been shown. The ac-
ademic community is currently still in the “modeling” mindset, and
these discussions of the clinical usefulness of risk models for lung
cancer, particularly the LLP risk model, will continue until the
UKLS trial has been completed.

We agree with Dr. Young and colleagues that COPD is an
important independent risk factor for lung cancer, with a 2- to 5-fold
increase in lung cancer reported among smokers. This strong inde-
pendent relationship suggests that the biology of the 2 diseases over-
lap and that smoking is a shared risk factor. An independent associ-
ation was found between COPD and lung cancer in the LLP data
set; however, it was not significant in the multivariable model (2).
The lack of significant association of COPD may be due to reporting
bias, because diagnosis of COPD may have been underreported in
the LLP questionnaires.

The LLP risk model has the advantage of being simple to use
and interpret, and it identifies participants who are at high risk for
lung cancer because of factors other than smoking.

John K. Field, PhD
Olaide Y. Raji, PhD
The University of Liverpool Cancer Research Centre, Institute of

Translational Medicine, The University of Liverpool
Liverpool, United Kingdom
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between a change in sweat chloride and improvement in FEV 1  
in individual patients with cystic fi brosis (CF) who received iva-
caftor in phase 3 clinical trials.  1   They suggest that this lack of cor-
relation between changes in sweat chloride in the ivacaftor trials 
should not diminish the potential usefulness of sweat chloride for 
predicting clinical outcomes. 

 Regarding the usefulness of using change in sweat chloride as 
an end point, it should be pointed out that it was and continues to 
be used effectively by companies developing therapies that target 
the CF transmembrane conductance regulator gene or protein. 
For example, for the ivacaftor program, it was used to establish 
proof of principle of drug activity, as a pharmacodynamic biomarker 
to select and enrich CF patient study populations that may best 
respond to the drug, and, in association with change in FEV 1 , as a 
factor in dose selection. 

 The implicit issue in the correspondence appears to be the 
extent to which change in sweat chloride could be used as a primary 
end point to establish effi cacy for regulatory purposes (ie, approval 
of a drug for marketing). Such qualifi cation of a pharmacodynamic 
biomarker as a surrogate end point is a high bar to achieve, as 
robust scientifi c evidence would be needed that demonstrates that 
changes in sweat chloride beyond a specifi c level in a specifi c CF 
population would predict clinical benefi t to the same extent that a 
clinical end point (an improvement in how a patient feels, functions, 
or survives) would.  2   Because of such a high level of evidence required, 
most pharmacodynamic biomarkers are used, as has been the case 
to date for the ivacaftor program, to guide drug development, 
whereas clinical end points (or in the case for ivacaftor, the surrogate 
end point, FEV 1 ) provide the basis for regulatory approval. With the 
arrival and continued development of a new class or classes of CF 
therapies that have the potential to address the central defect that 
results in CF, we, like the CF community, are happy that we have 
reached such a time that we can have a discussion on the use of 
change in sweat chloride or other possibly more accurate pharma-
codynamic biomarkers that may refl ect CF transmembrane con-
ductance regulator function  3   as end points in clinical trials.    
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           Targeted CT   Image Screening and Its 
Effect on Lung Cancer Detection Rate 

                          To the Editor: 

 Although we broadly endorse the American College of Chest 
Physicians lung cancer screening guidelines, outlined in the recent 
article by Detterbeck et al  1   in  CHEST  (May 2013), we disagree 
that the impact of differing eligibility criteria are unknown.  2 , 3   

 The assumption underlying the National Lung Screening Trial 
(NLST) eligibility criteria is that they identify those at greatest 
risk and the most to gain from screening. The former assumption 
can be easily tested by comparing the number of lung cancers 
detected per year per person screened (lung cancer detection rate 
[LCDR]) across lung cancer screening studies with differing eligi-
bility criteria.  2   Although this metric does not assess lives saved, 
it does refl ect the precision of risk prediction.  2 , 3   Our analysis sug-
gests that there is surprising consistency in the LCDR across 
screen ing studies using CT imaging, despite differing age and 
smoking criteria ( Table 1 ).  4   Primarily  , the higher age and smok-
ing history criteria of the NLST did not translate into signifi-
cantly more cancers detected (refl ected in the LCDR) than other 
screening programs that screened people with wider age and 
pack-year histories. LCDR is an important metric as its inverse 
estimates the num ber needed to screen in a year to detect one 
lung cancer (NND), which is about 110 to 120 people in the 
case of NLST. This has important implications with respect to 
optimizing the cost-to-benefi t and benefi t-to-harm ratios, which 
remain major concerns impeding the wider adoption of lung can-
cer screening.  1 - 3       

 Recently, we showed that when genetic and COPD-based risk 
variables are combined with age and smoking histories (eg, mul-
tivariate risk model),  3   LCDR can be doubled ( Table 1 ).  2 , 5   This   
translates   to   a halving of the number of people needed to screen 
to detect one lung cancer and a reduction in costs associated with 
lung cancer detection. The NLST-validated Prostate, Lung, Colo-
rectal, and   Ovarian-based model includes variables that encompass 
genetic risk (family history of lung cancer) and the presence or 
risk of COPD (self-reported COPD and low BMI). By improving 
the effi ciency of screening (lowering the NND), through multi-
variate models with greater predictive utility than NLST-based risk 
prediction, we anticipate the absolute number of false-positives 
detected and investigated (benign and indolent “overdiagnosed” 
nodules) will be reduced.  2 - 6   

 We conclude that while the NLST successfully showed that 
CT image screening reduces lung cancer deaths, further refi ne-
ment of lung cancer screening eligibility criteria might better 
target the highest-risk smokers. This could signifi cantly improve 
the LCDR and lower the costs to detect lung cancer. Further 
analy sis will be needed to determine the benefi t with respect to 
lives saved.    
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 Table 1   —LCDR in the CT Imaging Arms of Recent Lung Cancer Screening Studies Compared With the NLST  

  Study (Eligibility Criteria) Subgroup Analysis N Duration Lung Cancer Cases LCDR/y NND/y  

  NLST (55-74 y,  �    30 pk y,  ,    15 y quit) CT imaging arm 26,722 3 y  a  720 0.90 111 
 DLST (50-70 y,  �    20 pk y,  ,    10 y quit) CT imaging arm 2,052 4 y 69 0.84 119 
 NELSON (50-75 y,  �    15 pk y, 
  ,    10 y quit)

CT imaging arm 7,582 3 y 200 0.88 114 

 COSMOS ( �    50 y,  �    20 pk y, 
  ,    10 y quit)

CT imaging single arm 5,203 4 y 175 0.84 119 

 PLuSS (50-79 y,  �    12.5 pk y, 
  ,    10 y quit)

CT imaging single arm, total 3,642 3 y 99 0.91 110 
  Normal lungs  b  1,495 15 0.33 303 
  COPD (GOLD I-IV) 1,486 67 1.50 67 
  CTE 1,471 75 1.70 59 

 NLST  c   (55-74 y,  �    30 pk y, 
  ,    15 y quit)

PLCO model  c    2   CT imaging 
  arm  (BMI, Hx COPD,  FHx LC)

13,014 6.5 y 954 1.22 82 

 De Torres et al  4   ( �    40 y, smokers) COPD  2  CT arm  (GOLD I-II) 333 2.6 y 20 2.31 43  

   Lung cancer detection rate (lung cancers detected per year per person screened) in the CT imaging arms of recent lung cancer screening studies 
compared with the NLST. COSMOS  5  Continuous Observation of Smoking Subjects; CTE  5  CT imaging-emphysema; DLST  5  Danish Lung Can-
cer Screening Trial; FHx  5  family history of lung cancer; GOLD  5  Global Initiative for Chronic Obstructive Lung Disease; Hx COPD  5  self-reported 
COPD; LCDR  5  lung cancer detection rate; NELSON  5  The Dutch-Belgian Randomized Lung Cancer Screening Trial; NLST  5  National Lung 
Screening Trial; NND  5  the number of people needed to be screened for 1 y to detect one lung cancer; PLCO  5  Prostate, Lung, Colorectal, and 
Ovarian; PLuSS  5  The Pittsburgh Lung Screening Study.  
  a     Data for the NLST were for the fi rst 3 y when yearly CT image screening was performed.  
  b     Normal lungs means no airfl ow limitation on spirometry and no emphysema on CT imaging.  
  c     The model derived from the Prostate Lung, Colorectal and Ovarian study.   
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          Response 

                          To the Editor: 

 We agree with the fundamental message in the letter by 
Dr Young and Ms Hopkins in response to the American College 
of Chest Physicians lung cancer guidelines chapter on screening 
in  CHEST .  1   Their message is that screening only people at higher 
risk will provide more “bang for the buck,” that is, result in detection 
of more lung cancers per person screened. The open questions 
are (1) what does this mean in terms of reducing the number of 
deaths from lung cancer in the screened population, and (2) how 
should the greater detection per person screened be balanced 
with the fact that this results in a smaller number of people con-
sidered eligible for screening? 

 The table provided by the authors is interesting. A slightly dif-
ferent calculation of the number of cancers detected over the 
course of each screening study demonstrated greater differences 
(see Table 5 in Bach et al.  2  ). These differences were not explained 
by a comparison of the stringency of the entry criteria for the 
studies. We should remember that the entry criteria may not 
refl ect the overall average risk of those patients actually enrolled. 

 Several different risk prediction models have been developed, 
and some have been validated in independent datasets. How-
ever, a comparison of the risk prediction of the different models 
reveals some generally similar trends, but also signifi cant differ-
ences between them when applied to individual actual people 
(Lynn Tanoue, MD, and Frank Detterbeck, MD, unpublished data, 
2013). This underscores the complexity and the diffi culty in relying 
on only one method. 

     5.        Young     RP   ,    Hopkins     RJ   .  Diagnosing COPD and targeted lung 
cancer screening .  Eur Respir J .  2012 ; 40 ( 4 ): 1063 - 1064 .  

     6.        Young     RP   ,    Hopkins     RJ   .  Estimating overdiagnosis of lung 
cancer .  Ann Intern Med .  2013 ; 158 ( 8 ): 635 - 636 .    
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Is 20% of a Loaf Enough?

Kessler raises several important points about the imple-
mentation of computed tomography (CT) screening for
lung cancer, specifically the unresolved issues pertaining
to cost-benefit analysis of screening, high false-positive
rates, screening adherence, and who might best be
screened.1 These issues are closely intertwined, and possi-
ble solutions are beginning to emerge.

As Kessler states, assuming effectiveness is held con-
stant, then the cost-benefit of screening can only improve if
the costs of screening can be reduced. Recently, Tamme-
magi et al2 demonstrated that using a multivariate lung
cancer risk model (the Prostate, Lung, Colorectal, and
Ovarian Cancer Screening Trial [PLCO] model) to prese-
lect individuals for screening could improve the number of
lung cancers detected per individual screened (the lung can-
cer detection rate [LCDR]). Not only did this approach
increase the LCDR about 1.8-fold (from 0.66% to 1.22%
per annum), it identified 90% of all lung cancers by screen-
ing only 49% of eligible smokers while maintaining a mor-
tality reduction of 20% across their low-risk to high-risk
categories (Table 1). This illustrates that, by targeting those
at greatest risk, based on several lung cancer risk variables,
significant improvements in cost can be achieved without
reducing effectiveness.3 It is noteworthy that these findings
strongly refute comments by Bach (see reply to letter by
Young et al.3) who suggests that targeting smokers at great-
est risk may not achieve the desired goal of maximizing the
number of lives saved from screening. If our estimates
above are correct, then the number needed to screen annu-
ally to detect 1 lung cancer reduces from 1 in 152 using
National Lung Screening Trial eligibility criteria to 1 in 82
using a multivariate (PLCO) model. In this setting, the
false-positive rate also would be expected to reduce in abso-
lute terms.

Another issue raised by Kessler is that quitting
smoking saves many more lives than those estimated
from screening.1 We concur with this view and high-
light that the most immediate gains from smoking ces-
sation in a lung cancer screening population would
come from reductions in mortality from cardiovascular
disease (halving the risk within 2 years) rather than
from lung cancer, in which significant reductions in risk
take much longer (halving the risk over 10 years). In
this respect, we previously suggested that individualized

risk prediction should be patient (and physician)
friendly and, through increasing motivation, should
have utility in improving uptake of smoking cessation
and adherence to CT screening (both clinically proven
interventions).4,5 We conclude that there are emerging
lung cancer risk-assessment tools with the potential to
significantly and cost effectively lower deaths from lung
cancer in screening participants.
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TABLE 1. Calculations Based on Data From the
National Lung Screening Trial Computed
Tomography Arm Using the Prostate, Lung,
Colorectal, and Ovarian Cancer Screening Trial
Multivariate Risk Model of Lung Cancer

Variable

NLST

Results in
the CT Arm

Estimates

From the
PLCO Model

No. screened 26,722 13,014a

Lung cancers detected 1060 954b

Lung cancer detection

rate (over 6 y), %

3.97 7.33

Lung cancer detection

rate (annually), %

0.66 1.22

No. needed to screen per y

to detect 1 lung cancer

152 82

Abbreviations: CT, computed tomography; NLST, National Lung Screening

Trial; PLCO, Prostate, Lung, Colorectal, and Ovarian Cancer Screening

Trial.
a This total was based on screening 48.7% of the screening participants in

NLST CT arm.
b This total was based on identifying 90% of the lung cancers detected in

the NLST CT arm.
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unwittingly—omit the weaknesses of studies funded by industry.
Careful reading of our initial letter (1) would show that: (1)
hydration was not the standard of care in centers where CAMB
was administered through rapid infusion in studies claiming its
inferiority (mainly due to adverse effects); (2) our Table 1
showed that nephrotoxicity was much higher in industry-funded
studies than in independent studies that clearly specified hy-
dration as an important aspect of CAMB administration; and
(3) the only study comparing CAMB with caspofungin showed
that mortality was higher (although nonsignificantly) with cas-
pofungin. Concerning the pharmacokinetics and pharmacody-
namics of CAMB in invasive fungal infections, Seyedmousavi
and colleagues cite an experimental paper showing that out-
come correlates with the maximum concentration-to-minimal
inhibitory concentration ratio. Unfortunately, this study is ir-
relevant to the present debate since it deals with aspergillosis
and not candidiasis. The one paper that is indeed relevant
comes from the very same team (3) that showed that continu-
ous and rapid infusion of CAMB exhibited similar activity
against Candida species on in vitro pharmacodynamics in the
presence of serum albumin (to account for the high degree of
protein binding in vivo). Thus, we can only concur with Póvoa
and colleagues, who state that “[CAMB] . . . was never inferior
to any other drug to which it was compared” (at least in
terms of survival) and that these studies “were noninferiority
RCTs. . . . Consequently . . . only noninferiority can be claimed
and any advantage of the new treatment should be based on
other features, such as safety, convenience, and costs.”

They rightly wonder why recent guidelines from the Infectious
Diseases Society of America (IDSA) exclude CAMB. This is also
the case for recent European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) recommendations, cited in the let-
ter by Seyedmousavi and colleagues (some of whom participated
in the writing of the recommendations). As indicated in our letter
(1), the American Thoracic Society guidelines (not cited as “re-
cent major candida practice guidelines” by Seyedmousavi and
colleagues) stated that treatment of candidemia in clinically un-
stable patients with unknown species could involve CAMB
(which appeared first in the list) among others. Neither first
authors (who also chaired the working group) nor last authors
of these guidelines have any financial tie with the industry, which
is in striking contrast to the two other guidelines (IDSA and
ESCMID). Writing about the detrimental effects of conflicts of
interest (COI), Hampson and coworkers (4) cautioned that “one
should be concerned not only about the financial ties of research-
ers involved in the trials themselves, but also about the financial
interests of authors who synthesize or integrate existing data to
make clinically relevant recommendations” and concluded that
“data strongly suggest that financial conflicts can threaten the
integrity of the research process.” Recent disappointments
with activated protein C should warn clinicians against en-
thusiastic recommendations written by experts linked to Big
Pharma. Seyedmousavi and colleagues claim that although
they have COI, their “scientific accuracy” supports their con-
clusions but fail to discuss whether COI may affect this
accuracy (an attribute usually better awarded by an inde-
pendent observer than by self-appreciation).

There is at least one simple observation upon which authors
of the three letters will easily agree: clinicians consulting for firms
favor new and expensive drugs, whereas others favor CAMB.
Pending an adequate RCT conducted independently from the
industry, the debate remains open, but parsimonious medicine
(5) and cost-consciousness (6) should favor the use of less ex-
pensive antifungal drugs, as long as there is no definite proof of
the superiority of more expensive ones, except for the wallet of
some experts.

Author disclosures are available with the text of this letter at www.atsjournals.org.
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Stage Shift in Computed Tomography
Screening: Possible Role of Indolent Cancers,
“Histology Shift,” and Overdiagnosis

To the Editor:

Horeweg and colleagues recently reported a favorable “stage
shift” in the computed tomography (CT) arm of the lung cancer
screening (NELSON) trial (1). However, we strongly agree with
the editorial view that this does not constitute screening efficacy
(2); below, we propose why this might be.

If the histology of the 209 cancers in theCT armof theNELSON
trial is compared with that in the CT arm of the National Lung
Screening Trial (NLST), the prevalence of each histological
group is roughly comparable (1, 3). However, it is the com-
parison of histology according to lung cancer stage that is
revealing in these CT trials (1, 4). In the NELSON trial, 100%
of bronchioloalveolar cancers (BAC) and 86% of adenocarcino-
mas (AC) were stage I–II, which together account for 64% of
early-stage cancers compared with only 32% of late-stage cancers
(x2 ¼ 13.6, odds ratio ¼ 3.7, P ¼ 0.002). This preponderance of
AC/BAC in early-stage cancers is important for two reasons. First,
the majority of the “excess cancers” detected in the CT arm of the
NLST, compared with chest X-ray (n ¼ 119 overall), were either
BAC or AC (175 and 152, respectively) (3). Second, in two
other CT screening studies, where volume doubling times were
measured (a measure of indolent behavior), 80% or more of
their slow-growing tumors were of BAC or AC histology (4, 5).

We suggest that the stage shift reported in the NELSON trial
could be explained, in part, by a “histology shift” favoring indolent
lung cancers. Such an observation adds weight to the editorial com-
ments by Midthun and Gould, who remain skeptical that a stage
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shift will necessarily translate to a meaningful reduction in death. If
many of these “excess early stage lung cancers” detected by CT
screening are indolent, then only some of the mortality reduction
may be attributed to this “histology shift.”

We recently showed that on reanalysis of the Pittsburgh Lung
Screening study data (5), these “indolent” (slow-growing) lung
cancers are more often found among smokers with normal
lung function compared with those with chronic obstructive pul-
monary disease (4). Reanalysis of data from the COSMOS lung
cancer CT screening study found very similar results (4), suggest-
ing that chronic obstructive pulmonary disease is associated with
a greater disposition to more aggressive lung cancer (6). There-
fore, although CT screening may achieve a significant stage shift,
some of this may be attributed to overdiagnosis (and related
“histology shift”), where some excess lung cancers are slow growing.

Author disclosures are available with the text of this letter at www.atsjournals.org.
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Reply: Stage Distribution of Lung Cancers
Detected by Computed Tomography
Screening in the NELSON Trial

From the Authors:

The aim of low-dose computed tomography screening for lung
cancer is to reduce lung cancer mortality. This can be achieved
by diagnosing lung cancer in a stage wherein the patient still can
undergo curative treatment. With this in mind, one could con-
clude that a screening strategy capable of detecting lung cancers
at an early stage is an effective screening strategy.

In our article that was recently published in the Journal, we
presented the stage distribution of the screen-detected lung can-
cers of the NELSON lung cancer screening trial (1). Seventy-one
percent of the lung cancers were diagnosed at stage 1, and only
8.1% of the lung cancers were diagnosed at stage IIIB or stage IV

(1). This stage distribution is relatively favorable compared with
the stage distribution in symptomatic patients and compared with
other computed tomography screening trials (2–4). Hence, the
screening strategy of the NELSON trial is capable of diagnos-
ing the screen-detected lung cancers at an early stage. However,
we did not conclude that our screening strategy is effective. We
intentionally avoided making such a statement for two reasons.

First, we would not have to conduct this large randomized
controlled screening trial if the assessment of the stage distribu-
tion in a single armwas sufficient to determine whether a strategy
is effective. Second, lung cancer mortality cannot be reduced by
diagnosing more lung cancers at an early stage, but only by di-
agnosing less lung cancers at an advanced stage. Drs. Midthun
and Gould did a great job in explaining this in an understandable
way in their editorial that was published along with our article
(5).

In Dr. Young and Ms. Hopkins’s letter, they emphasized the
fact that the favorable stage distribution does not constitute
screening efficacy. Furthermore, they suggested that the shift
in histology (compared with clinically detected lung cancers)
toward more slow-growing histological subtypes of lung cancer
has caused the favorable stage distribution in our trial (1). The
shift Dr. Young and Ms. Hopkins describe is a well-known
phenomenon in screening in general; screening is better at
detecting slow-growing cancers than fast-growing cancers. As
a result, we found bronchoalveolar carcinomas (5.3%) and few
small cell lung cancers (3.8%) (1). The fact that 51.2% of the
detected cancers were adenocarcinomas is caused both by the
slower growth rate of a subgroup of the adenocarcinomas and
by the peripheral localization of 82.2% of the adenocarcino-
mas, due to the higher sensitivity for peripherally localized
nodules of low-dose computed tomography scanning without
the use of intravenous contrast (1).

In the second part of Dr. Young and Ms. Hopkins’s letter,
a common misunderstanding in lung cancer screening is
described: overdiagnosis is not the same as the amount of
slow-growing cancers detected by screening, and the volume-
doubling time of a tumor is not a measure of indolent behavior.
First of all, the growth rate or volume-doubling time of a cancer
is not a constant term. We observed this in our data, but it has
also been described in the literature that the growth rate of
a lung cancer can increase, decrease, or even do both during
the course of disease (6). Hence, the fact that a cancer is grow-
ing slowly at some point in time does not mean that it cannot
evolve into a lethal cancer. Second, it is never possible to de-
termine prospectively, at an individual level, which lung cancers
are overdiagnosed. This is because it is impossible to know what
the cause of death of your patient would have been if you had
not treated him for lung cancer and vice versa. Overdiagnosis
applies to populations and is an inevitable consequence of any
cancer screening program. No accurate estimate of the amount
of overdiagnosis in CT screening for lung cancer is published to
our knowledge. Nonetheless, we expect that this amount will be
limited (compared with, for example, prostate cancer screening)
due to the potential lethal complications of locally advanced
lung cancer and its high metastatic potential.

Finally, Dr. Young and Ms. Hopkins advocate for the use of
chronic obstructive pulmonary disease (COPD) status for the se-
lection of subjects for lung cancer screening. They claim that the
advantage of such an approach is that screening would yield the
detection of more aggressive lung cancers. The use of COPD sta-
tus as part of the selection process for lung cancer screening is not
new and already part of two important lung cancer prediction
models (7, 8). The use of a positive COPD status as a selection
criterion for lung cancer screening might, on the one hand,
have the advantage of enriching the pool of screenees with

Author Contributions: Conception and design: N.H.; analysis and interpretation: N.H.;
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COMMENTS AND RESPONSES

Estimating Overdiagnosis of Lung Cancer

TO THE EDITOR: We agree with Veronesi and colleagues (1) that
risk models for lung cancer should help to identify smokers at great-
est risk for aggressive lung cancer. This would minimize the investi-
gation and treatment of indolent cancer (overdiagnosis) and improve
the cost-effectiveness of computed tomography (CT) screening.

Using data from the PLuSS (Pittsburgh Lung Screening Study)
CT screening trial (2), we show that “low-risk” smokers are overrep-
resented among those with indolent lung cancer. We have previously
shown that lung cancer detection rates are 4- to 5-fold greater in
current or former smokers with spirometry-defined chronic obstruc-
tive pulmonary disease (COPD) or CT-based emphysema than in
those with normal lungs (3). The question arises, “Is lung function
(or emphysema) also related to aggressiveness of lung cancer, with
indolent lung cancer more prevalent in smokers without COPD?”

If the answer is “yes,” then risk models selecting smokers for CT
screening on the basis of a “disposition to COPD” would help to
minimize overdiagnosis. We tested this hypothesis by using data
from PLuSS (2) and found that the frequency of cancer with “slow-
growing” volume-doubling time (VDT) was 48% (20 of 42) in those
with emphysema and 48% (10 of 21) in those without, whereas the
frequency of this more indolent cancer was 38% (17 of 45) in those
with COPD (Global Initiative for Chronic Obstructive Lung Dis-
ease stages I to IV) and 72% (13 of 18) in those without (P � 0.01).
These findings suggest that airflow limitation (COPD) is a better
clinical marker of aggressive lung cancer (that is, with shorter VDT)
than emphysema.

A related observation from PLuSS was that 87% of cases of
slow-growing VDT cancer were adenocarcinomas or bronchoalveolar
carcinomas compared with 60% of cases of “rapid” or “typical” VDT
cancer (P � 0.001). Saghir and colleagues (4) also reported that
adenocarcinomas or bronchoalveolar carcinomas account for most
cases of “excess cancer” from CT screening (that is, overdiagnosed
cancer); in their study, 82% were histologically confirmed adenocar-
cinomas or bronchoalveolar carcinomas.

These results concur with studies showing that COPD preva-
lence is greater in cases of squamous- and small-cell lung cancer than
with adenocarcinoma, where lung function is consistently better (5).
Taken together, these findings support the hypothesis that lung can-
cer associated with airflow limitation (COPD) is more likely to be
aggressive (rather than indolent) and less likely to result in overdiag-
nosis. Of note, Veronesi and colleagues showed that early treatment
of even the fastest-growing cancer had good long-term survival if
identified at stage I (1). We conclude that overdiagnosis of lung
cancer detected through CT screening can be minimized by targeting
CT screening to smokers with the greatest risk, particularly those
with an underlying tendency for or predisposition to COPD.

Robert P. Young, MD, PhD
Raewyn J. Hopkins, RN, MPH
School of Biological Sciences and Faculty of Medical and Health

Sciences, University of Auckland
Auckland, New Zealand
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IN RESPONSE: We thank Dr. Young and Ms. Hopkins for their
thoughtful comments and agree that current lung cancer risk predic-
tion models and screening protocols should be improved to mini-
mize the investigation and treatment of indolent cancer detected
through CT screening. They provided some evidence that spirometry-
defined COPD could help to differentiate between aggressive and
slow-growing lung cancer.

For affirmation, we retrieved preoperative spirometry measure-
ments for 107 of the 120 cases of incident lung cancer detected
during the first 5 years of the COSMOS (Continuous Observation
of Smoking Subjects) study (1). For 10 patients operated on in other
institutions or for whom preoperative lung function variables were
not available, we used those measured at baseline screening CT
(available for 61 participants). We also evaluated whether radiologic
evidence of emphysema, assessed visually by the radiologist at annual
screening CT, correlated with lung cancer aggressiveness.

The frequency of lung cancer with slow-growth VDT was 20%
(15 of 74) in participants with radiologic evidence of emphysema on
CT and 35% (16 of 46) in those without (P � 0.09). It was 5% (1
of 20) in participants with a baseline FEV1 less than 80% predicted
and 32% (13 of 41) in those with 80% predicted or higher (P �
0.02), 16% (5 of 31) in participants with a preoperative FEV1 less
than 80% predicted and 31% (24 of 78) in those with 80% pre-
dicted or higher (P � 0.15), and 19% (3 of 16) in participants with
evidence of airflow obstruction (FEV1–FVC ratio �0.70) and 27%
(27 of 101) in those without (P � 0.76) (Table).

Our results support including lung function tests in lung cancer
risk models to better assess the individual screening interval (2), but
we believe that limiting CT screening to smokers with COPD may
be too restrictive because, in our study, a significant number of
aggressive tumors was detected among participants with preserved
lung function. Lung cancer screening is currently recommended for
heavy smokers aged 55 years or older who have smoked at least 30
pack-years (that is, 20 cigarettes per day for 30 years, or the equiva-
lent), a population fundamentally predisposed to COPD (3).
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LETTER TO THE EDITOR

CT screening in COPD: Impact on lung cancer
mortality
de Torres JP, Casanova C, Marin JM et al.
Exploring the impact of screening with
low-dose CT on lung cancer mortality in mild
to moderate COPD patients: A pilot study.
Respir Med 2013; 107: 702e707

We congratulate de Torres and colleagues on their recently
published pilot study reporting a significant survival
advantage in patients with mild to moderate COPD diag-
nosed with lung cancer using computed tomographic (CT)
screening [1]. We agree that while further studies are
needed, their results raise three important issues about
targeted CT screening.

First, the lung cancer detection rate (LCDR, number of
lung cancers detected per person screened) in their mild to
moderate COPD patients was 2.31 per annum, about 3.8 fold
that reported in theNational Lung Screening Trial (NLST, 0.61
per annum) where smokers were selected only on age and
pack year history. This result confirms our findings from a re-
analysis of the Pittsburgh Lung Screening Study (PLuSS)
where, after stratifying those in the screening study by
spirometry-defined COPD (GOLD 1-4), we showed a 4.5 fold
increase in LCDRcompared to thosewith normal lung (1.5% vs
0.33 per annum) [2]. As the cost of spirometry is much lower
than that of a CT scan, targeting pre-selection to those with
mild to moderate COPD lowers the number needed to screen
to find one lung cancer case (NNS) from 1 in 164 people
screened per annum to one in 43 people with mild-moderate
COPD, making CT screening substantially much more cost
effective in patients with COPD. However, it is noted that
limiting CT screening to just those with mild to moderate
COPD lowers eligibility sensitivity to only 50% of all those
developing lung cancer [3,4], comparable to the 47% we
estimated using the NLSTeligibility criteria, where strict age
and smoking criteria were used to select screening partici-
pants [5].

The second interesting finding is the apparent
“absence” of over-diagnosis when mild to moderate COPD
patients undergo CT screening given equal (albeit very

modest) numbers of cancers detected in each arm [1]. In
contrast, CT screening studies using only age and smoking
history eligibility criteria have consistently reported an
“excess” of between 35 and 65% of lung cancer cases in the
CT arm above that of controls (unscreened or CXR-
screened) [6e8]. When the histology of the lung cancer
cases are compared, there is a consistent excess of bron-
chioloalveolar cancers and adenocarcinomas in the CT arm
compared to control arms (i.e. “Histology shift”, see
Table 1) [6e8]. Importantly, these histological subtypes of
lung cancer have been strongly associated with longer
doubling times [4,9] and better lung function [10]. A
similar finding was recently reported in the COSMOS CT
screening study [10]. If mild to moderate COPD is associ-
ated with more aggressive forms of lung cancer, this might
explain the significant stage shift (80% vs 20% stages I-II)
and mortality reduction (0.3% vs 3.6% at 31 months
respectively) reported by the de Torres study [1]. Such a
finding could be explained by the molecular data showing
COPD is characterised by an excess of matrix metal-
loproteinases (lung remodelling), growth factors (repair)
and airway inflammation that combine to generate a
“remodelling/repair micro-climate” strongly favouring
cancer development (or progression) in the bronchial
epithelium [11,12].

Lastly, if targeted CT screening of high risk smokers
benefits those with mild to moderate COPD, then failing to
perform routine spirometry in asymptomatic smokers may
no longer be tenable. We have recently raised concerns
about guidelines on the diagnosis and management of COPD
that discourage the use of screening spirometry in asymp-
tomatic smokers (many with undiagnosed mild to moderate
COPD) [13,14]., Indeed if anything like the 12 fold decrease
in mortality described by de Torres and colleagues is
confirmed in a larger study, then discouraging the routine
use of spirometry to diagnose these early forms of COPD in
asymptomatic current or former smokers may be
completely unjustified [14].

We conclude that although a larger study is needed to
confirm the mortality reduction reported by de Torres and
colleagues, there is growing evidence that a “COPD-
centric”, but not exclusive, approach to CT screening for
lung cancer may offer many advantages over current rec-
ommendations limited to age and pack year eligibility
criteria.DOI of original article: http://dx.doi.org/10.1016/

j.rmed.2013.01.013.

Available online at www.sciencedirect.com
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Table 1 Histology of “excess cancers” from the National Lung Screening Trial (NLST) [6] and Danish Lung Screening Trial
(DLST) [7] e Does a “Histology shift” partly underlie over-diagnosis?.

Histology NLST DLST

CT (%) CXR (%) Diff (CT-CXR) % Diff CT (%) Usual (%) Diff (CT-no CT) % Diff

Bronchioloalveolar 110 (10.5%) 35 (3.8%) þ75 þ68% 6 (8.7%) 0 (0%) þ6 þ100%
Adenocarcinoma 380 (36%) 328 (25%) þ52 þ14% 42 (61%) 10 (42%) þ32 þ76%
Squamous Cell 243 (23%) 206 (22%) þ37 þ15% 8 (12%) 3 (13%) þ5 þ63%
Non-small Cell 172 (16%) 201 (22%) �29 �14% 10 (14%) 4 (17%) þ6 þ60%
Small Cell 137 (13%) 159 (17%) �22 �14% 3 (4%) 7 (29%) �4 �57%
Other 16 (1.5%) 12 (1.3%) þ4 þ25% 0 (0%) 0 (0%) 0 0
Total (full study) 1048 931 þ119 þ11% 69 24 þ45 þ65%
Total (1st 3 yrs)a 720 470 þ250 þ35% e e e e

a Excess cancers in NLST after 3 yearly screening rounds (specific histologies not reported).
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Abstract

Rationale: Annual computed tomography (CT) is now widely
recommended for lung cancer screening in the United States,
although concerns remain regarding the potential harms, including
those from overdiagnosis.

Objectives: To examine the effect of airflow limitation on
overdiagnosis bycomparing lungcancer incidence, histology, and stage
shift in a subgroup of the National Lung Screening Trial (NLST).

Methods: In anNLST subgroup (n = 18,714), screening participants
were randomized to annual computed tomography (CT, n = 9,357)
or chest radiograph (n = 9,357) screening and monitored for a mean
of 6.1 years. After baseline prebronchodilator spirometry, to identify
the presence of airflow limitation, 18,475 subjects (99%) were
assigned as having chronic obstructive pulmonary disease (COPD)or
no COPD. Lung cancer prevalence, incidence, histology, and stage
shift were compared after stratification by COPD.

Measurements and Main Results: For screening participants
with spirometric COPD (n = 6,436), there was a twofold increase
in lung cancer incidence (incident rate ratio, 2.15; P, 0.001) and,
when compared according to screening arm, no excess lung cancers
and comparable histology. Compared with chest radiography, there
was also a trend favoring reduced late-stage and increased early-stage
cancers in the CT arm (P = 0.054). For those with normal baseline
spirometry (n = 12,039), we found an excess of lung cancers during
screening in theCTarm,almost exclusivelyearly-stageadenocarcinoma-
related cancers (histology shift and overdiagnosis). After correction for
these excess cancers, stage shift was marginal (P = 0.077).

Conclusions: In the CT arm of the NLST-ACRIN (American
College of Radiology Imaging Network) cohort, COPD status was
associated with a doubling of lung cancer incidence, no apparent
overdiagnosis, and a more favorable stage shift.

Keywords: National Lung Screening Trial; chronic obstructive
pulmonary disease; airflow limitation; overdiagnosis; stage shift

On the basis of a 20% reduction in lung cancer
deaths in the computed tomographic (CT)
screening arm of the National Lung Screening
Trial (NLST), yearly CT screening for lung
cancer is now widely recommended (1–4).

However, published reviews of the benefits
and harms of cancer screening have raised
concerns about the potential harms due to
radiation exposure, unnecessary invasive
workup, and overdiagnosis (5–7).

Overdiagnosis is the identification and
treatment of cancers that would not
otherwise have caused death (8–10) and has
been the basis of a review of existing
screening programs for breast, colon, and
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prostate cancers (6). In an analysis of the
NLST, it has been estimated that 18.5% of
the cancers detected in the CT arm may
represent overdiagnosis (8). For every 320
smokers undergoing CT screening, one life
was saved from lung cancer and 1.38 cancers
were “overtreated” (8). This raises the
question, “Are there any biomarkers or
patient characteristics that are associated
with overdiagnosis in lung cancer screening?”

A central feature of overdiagnosed
cancers is a long volume-doubling time (VDT)
(11). In lung cancer this has been arbitrarily
defined as greater than 365–400 days (10–12).
Applying this criterion to the results from a
single-arm CT screening trial of 3,642
smokers, Wilson and colleagues reported
that 48% of non–small cell lung cancer
cases, and 67% of prevalent cancers, were
slow growing and potentially defined as
overdiagnosed cancers (11). In a reanalysis
of that data it was shown that compared
with those with chronic obstructive
pulmonary disease (COPD), defined as
prebronchodilator airflow limitation on
spirometry testing, screening participants

with normal lung function had a twofold
greater prevalence of lung cancers with a
long VDT (slow growing) (13). A similar
finding was reported by Veronesi and
colleagues (14, 15). The relationship
between airflow limitation (COPD) and
overdiagnosis of lung cancer (13) has not
yet been reported in the NLST.

Screening significantly reduces mortality
by simultaneously increasing the absolute
numbers of cancers diagnosed at an early
treatable stage and reducing the absolute
numbers of late-stage cancers (i.e., clinically
relevant stage shift) (5–7, 16). This contrasts
with merely increasing the proportion of early-
stage cancers, many of which represent “excess
cancers” identified through screening-
related overdiagnosis (6–10). It is
noteworthy that in all the large controlled
CT lung cancer screening studies reported
to date (7, 14, 17, 18), there has been an
excess of cancers detected in the CT arm
compared with the control arm. The
majority of these excess cancers are early-
stage cancers, predominantly of the
adenocarcinoma (AC) or bronchioloalveolar
subgroup (formerly known as BAC); these
BAC-related cancers have been reclassified
as adenocarcinoma in situ, minimally
invasive adenocarcinoma, or invasive
adenocarcinoma, lepidic predominant (8, 19).
That CT screening identifies a significant
excess of these “early-stage” adenocarcinoma-
associated cancers, described previously as a
“histology shift,” is a well-known feature of
CT screening for lung cancer (9, 19). It is
because of this histology shift, masquerading
as a stage shift (increase in early-stage
cancers), that single-arm CT studies cannot
exclude overdiagnosis, or directly correlate
stage shift with survival benefit (18, 20).
To better understand the potential for
histology shift and overdiagnosis in the
NLST, we initially examined the full
NLST results to determine lung cancer
prevalence/incidence and lung cancer
histology according to screening arm
and interval (see the online supplement)
(8, 21, 22). Using data from participants
enrolled through the American College of
Radiology Imaging Network (NLST-ACRIN
cohort), which included 18,714 participants
with spirometry testing, we examined the
effect of airflow limitation (COPD) at
baseline on lung cancer prevalence/
incidence, histology shift, and clinical stage.
Preliminary results from this study have
been previously reported in the form of an
abstract (23).

Methods

In the ACRIN cohort of the NLST,
participants from 23 centers agreed to take
part in the study, which included baseline
prebronchodilator spirometry (21, 22).
From this cohort of 18,714 ACRIN-based
NLST participants, 768 patients with
histology-confirmed lung cancer were
diagnosed over the study period of 7.5
years. Data from the NLST-ACRIN cohort
provide a unique opportunity to examine
the effect of COPD status on CT screening
for lung cancer (23).

Spirometry was measured at
baseline with a SpiroPro spirometer
(eResearchTechnology, GmbH, Estenfeld,
Germany), taking the best maneuvers of
acceptable blows. Consistent with other CT
screening studies (11, 14, 17, 18), COPD
was defined by the presence of airflow
limitation based on prebronchodilator
spirometry (FEV1/FVC, 0.70) and COPD
severity (FEV1% predicted) according to the
Global Initiative on Chronic Obstructive
Lung Disease (GOLD) criteria grades 1–4
(www.gold.org; accessed June 18, 2014).
Spirometry was performed only when the
following criteria were met: no chest
infection in the preceding 3 weeks and no
use of a short-acting bronchodilator inhaler
in the preceding 6 hours or long-acting
bronchodilator in the preceding 24 hours.
Those not meeting these criteria were
rescheduled for spirometric testing at a later
date. Patients with lung cancer were
identified as those diagnosed after baseline
screening and confirmed on histological
sampling according to accepted
international classification criteria (22).
Of the 768 lung cancers identified, lung
function results and lung cancer histology
results were available for 758 patients with
lung cancer (99% of total).

Statistical Analysis
Differences in lung cancer prevalence,
incidence, incidence rates, and incidence
rate ratios, stratified by screening arm,
screening interval, and histology, were
compared (see the GLOSSARY in the online
supplement). Differences in lung cancer
prevalence according to screening arm
and stratified by COPD were compared
using 23 2 tables with Fisher’s exact
test. Incidence rates were compared using
incidence rate per 1,000 person-years,
incidence rate ratio per 1,000 person-years,

At a Glance Commentary

Scientific Knowledge on the
Subject: Although the National Lung
Screening Trial (NLST) shows that
computed tomographic (CT) screening
for lung cancer reduces lung cancer
mortality by 20%, concerns remain
regarding the potential harms,
including from overdiagnosis. In a post
hoc analysis of the NLST,
overdiagnosis is estimated to account
for 18% of lung cancers identified
during screening, so that for every one
life saved, one person suffers
overtreatment.

What This Study Adds to the
Field: In this post hoc analysis of the
NLST, we find that screening
participants with airflow limitation
have twofold greater lung cancer
incidence, minimal overdiagnosis, and
a more favorable stage shift compared
with those with no airflow limitation,
after correction for overdiagnosis.
These results suggest the benefit-to-
harm ratio of CT screening may differ
across subgroups of those currently
eligible for lung cancer screening.
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mid-P exact test (24), and exact confidence
intervals. Differences in histology and clinical
stage in the lung cancer cases were
compared according to COPD status and
screening arm, using 23 2 tables with
Fisher’s exact test. Significance was defined as
a two-tailed P, 0.05. All statistical analyses
were performed with SAS (version 9.4; SAS
Institute, Cary, NC) and STATA (StataCorp,
College Station, TX) statistical software.

Results

Demographic Variables of the
NLST-ACRIN Cohort
Table 1 shows a comparison of the
demographic characteristics of the full NLST
trial cohort (n = 53,452) and lung cancer
cases (n = 2,058) compared with the NLST-
ACRIN cohort (n = 18,714) and lung cancer
cases (n = 768) (21, 22, 25). The NLST-
ACRIN cohort participants are similar to the
full NLST study participants with respect to
the most important demographic variables
of age, sex, pack-years, percent current
smokers, and body mass index. On the basis
of the pulmonary function testing in the

NLST-ACRIN cohort (n = 18,714), 64.3%
had no COPD, a further 27.4% had GOLD
1–2 COPD, 5.8% had GOLD 3 COPD, and
1.1% had GOLD 4 COPD (Table 1). There
were missing data for 239 subjects.

Lung Cancer Histology According to
Screening Arm Stratified by COPD
Status
A comparison of the lung cancer prevalence,
incidence rate, histology, and clinical stage,
according to the presence or absence of
COPD, is shown in Table 2. Regardless of
the screening interval, patients with COPD
were associated with a twofold greater lung
cancer incidence rate than were those with
normal lung function (P, 0.001 for
screening and follow-up intervals; Table 2).
COPD was also associated with significantly
fewer BAC-related cancers and significantly
more non–small cell lung cancer histology
(Table 2). Table 3 and Figure 1 show a
detailed breakdown of all lung cancers
(n = 758) by histology, after stratification
by COPD status and screening arm.
In those diagnosed with lung cancer and
spirometric COPD (n = 401), the lung cancer

prevalence was nominally the same and the
overall distribution of lung cancer histology
was comparable in each screening arm with
no evidence of a histology shift (Table 3 and
Figure 1A). In contrast, in patients with lung
cancer with no COPD at baseline (n = 357),
there were an additional 29 lung cancers in
the CT arm compared with the CXR arm
(Table 3 and Figure 1), attributable to the 30
additional BAC-related cancers in the CT
arm (Table 3). Of the 30 excess BAC lung
cancers detected in the normal lung function
group, 27 (90%) were identified in the
screening (T0–T2) interval (comparable to
findings in the full NLST; see Figure E2 in
the online supplement).

Lung Cancer Staging According to
Screening Arm Stratified by COPD
Status
For those patients with lung cancer with
spirometric COPD (Table 3), early-stage
cancer (absolute numbers) was significantly
greater for the CT arm (117) compared
with the CXR arm (53% vs. 43%) with a
corresponding drop in late-stage cancer

Table 1. Comparison of Baseline Demographics and Spirometric Data for NLST Study Subjects and NLST-ACRIN Cohort

Screening Trial

NLST (Main Study) NLST-ACRIN Cohort

Screening
Participants Lung Cancer Cases Total Cohort Lung Cancer Cases

Subject demographics
Number 53,452 2,058 18,714 768
Mean (SD) age, yr 61.4 (5.0) 63.7 (5.3) 61.6 (5.0) 63.6 (5.2)
Male, % 59 60 55 56
Mean (SD) pack-years 56.0 (23.9) 64.9 (27.1) 55.9 (23.5) 63.9 (27.0)
Current smokers, % 48 60 50 60
Family history of lung cancer, % 22 26 23 26
Self-reported COPD,* % 17 27 20 32
Mean (SD) body mass index 27.9 (5.0) 26.8 (4.7) 27.8 (5.1) 26.9 (4.9)

Pulmonary function tests
Total† ND ND 18,714 768
GOLD 1 ND ND 1,607 (8.6%) 78 (10.2%)
GOLD 2 ND ND 3,528 (18.9%) 213 (27.7%)
GOLD 3–4‡ ND ND 1,294 (6.9%) 109 (14.2%)
GOLD status unknown (due to missing data)x 7 (,1%) 1 (,1%)
ALL COPD ND ND 6,436 (34.4%) 401 (52.2%)
No COPD ND ND 12,039 (64.3%) 357 (46.5%)
Missing spirometry data ND ND 239 (1.3%) 10 (1.3%)

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; GOLD = Global Initiative for Chronic Obstructive Lung Disease; ND =
not done; NLST = National Lung Screening Trial; NLST-ACRIN = NLST participants enrolled through the American College of Radiology Imaging
Network.
*Self-reported COPD in the NLST was based on questionnaire responses referring to the past diagnosis of COPD, emphysema, chronic bronchitis, or a
combination of these.
†Pulmonary function results were available for 99% of screening participants and lung cancer cases.
‡Stage 4 COPD: 1.1% in total cohort and 2.7% in lung cancer cases.
xCOPD based on FEV1/FVC, 0.70 but percent predicted FEV1 not known owing to missing height.
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(223) in the CT arm (47% vs. 57%). This
difference in reduced late-stage cancers
(P = 0.054) corresponds to a clinically relevant
stage shift in which an absolute reduction in
late-stage cancers occurs together with an
increase in early-stage cancers, where the
latter does not include excess or
overdiagnosed lung cancers (see below).

The previously described finding differs
from that of the lung cancer cases found
in participants with no COPD (Table 3),
where there was an excess of cancers in
the CT arm compared with the CXR arm
(also observed in the full study and shown in
Figures E1 and E2). This is associated with a
shift toward early-stage cancers (59% vs. 42%)
in the CT arm (143) and a downward
shift (217) in late-stage cancers (41% vs. 58%,
respectively; P = 0.0020). On a reanalysis of
the no-COPD data, when 26 of the 29

“excess” cancers in the CT arm (Table 3) are
excluded from the analysis, representing
those early-stage BAC-related cancers from
the T0–T2 screening interval, the stage shift
is now no longer significantly in favor of the
CT arm (P = 0.077). After removing these 26
BACs (potentially overdiagnosed cancers),
we found that the reduction in late-stage
cancers was less in absolute numbers in
favor of CT screening than CXR (increase
in early-stage cancer of 117 and decrease
in late-stage cancer of 217) for no COPD
(Table 3). This is less than we found for
those with COPD, for whom there was an
increase in early stage of117 and a decrease
in late stage of 223 (Table 3). Given that
smokers with COPD account for only
35% of all screening participants in the
NLST-ACRIN cohort but 53% of all lung
cancers (Table 2), we estimate that nearly

two-thirds of the reduced late-stage
shift from CT screening may come from
those with underlying COPD. This
estimate is based on the stage shift data
in Table 3: (1) similar reductions in late-
stage cancers (with CT in COPD, 223/201
CXR cancers [11.4%]; with CT in no COPD,
217/164 CXR cancers [10.4%]) and (2)
COPD prevalence in the whole study and in
those with lung cancer (35 and 53%,
respectively; i.e., 0.35O 0.53 = 0.66 or 66%).

Discussion

In an analysis of the NLST-ACRIN cohort,
we found significant differences in lung
cancer incidence and lung cancer histology
according to COPD status. The annual lung
cancer incidence, regardless of screening
interval, was twofold greater in participants
with COPD compared with those with
normal lung function. In those patients with
lung cancer with COPD at baseline, there
were no excess cancers in comparing the CT
and CXR arms, with comparable histology
and a nearly significant stage shift in favor of
early-stage cancer over late-stage cancer
(Table 3). In those lung cancers found in
screening subjects with no COPD at
baseline, we found an excess of cancers
attributed entirely to early-stage cancers of
the BAC-related subgroup (Table 3). When
these were excluded, we found that the
stage shift favoring early-stage over late-
stage cancers was no longer significant.
This suggests that identifying lung cancer
by CT screening in smokers with COPD
may result in more cancers per person
screened while minimizing overdiagnosis.

It is well accepted that overdiagnosis is
an issue for cancer screening programs and
that CT screening identifies many lung
cancers that may not be life-threatening
(8–13, 26). In an analysis of the NLST
study, it was estimated that overdiagnosis
accounted for about 18.5% of all lung
cancers detected in the CT arm (8).
However, although there was a 35% excess
of lung cancers in the CT arm compared
with the CXR arm during screening
(T0–T2) in the full NLST (see data in the
online supplement, including Figure E2 and
Table E1), there was approximately double
that reported in the Danish Lung Cancer
Screening Trial, where there was an excess
of 65% in the CT arm compared with no
screening (17–19). The latter suggests that
compared with no screening, the potential

Table 2. Comparison of Lung Cancer Incidence Rate, Histology, and Clinical Stage
According to Chronic Obstructive Pulmonary Disease Status in the NLST-ACRIN
Cohort

Characteristic COPD No COPD Total P Value

Total 6,436 (34.8%) 12,039 (65.2%) 18,475*
Lung cancer prevalence

by screening arm
401 (53%) 357 (47%) 758 ,0.0001

CXR 201 (50%) 164 (46%) 365 0.27
CT 200 (50%) 193 (54%) 393
Excess cancer 21 129 128

Lung cancer incidence rate
by interval (per 1,000
person-years)

T0–T6 8.12 3.78 5.27 ,0.001†

T0–T2 12.73 6.01 8.33 ,0.001‡

T3–T6 5.14 2.36 3.31 ,0.001x

Lung cancer prevalence by
histology

0.0035

Small cell 60 (15%) 51 (14%) 111 (15%)
Squamous cell 95 (24%) 73 (20%) 168 (22%)
Adenocarcinoma 127 (32%) 129 (36%) 256 (34%)
BAC 19 (5%) 40 (11%) 59 (8%)
Large cell 16 (4%) 14 (4%) 30 (4%)
Non–small celljj 81 (20%) 50 (14%) 131 (17%)
Other 3 (,1%) 357 3 (,1%)
Total 401 758

Lung cancer prevalence by
clinical staging

0.10

Early 187 (47%) 181 (51%) 368 (49%)
Late 203 (51%) 173 (48%) 376 (50%)
Unknown 11 (3%) 3 (1%) 14 (2%)
Total 401 357 758

Definition of abbreviations: BAC = bronchioloalveolar cancer; COPD = chronic obstructive pulmonary
disease; CT = computed tomography; CXR = chest radiograph; NLST-ACRIN = National Lung
Screening Trial participants enrolled through the American College of Radiology Imaging Network.
*18,714 2 missing data (239) = 18,475.
†Incident rate ratio (IRR) = 2.15 (95% confidence interval [CI], 1.86–2.48) (T6 includes follow-up years
7 and 8).
‡IRR = 2.12 (95% CI, 1.76–2.55).
xIRR = 2.18 (95% CI, 1.72–2.76).
jjUnspecified non–small cell lung cancer.
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for overdiagnosis in CT-based lung
cancer screening may be even higher
than previously anticipated (8). That a
significant excess of lung cancers detected
by CT during the screening period then
became a significant deficit for the next 2–3
years of follow-up (see Figures E1 and E2)
suggests many of the cancers detected
during screening (T0–T2) had long
doubling times (.365 d) (9, 11, 12, 26, 27).
This is particularly relevant in Figure E2
showing that in the CT arm, the
incidence of BAC-related cancers reduces
dramatically during follow-up, while the
excess non–small cell lung cancer (NSCLC)
during screening (T0–T2) becomes a deficit
during follow-up (T3–T6). This contrasts
with the results for those randomized to the
CXR arm, where lung cancer incidence
(and histology) was relatively stable across
the screening and follow-up intervals
(z130/yr; Figures E1 and E2, and Table E1).
That the BAC-related cancer prevalence
during CT follow-up (T3–T6) is comparable
to both CXR intervals (Table E1) suggests
that the vast majority are overdiagnosed and
mostly indolent, consistent with the

findings of Patz and colleagues (8). In
contrast to the SCLC/other histology group,
in which prevalence is comparable
irrespective of screening arm or interval, for
the NSCLC group the excess during CT
screening (T0–T2) is 1.5-fold the deficit
(1171/2113) during 4 years of follow-up
(Table E1). We suggest that this large
excess of NSCLC during screening in the
full NLST (8), followed by a
disproportionately smaller deficit during
follow-up, indicates that a large
proportion of NSCLC detected in the CT
arm reflects a histology shift and
overdiagnosis, identifying lung cancers
behaving in either an “indolent” or “less
aggressive” manner (9–12, 26, 27). On the
basis of these findings, we would reframe
the question posed by Detterbeck in his
editorial on overdiagnosis (26), that is, “Is
the detection of these cancers purely
‘tangential’ to the implementation of CT
screening?” as “Is it better to focus on (or
target) more aggressive lung cancers?”

Consistent with other CT screening
studies, the excess lung cancers in the
NLST were primarily of the BAC-related

and AC histological subtypes (Figure 1 and
Figures E1 and E2) (8). These findings
concur with preliminary data from the
European CT screening studies, specifically,
Continuous Observation of Smoking
Subjects (COSMOS), Danish Lung Cancer
Screening Trial (DLST), and Dutch–Belgian
Lung Cancer Screening Trial (NELSON)
(14, 17, 18). Screening studies reporting
VDT have observed that most cancers with
a VDT equal to or exceeding 400 days are
either BAC-related cancers or AC (11, 12,
27). Pastorino states that “when there is an
increase above the expected number of
BAC-related cancers and AC lung cancers
found on screening, then overdiagnosis
should be considered” (9). The data we
report here show for the first time that
these excess cancers are limited to those
with normal lung function (discussed
further later). It has been suggested that CT
screening identifies a distinct type of
“adenocarcinoma” with more indolent
behavior, represented by either BAC (now
classified as a subgroup of adenocarcinomas)
or slow-growing adenocarcinoma (27). Just
what proportion of these excess cancers

Table 3. Distribution of Lung Cancer Histology and Stage in NLST-ACRIN Cohort, According to Screening Arm and Presence of
Spirometry-defined Chronic Obstructive Pulmonary Disease at Baseline

COPD: GOLD 1–4 (n = 401) No COPD (n = 357)

CXR Arm CT Arm Abs Diff. Total CXR Arm CT Arm Abs Diff. Total Overall Total

Histology
Small cell 34 (17%) 26 (13%) 28 60 (15%) 30 (18%) 21 (11%) 29 51 (14%) 111
Squamous cell 44 (22%) 51 (26%) 17 95 (24%) 32 (20%) 41 (21%) 19 73 (20%) 168
Adenocarcinoma 63 (31%) 64 (32%) 11 127 (32%) 63 (38%) 66 (34%) 13 129 (36%) 256
BAC* 7 (3%) 12 (6%) 15 19 (5%) 5 (3%) 35 (18%) 130† 40 (11%) 59
Large cell 9 (4%) 7 (4%) 22 16 (4%) 8 (5%) 6 (3%) 22 14 (4%) 30
Non–small cell 43 (21%) 38 (19%) 25 81 (20%) 26 (16%) 24 (12%) 22 50 (14%) 131
Other (carcinoid) 1 (,1%) 2 (1%) 11 3 (0.8%) 0 0 0 0 (0%) 3
Total 201 200 21 401 164 193 129 357 758

Clinical stage
Stage 1–2 85 (43%) 102 (53%) 117 187 69 (42%) 112 (59%) 143 181 368
Stage 3–4 113 (57%) 90 (47%) 223‡ 203 95 (58%) 78 (41%) 217x 173 376
Subtotal 198 192 -6 390 164 190 126 354 744
Unknown stage 3 8 15 11 0 3 13 3 14
Total 201 200 -1 401 164 193 129 357 758

Definition of abbreviations: Abs Diff. = absolute difference; BAC = bronchioloalveolar cancer; COPD = chronic obstructive pulmonary disease; CT =
computed tomography; CXR = chest radiograph; GOLD =Global Initiative for Chronic Obstructive Lung Disease; NLST-ACRIN =National Lung Screening
Trial participants enrolled through the American College of Radiology Imaging Network.
*BAC includes adenocarcinoma in situ, minimally invasive adenocarcinoma, and invasive adenocarcinoma, lepidic predominant.
†Of the 35 excess BACs in the CT arm, 30 (86%) come from the “No COPD” group, 6-fold greater than in those with COPD. Of these 30 excess BACs, 27
were diagnosed during the T0–T2 interval.
‡In those with COPD, a trend toward a favorable stage shift toward early stage was seen in the CT arm compared with the CXR arm (odds ratio [OR], 1.51;
95% confidence interval [CI], 1.00–2.29; P = 0.054), which was associated with an absolute reduction in late-stage cancer (223).
xIn those with no COPD, a favorable stage shift toward early stage was seen in the CT arm compared with the CXR arm, and a change in late-stage
cancers (217) was seen (OR, 1.97; 95% CI, 1.27–3.09; P = 0.002). When the excess lung cancers (126 early-stage BAC from T0 to T2; see text) were
excluded from the analysis, the stage shift was no longer significant (OR, 1.52; 95% CI, 0.96–2.40; P = 0.077). Excluding all 30 excess BACs in the CT
versus CXR arm (T0–T6), P = 0.098.
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represents truly indolent disease remains
uncertain, but it is clear that overdiagnosis is
an important issue in lung cancer screening
by CT and may place at harm a significant
number of asymptomatic (otherwise
“healthy”) smokers (8). The question then
becomes “what biomarkers or strategies
are available that might help minimize
overdiagnosis and maximize the stage shift
during screening?”

When we stratified the lung cancer cases
in the NLST-ACRIN cohort by COPD status,
we found that in those with COPD, there
were no excess cancers and no histology
shift in the CT arm compared with the CXR

arm (i.e., no apparent histology shift or
overdiagnosis). However, we did find a nearly
significant stage shift toward early-stage lung
cancer with reduced late-stage cancers
(Table 2 and Figure 1). True stage shift,
wherein screening simultaneously leads to
an increase in early-stage and reduction in
late-stage cancers, likely underlies the
mortality reduction gained from screening
(16, 26). Indeed, in the CT arm of the NLST-
ACRIN cohort, we report an 11.5%
reduction (23/200) in late-stage cancers with
COPD, which contributes to the overall 20%
reduction in mortality reported in the NLST
(22). In contrast, among those with normal

lung function, excess cancers primarily of
the BAC-related histology were found. More
importantly, the increase in early-stage
cancers in those with no COPD, after
correction for this excess, resulted in an 8.8%
reduction in late-stage cancers (17/193) with
CT, wherein the stage shift was no longer
significant (Table 3 and Figure 1). That these
excess cancers were almost exclusively
identified by CT during the screening period
(T0–T2; Figure 1 and Figure E2) indicates
that the tendency to overdiagnosis (and
potential harm from overtreatment) is most
relevant to those with normal lung function.
This also suggests that COPD appears to be
associated with more aggressive forms of
CT-detected lung cancer, concordant with
findings from other screening studies
(11, 13). We note, in this study, that 68% of
all BAC-related lung cancers (40/59) were
identified in those with no COPD (Table 3).
This is important because many of these will
be identified as ground-glass opacities,
with indolent (nonprogressive) behavior,
that could be better managed with serial
CT scans. Such an approach will reduce the
potential for harm from unnecessary
intervention (i.e., reduce overdiagnosis). In a
small study of patients with mild-to-moderate
COPD undergoing yearly CT screening
compared with an unscreened COPD
group (28), the mortality reduction was
nearly 10-fold greater with screening
compared with no screening. Although
this finding requires confirmation in a
larger and better powered study, it suggests
that significant gains come from screening
those with mild to moderate COPD (29).
It is noteworthy that 79% of those with
COPD in the ACRIN-NLST cohort had
mild-to-moderate COPD, previously
associated with a significant risk of lung
cancer (30–33). Although some argue that
competing causes of death might dilute
the mortality gains of screening smokers
with COPD (34), the data do not bear this
out (33). In all three studies that address
this issue, after stratifying by the presence
or absence of COPD on presurgery
spirometry, comparable 5-year survival
outcomes were found after surgical
removal of early-stage NSCLC (35–37).
If the differences in stage shift we found
between COPD and no COPD were
translated directly to mortality reduction,
with no effect from competing causes of
death or perioperative death from COPD,
we estimate that the mortality reduction
would be nearly twofold greater in those
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Figure 1. Absolute lung cancer numbers according to COPD status and screening arm in the NLST-
ACRIN cohort, showing (A) excess early-stage BAC/Adeno and histology shift in the no-COPD
subgroup and (B) no excess cancers but clinically significant stage shift in the COPD subgroup.
Adeno = adenocarcinoma; BAC = bronchioloalveolar cancer; COPD= chronic obstructive pulmonary
disease; CT = computed tomography; CXR = chest radiography; NLST-ACRIN =National Lung
Screening Trial participants enrolled through the American College of Radiology Imaging Network;
SCLC = small-cell lung cancer; Squam = squamous cell cancer.
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with COPD than in those with no COPD
(66 and 34%, respectively). On the basis of
these observations, the differential effects
of spirometry-defined airflow limitation
(COPD) on mortality reduction in the
NLST-ACRIN cohort are currently the
subject of a detailed analysis.

In this subanalysis of the NLST, we
have shown that lung cancer incidence rates
were twofold greater in those with COPD
than in those with normal lung function
(Table 2). This replicates the results from
other screening studies showing greater
lung cancer detection (or diagnosis) rates
in those with COPD (29, 33, 38, 39). We
and others have previously noted that
NLST-based eligibility criteria for lung
cancer screening, limited to age and pack-
year exposure, have low sensitivity,
excluding between 50 and 70% of all lung
cancers from screening (39–41). In the
study by Sanchez-Salcedo and colleagues,
sensitivity of the eligibility criteria was
substantially increased when the presence
of airflow limitation or emphysema was
added to the current NLST-based
eligibility criteria (39). Collectively, these
findings suggest that when risk stratifying
current and former smokers for their
lung cancer risk, variables related to
susceptibility to COPD (age, smoking
history, self-reported COPD, low body
mass index, genetic factors, CT
emphysema, or lung function) can be
combined to derive a more precise overall
lung cancer risk (23, 25, 38, 42–45).

There are several potential limitations of
our study. We note that the NLST-ACRIN

cohort participants make up only 35% of the
full NLST study. However, the NLST-ACRIN
cohort appears to be representative
of the wider NLST population as the
demographic variables of this subgroup
are comparable to those of the full study
(Table 1). Consistent with other CT
screening studies (11, 14, 17, 18, 39, 45),
only prebronchodilator airflow limitation
was used in this study to define COPD
status. Such an approach allows for greater
comparability with these existing studies and
better reflects the community-based
(epidemiological) use of spirometry as a
screening tool for airflow limitation.
Although a misdiagnosis of asthma (or fully
reversible airflow limitation) is possible in
those we assigned as COPD, it is likely to be
modest (conferring a dilutional effect) in
this group of older heavy smokers (mean
age, 62 yr; mean pack-years, 56). A further
limitation of the study is that data on VDTs
are not available to confirm the results of
others suggesting many of these “excess
cancers” are indeed indolent and not life-
threatening (11, 13). Data from the
NELSON trial suggest that volumetric-based
determination of VDT may reduce both
false positive rates (46) and overdiagnosis
(47). Last, we have not assessed the presence
of emphysema in those with and without
airflow limitation or lung cancer, and it
remains a hotly debated issue as to whether
airflow limitation or emphysema is the more
important manifestation of COPD linked to
an increased risk of lung cancer (33, 39, 48).
On this basis, we cannot exclude the
possibility that some BAC-related cancers,

corresponding to ground-glass opacities
during screening, are more difficult to
identify on CT in the presence of
emphysema.

We conclude that the presence of
COPD identifies smokers at greatest risk of
lung cancer (30–32) and that it is associated
with an increased lung cancer incidence
rate in CT screening studies (29, 33, 38, 39).
COPD is also associated with more
aggressive cancers and significantly less
(or minimal) overdiagnosis (13, 28, 29).
Although this finding requires replication
(17, 18), our observations argue in favor of
the routine use of screening spirometry in
asymptomatic smokers at risk of lung
cancer either in general (49), or specifically
as part of assessing the harm-to-benefit
ratio of CT screening (31, 33, 39). We
believe that preselection of eligible smokers
for possible CT screening requires greater
appraisal as current criteria include many
low-risk smokers for whom the harm may
substantially outweigh the benefit of
screening (25, 43, 50). The results of this
study suggest that overdiagnosis is a
significant issue in CT screening for lung
cancer and is found exclusively in those
with normal lung function at lower risk.
We conclude that lung cancer risk
assessment requires the inclusion of
variables underlying COPD risk, and that
such an approach may help to better
optimize the benefit-to-harm ratio of CT
screening. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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 In a post-hoc analysis of the National Lung Screening Trial (NLST), we reported that baseline airflow limitation was associatedRationale:
with greater lung cancer incidence, more favourable stage shift (fewer late stage cancers) and minimal excess (over diagnosed) lung
cancers, when compared to those with no airflow limitation.

: Using 18,475 subjects from the ACRIN-NLST sub-study, the current study aimed to compare all cause and lung cancer-specificAim
mortality according to pre-bronchodilator spirometry-defined airflow limitation (henceforth defined as COPD).

 We identified 6,436 screening participants with COPD and 12,039 with no COPD (total 18,475, 99% of all ACRIN screeningMethods:
participants). Mortality rates and mortality rate ratios (MRR) were compared between the computed tomography (CT) and chest
radiograph (CXR) arms, according to the presence or absence of COPD.

: In the whole cohort, lung cancer-specific mortality reduction in the CT screening arm was 22% (MRR=0.78, 95% CI 0.63-0.97,Results
P=0.021) consistent with the full NLST. After stratification by the presence of COPD, the MRR associated with CT screening was 0.72 (95% CI
0.52-0.99, P=0.038) for those with no COPD (N=12,039) and 0.85 (95% CI 0.64-1.13, P=0.25) for those with COPD (N=6,436). In those with
COPD, overall (all cause) mortality was 1.9 fold greater and lung cancer-specific mortality was 2.3 fold greater, when compared to those
with no COPD. CT screening had no effect on all-cause mortality but reduced lung cancer-specific mortality by 28% in those with no COPD
(P<0.038). The failure to identify a significant reduction in lung cancer-specific mortality in those with COPD, compared to no COPD, was
not related to differences in sample size.

 In the ACRIN sub-study of the NLST, CT screening conferred a lung cancer-specific mortality reduction of 28% in those withConclusion:
no COPD. In contrast, lung cancer-specific mortality reduction failed to achieve significance in those with COPD. We suggest that
competing causes of death (e.g. peri-operative complications or cardiovascular-related deaths) or more aggressive lung cancer (e.g. more
interval cancers, more micro-metastases or more chemo/radiotherapy-resistant lung cancer) in those with COPD, may explain the different
outcomes observed in this screening study.
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American College of Radiology Imaging Network.
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that all indices of the diaphragm and inspiratory muscle effort
were decreased at the end of the T-piece trial with ECCO2R.

Table E1 in the online supplement illustrates the individual data
of breathing pattern, arterial blood gasses, and dyspnea.

Discussion
This pilot physiological report demonstrates that in patients with
chronic obstructive pulmonary disease who are not yet ready to
be weaned, the addition of ECCO2R during unsupported
breathing avoids the increase in PaCO2

and inspiratory effort
and the occurrence of a rapid shallow breathing pattern.

The inability to sustain spontaneous breathing in patients with
chronic obstructive pulmonary disease is the result of an imbalance
between the load and the capacity of the respiratory muscles to
generate pressure. This results in higher respiratory rates, leading
to dynamic hyperinflation, elevated intrathoracic pressures,
excessive work of breathing, and finally CO2 retention (4). These
changes may occur either during an acute exacerbation or when
the patient is not yet ready to be weaned from the ventilator (9, 10).

Adding ECCOR to NIV may avoid intubation in those patients
in whom NIV fails to manage severe respiratory acidosis. The
underlying physiological mechanism evoked to explain these data was
the efficacy of ECCO2R to remove the excess of CO2 that could not be
managed by conventional NIV. In the present investigation, we have
shown that ECCO2R may be indicated in patients with increased
work of breathing, even in the absence of respiratory acidosis.

The reduction in inspiratory effort likely lowers CO2

production of the respiratory muscles, which can be quite high in
such patients, contributing to a reduction in total CO2 production.
Under these circumstances, the CO2 removal achieved by ECCO2R
may be sufficient to reduce ventilator demand to the point
where spontaneous unassisted breathing is possible.

Limitations of the study include the short delay between the twoT-
piece trials, which may not have allowed full recovery (9). In contrast,
weaning failure was not associated with diaphragmatic fatigue in
similar patients (10). Another concern is that the sequence of weaning
trials was not randomized, so that exclusion of a time effect to explain
the improvement in respiratory parameters during the second trial
cannot be excluded. However, this seems less likely, considering that
the baseline physiological variables were almost identical between
the trials. We hope these results encourage future investigations on the
use ECCO2R to facilitate the weaning process. n

Author disclosures are available with the text of this letter at
www.atsjournals.org.

Lara Pisani, M.D.
Alma Mater University
Bologna, Italy

Luca Fasano, M.D.
Sant’Orsola Malpighi Hospital
Bologna, Italy

Nadia Corcione, M.D.
Vittoria Comellini, M.D.
Alma Mater University
Bologna, Italy

Aldo Guerrieri, M.D.
Sant’Orsola Malpighi Hospital
Bologna, Italy

Marco V. Ranieri, M.D.
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Lung Cancer Susceptibility, Ethnicity, and the Benefits
of Computed Tomography Screening

To the Editor:

In the editorial accompanying a post hoc analysis of the National
Lung Screening Trial (NLST) (1), for which the lung cancer–specific
mortality reduction from computed tomography (CT) screening
was 39 and 14% in African American and white subjects,
respectively, Ruparel and Navani focus almost exclusively on health
inequalities (2). However, we are intrigued by the magnitude of
this “ethnicity-based” mortality benefit and its relevance to lung
cancer susceptibility in the context of screening outcomes (3).

Supported by grants from the University of Auckland, Health Research
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In a large epidemiological study of ethnicity and lung cancer,
Haiman and colleagues report that compared with other United
States–based ethnic groups, African American and Hawaiian
ancestry confer the greatest risk for lung cancer (4). In this study,
age-standardized lung cancer incidence was two- to threefold
greater in African Americans than in Japanese Americans
despite comparable educational levels and similar overall smoking
exposure. A striking finding of Haiman and colleagues’ study
was that although the expected dose–response relationship between
cigarette exposure and lung cancer risk was shown for most
ethnic groups, it was absent in African Americans and Hawaiians
(Figure 1). This supports the findings of others suggesting African
Americans are inherently more susceptible to the harmful effects
of cigarette smoking on the lungs (5–7). In a multivariate lung
cancer risk model based on the PLCO (Prostate, Lung, Colorectal,
and Ovarian Cancer Screening) study, after adjustment for age,
detailed smoking exposure, and other risk variables, African
American ancestry conferred the second greatest risk after
Hawaiian ancestry (5). These observations cannot be simply
attributed to the depth of inhalation or cigarette brand (e.g.,
mentholated) used by African Americans (7), as suggested by some.

Although greater susceptibility to lung cancer in African
Americans may be attributed to the combined effects of
“unrecognized” environmental factors or ethnicity-specific genetic
factors (4), it is noteworthy that a similar finding has been reported
in chronic obstructive pulmonary disease (COPD). Studies have
found that compared with white subjects with the same severity
of COPD, African Americans were younger, smoked less, and had
greater lung function decline (6). This raises the possibility that
greater susceptibility to lung cancer in African Americans extends
to COPD (7), in which overlapping pathogenic pathways confer
more aggressive disease (3, 6), and links greater susceptibility
to greater screening-related mortality reductions (3, 5). In a
post hoc analysis of the NLST (n = 18,000 subjects), we recently
found that airflow limitation was associated with a twofold
greater incidence of lung cancer, more aggressive histological

subtypes, and more favorable stage shift, compared with those with
normal lung function (8).

This hypothesis will be tested further by comparing the
mortality reduction from CT screening smokers with airflow
limitation (high risk) to those with normal lung function. n
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Reply

From the Editorialists:

We thank Hopkins and colleagues for their interest in our editorial (1).
We acknowledge the important studies cited, which suggest that
African Americans have an increased susceptibility to cigarette smoke
and are therefore at higher risk of developing chronic obstructive
pulmonary disease (COPD) and lung cancer than matched white
individuals (even after considering the impact of other related factors).

We would, however, like to highlight the difference between lung
cancer detection rate and reduction in mortality. Although both are
related to lung cancer risk and incidence, the latter also addresses
factors affecting competing mortality. The article by Tanner and
colleagues that we referred to reported a more pronounced mortality
benefit with low-dose computed tomography (LDCT) screening
compared with chest X-ray in African American compared with
non–African American National Lung Screening Trial (NLST)
participants (2). This suggests an observed effect of LDCT screening
in African American participants over and above that explained by
the increase in risk and incidence alone in this ethnic group.

As well as ethnicity, other factors appear to influence lung
cancer susceptibility. Sex is another important demographic that
influences lung cancer risk, and certainly it has been suggested that
the cost-effectiveness of lung cancer screening is far higher in
women than in men (incremental cost-effectiveness ratio, $46,000
vs. $147,000 [3]). Furthermore, as well as COPD, other
comorbidities also increase susceptibility to lung cancer through
varying mechanisms. Certainly, HIV and idiopathic pulmonary
fibrosis have also been associated with a higher risk of lung cancer
even after accounting for smoking history (4, 5).

Another interesting observation is that interval cancers in the
NELSON (Dutch–Belgian randomized lung cancer screening trial)
study were associated with increased age, though not smoking
status (6). Apart from this study, very little is known about the
relative importance of other factors influencing interval cancer
incidence with LDCT screening and whether such occurrences may
be predicted by evaluating risk in screened individuals. If this were
so, screening intervals could be tailored individually by risk.

The relationship between individual lung cancer risk, lung
cancer detection, survival benefit of the screened population, and
cost-effectiveness of lung cancer screening is complex. The current
U.S. Preventive Services Task Force criteria (7) for screening
eligibility are reasonable at this time but are likely to be adapted in
the future, given the growing evidence base that will in due course
inform the medical communities on how best to optimize the

harms and benefits of lung cancer screening in individuals with
varying risk profiles. Screening may be appropriate at
alternative age and risk thresholds or at more or less frequent
intervals in certain groups. Lung cancer risk and detection
rate both need to be balanced with competing mortality to
maintain or exceed the sensitivity and mortality benefit with
screening seen in NLST. n
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Excess Risk of Cancer from Computed Tomography
Scan Is Small but Not So Low as to Be Incalculable

To the Editor:

We read with interest the study by Rosenow and colleagues related
to quantification of cystic fibrosis (CF) using computed tomography
(CT) scan (1). We congratulate the authors for their important
work on the subject. However, we would also like to comment on
the conclusion of the study, assuming that the excess relative
risk (ERR) of cancer related to CT scan exposure at two time points
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study of Casal and colleagues, I think that general anesthesia
should be more widely available in bronchoscopy suites of teaching
centers, and one of the major reasons to have it available is for
these procedures. Ideally, bronchoscopy suites offering advanced
procedures (such as EBUS and electromagnetic navigation
bronchoscopy) should have the potential for both moderate
sedation and general anesthesia. n
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Reply

From the Author:

We thank Dr. Wilson for his kind comments regarding our
randomized trial of endobronchial ultrasound (EBUS) under
general anesthesia versus moderate sedation (1). As bronchoscopy
educators, we strongly agree with his comment regarding the
advantages of the use of general anesthesia for teaching purposes in
more advanced or complex procedures. Training with virtual
bronchoscopy simulators, with cadavers, or in animal laboratories
can improve the EBUS skills of our trainees (2, 3), but none of these
methods of training can replace the learning experience gained
with actual patients in the bronchoscopy suite. Although pioneered
by interventional pulmonologists, EBUS is currently being taught
to pulmonary fellows in most pulmonary programs in the United
States (4). We work in an academic institution at which trainees
with different levels of expertise in bronchoscopy are involved
in every procedure. The lack of trainee participation in our
randomized trial put into evidence that, in our institution, the
length of EBUS procedures can be roughly reduced in half when
teaching is not involved. Hence, our study results do not apply to
EBUS procedures that involve bronchoscopy trainees; this was
highlighted as one of the study limitations (1). In the last decade,
the degree of complexity of bronchoscopy has increased
exponentially, and the combination of multiple techniques in
a single procedure (i.e., navigational bronchoscopy, mediastinal

staging, placement of fiducial markers, therapeutic interventions) is
now very common. Training our fellows during bronchoscopies
that combine multiple modalities can make these procedures
intolerably long. The use of general anesthesia is safe, and it can
guarantee sufficient time to train most bronchoscopists without
generating any discomfort to our patients. We concur with
Dr. Wilson that, ideally, teaching facilities should have access to
general anesthesia for their most complex procedures. n
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Mortality Reduction, Overdiagnosis, and the
Benefit-to-Harm Ratio of Computed
Tomography Screening

To the Editor:

In reporting the results of their randomized computed tomography
(CT) screening trial (DANTE [Detection and Screening of Early
Lung Cancer with Novel Imaging Technology]), Infante and
colleagues attribute their failure to identify any mortality reduction
to underpowering (1). We are not convinced that underpowering
is the only issue underlying their somewhat disappointing
findings.

In the National Lung Screening Trial (NLST), for every lung
cancer death averted by CT screening, there are 1.38 lung cancers
that are overtreated (2). Comparable with other randomized CT
screening trials in Europe (3), where the control group is usual
care, the DANTE investigators reported 32 excess lung cancers in
the CT group (31% of 104 CT group cancers and 44% of 72 usual
care cancers). This excess is consistent with other European CT
trials (range, 30–65%) but far exceeds that reported in the NLST
(11%, or 120/1089) (1–3). As overdiagnosis is also a feature of chest
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X-ray screening (3), we believe this smaller excess in the NLST
may represent an underestimation of CT-related overdiagnosis.
Importantly, in the DANTE trial, there was little difference in the
number of advanced-stage cancers between screening groups
(43 in the CT group and 45 in the no-screening group, similar
denominator), with an absolute difference of 0.39% (CT, 3.40% and
usual care, 3.79%) (1). Given that 31/32 of the excess cancers in the
DANTE CT group were stage 1, and 25/31 were bronchoalveolar
carcinoma or adenocarcinomas (where long volume doubling times
often confer indolent or less aggressive behavior), the majority
of these excess cancers likely represent overdiagnosis and
overtreatment (4). This means that diagnosing the majority of these
excess cancers through greater sensitivity of CT translates into little
clinical benefit. So even after combining the European screening
studies, a significant mortality reduction (or net benefit) may not
be found. We suggest that overdiagnosis was underestimated in the
NLST (2) and remains a significant problem in CT screening by
substantially worsening the benefit-to-harm ratio.

The other important finding reported in the DANTE trial is the
high rate of positive scans, at 37% compared with 25% in the NLST.
Such a difference significantly reduces the cost-effectiveness of
screening because of the additional costs (monetary and clinically
related) resulting from repeat imaging and invasive interventions.
We suggest that more effective CT screening will only come from
adopting better selection criteria to include those who get the
greatest benefit. We believe a better approach to selecting people for
screening will be achieved by combining several clinical risk
variables and biomarkers (e.g., lung function, genetic markers) in
multivariate risk algorithms (5, 6). n
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Reply

From the Authors:

Dr. Young andMs.Hopkins point out in their letter that therewas a 31%
lung cancer excess rate in the low-dose computed tomography (LDCT)
group of the DANTE (Detection and Screening of Early Lung Cancer
with Novel Imaging Technology) trial (1), which is in line with the other
European trials, and that most of these excess cancers were stage I
and presumably slow-growing. These findings, combined with no
significant effect on lung cancer–specific mortality, support the
hypothesis of overdiagnosis with LDCT screening.

Overdiagnosis with chest radiography screening was strongly
suspected long ago (2): it was one of the reasons the DANTE study
was designed as a randomized controlled trial back in 2000.
Eventually, the hypothesis was corroborated by further data from
the Mayo Lung Project cohort, in which an excess rate of 17%
(585 vs. 500 cases) could still be observed after a 16-year extended
follow-up (3). We therefore agree that the relatively small lung
cancer excess rate observed in the LDCT group of the National
Lung Screening Trial (NLST) trial is likely the result of
overdiagnosis in the chest radiography group (4).

With any form of screening, overdiagnosis is the price to pay in
exchange for an expected mortality reduction.

Most clinical lung cancers are still detected in an advanced stage,
and hence, “too late” to be cured by currently available therapy, but
lung cancer screening research is changing this by intercepting
a high proportion of stage I lung cancers. Will this translate into
a substantial reduction of the number of cases progressing toward
end-stage disease in the general population? Despite the impressive
NLST data, the jury is still out on this crucial aspect.

Indeed, 47 of 1,264 subjects (3.72%) were diagnosed with stage I
disease by CT in the DANTE screening group. This proportion
ranks highest among all trials of CT screening. However, there was
also a high proportion of cancers that escaped detection by LDCT
during the active phase of the study and that were ultimately fatal.

We suspect that the net effect of LDCT screening on lung
cancer mortality in a community setting may ultimately depend on
how many subjects in that population will develop lung cancers that
are “biologically suitable for screening”; that is, neither indolent,
for which screening would lead to overtreatment, nor overly
aggressive, for which early diagnosis would be unattainable.
Instead, high test sensitivity for small nodules may be
comparatively less important.

The DANTE study is admittedly too small to exclude a
marginal mortality benefit with LDCT screening over usual care,
and the same applies to all European trials published so far.
However, if the NELSON study (5) or a pooled analysis of European
trials with an intervention-free reference group will confirm the
NLST findings by demonstrating a 20% (or close to that) mortality
advantage over observation only, this will definitively support
LDCT screening as a strategy to curtail lung cancer mortality in the
general population.
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In their article, Miller and colleagues report on the 
survival results of smokers enrolled in their community-
based multicentre computed tomography (CT) screening 
program for lung cancer (1). In a cohort of 1,267 primarily 
moderate to high risk smokers, followed with annual CT 
screening for 5 years, 36 subjects underwent biopsy, 30 were 
confirmed to have lung cancer of which 28 were primary 
lung cancers. Overall 5-year survival was 64% and 5-year 
lung cancer specific survival was 71% in the screened 
patients, where the overall-survival compared favourably to 
the 5-year survival in a group of non-screened lung cancer 
patients (64% vs. 19% respectively, P<0.001) (1).

While these investigators are to be congratulated for 
successfully conducting a CT-based screening program 
for lung cancer, their results do not in themselves provide 
convincing evidence that CT screening for lung cancer 
is beneficial (2,3). The single most important aspect of 
this study is that survival is an unreliable statistic to use to 
measure success from screening (2,3), especially in a single 
arm study (1,4). As set out below, this is particularly the 
case for CT screening for lung cancer where a number of 
specific performance-related issues have remained relatively 
poorly appreciated (2,3,5-7).

First, the National Lung Screening Trial (NLST) 
reported a 20% reduction in lung cancer specific mortality 
in the CT arm compared to the chest X-ray (CXR)  
arm (8). This correlated with an absolute reduction in 
lung cancer mortality in the CT arm of approximately 
0.33% compared to the CXR arm (about 3 less lung cancer 
deaths per 1,000 people screened). However, reduction in 
mortality correlates poorly with survival as survival takes 
no account of biases such as lead time and length time bias 

(2,3). Survival makes no consideration of over-diagnosis, 
histology shift masquerading as stage shift and competing 
cause of death (see below). Survival statistics are also 
very sensitive to whether the lung cancer cases reported 
include all lung cancer cases in the screening cohort or just 
those detected by the screening process. The uncertainty 
surrounding survival benefit is further exacerbated when the 
control group has not been randomized so that the risk of 
getting lung cancer, and dying from lung cancer, are at least 
comparable prior to starting the screening intervention. 
Over-diagnosis,  which describes the treatment of 
otherwise indolent lung cancers, was estimated to be 18% 
in the CT arm of the NLST relative to the CXR arm (9). 
However based on the European CT screening studies, 
where outcomes from CT screening are compared to no 
screening, the real rate of over-diagnosis appears to be 
closer to 30–40% if estimated from excess cancers in the 
CT arms of these studies (10,11). The inclusion of over-
diagnosed lung cancer cases in survival statistics creates 
an artificial elevation in the survival rates for lung cancer 
(2,3,6). This is because survival rates include lung cancer 
cases, with clinically indolent behaviour, for whom dying 
over the duration of the study would not have occurred in 
the absence of screening (termed lead time bias). This is 
why randomization of comparably eligible smokers into 
a control arm is so important to establishing beneficial 
outcomes from screening (8).

Second, it is now clear that stage shift differences do 
not always translate into survival benefit because the lung 
cancers identified during CT screening are biologically 
different to those that are identified during no screening 
(termed length time bias) (12,13). We have shown this in 
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a post-hoc analysis of the NLST where a favourable stage 
shift in the CT arm of “healthy smokers” (with no airflow 
limitation and higher percentage of early stage cancers) 
could be almost entirely attributed to histology shift 
favouring indolent cancers (14). This may be even more 
evident in the European CT screening trials where much 
higher numbers of adenocarcinomas, and cancers formerly 
described as bronchioloalveolar carcinomas (BAC), have 
been consistently identified in the CT screening arms 
compared to no screening (15). In another post-hoc analysis 
of the NLST up to 80% of the over-diagnosed cancers 
were BAC in histology (9). In other words, the diagnosis of 
BAC is a useful marker for the tendency to over-diagnosis 
and overtreatment. These BACs make up to 60% of all 
lung cancers identified in CT screening studies of Japanese 
non-smokers (16). On this basis we suggest that combining 
this group of cancers into the adenocarcinoma group will 
potentially disguise (under-represent) the proportion of 
over-diagnosed lung cancers and thus unnecessary treatment 
in a CT screening program. It will also spuriously improve 
survival statistics (2,3). That said in the study by Miller 
and colleagues (1), there were no lung cancers of the BAC 
histological subtype although about 4 would be expected 
based on the NLST results (12% were BAC in the CT arm 
of the NLST) (14). We suggest that over-diagnosis and 
histology shift may underlie an apparent advantageous stage 
shift and serve to overestimate survival in those undergoing 
CT screening (2,3). In stark contrast, in a randomized 
study this over-diagnosis group may potentially be shown 
to contribute to increased morbidity (from unnecessary 
surgery with post-operative complications), yet contributing 
nothing to any reduction in mortality. In this regard, it has 
been reported that the mortality and morbidity associated 
with work up of benign nodules was 3- to 4-fold higher in 
the CT arm compared to the CXR arm of the NLST (11).

Third, probably the least discussed aspect of CT 
screening for lung cancer to date is the issue of competing 
causes of death (6,7). Smokers who are eligible for lung 
cancer screening are in general older and have smoked 
for many years (15). We have reported that about 35% of 
NLST participants have underlying COPD based on pre-
bronchodilator spirometry although 70% are unaware of 
this (14). Other relevant lung cancer risk factors include 
low body mass index, family history of lung cancer or past 
history of another cancer (17-19). While this group of 
smokers are undoubtedly at greater risk of lung cancer in 
absolute terms, they are also at risk of dying from other 
causes (6,7). In a post-hoc analysis of the NLST (N=18,475), 

we have reported that having COPD (pre-bronchodilator 
FEV1/FVC <0.70) was associated with a 2-fold greater 
risk of developing lung cancer, a 2.3-fold increase risk of 
dying of lung cancer and a 1.9-fold increase risk of dying of 
other causes, when compared to those with no COPD (7). 
Interestingly in those with COPD, the lung cancer specific 
mortality reduction from CT screening vs. CXR, was only 
half that achieved in those with no COPD (reduction in 
lung cancer specific mortality was 15% in COPD vs. 28% 
in “healthy smokers”) (7). We suggest that the reduced 
mortality reduction in those with COPD may result in 
part from early deaths from causes other than lung cancer 
eroding the value of screening (7,20). In unpublished results 
of a subgroup of the NLST, we recently found that only 
23% of all deaths in the CT arm were from lung cancer, 
while 26% were from cardiovascular disease, 6% from 
respiratory disease, 19% from other cancers and 26% for 
the remainder. This means the over-all survival and lung 
cancer specific survival is also a function of the underlying 
risk in the group being screened. Smokers of lower risk in 
one screening study might survive better just because they 
have a lower overall risk of death and lower risk of dying of 
their lung cancer (15). This might be the case for screening 
studies including younger lighter smokers, and explain in 
part the apparent superior survival statistics described by 
IELCAP-based studies (1,21). The overall survival and lung 
cancer specific survival in our sub-analysis of the NLST 
(N=10,054 subjects), where there were 216 lung cancers 
identified in the CT arm, was 60% for overall survival and 
65% for lung cancer specific survival. In regards to the 
former, this is slightly less than the 64% reported in the 
CT screening program of Miller and colleagues potentially 
reflecting the lower overall risk in their study of younger 
lighter smokers (1). With regards to the latter, our lung 
cancer specific survival of 65% is slightly lower than the 
71% reported by Miller and colleagues which again may 
reflect the lower risk of the group being screened in their 
study, where only 54% of the lung cancer cases would be 
eligible for the NLST (1). These results fall far short of the 
88% 10-year survival reported by the IELCAP investigators 
from their single arm study and cannot be easily reconciled 
with the study by Miller and colleagues using a similar 
protocol (1,4,21). We propose that a lower risk population 
in the IELCAP study was contributory. One important 
issue though is the IELCAP study only reported results on 
screen-detected lung cancers and did not include interval 
cancers (lung cancers not identified by the screening 
process) that have very poor survival. This means survival 



E1319Journal of Thoracic Disease, Vol 8, No 10 October 2016

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2016;8(10):E1317-E1320jtd.amegroups.com

rates is very dependent on just which lung cancer cases 
are being reported. In a post-hoc analysis comparing the 
IELCAP outcomes in only screen-detected lung cancers, 
with those from NLST, better survival in the former was 
attributed to a greater proportion of smaller cancers with 
stage 1 disease (21). However, the IELCAP participants 
were younger with lower pack year exposures, and likely 
less comorbid diseases like COPD, yet the effect of these 
differences on survival were not described in this study.

In conclusion, outcome measures that best reflect the 
benefits of screening are derived from mortality rather than 
survival statistics, in particular mortality rates compared 
to an identical group randomized to a different (“non-
screening”) intervention arm. Moreover, not only is a 
clinically significant reduction in lung cancer specific 
mortality important to achieve [e.g., 20% in the NLST, (8)], 
but also a reduction in overall mortality from screening is 
desirable (22,23). It is only with the latter that a screening 
intervention can be said to “save lives”. It is interesting to 
note that despite a 20% reduction in lung cancer specific 
mortality in the NLST (8), an overall mortality reduction of 
only 7% was achieved and this difference has not been fully 
explained. As set out above, screening for lung cancer is 
unique among most screening programs in that participants 
are older with long smoking histories. This means comorbid 
disease is common and competing causes of death highly 
relevant to outcomes. We concur with those suggesting 
that there exists a “sweet spot” among smokers otherwise 
eligible for screening where the benefits clearly outweigh 
the harms and where mortality reductions, or number need 
to screen to avert one lung cancer death, are maximized 
relative to other causes of death (24,25).

Acknowledgements

None.

Footnote

Provenance: This is an invited Editorial commissioned by the 
Section Editor Jie Dai (Department of Thoracic Surgery, 
Shanghai Pulmonary Hospital, Tongji University, Shanghai, 
China).
Conflicts of Interest: The authors have no conflicts of interest 
to declare.

Comment on: Miller DL, Mayfield WR, Luu TD, et al. 
Communi ty-Based  Mul t id i sc ip l inary  Computed 

Tomography Screening Program Improves Lung Cancer 
Survival. Ann Thorac Surg 2016;101:1864-9. 

References

1. Miller DL, Mayfield WR, Luu TD, et al. Community-
Based Multidisciplinary Computed Tomography Screening 
Program Improves Lung Cancer Survival. Ann Thorac 
Surg 2016;101:1864-9.

2. Twombly R. Lung cancer screening debate continues 
despite international CT study results. J Natl Cancer Inst 
2007;99:190-5.

3. Welch HG, Woloshin S, Schwartz LM, et al. Overstating 
the evidence for lung cancer screening: the International 
Early Lung Cancer Action Program (I-ELCAP) study. 
Arch Intern Med 2007;167:2289-95.

4. International Early Lung Cancer Action Program 
Investigators, Henschke CI, Yankelevitz DF, et al. Survival 
of patients with stage I lung cancer detected on CT 
screening. N Engl J Med 2006;355:1763-71.

5. Bach PB, Gould MK. When the average applies to no one: 
personalized decision making about potential benefits of 
lung cancer screening. Ann Intern Med 2012;157:571-3.

6. Ruano-Ravina A, Heleno B, Fernández-Villar A. Lung 
cancer screening with low-dose CT (LDCT), or when a 
public health intervention is beyond the patient's benefit. J 
Epidemiol Community Health 2015;69:99-100.

7. Young RP, Duan F, Greco E, et al. Lung cancer-specific 
mortality reduction with CT screening: outcomes 
according to airflow limitation in the ACRIN NLST 
sub-study (N=18,475). Am J Respir Crit Care Med 
2016;193:A6166.

8. National Lung Screening Trial Research Team, Aberle 
DR, Adams AM, et al. Reduced lung-cancer mortality with 
low-dose computed tomographic screening. N Engl J Med 
2011;365:395-409. 

9. Patz EF Jr, Pinsky P, Gatsonis C, et al. Overdiagnosis in 
low-dose computed tomography screening for lung cancer. 
JAMA Intern Med 2014;174:269-74.

10. Midthun DE. Early detection of lung cancer. F1000Res 
2016;5. pii: F1000 Faculty Rev-739. doi: 10.12688/
f1000research.7313.1.

11. Cui JW, Li W, Han FJ, et al. Screening for lung cancer 
using low-dose computed tomography: concerns about the 
application in low-risk individuals. Transl Lung Cancer 
Res 2015;4:275-86.

12. Pastorino U. Lung cancer screening. Br J Cancer 
2010;102:1681-6.



E1320 Young and Hopkins. Outcomes in lung cancer screening

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2016;8(10):E1317-E1320jtd.amegroups.com

13. Chirieac LR, Flieder DB. High-resolution computed 
tomography screening for lung cancer: unexpected findings 
and new controversies regarding adenocarcinogenesis. 
Arch Pathol Lab Med 2010;134:41-8.

14. Young RP, Duan F, Chiles C, et al. Airflow Limitation and 
Histology Shift in the National Lung Screening Trial. The 
NLST-ACRIN Cohort Substudy. Am J Respir Crit Care 
Med 2015;192:1060-7.

15. Young RP, Hopkins RJ. Targeted CT image screening 
and its effect on lung cancer detection rate. Chest 
2013;144:1419-20.

16. Kondo R, Yoshida K, Kawakami S, et al. Efficacy of CT 
screening for lung cancer in never-smokers: analysis of 
Japanese cases detected using a low-dose CT screen. Lung 
Cancer 2011;74:426-32. 

17. Detterbeck FC, Mazzone PJ, Naidich DP, et al. 
Screening for lung cancer: Diagnosis and management 
of lung cancer, 3rd ed: American College of Chest 
Physicians evidence-based clinical practice guidelines. 
Chest 2013;143:e78S-92S.

18. Kovalchik SA, Tammemagi M, Berg CD, et al. Targeting 
of low-dose CT screening according to the risk of lung-
cancer death. N Engl J Med 2013;369:245-54.

19. Gray EP, Teare MD, Stevens J, et al. Risk Prediction 
Models for Lung Cancer: A Systematic Review. Clin Lung 
Cancer 2016;17:95-106.

20. Young RP, Hopkins R, Eaton TE. Forced expiratory 
volume in one second: not just a lung function test but a 
marker of premature death from all causes. Eur Respir J 
2007;30:616-22.

21. Yip R, Henschke CI, Yankelevitz DF, et al. The impact 
of the regimen of screening on lung cancer cure: a 
comparison of I-ELCAP and NLST. Eur J Cancer Prev 
2015;24:201-8. 

22. Prasad V, Lenzer J, Newman DH. Why cancer screening 
has never been shown to "save lives"--and what we can do 
about it. BMJ 2016;352:h6080.

23. Gigerenzer G. Full disclosure about cancer screening. 
BMJ 2016;352:h6967. 

24. Gould MK. Lung Cancer Screening in Individuals 
with Chronic Obstructive Pulmonary Disease. 
Finding the Sweet Spot. Am J Respir Crit Care Med 
2015;192:1027-8.

25. Ruano-Ravina A, Provencio-Pulla M, Fernández-Villar 
A. Lung cancer screening white paper: a slippery step 
forward? Eur Respir J 2015;46:1519-20.

Cite this article as: Young RP, Hopkins RJ. Measures of 
outcome in lung cancer screening: maximising the benefits. 
J Thorac Dis 2016;8(10):E1317-E1320. doi: 10.21037/
jtd.2016.10.49



© Translational lung cancer research. All rights reserved.   Transl Lung Cancer Res 2018;7(3):347-360tlcr.amegroups.com

Introduction

Based on the results of the National Lung Screening Trial 
(NLST) (1), showing a 20% reduction in lung cancer 
mortality, annual computed tomography (CT) is now 
widely recommended in the USA (2,3). Eligibility for 
funded lung cancer screening is now based primarily on 

the inclusion criteria of the NLST, although this was not 
the original intent of the study. It is widely accepted that 
for high risk smokers (>55 years old and >30 pack years 
exposure), the benefits of CT screening are linearly related 
to their underlying risk of lung cancer (4,5). However, 
we have recently challenged this assumption (6). Post-
hoc analysis of the results of the NLST indicates that the 
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presence of chronic obstructive pulmonary disease (COPD) 
has a major effect on outcomes in screening (7). This review 
outlines just how the presence of COPD affects outcomes 
in CT-based lung cancer screening and why it is critical 
to view overall outcomes of screening, not just the risk of 
lung cancer, as the basis on which to best assess both the 
harms and benefits of screening (8). Comments made in 
this review are supported by results from analyzing data 
from the NLST, specifically a post-hoc analysis of data 
collected in the American College of Radiology Imaging 
Network (ACRIN) subgroup, where they had the foresight 
to undertake baseline pulmonary function testing and blood 
sampling for biomarker analysis (9).

Defining the presence of COPD in the NLST

In the NLST-ACRIN sub-study of 18,674 NLST 
participants, we have shown that in this screening 
population approximately 35% have airflow limitation 
based on pre-bronchodilator spirometry (10). Consistent 
with many other cohort studies (11), for 70% of those with 
airflow limitation, their “COPD” was unrecognized and 
therefore not previously diagnosed. Conversely, we have 
found that about 50% of those who reported having COPD, 

chronic bronchitis, emphysema or adult asthma, no airflow 
limitation was evident on pulmonary function testing 
(Figure 1). While this group report symptoms consistent 
with “airways disease”, their pulmonary function testing 
did not meet spirometric criteria for airflow limitation 
based on Global Initiative for Obstructive Lung Disease 
(GOLD) where a ratio of forced expiratory volume in one 
second to forced vital capacity (FEV1/FVC) of less than 
0.70 is required (12). This group of “at risk smokers”, with 
symptomatic airways disease but no airflow limitation, have 
been previously defined as having GOLD 0 and represented 
10% of the NLST-ACRIN cohort (13,14) (Figure 1). While 
studies show smokers with GOLD 0 are not at greater risk 
of developing COPD, they do have a poorer quality of life 
and higher all-cause mortality than those with normal lung 
function and no airways disease (13). Another subgroup 
of smokers to be defined by spirometry measurements 
are those with a reduced FEV1% predicted but preserved 
FEV1/FVC ratio (15). This group most likely reflects one 
or a combination of, mixed airways disease (combined 
obstructive and restrictive pattern), obese patients where 
reduced chest wall expansion limits FVC (restrictive alone), 
and those with mild COPD but for whom their FVC was 
sub-optimally performed, falsely elevating their FEV1/FVC 
ratio into the normal range (over 0.70). These “restrictive” 
groups have been collectively defined as GOLD Undefined 
(GOLD U) and are characterised by an elevated body mass 
index and higher prevalence of diabetes (15). In Figure 1, we 
show the breakdown of these groups in the NLST-ACRIN 
biomarker sub-study where both spirometry and blood for 
DNA studies were collected (10). As we outline below, the 
presence of airflow limitation (COPD GOLD 1–4 criteria, 
34%) or COPD-related phenotypes (GOLD 0 or GOLD U, 
10% and 12% respectively), has important implications in 
both the development of lung cancer and the utility of CT-
based lung cancer screening.

While the presence of emphysema remains a strong risk 
predictor for future lung cancer (16-18), this review will not 
discuss the relevance of emphysema, or its severity, in lung 
cancer for several reasons. First, there exists little agreement 
on how to score the presence of emphysema, grade its 
severity and just what constitutes “normal” aging in 
contrast to smoking-related changes (16-18). Furthermore, 
there remains debate as to whether semi-quantitative or 
quantitative measures of emphysema severity are most 
reproducible and reflective of an increased lung cancer risk. 
In the NLST, the presence of emphysema on imaging [CT 
and chest X-ray (CXR) arms] was recorded as “yes” or “no”, 

Figure 1  Sub-phenotyping on NLST-ACRIN screening 
participants according to the presence of airways disease (brown 
oval) and airflow limitation (blue oval). NLST, National Lung 
Screening Trial; ACRIN, American College of Radiology Imaging 
Network.
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making comparative analysis and meaningful interpretation 
difficult. Second, there are no age-adjusted normal values 
to measure the severity of emphysema. Third and most 
importantly, we remain concerned that the relationship 
between CT-based emphysema severity and risk of lung 
cancer has been shown to be non-linear thus limiting its 
utility in assigning risk of lung cancer relative to other risk 
variables for lung cancer (19).

Relationship between airflow limitation and risk 
of lung cancer

Numerous studies have shown that the presence of airflow 
limitation confers between a 2–6-fold increase in the risk of 
lung cancer depending on the study design and definition of 
COPD (20-23). Notably, spirometry-defined COPD confers 
a greater risk of lung cancer relative to the risk associated 
with self-reported COPD, particularly when compared to 
“healthy smokers” confirmed with spirometry, and matched 
for age and smoking history (19,21). We have shown that 
between 15–30% of randomly selected smokers over 40 years 
old have underlying COPD based on spirometry, whereas 
60–85% of unscreened lung cancer case series have features 
of COPD, whether based on spirometry alone or combined 
with image-based emphysema (22-25). In a large prospective 
study by Mannino and colleagues, a clear linear dose-response 
relationship was found between increasing severity of airflow 
limitation and risk of lung cancer (21). In addition, this study 

showed that a restrictive pattern was also independently 
associated with an increased risk of lung cancer. We 
have replicated this finding showing that with increasing 
severity of airflow limitation, the risk of lung cancer 
increased in the NLST-ACRIN sub-study (Figure 2) (19).  
Indeed, we also replicated the findings of a 1977 study by 
Burrows and colleagues showing that a reduced FEV% 
predicted conferred a greater risk than that of age and pack 
years (20). The increase in lung cancer risk associated with a 
reduction in FEV1%predicted occurs somewhere between 
80–90% of predicted, indicating the increase in risk for lung 
cancer occurs well before symptoms of airflow limitation are 
clinically evident or detected (19,23). This has relevance to 
the current interest in assessing the risk of lung cancer in high 
risk smokers eligible for CT-based lung cancer screening 
(26-28), yet spirometric screening of asymptomatic smokers 
for the presence of airflow limitation is not recommended. 
The currently accepted paradigm is that those at greatest 
risk of lung cancer get the most benefit from lung cancer 
screening because more lung cancer cases are identified in 
this group compared to those at lower risk (29,30). Without 
spirometry, this risk-based approach to lung cancer screening 
completely overlooks the relevance of pre-existing COPD in 
those developing lung cancer (5,26). Compared to those with 
“normal lungs”, we have shown in a post-hoc analysis of the 
NLST-ACRIN sub-study that those with COPD have both 
a greater risk of dying of lung cancer and a greater likelihood 
of dying of a non-lung cancer complication of smoking (6). 
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Figure 2 NLST-ACRIN participants stratified according to PLCOm2012 quintiles or airflow limitation (GOLD grade): a comparison of 
COPD prevalence (blue), lung cancer rate (orange), lung cancer deaths (black) and non-lung cancer deaths (red). NLST, National Lung 
Screening Trial; ACRIN, American College of Radiology Imaging Network; GOLD, Global Initiative for Obstructive Lung Disease; 
COPD, chronic obstructive pulmonary disease.



350 Young and Hopkins. Effect of COPD in lung cancer screening

© Translational lung cancer research. All rights reserved.   Transl Lung Cancer Res 2018;7(3):347-360tlcr.amegroups.com

These include dying of cardiovascular disease, respiratory 
disease and other cancers (see Figure 3), which represents the 
“competing cause of death” effect (discussed further below).

A second aspect that is poorly understood is the 
relationship between risk of lung cancer and the likelihood 
of having airflow limitation (31). While the lung cancer 
risk model (PLCOm2012) developed by Tammemagi and 
colleagues from the Prostate, Lung, Colorectal and Ovarian 
Cancer Screening study (PLCO) has been validated in the 
NLST, its predictive utility is considerably lessened in the 
NLST participants relative to the PLCO (5,30). This is 
because in the NLST, where only older and more heavily 
exposed smokers were recruited, the importance of the age 
and smoking exposure variables in the model was attenuated. 
This is due in part to the observation that for both duration 
of smoking (>30 years), and smoking exposure (>30 pack 
years), the dose relationship with risk of lung cancer flattens 
(29,30). What is more important is that as the risk of lung 
cancer increases using the PLCOm2012 model, we have 
found the likelihood of having COPD increases in a linear 
fashion (Figure 2) (31). Indeed in a receiver-operator-curve 
analysis of the NLST-ACRIN subgroup we found the 
PLCOm2012 model was only marginally less predictive 
of identifying who had COPD (airflow limitation on 
spirometry), as who developed lung cancer (area-under-
the-curve of 0.65 and 0.67 respectively). This raises the 
interesting proposition that COPD objectively ascertained 

using spirometry, in contrast to self-reported disease as is 
used in current clinical models, would add to the predictive 
utility of defining smokers at greatest risk of lung cancer 
(24-26). Indeed Tammemagi and colleagues have shown 
in a Canadian study that adding spirometry improves the 
clinical risk model for lung cancer (27). That the Brock 
PLCOm2012 model for lung cancer risk also predicts the 
presence of COPD is not surprising as age, pack years, 
low BMI and self-reported COPD are also risk factors for 
having COPD (32) (Table 1). This is critical to the issue of 
competing cause of death where airflow limitation has an 
important impact on factors affecting outcomes of lung 
cancer screening, in particular all-cause mortality and 
operability (6,33). We note that with increasing airflow 
limitation (worsening COPD), increase in lung cancer 
mortality is accompanied by an increase in cardiovascular 
deaths, respiratory deaths and death from other cancers 
(Figure 3). In moderate COPD (GOLD 2), the increase in 
risk of lung cancer is associated with an increased risk in 
cardiovascular deaths and deaths from other cancers. For 
severe and very severe COPD (GOLD 3–4), there is also a 
substantial increase in respiratory deaths (Figure 3). As we 
outline below, there are many factors that affect surviving 
from lung cancer and we suggest that COPD represents the 
single most important co-morbid disease in this setting. By 
using a risk-based approach to optimize screening, such as 
a minimum risk-based cut-off for screening [≥1.51% 6-year 
risk of lung cancer based on the PLCOm2012 model (28)], 
the attenuating benefit of CT screening those at greatest 
risk goes unrecognized (Figure 4). The following sections 
examine cause-specific mortality in an NLST subset that 
encompasses a total of 699 deaths (18% of all NLST deaths) 
over the 6–7 years of follow-up in the NLST. Lung cancer 
accounted for 189 deaths (27% of total deaths), where we 
calculate 17 fewer lung cancer deaths in the CT arm versus 
CXR (17/189). As this represents only 9% of all lung cancer 
deaths, we do not believe screening substantially alters our 
observations pertaining to comorbidity and the competing 
cause of death effect.

Airflow limitation and competing cause of death 
effect

In an ideal world, screening for lung cancer should save lives 
by reducing all- cause mortality, not just reduce lung cancer 
mortality (34). In the full NLST results, while lung cancer 
mortality in the CT arm was reduced by 17–20% relative 
to that in the CXR arm, mortality from respiratory disease 
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Figure 3 Cause-specific mortality per 1,000 persons according to 
the severity of airflow limitation in the NLST-ACRIN subgroup. 
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of Radiology Imaging Network.
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Table 1 Risk variables for lung cancer in healthy smokers, those with COPD (GOLD 1–4) and those with lung cancer in the NLST-ACRIN 
cohort

Variable (lung cancer risk) [N=8,353*]
Healthy (no airflow limitation) 

[N=4,733 (56.7%)]
COPD (GOLD grade 1–4) 

[N=3,225 (38.6%)]
Lung cancer cases 

[N=395 (4.7%)]

Demographics

Gender (%)

Male 2,629 (55.5%) 1,970 (61.1%) 216 (54.7%)

Female 2,104 (44.5%) 1,255 (38.9%) 179 (45.3%)

Age (mean, yrs) 60.94 62.66 63.76

BMI (mean) 28.22 26.77 26.66

Height (mean, cm) 171.3 172.2 171.0

Weight (mean, kg) 83.0 80.0 78.3

Family history of lung cancer (%) 1,116 (23.58%) 754 (23.38%) 105 (26.58%)

Self-reported COPD (%) 531 (11.22%) 1,016 (31.50%) 120 (30.38%)

Smoking history

Current

Yes 2,067 (43.67%) 1,752 (54.33%) 226 (57.22%)

No 2,666 (56.33%) 1,473 (45.67%) 169 (42.78%)

Pack years (mean) 52.1 59.6 62.6

Cigarettes/day (mean) 27.39 28.53 28.51

Years smoked (mean) 38.67 42.08 44.25

Years quit (mean) 4.24 3.09 2.65

Spirometry (mean) 

FEV1/FVC 77.77% 59.47% 66.83%

FEV1 %predicted 95.51% 66.67% 74.43%

FVC %predicted 93.94% 84.59% 84.04%

*, removed from analysis N=1,701 (16.9%) (GOLD U =1,527; spirometry missing N=174). COPD, chronic obstructive pulmonary disease; 
NLST, National Lung Screening Trial; ACRIN, American College of Radiology Imaging Network; GOLD, Global Initiative for Obstructive 
Lung Disease.

was also reduced by 22% in the CT arm (1). However, 
overall mortality reduction was only 6–7% in the CT arm 
indicating the reduction in deaths from lung cancer were 
attenuated by non-lung cancer related deaths. A competing 
cause of death effect is present when there is a “failure to 
achieve improved life expectancy by preventing death from 
one disease (in this case lung cancer) due to death from 
another cause” (35-37). This is highly relevant to CT-based 
screening for lung cancer because lung cancer accounted 
for only 24% of all deaths in the NLST while comparable 
mortality was observed for cardiovascular disease (25%), 

other cancers (22%) and less for respiratory deaths  
(10%) (1). This is highly relevant because all-cause mortality 
during CT screening is comparatively high, relative to 
other screening programmes. Those eligible for lung cancer 
screening are older current or former smokers with a high 
pack year burden, with over 50% of screening participants 
having some “respiratory impairment” (Figure 1) .  
We show that in the NLST-ACRIN sub-group analyses, 
43% had normal lung function, 10% have GOLD 0, 12% 
have GOLD U, 22% have undiagnosed COPD and 12% 
have diagnosed COPD. This means over 50% of those in 
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the NLST-ACRIN sub-study had risk factors for premature 
mortality in strong contrast to breast or colon cancer 
screening where co-morbid disease is much less frequent 
(38,39) (Table 2). We suggest that smoking is an important 
feature of this greater mortality because the observed 
prevalence of comorbid disease was greater in the screening 
participants of the NLST (≥30 pack years) relative to 
those in the PLCO study which included never smokers 
of a similar age range to that in the NLST (40). Indeed, 
we show that several comorbid diseases are many fold 
more prevalent in populations at high risk of lung cancer 
(i.e., NLST) including chronic lung disease (4–5 folds), 
diabetes (2–3 folds) and heart disease (2–4 folds), relative 
to populations at risk of breast or colon cancer (Table 2).  
This means comorbid disease in lung cancer screening 
participants, especially COPD, may play a large role in non-
lung cancer related deaths that may underlie overtreatment.

We have shown that regardless of whether the NLST-
ACRIN sub-study participants are stratified by the severity 
of airflow limitation (GOLD grade), or risk of lung cancer 
according to the PLCOm2012 risk model (Figures 2,3), the 

mortality from non-lung cancer causes increases at a greater 
rate than for lung cancer. This difference in mortality, 
observed in Figure 2, is reflected by a divergence in mortality 
rate according to worsening COPD or increasing lung 
cancer risk. We suggest that this increase in non-lung cancer 
deaths relative to lung cancer deaths, is relevant to outcomes 
from CT screening because the non- lung cancer deaths 
offset the benefits of the screening intervention (i.e., non-
lung cancer deaths attenuate the reduction in lung cancer 
deaths). Although the lung cancer incidence is greatest 
in these high risk smokers, the reduction in lung cancer 
mortality with CT screening relative to CXR is reduced 
due to deaths from non-lung cancer causes (Figure 4).  
Therefore in these highest risk groups overtreatment occurs 
reducing the efficiency of CT-based screening (41,42). 
This is particularly the case when absolute reductions in 
lung cancer deaths are analysed according to the number 
of smokers screened (lung cancer deaths averted/1,000 
persons screened, Figure 4). We suggest that this competing 
cause of death effect has a major influence on reducing 
the utility of CT screening in those at greatest risk of lung 

Absolute LC death rate/1,000 persons screened Absolute LC deaths avertes in the CT arm

Relative LC death reduction with CXR (%)Relative LC death reduction with CT arm (%)

Difference in LC death reduction (CT vs. CXR arm)

Tertile 1 Tertile 2 Tertile 3
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60
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Figure 4 Lung cancer (LC) death rate (dotted black), lung cancer deaths averted per 1,000 persons screened (dotted orange), and lung 
cancer mortality (solid lines) according to screening arm after stratification by tertile of lung cancer risk (PLCOm2012)—CT arm (green), 
CXR arm (purple) and their difference (blue). CXR, chest X-ray.
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Table 2 Comorbidity in populations at risk of breast, colon or lung cancer

Co-morbidity in at risk 
screening populations

Breast cancer (38) 
(N=237,938) (%)

Colon cancer (39) 
(N=271,670) (%)

Lung cancer—high risk
1
 

(1) (N=10,054) (%)
Lung cancer—low risk

2
 

(40) (N=8,250) (%)

Heart disease* 6,848 (2.9) 24,477 (9.0) 1,327 (13.2) 205 (2.5)

Stroke 8,479 (3.6) 21,852 (8.0) 302 (3.0) 211 (2.6)

Diabetes 7,734 (3.3) 16,846 (6.2) 972 (9.7) 665 (8.1)

Chronic lung disease
#

9,804 (4.1) 17,061 (6.3) 2,218 (22.1) 414 (5.0)

Other cancers 8,967 (3.8) 22,517 (8.3) 417 (4.1) 417 (5.1)

*, includes a history of myocardial infarction and heart failure; 
#
, includes a history of chronic obstructive pulmonary disease, emphysema, 

chronic bronchitis and adult asthma; 
1
, high risk population of the NLST-ACRIN subgroup for lung cancer screening (≥30 pack years) (1); 

2
, low risk population of the PLCO cancer screening study (never and ever smokers) (40). NLST, National Lung Screening Trial; ACRIN, 

American College of Radiology Imaging Network.

Table 3 Outcomes from screening before and after stratification by clinical and gene-based approach to assessing risk of lung cancer

Screening outcome
Before stratification 

(total), N=10,054
PLCO model* stratification 

(quintiles 2–4), N=6,032
Gene-based stratification 
(quintiles 2–4), N=6,171

Gene-based stratification 
(middle tertile), N=2,970

Relative reduction in lung cancer 
death (%)

17% 28% 44% 55%
†

Absolute lung cancer deaths averted 17 16 29 18

LC deaths averted per 1,000 screened 3.4 5.5 10.2 12.8

NNS
#
 to avert one lung cancer death 294 182 98 84

#
, number needed to screen; *, PLCOm2012 model; 

†
, associated with  a  21% reduction in all-cause mortality. 

cancer. Given the accepted strategy that excluding smokers 
at low risk achieves greater screening utility (or efficiency) 
(5,28), we propose excluding those at highest risk due to 
the competing cause of death effect is equally valid. We find 
that limiting screening to those of intermediate risk achieves 
even greater benefit (Table 3). We have shown this effect, 
whether the intermediate risk group is defined by those in 
the middle tertile (comprising 33%) or middle 3 quintiles 
(comprising 60%) of those in the intermediate risk category. 
Indeed, based on our analysis of the NLST-ACRIN sub-
study, an overall 17% reduction in lung cancer deaths with 
CT screening (3.4 lung cancer deaths averted/1,000 persons 
screened) increases to a 28% reduction in lung cancer 
mortality (5.5/1,000 persons screened) for the middle 2nd–4th 
quintiles (Table 3). This enrichment in reducing lung cancer 
deaths modestly improves efficiency and cost-effectiveness 
of lung cancer screening by excluding low risk smokers in 
the bottom quintile where lung cancer rates are low and 
excluding very high risk smokers where there is potential 
for overtreatment.

COPD and effects on histology and operability

Past epidemiological studies have shown that in unscreened 
lung cancer, COPD is associated with small cell and 
squamous cell histological subtypes (43). In the NLST-
ACRIN study we confirmed this finding and also showed 
that COPD was associated with more non-small cell 
(undifferentiated) lung cancers (10). This may have a subtle 
effect on outcomes. We have recently shown using a meta- 
analytical approach that non-small cell cancer diagnosed 
in the unscreened setting has a comparable 5-year survival 
following surgery whether the lung cancer patient had 
COPD or no COPD, based on pre-surgical pulmonary 
function testing (44). We confirmed this finding in a post-
hoc analysis of the NLST where 5-year survival was no 
different between those with and without COPD (44).  
One important finding from this study was that the 
more indolent adenocarcinomas (previously described as 
bronchioloalveolar cancer or BAC) were far more prevalent 
in those with no COPD (45). Studies that have measured 
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both COPD and volume doubling time (VDT) of the lung 
cancer nodules show that patients with lung cancer and 
underlying COPD have much shorter VDT suggesting 
more aggressive cancers (45,46). The big difference in the 
prevalence of BAC lung cancers occurs in those with normal 
lung function and is almost exclusively a feature of CT 
screening, infrequently identified in those undergoing CXR 
screening (10). We suggest that CT screening identifies 
more lung cancers than CXR in part by identifying 
indolent forms of adenocarcinomas (formerly BAC), almost 
exclusively in stage 1–2, creating an “histology shift” effect 
that represents possible over-diagnosis (10). This apparent 
beneficial stage shift (favouring early stage over late stage) 
, generated in part from the histology shift (excess BACs), 
artificially improves survival rates but does not reduce lung 
cancer mortality per se (8). We conclude that in screening 
participants with airflow limitation, there is little if any 
overdiagnosis with CT screening (10,26,32).

A second important feature of having COPD at the 
time lung cancer is identified during screening is its effect 
on operability (33). Lung cancer cases with significant 
comorbid disease are generally declined surgery. In the 
NLST-ACRIN substudy, we found COPD prevalence 
was 34% overall and 52% in lung cancer cases (GOLD 
1 =10%, GOLD 2 =27% and GOLD 3–4 =14%) (10). It 

is noteworthy that the NLST protocol excluded patients 
who were oxygen-dependent. We found operability for 
stage 1–2 lung cancers in the NLST-ACRIN sub-study 
was consistent at about 90%, regardless of COPD grade 
(severity), for those cancers identified by the screening 
(defined as screen-detected lung cancers). The likelihood 
of operability was drastically reduced according to COPD 
status for those cancers identified during interval and 
follow-up periods (Figure 5). This indicates that operability 
is profoundly affected by the presence of COPD and that 
this may contribute to the reduced benefits of CT screening 
in this group. In this regard, when we stratified NLST-
ACRIN screening participants according to the presence of 
airflow limitation, we found the % reduction in lung cancer 
mortality was 15% and 28% in those with and without 
COPD respectively (Table 4) (47). When we stratified 
COPD patients into those with undiagnosed COPD 
(N=2,209) and those with diagnosed COPD (N=1,213), we 
found that those with undiagnosed COPD had a two-fold 
greater reduction in lung cancer deaths compared to those 
with diagnosed COPD (32% vs. 17%, P<0.05) (Table 4). 
This finding and its implications will be described in more 
detail below.

Factors affecting outcomes of screening and 
reducing lung cancer deaths

We and others have emphasized that survival after lung 
cancer screening is not a reliable clinical endpoint from 
which to judge the success of screening (8). This is because 
survival after lung cancer screening not only suffers from 
lead-time bias but also completely ignores the important 
effects of over-diagnosis masquerading as a favourable stage 
shift (10,48). This is particularly the case in the prevalent 
(baseline) scan where over-diagnosis is greatest and high 
survival rates over-estimate the benefits of screening. 
Survival-based outcomes also fail to allow for overtreatment 
(41,42). Survival is greater in smokers who are at lower 
baseline risk of lung cancer due to younger age, lower pack 
years and less comorbid disease. This means that in single 
arm studies the net benefit of screening, where screen-
detected lung cancers are followed without accounting for 
outcomes from non-screen detected lung cancer, may be 
misleading (8). This is the inherent benefit of randomised 
controlled trials where all lung cancers and their outcomes 
are considered.

As outlined above, the two outcomes best describing a 
benefit from CT screening come from lung cancer deaths 

Figure 5 Prevalence of COPD (%) in early and late stage lung 
cancer cases that are screen-detected (T0–T2) or non-screen 
detected (interval or follow-up, T0–T7) in the NLST-ACRIN sub-
study stratified by surgical treatment. COPD, chronic obstructive 
pulmonary disease; NLST, National Lung Screening Trial; 
ACRIN, American College of Radiology Imaging Network.
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Table 4 Outcomes from CT screening in the NLST-ACRIN cohort according to sub-group analyses

Sub-grouping
% reduction in lung cancer deaths Absolute reduction in lung cancer deaths

 (CT vs. CXR)  (CT vs. CXR) per 1,000 persons

Total group 17 3.4

Airflow limitation (N=18,475)
#

No COPD (N=12,039) 28 4.3

COPD (N=6,436) 15 5.5

Airflow limitation alone (AL) (N=10,054)
$

Healthy (N=4,858) 46 5.8

Restrictive (N=1,594) No reduction No reduction

GOLD 1 (N=868) 18 4.7

GOLD 2 (N=1,878) 48 16.7

GOLD 1–2 (N=2,746) 40 12.8

GOLD 3–4 (N=670) No reduction No reduction

Airways phenotype and AL (N=10,054)
†

Healthy (N=4,259) 50 5.6

GOLD 0/U (N=2,199) No reduction No reduction

Undiagnosed COPD (N=2,209) 32 9.6

Diagnosed COPD (N=1,213) 17 5.0
#
, from full ACRIN sub-study (47); 

$
, N=174 subjects excluded for no spirometry and 12 subjects excluded due to missing height data; 

†
, Figure 1. COPD, chronic obstructive pulmonary disease; NLST, National Lung Screening Trial; ACRIN, American College of Radiology 

Imaging Network; GOLD, Global Initiative for Obstructive Lung Disease.

averted per persons screened (absolute benefit) and percent 
reduction in lung cancer deaths (relative benefit) (8). From a 
cost- effective or efficiency perspective, the absolute reduction 
in lung cancer deaths averted per 1,000 persons screened 
provides a good basis for assessing outcomes (Table 2).  
Describing the number needed to screen to avert one lung 
cancer death provides another means of assessing the benefits 
of screening in the CT arm versus the CXR arm.

In a simple paradigm of lung cancer screening, it is too 
easy to view the success of CT-based screening as increasing 
the number (or proportion) of non-small cell lung cancers 
identified (i.e., excluding small cell), at an operable stage 
(stage 1 and 2), which will lead to improved survival by 
surgical removal. However, little consideration is given 
to factors undermining this such as co-morbid disease, 
inoperability and competing causes of death. This review 
has focused on these important features and shown how 
they relate to COPD and off-set the benefits of screening. 
In Figure 6, we show that there are many inter-related 

factors that can alter outcomes of CT screening that may 
serve to profoundly undermine the benefits of CT-based 
screening. We also suggest that the presence of COPD, 
based on spirometric assessment, is not only closely related 
to both inoperability and competing cause of death, but 
represents one of the most important comorbid conditions 
affecting outcomes from CT screening.

Several surprising findings have come from our analysis 
when we have stratified the screening population according 
to various COPD-related phenotypes (Figure 1 and Table 4). 
The first is the observation that a reduction in lung cancer 
mortality from CT is greatest in those with normal lung 
function and those with undiagnosed COPD (7) (Table 4). 
While there is a benefit in those with diagnosed COPD, 
where the severity of airflow limitation is marginally worse, 
the difference is two-fold better in the undiagnosed group 
and exceeds that seen in the whole group (Table 4). A second 
important finding is that screening those in the highest risk 
group is questionable because they have the highest rates of 
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non-lung cancer deaths and a substantially reduced benefit 
from CT screening (Figures 3,4). We argue that those at 
highest risk of lung cancer also have the highest prevalence 
of COPD and deaths from cardiovascular disease, 
respiratory disease and other non-pulmonary cancers  
(Figure 3). In this regard it is interesting that with worsening 
airflow limitation, the increase in lung cancer related deaths 
is matched by an increase in cardiovascular deaths (Figure 3).  
Given comparable age and smoking exposure, this suggests 
that possible overlapping inflammatory pathways may 
be relevant in this context (49-51). In this setting it is of 
interest that in a recent clinical trial where interleukin 
1β was inhibited, both cardiovascular events and lung 
cancer incidence were significantly reduced (52,53). This 
observation, together with numerous epidemiological 
studies showing elevated IL-6 levels are associated with 
COPD, lung cancer and cardiovascular deaths, points to 
overlapping pathways involving the innate immune system 
possibly underlying these complications of smoking (51).

Optimisation of screening outcomes by 
biomarker-based approach

Spirometry-based approach

Lung cancer screening is not like other forms of screening 
because, unlike screening for cancers of the breast, colon or 
cervix, the target population is at greater risk of premature 

death from common diseases whose risk is dramatically 
increased by smoking exposure. In this article, we show 
that the baseline prevalence of comorbid diseases such 
as COPD, cardiovascular disease and diabetes is high in 
participants eligible for lung cancer screening (Table 2). We 
also show that the presence of COPD in current or former 
smokers eligible for screening reflects a much greater 
propensity to die from cardiovascular disease, respiratory 
disease and non-pulmonary cancers (Figure 3). Using well 
validated risk models for lung cancer, it has been shown that 
among smokers eligible for CT screening in the USA, the 
risk varies by 15–30 folds (5,29). Moreover, we show these 
clinical-based risk models of lung cancer also predict the 
presence of COPD (Figure 2). Most importantly, we show 
that the benefits of screening with CT relative to CXR is 
strongly affected by the presence of COPD and related 
comorbid disease underlying premature death (Figure 4). 
Such an observation leads us to recommend routine use of 
spirometry, to assess the presence and severity of COPD, as 
part of the benefit to harm assessment, and shared-decision 
making, critical at the outset of screening. This is especially 
relevant as we show that those with undiagnosed COPD 
have a two-fold greater reduction in lung cancer deaths 
with CT compared to those with diagnosed COPD (Table 4).  
We conclude that the benefits from CT screening are 
not linearly related to the risk of developing lung cancer 
and that smokers at highest risk derive less benefit from 

Figure 6 Overview of the factors modifying the outcomes of screening for lung cancer. Downward arrows mean decreased FEV1 and FEV1/
FVC in the blue box for lung function. ↓, decrease.
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screening than those in the intermediate level of risk. This 
is because as the risk of lung cancer increases, inoperability 
increases as does the risk of dying of a non-lung cancer 
death (Figure 2,6). The likelihood of surviving lung cancer 
in the context of screening involves a complex relationship 
between, the likelihood of identifying a lung cancer with 
annual CT screening amenable to curative surgery, rather 
than dying from an inoperable lung cancer or dying of 
another smoking-related complication. This is why 5- or 
6-year lung cancer mortality reduction provides a useful 
measure of the success of screening. When considered in 
absolute terms, the maximum number of lung cancer deaths 
averted with CT screening is achieved in the intermediate 
risk group comprising those in the 2nd to 4th quintiles of 
clinical risk (Table 3). This indicates there exists a “sweet 
spot” for screening (54-56), where the balance between high 
risk of lung cancer is not offset by inoperability or competing 
causes of death.

Genetic-based approach

We have been able to further optimize the efficiency of 
screening by using a combination of genetic risk markers 
(single nucleotide polymorphisms) and clinical risk variables 
to better define both risk and outcomes from screening 
(57-59). These genetic markers are associated with both 
COPD and lung cancer related pathways reflecting their 
shared biology (56). Based on our analysis of the NLST-
ACRIN sub-study, an overall 17% reduction in lung cancer 
deaths with CT screening was observed in the unstratified 
(untested) group equivalent to 3.4 lung cancer deaths 
averted/1,000 persons screened. This increases to a 44% 
reduction in lung cancer mortality (10.2/1,000 persons 
screened) in the middle 2nd–4th quintiles using a gene-based 
approach to risk and outperforms the PLCOm2012 clinical 
model (28% reduction in lung cancer deaths) (Table 3) (55). 
This increases further to a 55% reduction in lung cancer 
mortality (12.8/1,000 persons screened) for the middle 
tertile using our genetic approach (Table 3). Of note the all-
cause mortality reduction is 21% in this gene-based middle 
tertile group, 3-fold greater than that reported for the whole 
study (6–7%) (1). We believe this enrichment effect using 
a gene-based approach occurs because the genetic markers 
better reflect lung cancer biology, and when combined 
with clinical variables of lung cancer (and COPD) risk, 
out-perform the clinical markers alone in regards to the 
outcomes from screening (Table 3). The use of biomarkers 
to enhance risk prediction (risk-based approach to selection) 

while useful, must also improve outcomes from screening 
(outcomes-based approach to selection) (59). This requires 
that any biomarker-based approach improves clinical 
decision making toward better outcomes for screening 
participants (more benefit and less harm) as illustrated by 
our gene-based approach (56,59). We therefore conclude 
that biomarkers, in combination with clinical variables, may 
have utility in assessing not only who is at greatest risk of 
developing lung cancer, but who gains the most from CT 
screening. This has important implications, not only in the 
decision on whom to screen, but who to defer screening 
(due to reduced benefit to harm ratio from low risk) and 
who to discontinue screening (due to reduced benefit from 
inoperability or competing mortality). Overtreatment is 
the unnecessary treatment of cancer where little benefit 
is achieved and in lung cancer screening, results from 
inoperability or competing cause of death where reduction 
in lung cancer mortality is sub-optimal. We suggest that 
a biomarker approach to screening requires validation in 
prospective screening studies such as the NLST, so that the 
benefits in the real-world setting can be shown (59).

Summary

The findings described above lead to us to number of 
conclusion about CT screening for lung cancer and how 
it might be improved in the future. First, the harms and 
benefits of screening should be considered in the context 
of which subgroups of eligible smokers benefit most from 
the screening process (outcomes based approach). The risk 
of lung cancer as measured by existing clinical models may 
help identify who is most likely to get lung cancer (risk- 
based approach), however this does not equate to who 
will get the most benefit from screening. We have shown 
that while the presence of airflow limitation is associated 
with greater risk of lung cancer, it also predicts a greater 
likelihood of more aggressive forms of lung cancer, greater 
lung cancer deaths, greater inoperability and greater 
likelihood of death by a competing cause. We believe there 
exists a “sweet spot” for screening where the lives saved by 
screening can be maximized and harms from overtreatment 
minimized. While identifying COPD through routine use 
of spirometry, or utilizing informative biomarkers, may 
increase the workload (and cost) of an already intensive 
screening programme, they add valuable knowledge about 
high risk smokers and their anticipated outcomes from CT 
screening. We conclude that COPD is a major contributor 
to the development, natural history, treatment and survival 
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from lung cancer that has been all but ignored to date. We 
believe more judicious use of spirometry as part of a wider 
clinical assessment in CT-based screening for lung cancer, 
and biomarker-based clinical decision making, will make 
substantial improvements to future screening efforts for 
lung cancer. We suggest a biomarker-led outcomes-based 
approach may help to better define which eligible smokers 
could defer screening (low risk of lung cancer), discontinue 
screening (high risk of overtreatment with little benefit) or 
continue screening so that the likelihood of averting a lung 
cancer-related death is optimized.
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Background: Lung cancer screening (LCS) has the potential to
reduce the risk of lung cancer death in healthy individuals, but the
impact of coexisting chronic illnesses on LCS outcomes has not been
well defined. Consideration of the complex relationship between
baseline risk of lung cancer, treatment-related harms, and risk of
death from competing causes is crucial in determining the balance of
benefits and harms of LCS.

Objectives: To summarize evidence, identify knowledge and
research gaps, prioritize topics, and propose methods for future
research on how best to incorporate comorbidities in making
decisions regarding LCS.

Methods: A multidisciplinary group of international clinicians and
researchers reviewed available data on the effects of comorbidities on
LCS outcomes, focusing on the juxtaposition of lung cancer risk and
competing risks of death, consideration of benefits and risks in

patients with chronic obstructive pulmonary disease, communication
of risk, and treatment of screen-detected lung cancer.

Results: This statement identifies gaps in knowledge regarding how
comorbidities and competing causes of death impact outcomes in
LCS, and we have developed questions to help guide future
research efforts to better inform patient selection, education, and
implementation of LCS.

Conclusions: There is an urgent need for further research that can
help guide clinical decision-making with patients who may not
benefit from LCS owing to coexisting chronic illness. This statement
establishes a research framework to address essential questions
regarding how to incorporate and communicate risks of
comorbidities into patient selection and decisions regarding LCS.

Keywords: lung cancer screening; comorbidities; communication
of risk

Contents
Overview

Key Conclusions and
Recommendations

Introduction
Methods
Results

Juxtaposing Lung Cancer Risk
and Competing Risk of Death
from Other Causes

COPD, Lung Cancer Risk,
Competing Risk of Death, and
Harms of Screening

Communication of Risk with
Patients

Treatment for Screen-detected
Lung Cancer

Discussion

Supported by resources from the VA Portland Health Care System, Portland, Oregon (C.G.S.). The Department of Veterans Affairs did not have a role in the
conduct of the study; in the collection, management, analysis, or interpretation of data; or in the preparation of the manuscript. The views expressed in this
article are those of the authors and do not necessarily represent the views of the Department of Veterans Affairs or the U.S. government.

An Executive Summary of this document is available at http://www.atsjournals.org/doi/suppl/10.1164/rccm.201805-0986ST.

ORCID IDs: 0000-0003-3827-5010 (M.P.R.); 0000-0003-3768-1973 (N.T.T.); 0000-0002-2858-8016 (F.C.D.); 0000-0002-4989-5058 (M.C.T.);
0000-0003-0958-8122 (C.G.S.); 0000-0002-6560-0547 (T.J.C.); 0000-0001-5642-9015 (C.M.B.); 0000-0003-2526-1197 (D.B.); 0000-0002-
8119-4788 (J.M.I.); 0000-0002-3208-6457 (S.P.M.); 0000-0003-2121-0595 (P.J.M.); 0000-0001-8791-3686 (L.T.T.); 0000-0001-5053-5132
(N.L.S.); 0000-0003-3182-3555 (J.J.Z.); 0000-0001-7712-2135 (R.S.W.).

Correspondence and requests for reprints should be addressed to M. Patricia Rivera, M.D., Division of Pulmonary Diseases and Critical Care Medicine,
Department of Medicine, University of North Carolina School of Medicine, 4126 Bioinformatics Building, CB 7020, 130Mason Farm Road, Chapel Hill, NC 27599.
E-mail: mprivera@med.unc.edu.

Am J Respir Crit Care Med Vol 198, Iss 2, pp e3–e13, Jul 15, 2018

Copyright © 2018 by the American Thoracic Society

DOI: 10.1164/rccm.201805-0986ST

Internet address: www.atsjournals.org

American Thoracic Society Documents e3

http://www.atsjournals.org/doi/suppl/10.1164/rccm.201805-0985ST
http://orcid.org/0000-0003-3827-5010
http://orcid.org/0000-0003-3768-1973
http://orcid.org/0000-0002-2858-8016
http://orcid.org/0000-0002-4989-5058
http://orcid.org/0000-0003-0958-8122
http://orcid.org/0000-0002-6560-0547
http://orcid.org/0000-0001-5642-9015
http://orcid.org/0000-0003-2526-1197
http://orcid.org/0000-0002-8119-4788
http://orcid.org/0000-0002-8119-4788
http://orcid.org/0000-0002-3208-6457
http://orcid.org/0000-0003-2121-0595
http://orcid.org/0000-0001-8791-3686
http://orcid.org/0000-0001-5053-5132
http://orcid.org/0000-0003-3182-3555
http://orcid.org/0000-0001-7712-2135
mailto:mprivera@med.unc.edu
http://dx.doi.org/10.1164/rccm.201805-0986ST
http://www.atsjournals.org


Overview

An efficacious screening test must identify
disease with high prevalence, mortality, and
cure rate when detected at an early stage in
individuals who are healthy enough to
undergo effective treatment. Lung cancer
screening (LCS) with annual low-dose
computed tomography (LDCT) satisfies these
criteria, and if implemented correctly, it may
be the single intervention, other than quitting
smoking, with the largest effect on decreasing
cancer deaths in our lifetime. The NLST
(National Lung Screening Trial), however,
which provides the evidence for LCS, suffers
from the “healthy volunteer effect.” This
phenomenon, in which participants are better
educated, younger, and have less comorbid
disease than the general population that
would otherwise qualify for LCS, is
commonly seen in screening trials and draws
concerns about the generalizability of the
NLST, especially in groups underrepresented
in the trial. Smoking, the primary risk factor
for lung cancer, also increases the risk for
other respiratory and cardiovascular diseases
(CVDs), which, when severe enough, have
substantial implications for treatment
decisions and outcomes for both lung cancer
and chronic disease. High risk of lung cancer
is associated with greater risk of death not
related to lung cancer, harms from
procedures, and diminished ability to treat a
screen-detected cancer, undermining the
benefits of screening. A significant
challenge in LCS implementation is how to
incorporate comorbid disease of varying
severity into decisions regarding LCS to
improve the selection of those at higher
risk for complications and simultaneously
improve the harm-to-benefit ratio of
screening.

This statement proposes a research
agenda to apprise both investigators and
funding agencies to generate high-priority,
high-quality research surrounding the
incorporation of severity and number of
comorbidities in decisions around LDCT
screening. Topics were identified including
1) juxtaposing lung cancer risk and
competing risks of death; 2) chronic
obstructive pulmonary disease (COPD),
lung cancer risk, and potential harms from
screening; 3) risk communication; and 4)
treatment of screen-detected cancer. For
each of these overarching topics, the
existing evidence is summarized, and
research gaps and questions to be answered
are identified.

Key Conclusions and
Recommendations

Juxtaposing lung cancer risk and competing
risk of death.
d Better selection of those at high risk for

lung cancer may improve the harm-to-
benefit ratio of screening; however,
benefits and harms of LCS may not be
linearly related to risk of developing lung
cancer.

d The complex interplay between baseline
risk of developing lung cancer,
treatment-related harms, and competing
causes of death substantially affects
the balance of harms and benefits of
LCS.

d Research is needed to identify the
optimal threshold where the benefits of
reducing lung cancer death (LCD)
outweigh the risk of dying of a
competing cause and serve to prolong
survival.
COPD, lung cancer risk, and potential

harms of LDCT screening.
d Although individuals with COPD have a

higher risk than smokers without COPD
of developing lung cancer, the presence
of advanced COPD may pose a
significant risk for harms of LCS and
downstream evaluation and treatment of
screen-detected nodules.

d The benefit of screening those with
advanced-stage COPD (Global Initiative
for Chronic Obstructive Lung Disease
[GOLD] classes 3 and 4) is uncertain, and
how best to risk stratify these patients
using functional status information
should be an area of research.
Risk communication.

d Providers vary in their comfort level
regarding advising patients meeting
eligibility criteria not to undergo
screening owing to poor overall health or
limited life expectancy.

d Message framing is critical, but how best
to do this remains unclear.

d Research is needed to identify how
best to support providers through
training, education, and decision support
tools.
Treatment of screen-detected lung

cancer.
d There are currently no data on whether

screening decreases lung cancer
mortality among patients who are
unable or unwilling to undergo
anatomic resection for a screen-detected
cancer.

d There is controversy and confusion
regarding who should be offered
screening, and future research is needed
with the aim of incorporating the balance
of risk of LCD, competing causes of
death, morbidity, mortality, and efficacy
of treatment approaches in the face of
comorbidities.

Introduction

The NLST demonstrated that screening with
LDCT reduced LCDs and overall mortality
(1). However, as in many clinical trials,
participants were healthier than the base
population. When compared with a general
population of individuals eligible for LCS in
the United States, the NLST participants
were younger, healthier, better educated,
less likely to be racial minorities, and more
likely to be former smokers (2). These
sociodemographic differences raise
questions about the generalizability of the
NLST, especially as it relates to those
underrepresented in the trial. It also
presents challenges for clinicians deciding
which patients are appropriate candidates
for LCS, because there is limited evidence
from secondary analyses of NLST data to
guide decision-making about which
patients may be too sick owing to
competing comorbidities to benefit from
screening (3).

Patient selection for LCS is complex,
because factors that increase the risk of
developing lung cancer (e.g., smoking) also
correlate with risk of developing other
diseases associated with high morbidity and
mortality (e.g., COPD, CVD, other cancers).
Competing risk is defined as the risk that a
substitute event (e.g., cardiovascular death)
interferes with the likelihood that an
individual will experience the disease-specific
outcome of interest (e.g., LCD) (4). As risk of
lung cancer increases, so does competing
risk of death and harms of diagnostic
evaluation and treatment of screen-detected
lung cancer, potentially decreasing the net
benefit of LCS (Figures 1A and 1B). How
to determine the number, severity, and
combination of comorbid conditions in
which competing causes of death or reduced
ability to tolerate diagnostic procedures
and cancer treatment would diminish the
benefit of LCS is unclear. Furthermore,
communication and decision tools regarding
trade-offs of LCS in the face of comorbidities
are undeveloped.
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To advance the field, the American
Thoracic Society (ATS) convened a
multidisciplinary panel to summarize the
available data surrounding the impact of
comorbid conditions as it relates to LCS. In
this research statement, we aimed to identify
and prioritize gaps in knowledge to outline
and help guide the formation of research
efforts in these areas to better inform patient
selection for and education about LCS.

Methods

The project was sponsored by the Thoracic
Oncology Assembly and approved by the
ATS Project Review Subcommittee. The
multidisciplinary, international participants
(pulmonologists, thoracic surgeons,
internists, nurse practitioners, and
epidemiologists) were chosen by the project
chairs (M.P.R., N.T.T., and R.S.W.) because
of their expertise in all aspects of LCS,
evaluation of comorbidities, and lung cancer
treatment outcomes. Representatives of
other professional societies, including the
American College of Chest Physicians,
Society of Thoracic Surgery, International
Association for the Study of Lung Cancer,
and American College of Physicians, were
invited to ensure a diverse representation.
Conflicts of interest were disclosed and
managed according to the policies and
procedures of the ATS. The chairs identified
several topics for discussion that were vetted
before the in-person meeting, and relevant
articles were distributed to participants.
Participants selected to be speakers provided
input on the agenda.

The groupmet at the ATS International
Conference in Washington, DC, in May
2017, with main foci of identifying the gaps
in knowledge about how comorbid
conditions impact outcomes in LCS and
identifying and prioritizing key research
questions that will lead to optimized
screening in patients with comorbid
conditions. The in-person meeting included
presentations reviewing existing data on the
following six key topics:

1. How do screen-eligible U.S. individuals
differ from NLST participants?

2. What is the impact of comorbidities on
cancer survival?

3. How can prediction of non–lung cancer
deaths in persons screened for potential
lung cancer be improved?

4. What are the special considerations for
patients with COPD that serve as a

marker for increased risk of lung cancer,
increased risk of death from competing
causes, and decreased ability to tolerate
surgery for screen-detected cancers?

5. What is the outcome of surgery for stage I
non–small cell lung cancer (NSCLC)

in smokers with advanced COPD or
other serious comorbidities?

6. What is the role of stereotactic body
radiation therapy (SBRT) as an
alternative treatment in early-stage
NSCLC detected through LCS?

Increasing risk of developing lung cancer
(e.g., age, smoking, COPD)
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Figure 1. (A) Hypothetical schema of the risk of developing lung cancer versus the ability to undergo
treatment, risk of death from competing causes, and risk of harms of procedures. (B) Hypothetical
schema of the relationship between lung cancer risk and screening benefit. COPD = chronic
obstructive pulmonary disease; LCS = lung cancer screening.
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After formal presentations, the chairs
moderated breakout sessions that included
all participants, with the goal of expanding
the discussion and developing research
questions. The breakout sessions focused on
lung cancer risk (including risk prediction,
special considerations for patients with
COPD, and risk communication) and
treatment of screen-detected lung cancer
(including sublobar resection, thoracoscopy,
and nonsurgical treatment), and during
the discussions, the first set of research
questions was drafted.
After the in-person meeting, a
comprehensive summary of the
transcribed meeting and field notes was
compiled and organized by the chairs, and
outlines were circulated to the writing
committee. Subsequent conference calls
were held to consolidate, refine, and
prioritize the research questions and to
identify methods to address them. The
manuscript was drafted by the chairs,
iteratively revised with input from the writing
committee, and circulated to all meeting
participants for review. The final document
was approved by the ATS Board of Directors.

Results

The results are organized into four
overarching topics: risk of lung cancer
juxtaposed against competing risks of death,
COPD, and lung cancer; communication of
risks; and outcomes after treatment of
screen-detected lung cancer. Each
subsection includes the summary of the
evidence and research gaps, followed by the
research questions identified during the
meeting. Table 1 provides the list of
research questions and potential
approaches to addressing them.

Juxtaposing Lung Cancer Risk and
Competing Risk of Death from Other
Causes

Summary of evidence and research gaps.
Although using age and pack-year smoking
history criteria for determining eligibility
versus ineligibility for LCS is practical from
the viewpoint of ease in implementation,
it may be overly simplistic because
individualized risk varies significantly owing
to the influence of numerous variables (5, 6).
Since the publication of the NLST, research
has included secondary data analyses with
modeling exercises focused on identifying

specific at-risk populations as well as
individualization of a person’s overall risk
of developing or dying of lung cancer (6, 7).
Models that predict lung cancer risk by
incorporating age, smoking intensity, and
quit-year history as continuous variables
and including additional risk factors such
as race, family history of lung cancer,
history of prior cancer, and COPD have the
potential to identify individuals most at risk
for developing or dying of lung cancer, thus
reducing the number needed to screen
(NNS) to prevent an LCD (6, 7). For example,
within the NLST, it was shown that stratifying
participants by individual risk using the
PLCO2012 (Prostate, Lung, Colorectal, and
Ovarian Trial 2012) cancer model calculator
was better than the NLST entry criteria of age
and smoking history for determining who
would develop lung cancer (7).

The benefits and harms of LCS may
not, however, be linearly related to the risk
of developing lung cancer. The complex
interplay between baseline risk of
developing lung cancer, treatment-related
harms, and competing risk of death from
other causes is crucial in determining the
balance of harms and benefits of LCS
(Figures 1A and 1B). For example, in the
NLST, the cohort with the lowest 5-year
risk (quintile 1) of LCD, accounting for 1%
of prevented LCD, was associated with a
NNSs of 5,276 and 1,648 false-positive
results per prevented LCD (6). In contrast,
the cohort with the highest LCD (quintile 5),
accounting for 38% of prevented LCD, was
associated with NNSs of 161 and 65 false-
positive results per prevented LCD (6).
Moreover, this highest-risk cohort (for
LCD) would likely also have a high risk of
comorbid conditions and competing causes
of death, which would work to reduce the
life-year gains in this very high-risk group.
In subsequent analyses of the NLST, COPD
prevalence increased with increased lung
cancer risk according to the PLCO2012 risk
model (Figure 2) (3), and the risk of
non–lung cancer deaths was greater
than the risk of LCD (Figure 3) (8).
Furthermore, as the risk of lung cancer and
the prevalence of comorbidities increase,
the ability of individuals to tolerate
diagnostic procedures or treatment for a
screen-detected cancer decreases (a fact not
taken into account in existing models). Thus,
in individuals at high risk of lung cancer, the
greater risk of death not related to lung
cancer, harms from procedures, and
diminished ability to treat a screen-detected

cancer may undermine the benefits of
screening. A population-based survey found
that life expectancy was lower in individuals
eligible for LCS using U.S. Preventive
Services Task Force criteria when compared
with NSLT participants (19.6 vs. 21.2 yr),
likely reflecting that individuals in the
general population were older and more
likely to be current smokers and to have
diabetes, stroke, or heart disease (9).

Estimating the risk of developing lung
cancer and success of treatment and then
comparing these with the risk of dying of
a competing cause is crucial. Models that
accurately predict noncancer mortality risk
are needed and may help to improve patient
selection for LCS. Furthermore, for such
models to be applicable for individual
prediction, the area under the receiver
operating characteristic curve is recommended
to be greater than or equal to 0.80 (10).
Incorporating severity of comorbidities and
functional status into a noncancer mortality
risk model may improve the area under the
receiver operating characteristic curve but
may render such a model too complex for use.

Risk prediction models do not account
for potentially increased treatment-related
risk in those with increased risk for the
development of lung cancer. A comparison
of outcomes of smokers aged 65 years or
older diagnosed with stage I NSCLC in the
NLST with a National Cancer Institute
Surveillance, Epidemiology, and End Results
Program (SEER)-Medicare cohort meeting
NLST age criteria with similar low
comorbidity scores (Charlson comorbidity
index [CCI], 0–1) revealed no difference in
perioperative surgical mortality or 5-year
lung cancer–specific mortality; however,
5-year all-cause survival was lower in the
SEER NLST-eligible cohort (73.6% vs.
63.8%) (11). Furthermore, in the SEER
NLST-ineligible patients (e.g., CCI, >2),
perioperative mortality was almost doubled,
and 5-year survival was significantly lower
(47.1%; P< 0.0001) (11). Individuals
eligible for LCS who have a higher
comorbidity burden may not benefit from
screening, owing to death resulting from
competing causes (Figure 4) (12). As such,
it is conceivable that maximum screening
benefit (e.g., decreased lung cancer
mortality) may result from screening those
in the middle quintiles of risk (e.g., quintiles
2–4). An approach focusing on screening
outcomes such as decreased deaths
resulting from lung cancer rather than
solely on lung cancer risk may have utility
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in identifying those who receive the greatest
benefit from screening (Figure 2).

Further research is needed to identify
the optimal threshold (benefits of reducing
risk of LCD outweighing risks of dying of
another cause) at which to determine
eligibility for screening. If the probability of

dying of competing causes within 5 years
is higher than the probability of living for
5 years (i.e., .50% competing mortality
risk), the likelihood of benefit from LCS
will be quite low. However, only a very
small proportion of individuals have
probabilities this extreme of dying of

competing causes. If the threshold is
reduced, however, the number of false-
positive results increases, and at some
point, if this threshold is used to
determine eligibility for screening, there
is a risk that an individual with a small
net benefit may not be offered screening.

Table 1. Identified Research Questions by Topic: Incorporating Coexisting Chronic Illness into Decisions about Patient Selection for
Lung Cancer Screening

Question Possible Research Methods

Risk prediction

1. At what threshold of competing causes of death should
screening not be offered?

Development of models that predict noncancer mortality risk,
incorporate severity of comorbidities and functional status

2. What is the preferred method to quantify the severity and
burden of comorbidities among patients referred for LCS?

Survey-based risk prediction models that use self-reported variables
(including sex, race, and medical comorbidities such as COPD,
hypertension, CVD, and diabetes) to predict all-cause mortality may
be leveraged to focus on LCS outcome

Development or refinement of index scores that include contributions
of multiple comorbid conditions together with severity. CISNET
microsimulation modeling (incorporating comorbidity data into
CISNET models) may inform factors such as quality of life and cost
effectiveness of LCS in patients with and without comorbidities.

3. Should functional assessment, comorbidity severity, or
both be included in models assessing competing causes
of death, and how can this be effectively accomplished?

Comparison of outcomes in patients based on varying models

4. What are the ethical issues concerning withholding LCS
from individuals at very high risk for competing causes of
death?

Qualitative studies, surveys, consensus-building methods (e.g., Delphi)
to assess patient, provider, and policy maker opinions

COPD and lung cancer risk

5. What is the ratio of benefits to harms of LCS among
patients with advanced COPD?

Comparison of outcomes in patients screened for LCS with COPD.
“Watch the Spot” study includes incidental and LCS-detected lung
nodules in “real-world” population of patients and will collect
observational data on harms of nodule evaluation

6. Does functional status information facilitate identification
of individuals with advanced COPD who may not benefit
from or may be harmed by LCS?

Incorporation of functional status (e.g., BODE index) in databases of
LCS patients and comparison of outcomes

Communication of risk with patients

7. What information and which approaches optimize
understanding and shared decision-making among
patients with multiple comorbidities or limited life
expectancy?

Qualitative and mixed-methods studies

8. How can providers best be supported in discussing these
sensitive topics with patients?

Qualitative and mixed-methods studies to assess impact and utility of
varying decision aid tools

9. What information and which approaches are most useful
to patients and providers in discussing discontinuation of
annual LCS (vs. not initiating screening) when serious
comorbidities limit the benefit of screening?

Qualitative and mixed-methods studies

Treatment for screen-detected cancer

10. Does LCS followed by alternative treatments of
screen-detected cancers (e.g., SBRT, sublobar resection)
reduce mortality relative to no screening among patients
who cannot tolerate anatomical resection?

Database analysis of outcomes in LCS patients stratified by treatment,
with adjustment for confounding factors (e.g., propensity score
matching, instrumental variable analysis)

Definition of abbreviations: BODE = body mass index, airflow obstruction, dyspnea rating, and exercise capacity; CISNET =Cancer Intervention and
Surveillance Modeling Network; COPD = chronic obstructive pulmonary disease; CVD = cardiovascular disease; LCS = lung cancer screening; SBRT =
stereotactic body radiation therapy.
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Because any prediction model inherently
has a degree of uncertainty, potential
ethical issues come to light when
considering using risk prediction models
to identify patients who should not be
offered screening owing to competing causes
of death or inability to tolerate treatment for
a screen-detected cancer. These models are
developed and validated at the population
level, and accuracy in determining
individual-level outcomes is inexact.

Few studies have examined the
relationship between comorbidities and lung

cancer outcomes (11). A recent retrospective
cohort study found that patients with lung
cancer could be grouped into five distinct
classes based on comorbidity profiles
(defined by progressively greater CCI scores
and the presence or absence of specific types of
vascular disease and diabetes) that predict
treatment and survival (13). Patients in class 1
were younger, had no comorbid conditions,
were more likely to receive stage-appropriate
therapy, and had better survival than patients
in other classes despite having the least
favorable stage distribution. In contrast,

patients in class 5 were older, more likely to
have multiple comorbid conditions (more
than five), to receive no treatment, and to
experience worse survival (median survival for
patients in class 1 was 1.13 yr vs. 0.48 yr for
those in class 5; P, 0.0001). The effect of
comorbidity class on survival persisted when
adjusted for stage and was strongest for
patients with early-stage NSCLC (stages I–II),
a finding that has important implications for
LCS because the majority of patients
undergoing LCS will be diagnosed with early-
stage disease (13).

Index scores that consider contributions
by multiple comorbid conditions, such as the
CCI or Elixhauser comorbidity index (14, 15),
are relatively simple to calculate using
International Classification of Diseases
diagnosis codes, have been validated to
correlate with clinical outcomes, and are well
studied in screening for other cancers (16–19).
However, these indices have been applied
mostly in retrospective research studies, have
not been actively applied in LCS, and have
failed to capture the severity of diseases needed
to consider the effect of comorbidity in
patients with lung cancer (20, 21).
Furthermore, because scoring systems for the
indices are based on medical practice at the
time the indices are created, they may not
reflect advances made in medical care and
outcomes of a particular comorbid illness (e.g.,
survival of HIV infection 30 years ago is much
different from today). In addition, there exists
a strong relationship between intensity of
smoking, lung function, and lung cancer risk
with comorbid disease in ever smokers that is
not reflected in these comorbidity indices.
Suggested tools to predict noncancer
competing mortality risk before patients are
enrolled in LCS include clustering of
comorbidities so that they are phenotypically
more recognizable to the provider than a
number (e.g., CCI of 4). Such a method may
be easier for providers to understand and to
communicate the estimated risk of dying of
competing causes. Models using self-reported
variables (including sex, race, and medical
comorbidities such as COPD, CVD, and
diabetes) have been developed to predict
mortality (up to 14-yr mortality) in adults
aged 65 years and older (22, 23), and these
models may be leveraged to assist in
determining the impact of competing risks of
death on LCS outcomes.

Risk prediction: research questions.
1. At what threshold of competing causes

of death should screening not be offered?

Increasing risk of developing lung cancer by PLCO2012 quintile
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5 15 25 35 45
PLCO2012 risk percentile

55 65 75 85 95

0

200

N
um

be
r 

of
 d

ea
th

s

400

600

CXR - Lung cancer

CXR - Competing causes

CT - Lung cancer

CT - Competing causes

Figure 3. NLST (National Lung Screening Trial) deaths from lung cancer and competing causes by
trial arm and decile of PLCO2012 (Prostate, Lung, Colorectal, and Ovarian Trial 2012) risk. CT =
computed tomography; CXR = chest radiograph. Reprinted by permission from Reference 8.

AMERICAN THORACIC SOCIETY DOCUMENTS

e8 American Journal of Respiratory and Critical Care Medicine Volume 198 Number 2 | July 15 2018



2. What is the preferred method to quantify
the severity and burden of comorbidities
in patients referred for LCS?

3. Should a functional assessment of
comorbidity severity and life expectancy
be included in models assessing
competing causes of death?

4. What are the ethical issues concerning
withholding LCS from individuals at very
high risk for competing causes of death?

Modeling as a means to predict
noncancer mortality risk before LCS may
help determine cutoffs, but how to apply the
information provided by such models needs
to be established. Before setting policy or
recommendations about the threshold or
process to advise against LCS, research into
patient, provider, and policy maker opinions
on the surrounding ethical issues is needed.

COPD, Lung Cancer Risk, Competing
Risk of Death, and Harms of
Screening

Summary of evidence and research gaps.
COPD poses a particular challenge in LCS.
Although these patients have twice the risk
of developing lung cancer (primarily related

to emphysema) compared with smokers
without COPD (6, 8, 24–27), the presence
of advanced COPD may pose a significant
risk for harms from LCS and downstream
evaluation and treatment of screen-detected
nodules. Patients with advanced COPD are
significantly more likely to experience
complications during evaluation of
pulmonary nodules (28), develop
respiratory-related surgical complications,
have a higher 30-day mortality after
resection of lung cancer (especially after
thoracotomy) (29, 30), and have a greater
likelihood of dying of causes other than
lung cancer (31). Risks after transthoracic
needle biopsy of a pulmonary nodule
include hemorrhage (in only 1% of
biopsies, but 17.8% of patients will require a
blood transfusion) and pneumothorax (in
15% of biopsies, and 6.6% will require a
chest tube). These complications are more
common in smokers and those with COPD
and are associated with longer hospital
stay and respiratory failure requiring
mechanical ventilation (28). In a study
evaluating the safety of bronchoscopy in
COPD, minor and major complications
among all patients with COPD were 13%
and 5%, respectively; however, respiratory

complications occurred in 22% of patients
with severe to very severe COPD, as
compared with 6% in patients without
COPD (32). Moreover, COPD, a common
comorbid disease in patients with lung
cancer, is associated with increased risk
of death from both lung cancer and
competing non–lung cancer causes (3).
Given these trade-offs between potential
benefits and harms of LCS, whether to
screen patients with advanced COPD
(severe; GOLD grades 3 and 4) remains
controversial.

In screening trials (1, 33, 34) in which
20–30% of the patients had COPD (mild or
moderate; GOLD grade 1 or 2), the risks
from harms associated with LCS (morbidity
and mortality of procedures or surgical
resection) are low. For example, in the
LDCT group of participants in the NLST,
only 29.2% had COPD. The rates of at least
one complication after a diagnostic
procedure for a positive screening test in
the LDCT group were only 1.4%, with no
severe complications after transthoracic
needle biopsy, and only 3.5% after
bronchoscopy (1). However, the patients in
these trials are not representative of all
patients with COPD in the general
population who meet age and smoking
eligibility criteria for LCS. Furthermore,
although pulmonary function testing with
spirometry and DLCO quantify and provide
a physiologic assessment of COPD severity,
FEV1 only weakly predicts mortality
when greater than 50% predicted and
furthermore does not capture the complex
nature of COPD as a systemic disease (31).
Use of functional assessment may be a
better means by which to quantify the
degree of pulmonary impairment. The
BODE (body mass index, airflow
obstruction, dyspnea rating, and exercise
capacity) index is one such functional
assessment tool that captures physiologic
impairment, patient perception of
symptoms, and the two domains that
express consequences of COPD (body mass
index and exercise capacity) (31). With
increasing BODE quartile, there is a
significant increased risk of mortality, as
high as 80% in 52 months in quartile 4,
where patients with a higher BODE index
are more likely to die of respiratory failure
(61%) than of lung cancer (31). Given the
complex interplay between COPD and lung
cancer, further research is needed to identify
the ratio of benefits to harms of LCS among
patients with more advanced, severe COPD.

Increasing risk of developing lung cancer by PLCO2012 tertile
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Factoring COPD into LCS decision-
making: research questions.
1. What is the ratio of benefits to harms

of LCS among patients with advanced
COPD?

2. Does functional status information
facilitate identification of individuals
with advanced COPD who may not
benefit from or may be harmed by LCS?

Individuals with COPD have a higher risk
of developing lung cancer; however, the
presence of advanced COPD may also
pose a risk for harms from LCS and
downstream evaluation and treatment of
screen-detected nodules. Research to
ascertain baseline risk of developing lung
cancer, treatment-related harms, and
competing risk of death from other causes
is crucial in determining how best to risk
stratify patients with advanced COPD
before LCS.

Communication of Risk with Patients

Summary of evidence and research gaps.
Prior research identified discussing limited
life expectancy and decreased benefit of
cancer screening to be challenging for
providers in non-LCS contexts (35, 36).
Providers vary in their comfort level
regarding advising patients who meet
eligibility criteria not to undergo
screening owing to poor overall health or
limited life expectancy (37), and a recent
vignette-based survey suggested that
many providers may advise patients to
undergo LCS despite poor overall health
and limited life expectancy (38). Although
some perceive advising against LCS as
excluding patients from medical care,
others see it as individualizing LCS
decisions by encouraging screening for
those who will benefit and discouraging
screening for those who will not benefit
because of competing causes of death.
Similarly, patients with serious health
problems are divided in their opinions
regarding whether and how they would
like their providers to discuss limited life
expectancy in the context of decision-
making about cancer screening (39).
Message framing is critical, but how best
to do this is not clear. Examples of
message framing include an interpretive
statement, “LCS will not help you live
longer,” or the more neutral conveying of
information, “Here is your risk of dying
of any disease including lung cancer

without LCS, and here is your risk of
dying of any disease including lung
cancer with LCS” (39). Message framing
will vary across different groups of
patients and must take into account the
patient’s education level, cultural beliefs,
and heath literacy, including their ability
to understand complex issues such as risk
model concepts and competing causes of
death.

Workflow considerations are critical
to achieving successful implementation of
the policy requirement for shared decision-
making and may be especially important
for more complex discussions when the
anticipated benefit of LCS is marginal
owing to limited life expectancy or
increased risk of harms. Further research is
needed to identify how best to support
providers through training, education, and
decision support tools. The course of the
conversation, topics to be covered, and
patient and provider needs and preferences
for supporting these conversations may be
different in the context of discontinuing
annual LCS owing to development or
progression of a health problem, as
opposed to the context of never initiating
screening because of serious comorbid
disease. Given the complexity of the
decision involved, it is also important to
support collaborative communication
among providers (e.g., primary care
provider, pulmonologist, and radiologist)
to avoid conflicting messages and to
present a cohesive recommendation to
patients.

Communicating interrelated risks:
research questions.
1. What information and which

approaches optimize understanding and
shared decision-making among patients
with multiple comorbidities or limited
life expectancy?

2. How can providers best be supported in
discussing these sensitive topics with
patients?

3. What information and which
approaches are most useful to patients
and providers in discussing
discontinuation of annual LCS (vs. not
initiating screening) when serious
comorbidities limit the net benefit of
screening?

Qualitative and quantitative research
investigating patient preferences
regarding decisions not to undergo LCS
could serve to inform these questions.

Topics to explore include who is the
preferred person to deliver the message
(e.g., primary care provider or LCS
coordinator), what is the best way to frame
the message, and what are the utility and
helpfulness of various decision aid tools in
facilitating these conversations. There is a
need for research to elicit patient and
provider needs and to develop decision
aids or tools that incorporate models that
predict risk of dying of competing diseases
and/or include sample scripts or
messaging that providers could use when
discussing screening or explaining why
they are recommending against LCS with
patients.

Treatment for Screen-detected Lung
Cancer

Summary of evidence and research gaps.
The U.S. Preventive Services Task Force
guidelines (40) specifically suggest
excluding patients unable to tolerate
surgical resection, but other guidelines
recommend limiting screening to those
“in reasonably good health” (41) or
those healthy enough to tolerate
“cancer treatment” (42). These
recommendations mix the simplistic
exclusionary concept (no reason to
screen if no treatment will be given)
with the relative issues of balancing risk
of LCD versus competing causes of
death and morbidity, mortality, and
efficacy of treatment approaches in the
face of comorbidities. This confusion
underlies the controversy whether
eligibility for LCS should be limited
to patients able to tolerate surgical
resection or should include other
treatment approaches, such as SBRT.

Perioperative mortality after surgical
resection in LCS trials varies from 1% to
3.3% (1, 33, 34). Importantly, these trials
enrolled healthy patients, and at least in
the NLST, 82% of the participating
centers were large academic centers and
76% were National Cancer Institute–
designated cancer centers with expertise
in all aspects of cancer care, including
dedicated thoracic surgeons (1). Such
conditions are associated with improved
outcomes after surgery (43, 44) but are
not universally present in community
hospitals throughout the United States or
other countries. In the small subset of
NLST patients with stage I NSCLC who
underwent radiation therapy (n = 25), the
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5-year survival was significantly worse
than that of those who had surgery (26%
vs. 74%, respectively) (11). However, it is
not clear exactly what this radiation
therapy treatment entailed or why
radiation therapy was pursued rather
than surgery.

There is controversy about the
relative effectiveness of SBRT versus
resection. First, the data regarding SBRT
involve a specific type of tumor (relatively
peripheral stage I NSCLC), and thus it
may not be entirely appropriate to apply
these data to all screen-detected cancers.
Second, observational data comparing
SBRT versus resection for stage I
peripheral tumors typically involve
compromised patients and are inherently
confounded by competing causes of
death, making assessment of treatment
efficacy difficult. One can attempt to
minimize some of the confounding
variables by assessing the inherent efficacy
of SBRT versus surgery in low-risk patients.

We currently have no data on whether
screening decreases lung cancer mortality
among patients who are unable or
unwilling to undergo anatomic resection.
With regard to patients fit to undergo
surgery, two small randomized trials
of SBRT versus lobectomy suggested
improved outcome in the SBRT group
(estimated overall survival at 3 yr, 95%;
95% confidence interval [CI], 85–100) in
the SBRT group compared with 79%
(95% CI, 64–97) in the surgery group
(hazard ratio, 0.14; 95% CI, 0.017–1.190;
P = 0.037), but these results are difficult
to interpret owing to poor accrual
(combined total of only 58 patients) (45).
A large National Cancer Database study
of optimal patients (no comorbidities)
and optimal treatment (lobectomy or full-
dose SBRT) demonstrated that after
propensity matching for essentially all
known potential confounding factors (20
factors), the overall survival after SBRT
was lower than after lobectomy (5-yr
survival, 59% vs. 29%; P, 0.001) (46).
Similar results were seen in a subset
analysis of SBRT patients who had been
recommended to have lobectomy but
chose SBRT instead (46). Finally, a recent
international survey showed that only

28% of thoracic oncology specialists
(excluding radiation oncologists) believed
that SBRT had a benefit the same as or
better than that of resection (47). These
data suggest that considering surgical
resection and SBRT as equivalent
treatments for screen-detected cancers
is probably premature, and more
evidence and examination are needed.
Unfortunately, the results of several
ongoing randomized trials of surgery
versus SBRT among surgically eligible
patients with early-stage NSCLC will not
be available for several years.

Although decreasing FEV1 and DLCO

predict worse postoperative outcomes of
thoracotomy, this effect is markedly
diminished for resections performed via
video-assisted thoracoscopic surgery
(VATS) (48–50). The perioperative
mortality in advanced COPD is lower after
VATS lobectomy than after thoracotomy
(1.5–2.9% vs. 3.5–7.8%, respectively)
(48–51). However, in U.S. population
databases, only 30–40% of lobectomies are
performed via VATS; furthermore, only
50% of lobectomies in the United States are
performed by dedicated cardiothoracic
surgeons, and only 60% of lobectomies
performed by cardiothoracic surgeons are
via VATS (52). Thus, the issue of how the
risk of perioperative mortality should factor
into a decision whether to screen a
patient with pulmonary compromise is
complicated: The risk is linked not only to
the degree of compromise but also to the
type of resection (VATS vs. open, lobe vs.
segment) and where the resection may be
performed. Finally, it must be remembered
that competing causes of death in
compromised patients may have
implications that overshadow the impact of
perioperative mortality when considering
screening.

Treatment for screen-detected lung
cancer: research questions.
1. Does LCS followed by alternative

treatments of screen-detected cancers
(e.g., SBRT, sublobar resection) reduce
mortality relative to no screening
among patients who cannot tolerate
anatomical resection? Although it is
unlikely that an adequately powered
randomized clinical trial will be

undertaken to answer this question,
database analyses or modeling studies
could address this issue.

Discussion

Our committee identified gaps in
knowledge regarding incorporating
comorbidities and competing causes of
death into LCS decisions. This statement
highlights the urgent need for further
research that will guide clinical decision-
making with patients with comorbid
conditions in whom LCS harms may
outweigh the benefits. Assessing the impact
of comorbidities on the effectiveness of
LCS is difficult. First, patients are
heterogeneous, and other variables such as
age, sex, and ethnicity, can interact with
comorbidities and their severity. Second,
isolated comorbidities vary in severity, and
specific types of comorbid conditions
result in different treatment and survival
outcomes. Third, conditions such as COPD
that increase lung cancer risk also increase
the risk of death from other non–cancer-
related causes. In advanced COPD, the
risk for developing cancer must be
balanced against increased complications
during evaluation of screen-detected
pulmonary nodules, higher mortality after
resection of lung cancer, and greater
likelihood of dying of causes other than
lung cancer. Fourth, there is variability
among providers regarding
individualizing LCS decisions, and
agreement on message framing will be
critical. How best to accomplish this
challenging aspect of LCS is not clear.
Fifth, alternative treatments are
increasingly being suggested as a way to
extend LCS to a population of patients
that cannot tolerate anatomical resection,
but it is unclear whether LCS followed by
these alternative treatments will improve
mortality relative to no screening among
such patients. This statement establishes
a research framework for addressing
essential questions about how to
incorporate coexisting chronic illness into
decision-making and patient selection
for LCS. n

This statement was prepared by an ad hoc subcommittee on coexisting chronic illness and lung cancer screening of the ATS Assembly
on Thoracic Oncology.
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CORRESPONDENCE

Identifying Patients for Whom Lung Cancer Screening Is
Preference-Sensitive

TO THE EDITOR: Caverly and associates' microsimulation
study (1) assesses the relative gains from computed tomogra-
phy screening for lung cancer in the context of lung cancer
risk, competing risks (or life expectancy), and patient prefer-
ence. The authors conclude that, in the hypothetical setting of
unfavorable preferences where negative views toward screen-
ing are strong, the benefits of screening (defined as when the
net benefits outweigh the harms) are best seen in persons
with intermediate risk (that is, those with risk between the 20th
and 80th percentiles or those in the second to fourth quin-
tiles) (Figure 1 of the article). In a post hoc analysis of data
from the NLST (National Lung Screening Trial), we showed
that participants who are screened and have the highest risk
for lung cancer have the greatest prevalence of airflow limita-
tion, the highest death rate from causes other than lung can-
cer but related to lung cancer, and the lowest surgical rates

for lung cancer (2). We feel that these findings support the
belief that competing causes of death and high rates of co-
morbid disease (especially chronic obstructive pulmonary dis-
ease) underlie the attenuated benefit of screening those at
greatest risk (the fifth quintile) in the NLST (3). Because of
screening inefficiencies and greater overdiagnosis, the utility
of screening persons in the lowest (first) quintile is also debat-
able. Because only 2% to 3% of eligible screening participants
currently receive screening and nihilism from smokers or their
primary care physicians may be highly relevant, negative feel-
ings toward screening (with unfavorable preferences) seems
to limit uptake.

We suggest that screening persons at intermediate risk
(specifically, those with lung cancer risk between the 20th and
80th percentiles or those in the second to fourth quintiles [1])
not only increases the efficiency of screening but also avoids
overtreatment (4), which in the case of lung cancer screening
occurs when the harms outweigh the benefits. These harms
include not only treatment of indolent cases of lung cancer
(overdiagnosis) but also investigation and treatment of eligi-
ble screening participants with substantial comorbid disease
who cannot tolerate treatment or who die of causes other
than lung cancer during screening.

Gould's editorial (5) describes “efficiency maximizers”—
those who advocate for screening using risk-based ap-
proaches, thereby limiting screening to persons at higher risk
to maximize the benefit–harm ratio. However, proponents of
this approach have yet to consider the effects of overtreat-
ment in those at highest risk described here, where comorbid
disease and competing causes of death attenuate the benefits
of screening (2, 3). An outcomes-based approach rather than
the risk-based approach that some currently advocate might
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better optimize screening efficiency, improve the benefit–
harm ratio, and reduce nihilism (that is, improve uptake) in
lung cancer screening (4).

In conclusion, in our post hoc analysis of a subcohort of
the NLST, we show that overtreatment of lung cancer is an
important issue and undermines the benefits of screening for
persons at both ends of the risk spectrum (4).

Robert P. Young, BMedSc, MBChB, DPhil
Raewyn Hopkins, BN, MPH
University of Auckland
Auckland, New Zealand

Disclosures: Disclosures can be viewed at www.acponline.org
/authors/icmje/ConflictOfInterestForms.do?msNum=L18-0555.

doi:10.7326/L18-0555

References
1. Caverly TJ, Cao P, Hayward RA, Meza R. Identifying patients for whom lung

cancer screening is preference-sensitive: a microsimulation study. Ann Intern

Med. 2018;169:1-9. [PMID: 29809244] doi:10.7326/M17-2561

2. Young RP, Hopkins RJ, Duan F, Chiles C, Aberle D, Gamble GD. The rela-

tionship between lung cancer risk according to the PLCO2012 model and

prevalence or presence of COPD in the NLST-ACRIN sub-study (n = 10,054).

Am J Respir Crit Care Med. 2018;197:A4411.

3. Young RP, Hopkins RJ, Gamble GD. Comorbidity and competing causes of

death attenuate outcomes in the NLST. J Thorac Oncol 2017;12:S1758.

4. Young RP, Hopkins RJ, Duan F, Chiles C, Aberle D, Gamble GD. Genetic-

approach to stratifying the risk of lung cancer outperforms the PLCO2012

model—optimisation of CT screening outcomes in the NLST-ACRIN substudy

(N = 10,054). Am J Respir Crit Care Med. 2018;197:A4422.

5. Gould MK. Precision screening for lung cancer: risk-based but not always

preference-sensitive? Ann Intern Med. 2018;169:52-3. [PMID: 29809245]

doi:10.7326/M18-1350

IN RESPONSE: We agree with Dr. Young and Ms. Hopkins that
computed tomography screening for lung cancer should be
avoided when potential harms outweigh potential benefits.
However, we disagree with their reasoning about when net
harm is likely to occur. The problem is in thinking 1 dimen-
sionally. Our study shows that an individual person's compet-
ing risks, suitability for surgery, and lung cancer risk must all
be considered together. A person is a combination of these
factors, and thinking about just 1 factor at a time is incom-
plete. We found that persons with high baseline lung cancer
risk who also have adequate lung function and low competing
risks (which is a large percentage of those eligible for screen-
ing) receive the most benefit. Most intermediate-risk patients
also receive robust net benefit if they have low competing
risks and adequate lung function. However, the best decision
for many persons at low to intermediate risk for lung cancer is
highly sensitive to patient preferences. Any approach that
only considers a person's lung cancer risk without also con-
sidering lung function, suitability for surgery, and competing
risks will be inadequate. Decision tools that help simplify
these considerations for primary care health professionals and
facilitate personalized, shared decision making are greatly
needed.
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Defining, Estimating, and Communicating Overdiagnosis in
Cancer Screening

TO THE EDITOR: Davies and colleagues' article (1) referenced
old work of ours that did not define overdiagnosis. They also
omitted work by others (2–4) that did define it. We have
stated elsewhere (5) that overdiagnosis of a condition occurs
in a population when the condition is being identified and la-
beled with a diagnosis in that population (consequent interven-
tions may also be offered), this identification and labeling would
be considered correct by a relevant professional community, but
the resulting label and/or intervention carries an unfavorable
balance between benefits and harms. Of note, this definition ap-
plies beyond cancer screening, because other conditions—
including symptomatic ones—are also overdiagnosed.

Davies and colleagues define overdiagnosis in cancer
screening as “the detection of a (histologically confirmed) can-
cer through screening that would not otherwise have been
diagnosed in a person's lifetime had screening not been
done.” They suggest that including benefits and harms in the
definition of overdiagnosis is “conceptually correct” but “unhelp-
ful,” because they cannot be directly observed in individuals.

The counterfactuality or nonidentifiability (5) problem in
individuals is well recognized. Davies and colleagues' defini-
tion faces a similar problem. Whether a case of screen-
detected cancer would “not otherwise have been diagnosed
in a person's lifetime had screening not been done” also can-
not be determined in individuals, nor can the benefits of early
detection. We agree that, when trying to estimate overdiag-
nosis in cancer screening, defining overdiagnosis as Davies
and colleagues and others (2, 4) suggest is simpler. However,
although this approach is practical, it probably produces a
minimum estimate of overdiagnosis in cancer screening and
may not apply to other conditions.

Like others (2), we consider harm central to defining
and addressing overdiagnosis. Doing so requires a population-
level approach, because overdiagnosis (like benefit) cannot
generally be observed in individuals. We care about overdi-
agnosis not because of excess cases in themselves but be-
cause of individual and collective harms (such as diverting
resources and thus making health care systems less respon-
sive to need) (5). Estimating the balance between benefit and
harm arising from diagnosis (whether through screening or
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clinical care) remains difficult but is essential to support public
conversations and the legitimacy of modern health care.
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IN RESPONSE: We are glad that our proposed definition of
overdiagnosis in the setting of cancer screening, which we
recommend be applied when estimates that will be used in
policy and public communication are being calculated, has
raised discussion. As Dr. Carter and colleagues noted in their
2015 article on the challenges of creating a definition,
“Broader and narrower conceptions of overdiagnosis are
suited to different purposes” (1). We did not intend for our
definition to extend outside the setting of cancer screening.
We also are aware that our definition does not entirely ac-

count for the counterfactual, which cannot be proved, and is
problematic for patients and clinicians alike (2). To further the
conversation around overdiagnosis, we aimed to make esti-
mation efforts uniform and help with communication.
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A B S T R A C T

Objective: Lung cancer remains the single greatest cause of cancer mortality where surgery for early stage non-
small cell lung cancer achieves the greatest survival. While there is growing optimism for better outcomes with
screening using annual computed tomography, the impact of co-existing airflow limitation on survival remains
unknown.

To compare survival in non-small cell lung cancer patients undergoing surgery stratified according to the
presence or absence of pre-surgery airflow limitation.
Materials and Methods: We undertook a systematic literature search of non-screen lung cancer that encompassed
studies reported between January 1946 and January 2017. Full-text articles were identified following eligibility
scoring, with data extracted and analysed using a standardised analytical method (PRISMA). The results of this
systematic review in non-screen lung cancers were compared to real-world results from a lung cancer screening
cohort (N = 10,054), where outcomes following surgery could be compared after stratification according to pre-
surgery airflow limitation.
Results: In the systematic review, 6899 subjects were included from 10 studies; 7 were retrospective, 3 were
prospective. Overall survival was 950 (44%) in 2144 people with COPD and 2597 (55%) from 4755 controls
(unadjusted P value < 0.001). However, the overall meta-analysed random effects odds ratio for overall survival
(N = 10) and 5-year survival (N = 4) comparing those with and without COPD was 0.91 (95% CI = 0.84–1.00)
and 0.99 (95% CI = 0.79–1.24) respectively. There were no signs of significant heterogeneity (I2 = 19.1%,
P = 0.27) nor publication bias as assessed by funnel plot and Egger’s test (P = 0.19). In the lung cancer
screening sub-study of 10,054 screening participants we found no difference in 5-year survival in those with and
without airflow limitation (84% and 81% respectively, P = 0.64).
Conclusion: Survival after surgery for non-small cell lung cancer is comparable between those with and without
spirometry evidence of airflow limitation. This finding was replicated in lung cancer diagnosed during screening.

1. Introduction N=3,733

Lung cancer is one of the leading causes of cancer-related deaths in
the world. In 2012, lung cancer was responsible for approximately 1.6
million deaths worldwide [1]. Lung cancer may be broadly divided into
small cell lung cancer (SCLC) or non-small cell lung cancer (NSCLC),
with many distinct histology subtypes in the latter [2]. In contrast to
SCLC, where chemotherapy provides the mainstay of treatment with
mostly palliative intent, surgery is routinely performed in early stage
NSCLC with a curative intent [2,3]. Despite this, patients with lung
cancer typically have a poor prognosis, reflected by an overall 5-year
survival rate as low as 15% [2]. This low rate of lung cancer survival

can be attributed in the main to the advanced stage at diagnosis, ad-
vanced age with associated comorbidities, and with certain lung cancer
histological types, characterised by aggressive biology and rapid pro-
gression despite therapy (e.g. SCLC).

While smoking is widely recognised as the leading risk factor for the
development of lung cancer, studies show between 50–70% of lung
cancer patients also suffer from chronic obstructive pulmonary disease
(COPD) characterised by airflow limitation [4,5]. It has been shown
that the presence of COPD confers a significant and independent risk for
the development of lung cancer in both non-screened [6] and screened
lung cancer cases [7]. While smokers with underlying COPD are at
greater risk of getting lung cancer, they may also be at greater risk of
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dying following surgery where overall 5-year survival rates have been
reported to vary between 35–70% [8,9]. This may be due to death from
diseases other than lung cancer such as cardiovascular disease, re-
spiratory disease or other cancers (i.e. competing risk of death) [10].
Alternatively, it may be due to higher peri-operative risk and poorer
outcomes specific to lung cancer surgery in patients with COPD [3]. The
question arises: “To what degree does pre-existing COPD lead to worse
survival outcomes following surgery for NSCLC?”

To answer this question for unscreened lung cancers, we have un-
dertaken a systematic review of published studies to examine the effect
of pre-existing COPD on post-surgical survival in NSCLC. We have also
looked at survival following surgery for NSCLC following screening in a
subset of the National Lung Screening Trial (NLST), where baseline
spirometry was routinely measured in screening centres affiliated with
the American College of Radiology Imaging Network (ACRIN-NLST
cohort, N = 10,054 subjects) [11,12]. The findings of these analyses
have relevance to the differential benefits and harms of treating “op-
erable” lung cancer in both the unscreened and screened clinical set-
ting.

2. Methods

2.1. Search strategy and inclusion criteria for the systematic review

In order to correctly report the methods of this study, we used the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [13]. A systematic literature search was performed
in Ovid MEDLINE, EMBASE and the Cochrane Database of Systematic
Reviews as well as Google Scholar. The search terms were

group 1: “non-small cell lung cancer/lung cancer, adenocarcinoma”,
group 2: “chronic obstructive pulmonary disease/COPD/chronic

bronchitis/pulmonary emphysema”,
group 3: “spirometry/bronchospirometry”, lung function, airflow

limitation,
group 4: “pneumonectomy/lobectomy/resection/removal” and
group 5: “mortality/survival”.
Our searches were limited to a publication date from 1946 until

January 2017 and no language restriction was applied in these initial
searches.

The abstracts of all publications found by the literature search were
then read and assigned a score from 1 to 5 which represented the
number of keyword groupings that each abstract contained.
Publications which included keywords from at least 3 groups and which
mentioned all of “non-small cell lung cancer/lung cancer/ adenocarci-
noma”, “pneumonectomy/lobectomy /resection/removal” and were then
further analysed by reading the full-text article. Eligibility for further
analysis was checked by two reviewers (RJH, JK) and a third reviewer
(RPY) resolved any discrepancies. Any reasons for exclusion of studies
based on their abstracts were recorded in a spread-sheet.

Any retrospective, prospective or randomised controlled study that
met all of the following 6 checklist criteria were eligible for inclusion
into the systematic review. The criteria were “non-small cell lung cancer
(stages I-II)”, “spirometry criteria for COPD”, “results stratified by COPD/
lung function”, “preoperative lung function”, “lung surgery” and “mortality/
survival (1–10 years)”. When we encountered the same patient popu-
lation in separate publications, only the publication with the most re-
cent data was included. Finally, for non-English publications, we at-
tempted to contact the authors for an English translation. If an English
translation was unattainable, this study was excluded from the final
analysis. Eligibility for the systematic review was assessed by two re-
viewers (RJH and JK) and a third reviewer (RY) resolved any dis-
crepancies. The reason for the final exclusion of a study not to be in-
cluded was recorded in a database which comprehensively recorded the
full-text articles using a summary and checklist-based approach (sum-
marised in Fig. 1).

2.2. Data extraction for the systematic review

Data extraction was performed using a standardised record form.
Two reviewers independently extracted information from each study
included in the analysis (RJH, JK). Any disagreements or disparities
that arose were resolved by a third reviewer (RPY). In terms of study
characteristics, we extracted the author name, year of publication,
country in which the study was performed, study design, follow-up
period, number of patients (including the number of cases and con-
trols), how the cases of COPD were defined, the overall survival rates
for cases and controls and the proportion of patients with stage I-II
NSCLC. We also included the odds ratio and 95% confidence interval
for COPD and its effect on survival post-lung cancer surgery which was
calculated on quantitative analysis. The key data extracted is shown in
Table 1.

2.3. Statistical analysis for the systematic review

The data was analysed according to standard methods for a sys-
tematic review [13]. For published studies meeting the eligibility cri-
teria, survival according to COPD status was summarized as odds ratios
with 95% confidence interval calculated for each study and meta-ana-
lysed using a random effects DerSimonian and Laird model. The results
of this analysis was plotted using a forest plot with study heterogeneity
reported as the I2 statistic and publication bias formally assessed by
inspecting funnel plots for asymmetry and Egger’s Test. Any p-value less
than 0.05 was considered statistically significant. Meta-analysis was
performed using STATA version 10.1 (Metan, Statacorp, College Sta-
tion, Texas, USA). Fisher’s Exact test and confidence intervals for pro-
portions were calculated using www.openepi.com (accessed 17/6/
2019).

2.4. Outcomes from a subset of the NLST-ACRIN substudy

We used data from a subset of the NLST, where subjects attending
NLST screening sites affiliated to the American College of Radiology,
Imaging Network (ACRIN) underwent routine pre-bronchodilator
spirometric assessment [11]. In this sub-cohort of 10,054 high risk
smokers randomised to CT or CXR screening, 395 lung cancers were
identified after a mean follow-up of 6.4 years. Of these 328 were di-
agnosed within 5 years and 289 were NSCLC based on histology and
182 with NSCLC underwent surgical resection. All participants in this
screening trial were followed for outcomes including death and cause of
death [11].

3. Results

3.1. Literature search and study characteristics in the systematic review

Using the aforementioned search strategy (Fig. 1), we identified 288
papers including 89 duplicates that were removed from further ana-
lyses. The abstracts of these 199 papers were screened for the presence
of at least 3 of the keyword groupings which excluded a further 116
papers. The full-text articles of the remaining 83 papers were acquired,
scrutinised and assessed for further inclusion by applying our 6 re-
quirement criteria outlined above. A further 73 papers were excluded
on the grounds of not meeting these inclusion requirement criteria,-
insufficient data for specified endpoints, duplication of data and non-
English language. Ten papers published between 2001 and 2015 were
included into the final systematic review [8,9,14–21] with follow-up
ranging between 3 and 10 years (Table 1). This included four papers
reporting 5 year survival. A flowchart summarising the process for in-
cluding papers into the systematic review is shown in Fig. 1.

Of these 10 studies, 7 were retrospective, 3 were prospective and
there were no randomised controlled trials. The combined study po-
pulation from all 10 studies was 6899 operable non-small cell lung
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cancer cases. Due to variation in the spirometry criteria defining COPD,
a sensitivity analysis was performed where studies using comparable
criteria were grouped according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD criteria, FEV1/FVC < 0.70 n = 7 and
other non-GOLD criteria, n = 3) [22]. Survival in only prospective
studies (N = 3) was also compared.

3.2. Analysis of overall survival in the systematic review

Overall survival (N = 10 studies) was 950 (44%) in 2144 people
with COPD and 2597 (55%) from 4755 controls (unadjusted P
value < 0.001). The overall random effects odds ratio for overall sur-
vival following lung cancer surgery, comparing those with and without
COPD was 0.91 (95% CI [0.84, 1.00]; heterogeneity testing p = 0.27;
I2 = 19.1%). Survival in those studies reporting 5 year data (N = 4
studies) was 80 (50%) in 159 people with COPD and 189 (56%) from
338 controls (unadjusted P = 0.25). The odds ratio for 5 year survival
based on these 4 studies [8,9,18,20] was 0.99 (95% CI [0.79,1.24],
P = .87). Survival in the prospective studies (N = 3) was comparable
(43% or 637/1471 with COPD and 45% or 736/1645 with no COPD,
P = 0.43). This suggests that the presence of COPD had a negligible
impact on medium-term survival after lung cancer surgery (Fig. 2).
Although under-powered, a similar finding was made in the sensitivity
analyses where no significant difference in overall mortality could be
found. There was no evidence of publication bias (Eggers tests
p = 0.19).

3.3. Survival in the NLST-ACRIN sub-study

The outcomes from the NLST-ACRIN sub-study censored to 5 years
are summarised in Table 2. Of the 328 lung cancer cases identified
during the screening study, 289 were NSCLC with 153 (53%) being
stages 1 and 2. The overall 5 year post-surgery survival in those with

and without COPD was not significantly different (84 and 81% re-
spectively, P = 0.65). These results were not affected by screening arm
nor was there a difference when the analysis was limited to stage 1–2
NSCLC cases (Table 2). The prevalence of COPD in early stage cancers
that did not undergo surgery was 92–100%, regardless of detection
pathway, and was significantly higher than the expected 40–50% who
underwent surgery (Fig. 3). The overall mortality for those not diag-
nosed with lung cancer was linearly related to COPD severity, where
mortality rates were 3–4 times higher in those with GOLD 3–4 grade
COPD compared to those with normal lung function (Fig. 4). These
findings were also independent of screening arm.

4. Discussion

From our systematic review of the literature, we found no statisti-
cally significant decrease in overall and 5-year survival in early stage
lung cancer cases following surgery for patients with COPD compared
to those without COPD. This is reflected by a random effects odds ratios
for COPD post-lung cancer surgery of 0.91 (N = 10, 95% CI [0.84,
1.00] for overall survival and 0.99 (N = 4, 95% CI [0.79, 1.24]) for 5-
year survival. Therefore, COPD has a negligible impact on medium-
term survival post-lung cancer surgery for early stage disease. There
was little heterogeneity in our results (N = 10), with an I2 result of only
19.1%, and minimal publication bias (Egger’s test was negative,
P = 0.19). These findings were confirmed in our analyses of all-cause
mortality in early stage NSCLC in the NLST-ACRIN sub-study, where the
mortality rates censored to 5 years were comparable in those with and
without baseline COPD. These findings suggest that for smokers with
predominantly mild-to-moderate COPD, outcomes following lung
cancer surgery are comparable to those for non-COPD.

Of the 10 studies included in this review, 8 studies showed little
difference in mortality while 2 studies (Nakajima and Yoshida) ob-
served that COPD was associated with a 30%–40% greater mortality

Fig. 1. Flow chart of the selection process for studies included in the systematic review.
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(see Fig. 2). For the sake of thoroughness of our review, we decided to
further analyse these studies to determine if there were any differences
in the methodology or patient group in these studies that may have led
to these contradictory results. Nakajima et al. have an odds ratio of 0.68
(95% CI [0.51, 0.92]), however they split their patients into a severe
COPD group and a control group containing people with normal lung
function, mild COPD and moderate COPD [19]. This is not comparable
to the other studies in this review which have split patients simply into
those with COPD and those without COPD. In 2013, Sekine et al. re-
ported an odds ratio of 0.84 (95% CI [0.73, 0.97]), however this study
was primarily concerned with the severity of COPD [15]. In our ana-
lysis, we calculated an approximate overall survival rate for COPD of
51.0% in the Sekine study [15] by calculating actual survival numbers
combining patients with mild, moderate and severe COPD. In the
multivariate analysis of long-term overall mortality carried out by Se-
kine et al., only severe COPD was associated with poorer long-term
outcome post-lung cancer surgery [15]. This finding accords with other

studies suggesting that COPD (especially GOLD 3–4) is associated with
more aggressive forms of lung cancer [12,23], shorter volume doubling
time [24,25] and greater mortality from non-lung cancer related deaths
[26]. This latter finding was strongly born-out by our findings in the
NLST-ACRIN sub-study showing that while increasing severity of COPD

Fig. 2. Forest Plot of odds ratio of all cause death within 3–10
years of lung cancer surgery for unscreened NSCLC for those
with and without spirometric-based COPD. Legend: Random
(D + L=DerSimonian-Laird) and fixed (M-H = Mantel-
Haenszel) effect models are shown. Box size is proportional to
the random effects weight and results below 1 favour reduced
odds of all cause death in those without sprirometric-based
COPD.

Table 2
Summary of outcomes (5-year survival) for operable lung cancer in the NLST-
ACRIN sub-study sub-grouped by COPD status and clinical stage.

Lung Cancer Characteristics CT arm CXR arm Total P value

Total Lung cancer cases 180 148 328
- SCLC 19 (11%) 20 (14%) 39 (12%)
- NSCLC 161 (89%) 128 (86%) 289 (88%) 0.42

NSCLC undergoing surgery 116 (64%) 66 (45%) 182 (55%)
Survival in NSCLC by COPD

status
- COPD 51 34 85
- COPD Survival to 5 years 44 (86%) 27 (79%) 71 (84%) 0.81
- Non-COPD 62 32 94
- Non-COPD Survival to

5 years
55 (89%) 21 (66%) 76 (81%)# 0.38

- Unknown status 3 0 3
Stage 1-2 NSCLC undergoing

surgery
101 (56%) 52 (35%) 153 (47%)

Survival in stage 1-2 NSCLC by
COPD status

- COPD 46 31 77
- COPD Survival to 5 years 44 (96%) 27 (87%) 71 (92%) 0.78
- Non-COPD 62 32 94
- Non-COPD Survival to

5 years
55 (89%) 21 (63%) 76 (81%) 0.38

- Unknown status 3 0 3

# The overall 5 year post-surgery survival in those with and without COPD
was not significantly different (84 and 81% respectively, P = 0.65).

Fig. 3. Prevalence of COPD (%) in early and late stage lung cancer detected
during screening or during Interval/Follow-up, stratified by surgery in the
NLST-ACRIN sub-study. Legend: Bars represent % spirometry-defined COPD
( ± 95% Confidence Interval). Fisher’s Exact P values are shown for pairwise
comparisons.

Fig. 4. Overall % mortality for non-lung cancer-related deaths according to
severity of airflow limitation in the NLST-ACRIN screening sub-cohort censored
at 5 years follow-up. Legend: Bars represent % dead after 5 years ( ± 95%
Confidence Interval).
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is associated with an increased risk of lung cancer [7], the effect on
other causes of deaths is even greater [26]. This means that while the
presence of airflow limitation increases a smoker’s risk of lung cancer in
a simple linear relationship [7], it also increases the likelihood that
smokers will die prematurely of other smoking related complications
(Fig. 4) [26]. In the context of CT screening for lung cancer, this raises
an important consideration with regards to the benefits of screening in
this very high risk co-morbid group [27,28]. It also suggests that
spirometry should be routinely performed in high risk smokers under-
going screening so that the relative benefits versus harms of lung cancer
screening can be correctly assessed [29].

We believe there are several strengths to this study. Firstly, we have
followed the recognised methodology for undertaking a systematic re-
view in accordance with the PRISMA statement [13]. In our screening
process, we used a strict 5 group keyword search of recognised data-
bases such as Ovid MEDLINE, EMBASE and Cochrane Database of
Systematic Reviews. We adopted extensive and repeated searches to
attain all possible abstracts relevant to our topic. For those not available
in English language, we contacted the authors for an English translation
of the papers. We then applied a stringent set of 6 checklist “require-
ment” criteria to include only those studies with appropriate para-
meters and correct follow-up data that could be compared. Secondly,
our systematic review was both multi-centre and multi-national; in-
cluding studies from several countries in both Europe, USA and Asia.
Yet, in spite of this diverse study pool, our systematic review had
minimal heterogeneity. Third, an important strength of our study was
the requirement to define COPD on spirometry terms [22]. This is re-
levant because “self-reported” COPD is a very unreliable way to assign
COPD status, particularly in a study of lung cancer cases where between
50–70% of cases have pre-existing COPD yet less than one half of these
individuals will have been “diagnosed” [30]. In our NLST-ACRIN study
we show that “self-reported” COPD was strongly linked to increasing
severity of airflow limitation, best reflecting severe or very severe
COPD (GOLD 3–4). In the study by Zhai et al. [31] which relied on self-
reported COPD, the authors concluded the overall mortality after sur-
gery for early stage lung cancer was much higher in those with COPD
but no spirometry was performed to confirm the diagnosis. We suggest
that this increased mortality is primarily based on severe COPD. Lastly,
although for completeness our search dates back to 1946, the 10 studies
in our analysis date from 2001 to 2015, and thus represent recent ap-
proaches to the surgical management of lung cancer in the non-
screening setting.

While inclusion into our systematic review was regulated by our set
of 6 rigid checklist “requirement” criteria, we identified several studies
that highlight important points regarding the effect of COPD on out-
comes other than death [31–40]. An alternative outcome of interest is
how lung cancer surgery affects the lung function of patients with and
without COPD. Several studies have shown that COPD patients actually
have a significantly smaller loss in FEV1 post-surgery than patients
without COPD and, in some cases, COPD patients may actually have
improved lung function post-surgery [31,32]. This is important because
quality of life after surgery is also a crucial factor to take into con-
sideration. In addition, the potential for postoperative complications
should influence the decision for lung cancer surgery as these compli-
cations negatively impact the patient’s quality of life [34–38]. While
some studies have shown that patients with COPD have a comparable
postoperative complication rate to patients without COPD, other studies
show the presence of COPD confers a significant risk for pulmonary
complications such as prolonged air leak, pneumothorax, pneumonia
and atelectasis [34–36]. Perioperative mortality is another outcome of
interest that has been widely reported throughout the literature, how-
ever the results vary. Many studies report that perioperative mortality is
not significantly different between patients with and without COPD
with some reporting no perioperative mortality at all [8,15,17,31,37].
Other studies, report that perioperative mortality is significantly in-
creased in patients with COPD compared to those without COPD,

making COPD an independent risk factor for perioperative mortality
[16,17,39,40]. These disparities in results indicate that a systematic
review of the evidence, examining the effect of COPD on postoperative
mortality in early stage lung cancer is indeed required.

Given the recent interest in CT screening for lung cancer [27,28],
there is a growing interest in the outcomes of lung cancer surgery
especially with regards to “competing cause of death”. In his recent
review on CT screening, Mazzone expands the current concept of
“overdiagnosis” to encompass the screening of high risk smokers who
die of other complications of smoking [28]. This “overtreatment” is
highly relevant to those with co-existing COPD as airflow limitation is
associated with premature death from cardiovascular disease, re-
spiratory disease and other cancers [41–43]. Mortality from competing
risk of death therefore undermines the value of CT screening in those at
risk of death from other diseases. For this reason we re-examined the
“COPD effect” on outcome after surgery in the NLST-ACRIN study
where spirometry had been routinely performed at baseline. We found
that although outcomes for those with COPD were comparable to those
with no COPD, severity of airflow limitation was directly related to
death from other causes. This finding means those at greatest risk of
lung cancer (GOLD 3–4) also have a greater risk of dying from non-lung
cancer smoking complications [44].

This systematic review has several limitations. First, all of the stu-
dies included in the systematic review were observational studies as we
found no randomised controlled studies. We accept that by analysing
observational studies, the strength of the evidence is much weaker than
if data from randomised controlled studies were analysed. However the
question we pose cannot be ethically answered by a randomised con-
trolled trial. Second, the classification of COPD varied among the stu-
dies considered in this systematic review. There currently exists a
widely-accepted Global Initiative for Chronic Obstructive Lung Disease
(GOLD) classification system for COPD established in 2001 [22]. Al-
though GOLD classification is the current gold standard for diagnosing
COPD and grading its severity, prior to 2004 it was not consistently
used. Third, most of our studies were hospital-based case series studies
which have very small study sizes; in fact all but 3 have a study po-
pulation of less than 1000. We understand that smaller study popula-
tions lead to a reduction in statistical power which therefore decreases
the chance of detecting a true effect. While the studies themselves had
limited power, in doing a systematic review we aimed to increase this
power by pooling the collective populations to create a sufficiently
large study size. Fourth, the type of surgical treatment was not stan-
dardised across the studies included, where treatment ranged from
pneumonectomies to lobectomies. The type of procedure that a patient
underwent was usually chosen at the operating surgeon’s discretion
therefore there was poor consistency across study populations and even
within cohorts. This, along with the small size of individual studies
prevented us from looking independently at the association between the
procedure type and long-term survival. Fifth, there are several instances
of intrinsic bias within our study. The studies included in our systematic
review look at a non-screening population, from many centres where
the role of surgery in the treatment of “early stage” lung cancer is
varied. This reduces the generalisability of our findings and leads to
poor external validation. Furthermore, our main aim was to analyse
patients with stage I–II NSCLC, however most of the studies analysed
included a wide range of patients suffering from stages I–IV NSCLC
(Table 1). For this reason we examined the “COPD effect” on a sub-
group of the NLST where post-surgical outcomes were limited to early
stage lung cancer and this verified the findings of our systematic re-
view. Importantly, we show in the NLST study, that the prevalence of
COPD in un-operated early stage lung cancer was 100% and 92% in
screen and non-screen detected lung cancer respectively, compared to
the expected 40–50% prevalence seen across all lung cancers (Fig. 3).
While the basis of this observation remains unclear, this finding pro-
vides further understanding as to why those with COPD had only half
the benefit from screening as those with no COPD [45].
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Our finding that COPD patients have similar medium-term survival
post-lung cancer surgery to those without COPD has several future
implications. First, this evidence supports the premise that the presence
of COPD should not be a factor in any exclusion criteria for lung cancer
surgery or screening [46]. However, while the presence of COPD alone
is not enough to create a significant survival disparity, the presence of
severe COPD is another question entirely. Both Nakajima et al. and
Sekine et al. have shown that GOLD III COPD (FEV1/FVC < 0.7 and
FEV1 %predicted 30–50%) is associated with significantly reduced
medium-term survival compared with non-COPD patients, post-lung
cancer surgery [15,19]. This would support the use of routine pre-op-
erative lung function testing in order to minimise the number of GOLD
III/IV COPD patients undergoing lung cancer surgery. In conclusion, the
results of our systematic review show that there is no significant dif-
ference in medium-term survival between NSCLC patients with and
without mild-to-moderate COPD undergoing surgery for early stage
disease.
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REVIEW

The potential impact of chronic obstructive pulmonary disease in lung cancer
screening: implications for the screening clinic
Robert P Younga,b and Raewyn Hopkinsb

aSchool of Biological Sciences, University of Auckland, Auckland, New Zealand; bFaculty of Medical and Health Sciences, University of Auckland,
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ABSTRACT
Introduction: Following the findings of the National Lung Screening Trial (NLST), lung cancer screening
is now recommended in the United States. However, post-hoc analyses of the NLST suggest that
reducing lung cancer mortality through screening is highly dependent on the underlying characteristics
of the screening participants, in particular, the presence of chronic obstructive pulmonary disease
(COPD).
Areas covered: In this review, we outline how outcomes in lung cancer screening are significantly
affected by the presence of airflow limitation, as caused by COPD, and how this might impact the
assessment of eligible smokers in a lung cancer screening clinic.
Expert opinion: There is growing evidence showing that CT-based screening for lung cancer reduces
lung cancer mortality. The benefits of screening exceed those seen in the NLST when screening is
carried out in lower risk populations, for a longer duration, and when outcomes are compared with
usual care control cohorts. In this article, we review data from a post-hoc analysis of the NLST. We
suggest that whilst worsened airflow limitation is associated with greater lung cancer risk, there is also
more aggressive lung cancer, reduced lung cancer operability, and for advanced COPD, reduced
benefits from screening. We advocate an ’outcomes-based’ approach to screening over a ‘risk-based’
approach.
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1. Introduction

The primary aim of lung cancer screening is to identify early-
stage lung cancer and prolong survival following surgical
removal [1]. However, the utility of CT screening is dependent
on characteristics of both the screening participant (e.g.
comorbid disease, gender, and operability) and their lung
cancer (e.g. histology, stage and volume doubling time)
(Figure 1) [2]. In the National Lung Screening Trial (NLST),
a reduction in lung cancer death of 16–20% was observed in
those randomized to annual Computed Tomography (CT)
screening relative to CXR screening [3]. Although a number
of small European lung cancer screening studies have failed to
show a significant benefit with annual CT screening, the lar-
gest of these has recently announced they have even better
reductions in lung cancer mortality than was reported in the
NLST [4]. The Dutch-Belgian study (NELSON) randomized
18,000 eligible current or former smokers to CT screening or
usual care (no screening) and reported reductions in lung
cancer deaths of about 30–40% in their screening group
(26% in men and 40–60% in women) [4]. On the back of the
initial findings from Henschke and colleagues [5], the positive
results of these randomized CT-based screening studies are
likely to consolidate support for lung cancer screening world-
wide although cost-effectiveness remains an issue and is

highly dependent on the characteristics of the screening
population, screening outcomes and available resources [6].

2. Benefits of CT screening

The benefits of lung cancer screening are best assessed by
showing clinically meaningful reductions in lung cancer
deaths in the CT screening arm relative to controls, whether
the controls be randomized to CXR screening or usual care [7].
In separate post-hoc analyses of the NLST, it has been shown
that the benefits of screening are concentrated in subgroups
of eligible smokers undergoing screening. For example,
screening appears to be two-fold more effective in women
compared to men [4,8] and in those with no airflow limitation
compared to those with airflow limitation [9]. In a post-hoc
analysis of NLST data (Table 1), we have recently shown that
although the presence of airflow limitation increases the risk
of developing lung cancer, it also decreases your likelihood of
having surgery for lung cancer and increases a screening sub-
ject’s likelihood of dying of a non-lung cancer cause [10–12].
Consistent with non-screening studies, the presence of under-
lying airflow limitation is also associated with more aggressive
forms of lung cancer (notably small cell, squamous cell, and
non-small cell subtypes) and less indolent cancers (notably
microinvasive adenocarcinomas or former bronchioloalveolar
carcinomas) in the screening setting [13]. The latter cancers
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have been associated with over-diagnosis, where cancers of
indolent behavior are surgically removed without impacting
on reducing lung cancer mortality [14]. In a sub-analysis of the
NLST, where baseline pre-bronchodilator spirometry was per-
formed, only one-third of the 35% of NLST participants with
airflow limitation actually reported having airways disease
[10]. In this sub-analysis, it was found that after stratifying
for the presence of airflow limitation, those with no airflow
limitation had a reduction in lung cancer deaths of 28% when
randomized to CT relative to CXR and that this was only a 15%
reduction in those with airflow limitation [9]. In another sec-
ondary analysis, we showed that this reduction in lung cancer

deaths in those with airflow limitation was found almost
exclusively in those with undiagnosed COPD [2]. Collectively
these findings show that while the presence of airflow limita-
tion has a profound effect on the outcomes of screening, only
one-third of those with this comorbid condition actually knew
they had it. We conclude from these post-hoc analyses that
routine use of office spirometry in a lung cancer screening
clinic, to identify screening participants with no airflow limita-
tion or unrecognized airflow limitation, may help predict who
will benefit most from screening and who may not. Future
studies should examine this finding further.

While we acknowledge that pre-existing emphysema is also
associated with increasing risk of lung cancer [15–17], it was not
formally quantified in the NLST. This might be due to the
additional resource required to quantify emphysema on all
baseline scans, the ongoing debate on which method to use
or the variable expertise among radiologists in scoring emphy-
sema [18]. We note that while the degree of airflow limitation is
consistently associated with lung cancer in an inverse linear
relationship [10], some studies have reported a curvilinear rela-
tionship between quantitative emphysema and lung cancer
that has yet to be explained [16,17]. While airflow limitation
has been shown to be present in about 50–70% of non-
screened lung cancer, we and others have shown about 50%
of lung cancer cases in the NLST had airflow limitation [13]. This
might be because CT screening identifies more indolent forms
of lung cancer in younger (and healthier) screening populations
with no airflow limitation [10,13].

3. Benefits of CT and risk of lung cancer

Following the findings of the National Lung Screening Trial
(NLST), annual-computed tomography (CT) screening for
lung cancer became widely recommended and funded in
the United States [14,19]. Recent attention has turned to
who best to screen for lung cancer to maximize the benefits
and minimize the harms [20,21]. It is widely accepted that
among eligible screening participants, the risk of lung cancer

Figure 1. Overview of the factors modifying the outcomes of screening for lung cancer.

Table 1. Risk variables for lung cancer in healthy smokers, those with airflow
limitation (COPD GOLD 1–4) and those with lung cancer in the NLST-ACRIN
cohort.

Variable
lung cancer risk

Healthy
(no airflow
limitation)

COPD
GOLD grade

1–4
Lung cancer

cases

N = 8,353* N = 4733
(56.7%)

N = 3225
(38.6%)

N = 395
(4.7%)

Demographics
Gender (n%)- male 2629 (55.5%) 1970 (61.1%) 216 (54.7%)
Age (mean, yrs) 60.94 62.66 63.76
BMI (mean) 28.22 26.77 26.66
Hgt (mean, cms) 171.3 172.2 171.0
Wgt (mean, kg) 83.0 80.0 78.3
Family history of
LgCa (%)

1116 (23.58%) 754 (23.38%) 105 (26.58%)

Self-rpt COPD (%) 531 (11.22%) 1016 (31.50%) 120 (30.38%)
Smoking history
Current -yes 2067 (43.67%) 1752 (54.33%) 226 (57.22%)
-Pack years (mean) 52.1 59.6 62.6
-Cigarettes/day
(mean)

27.39 28.53 28.51

-Years smoked
(mean)

38.67 42.08 44.25

-Years quit (mean) 4.24 3.09 2.65
Spirometry (mean)
FEV1/FVC 77.77% 59.47% 66.83%
FEV1% predicted 95.51% 66.67% 74.43%
FVC % predicted 93.94% 84.59% 84.04%

*Removed from analysis N = 1,701 (16.9%) (GOLD U = 1527; spirometry missing
N = 174)
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varies widely and that as risk increases, so do the benefits of
screening [22]. However, this article summarizes observa-
tional data from a post-hoc analysis of the NLST suggesting
that this might not always be the case. As the risk of lung
cancer increases, there exists a group of smokers at greatest
risk who do not appear to benefit from screening (see later).
This group often has a considerable comorbid disease, in
particular, severe or very severe COPD (GOLD 3 and 4) and
shortened life expectancy [2]. This is in contrast to those with
mild or moderate COPD (GOLD 1 and 2), or undiagnosed
COPD, where CT screening has been shown to be beneficial
in post-hoc analyses [2]. Although several screening models
have been described [23–25], only the PLCOM2012 has been
validated in the NLST [26]. This lung cancer risk model
includes smoking exposure, age, gender, exposure to other
aero-pollutants (e.g. asbestos and radon), a history of chronic
obstructive pulmonary disease (COPD), family history of lung
cancer, low body mass index (BMI), history of another smok-
ing-related cancer, low socioeconomic status and ethnicity.
While the efficiency of lung cancer screening can be
enhanced by a targeted risk-based approach to selecting
current or former smokers for screening (‘Selective screen-
ing’), the gains are relatively modest [21,25]. In particular, the
absolute and relative reductions in lung cancer mortality per
person screened, after excluding those at lowest risk where
lung cancer rates are low and over-diagnosis high, is limited.
However, there has been little consideration given to the
relationship between lung cancer risk, lung cancer screening
outcomes and co-existing comorbidity, in particular from
airflow limitation that characterizes chronic obstructive pul-
monary disease (COPD) [2,27]. This is highly relevant as the
outcomes and benefits from lung cancer screening are not
limited to just identifying lung cancer in a pre-symptomatic
stage but are also dependent on many variables such as lung
cancer histology, stage, and potential for surgical cure
(Figure 1) [2].

A little known feature of the PLCOM2012 risk model for lung
cancer is that it also predicts the presence of COPD and
correlates with the prevalence of airflow limitation [28]. This
is because many of the risk variables for lung cancers are

shared with COPD such as increasing age, greater pack years,
low BMI and self-reported COPD (Table 1). Indeed, we and
others have suggested that the genetic factors underlying
lung cancer may be in part mediated by genetic risk for
COPD [29,30]. The observation that the PLCOM2012 model
also predicts the presence of COPD is critical to understanding
that as the risk of lung cancer increases, the benefits of screen-
ing in those at greatest risk may be offset by a higher pre-
valence of airflow limitation, lower surgical rates, and more
aggressive lung cancer [31,32]. In combination, these factors
may undermine the benefits of screening and result in less
benefit for those at greatest risk. This effect was shown by
Kovalchek and colleagues in their quintile-based stratification
of NLST participants and attenuation of the relative reductions
in lung cancers averted by CT screening in those at highest
risk (Quintile 5 in Figure 2) [26]. This means that the benefits of
screening are not linearly related to the risk of lung cancer and
that the presence of airflow limitation stands out as an unrec-
ognized but influential comorbid condition in the context of
screening (Figure 1).

4. Lung cancer screening and ‘shared-decision’

When faced with a smoker in the lung cancer screening clinic,
several questions must be considered (Figure 3). First, ‘Is the
current or former smoker eligible for screening?’, by fitting the
criteria that has been agreed andmost likely to achieve a clinically
meaningful reduction of lung cancer death of about
16–20%. Second, ‘What is the risk of lung cancer in the screening
participant?’, as those at lowest risk (Quintile 1) stand to gain the
least benefit from screeningdue to low lung cancer rates andmore
overdiagnosis [14,33]. Third, ‘What is the likely benefit of screening
in this individual?’, given the benefits of screening have been
shown to be dependent on a number of baseline characteristics
such as gender, comorbid disease (operability) and life expectancy
(Figure 3) [32,33]. To date, this last question has been largely over-
looked due to the spurious assumption that those at greatest risk
get the greatest benefits from screening. In a non-screening set-
ting, Gould and colleagues have examined the effect of comorbid
disease onoutcomes in lung cancer and concluded that thosewith

Figure 2. Lung cancer deaths averted with CT screening (relative to CXR screening) according to PLCOM2012 risk quintile [26].
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multiple comorbid diseases were less likely to receive optimal
treatment and experienced greater mortality [34]. In the accom-
panying editorial, Sigel and Wisnivesky point out that COPD is the
most common comorbidity in lung cancer and has significant
effects on treatment and survival [27]. With this in mind, several
studies including our own have suggested that the benefits of
screening are actually attenuated in those with very high risk
because of a high prevalence of comorbid disease and lower life
expectancy [27,35–37]. In combination, these studies conclude
that screening high-risk smokers in the middle quintiles (20–80%
risk level or quintiles 2 to 4) gain themost as they have a higher risk
of lung cancer (relative to quintile 1), and greater operability and
life expectancy (relative to quintile 5) [37]. This has a bearing on
cost-effectiveness in regards to life years saved by lung cancer
screening [36]. The remainder of this review highlights just how
the presence of COPDmay attenuate the benefits of screening and
how biomarkers (including lung function) might assist in improv-
ing the prediction of screening outcomes and efficiency of screen-
ing when included in the screening process. Estimating the
benefits of screening at a personalized level is important in provid-
ing meaningful feedback to prospective screening participants at
the decision-making (or subsequent) consultations. The latter is
also important in providing the most cost-efficient screening ser-
vice where resources are limited.

5. Lung cancer screening participants have high
rates of comorbid disease

Unlike breast and colon cancer screening that are based pri-
marily on age, gender and, to a lesser degree family history,
lung cancer screening is a much more complicated process [2].
As high rates of smoking are a requirement for lung cancer
screening, it is no surprise that lung cancer screening partici-
pants have 2–4 fold higher rates of cardiovascular and

respiratory disease at baseline than those recommended for
breast or colon cancer screening (Table 2) [2]. This means the
eligibility for lung cancer screening based on the NLST, where
screening is focussed on people with a high pack year smok-
ing history (>30 pack years), will preferentially include people
with cardio-respiratory complications of smoking. To illustrate
this issue, we have reported that as much as 35% of the NLST
participants had underlying airflow limitation, approximately
2–3 fold greater than across other screening populations. In
this setting, airflow limitation confers a greater risk of death
from cardio-respiratory disease than it does for lung cancer
alone (Figure 4) [2,12]. This highlights that there is a potential
for the screening participant to die of an unrelated cause
before (or soon after) identifying and treating any lung cancer.
This competing risk and competing cause of death effect are
well recognized in the screening literature and undermines
the benefits of screening (prolonging survival) due to the

Figure 3. Suggested approach to ‘shared-decision making’ consultation for screening – ‘outcomes based’ approach from NLST-ACRIN sub-study analysis [46,62].

Table 2. Comorbidities in screening populations at risk of breast, colon or lung
cancer according to baseline characteristics [2].

Co-morbidity in at
risk screening
populations(%)

Breast
cancer

N = 237,938
Colon cancer
N = 271,670

Lung cancer
N = 10,054
(high risk)1

Lung
cancer

N = 8,250
(low risk)2

Heart disease* 6,848 (2.9%) 24,477 (9.0%) 1,327 (13.2%) 205 (2.5%)
Stroke 8,479 (3.6%) 21,852 (8.0%) 302 (3.0%) 211 (2.6%)
Diabetes 7,734 (3.3%) 16,846 (6.2%) 972 (9.7%) 665 (8.1%)
Chronic lung
disease#

9,804 (4.1%) 17,061 (6.3%) 2,218 (22.1%) 414 (5.0%)

Other cancers 8,967 (3.8%) 22,517 (8.3%) 417 (4.1%) 417 (3.2%)
Reference [42] [43] [3] [44]

*Includes a history of myocardial infarction and heart failure. #Includes a history
of chronic obstructive pulmonary disease, emphysema, chronic bronchitis, and
adult asthma.

1 = High-risk population of the NLST-ACRIN subgroup for lung cancer screening
(≥30 pack years) [3]

2 = Low-risk population of the PLCO cancer screening study (never and ever
smokers) [44]
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shortening of life expectancy [38–40]. The presence of airflow
limitation is also problematic in that it increases the complica-
tion rate during the work up of suspicious nodules [41] and
reduces the likelihood of having surgery [32]. We suggest that
these factors attenuate the benefits of screening.

We have shown that the same issues can be shown with
increasing lung cancer risk as estimated by the PLCOM2012 risk
model [45]. As outlined above, this model also predicts COPD
and in a post-hoc analysis of the NLST shows how those in the
highest risk quintile have less benefit from screening. This can
be shown to be related to little difference in surgical rates and
lung cancer deaths averted in those in the highest quintile
[31,32]. We believe this observation may be linked to the
increasing rates of comorbid disease and airflow limitation
found in those at greatest risk [46]. We conclude from this
analysis that risk and outcome based assessment in those
eligible for screening may help predict who benefits from
screening with the caveat that those at greatest risk achieve
less benefit than those at intermediate risk (risk quintiles 2–4).
This group at intermediate risk has less airflow limitation, less
comorbid disease but are at sufficient high risk for lung cancer
to benefit from screening [46]. We suggest that those at great-
est risk of lung cancer might benefit from pre-screening spiro-
metry as we found those with GOLD 3–4 spirometry gained
little benefit from screening [2].

We suggest that the first premise of screening should be to
do no harm and the second premise is to save lives [47]. The
NLST reported a 20% reduction in lung cancer deaths that
translated to a 7% reduction in all-cause mortality [3]. Despite
these benefits, uptake of lung cancer screening through pri-
mary care referrals remains very low [48]. Identifying the eli-
gible population for lung cancer screening is dramatically
impeded by the scarcity of accurate pack year smoking history
and up to date smoking status (date last quit) [49]. This
limitation and the issues of reimbursement, high false-
positive rate, considerable radiology input, and associated
work-up costs mean that widespread uptake of lung cancer
screening remains outside the priority of primary care doctors
[50,51]. Given there has been recent debate around the utility
of breast cancer screening in the context of uptake and

adherence [52], it could be argued that for lung cancer screen-
ing to be more widely adopted, reductions in lung cancer
mortality of greater than 20% may be required. The results
of the unpublished NELSON trial and recent results of the
MILD trial are highly relevant in this regard [4,53]. In these
trials, screening involved lower risk subjects (younger age and
lower pack years), went on for longer and achieved greater
reductions in lung cancer deaths than observed in the NLST
[4,53]. However, it is not until screening can show a reduction
in all-cause mortality that it can be stated that ‘lives will be
saved’ by screening [47]. In this setting, reducing lung cancer
mortality through screening (and increasing lung cancer
deaths averted through better-targeted screening) might
require further optimization of the currently recommended
approach. We hypothesize that achieving greater reductions
in lung cancer deaths by adopting a more selective approach,
and reducing harms by excluding smokers with significant
comorbid disease or severe airflow limitation, might make
lung cancer screening more attractive to primary care.

6. Utility of biomarkers in lung cancer screening

The utility of biomarkers in the context of screening requires
extensive validation to establish that they reliably identify
smokers at increased risk of lung cancer and that in the
context of screening, can improve decision-making during
the screening process by enhancing outcomes for screening
participants [54,55]. The latter means that the biomarkers of
interest have clinical utility well beyond that of purely assign-
ing risk. It also means that biomarkers factoring in COPD may
have enhanced utility in assessing outcomes of screening
where those at greatest risk of COPD (or most severe COPD)
may not do well with screening [9]. There is considerable work
currently underway to improve the characterization of nodules
using biomarkers, primarily to reliably distinguish malignant
from benign nodules in the intermediate group where further
imaging is currently recommended [55]. Biomarkers might
also help characterize which screening participants benefit
most from screening by reflecting lung cancer biology [56].
Biomarkers predicting life expectancy such as lung function

Figure 4. NLST-ACRIN participants stratified according to PLCOM2012 quintiles or airflow limitation (GOLD grade): a comparison of COPD prevalence (blue), lung
cancer rate (orange), lung cancer deaths (black) and non-lung cancer deaths (red) [2].
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might also be helpful in this setting [2,57]. We propose that
COPD is the most important comorbidity in the setting of lung
cancer screening and that it is best identified by spirometry
(see earlier sections). In this regard, airflow limitation predicts
both an increased risk of lung cancer [2,10] and in advanced
disease (GOLD 3–4), poorer outcomes from screening due to
complications of screening and competing for cause of death
[9,12,33,41]. We note that the Charlson Comorbidity Index
assessment [34,58] places insufficient weighting on respiratory
conditions such as COPD in assessing comorbidity in people
with lung cancer [2,27].

To date, while there are many studies reporting promising
biomarkers to address these questions, none have been vali-
dated prospectively in a screening study nor found to have
clinical utility to help decision-making in the screening process
[54]. Using the NLST to validate several SNP biomarkers in the
context of COPD and lung cancer, we have reported preliminary
findings showing that screening participants with low gene risk
scores have the least lethal lung cancers [56]. This polygenic risk
score comprises 12 risk SNPs giving either susceptibility or
protection described in the published literature [59], combined
in a simple published algorithmic score [60]. The screening
participants with a ‘low‘ genetic risk score had primarily ‘pro-
tective’ genes that conferred a less aggressive lung cancer and
a lower likelihood of COPD. Importantly, those with a high
genetic score, associated with more aggressive lung cancer
and higher prevalence of COPD were found across the
PLCOM2012 risk spectrum. In combination with clinical variables,
this panel of SNPs helps to reclassify screening participants into
those who will benefit hugely from screening and those whose
benefits will be much less (Table 3) [unpublished findings].
When we classified screening participants according to clinical
risk of lung cancer using the PLCOM2012 model, we found that
nearly 40% of those in Quintile 1, where screening is discour-
aged due to a smaller benefit owing to low cancer rates, would
have been in the intermediate risk group (quintiles 2–4) based
on biomarkers that included data of lung cancer lethality
(unpublished finding). We have previously argued that the
best group to screen for lung cancer in order to optimize the
benefit-to-harm ratio, and reduce overtreatment, is to target

the middle three quintiles of risk [2,61]. Such an approach is
supported by others and is based on harm reduction and
improved quality of life outcomes [31,33,37]. In this context,
personalized genetic data helped reclassify NLST screening par-
ticipants into different risk categories where the number of lives
saved per 1000 persons screened was two-fold greater (Table 3)
[62]. This provides the clinician and screening participants with
more information from which to make the decision around
initiation and/or termination of screening which is based on
anticipated outcome rather than risk alone (Figure 3).

7. Conclusion

The benefits of lung cancer screening are dependent on
a complex relationship between individual risk factors, comor-
bid disease, and lung cancer biology. This is important
because the risk of lung cancer does not necessarily correlate
with the benefits of screening in a simple linear relationship.
The latter is because the risk of lung cancer correlates closely
with the presence of chronic obstructive pulmonary disease
(COPD). In a post-hoc analysis of NLST data, we found the
presence of COPD is associated with more aggressive lung
cancer, lower surgical rates, higher non-lung cancer deaths
and shorter life expectancy, which collectively may undermine
the benefits of screening for those at greatest risk. We found
subgroups of eligible smokers who do better with screening
include women, those with no airflow limitation and those
with undiagnosed COPD. In contrast to a risk-based approach
to screening, an ‘outcomes-based’ approach to screening
recognizes subgroups of eligible smokers who are most likely
to benefit from screening as well as those for whom the
benefits may be marginal. Using this approach, smokers who
are at intermediate risk of lung cancer appear to gain the most
from lung cancer screening through the combination of ele-
vated risk, lower comorbid disease, greater surgical rates, and
greater life expectancy. In the future, biomarkers may help
identify eligible smokers who get the most from CT screening
by combining personal clinical characteristics with bio-data
that reflect lung cancer biology. We suggest shared-decision
making for smokers undertaking lung cancer screening should
include an assessment of eligibility, individualized lung cancer
risk and the likely benefit achieved from screening.

8. Expert opinion

In a post-hoc analysis of data from the NLST, we suggest that
the risk of lung cancer is not linearly related to the benefit of
screening and that there exists a curvilinear relationship where
those at intermediate risk gain the greatest benefit [9,31–37].
The most important implication of this finding is that risk
should not provide the basis on which to decide who benefits
most from lung cancer screening [31]. While risk helps identify
who might benefit least from screening due to low risk, it
overlooks the attenuating benefit of screening in those at
greatest risk due to high rates of COPD, reduced operability,
more aggressive cancers and lower life expectancy [2].
Through our secondary analysis of the NLST results, it is sug-
gested that some subgroups of screening participants do not
benefit from screening, notably those with severe or very

Table 3. Outcomes using ‘selective’ screening before and after stratification by
clinical and gene-based approaches to risk testing [62].

Screening outcome

Before
stratification

(total)
N = 10,054

PLCOM2012

model
stratification
(quintiles
2–4)

N = 6,032

Gene-based
stratification
(quintiles
2–4)

N = 6,171

Gene-based
stratification
(middle
tertile)

N = 2,970

Relative reduction in
lung cancer death
(%)

17% 28% 44% 55%†

Absolute lung
cancer deaths
averted

17 16 29 18

LC deaths averted
per 1000
screened

3.4 5.5 10.2 12.8

NNS# to avert one
lung cancer death

294 182 98 84

# Number needed to screen; †Associated with a 21% reduction in all-cause
mortality.
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severe COPD [2]. Using an 'outcomes-based' approach, we
have recently reported that the benefits of CT screening can
be attributed in the main to those who are healthy with no
airflow limitation and those with undiagnosed airflow limita-
tion. These findings require validation in further studies. From
a ‘risk’ perspective this encapsulates those in the middle 60%
of risk equivalent to quintiles 2 to quintile 4 where there is
both elevated risk and better life expectancy. We have also
shown that by adding biomarkers (pulmonary function tests or
genetic variants reflecting lung cancer lethality) to clinical
characteristics, screening participants can be more accurately
assessed for both risk of lung cancer and likely outcome from
screening.

In the future biomarkers such as lung function (severity of
airflow limitation), and genomic-based markers of prognosis
could provide an assessment of what the benefit of lung
cancer screening might be based on data personalized to an
otherwise eligible screening participant. Bach and Gould
have eloquently shown that within NLST-based eligibility
criteria, the risk of lung cancer based on age and smoking
criteria varies enormously [22]. Tammemagi and colleagues
show a similar broad range of risk, even with the more
sophisticated PLCOM2012 model [26]. Both acknowledge
that the effects of comorbid disease and reduced life expec-
tancy are not considered in these models. Notably, the
performance of the PLCOM2012 risk model in the NLST is
substantially less than it was in the PLCO study [26]. This
reflects the older age and heavier smoking histories (higher
underlying risk) of those recruited in the NLST. Further
biomarkers may help to better refine this risk. An ‘outcomes-
based’ approach contrasts with a ‘risk-based’ approach by
recognizing that eligible smokers at very high risk may not
benefit from screening. This approach requires a paradigm
shift in screening selection and informed consent in the
‘shared-decision’ part of the screening process. Our prelimin-
ary finding that the vast majority of lung cancer deaths
prevented in the NLST was found in those with normal
lung function or undiagnosed COPD argues in favor of the
routine use of office spirometry in screening clinics in the
future. This is especially important in recognizing eligible
smokers with severe or very severe COPD where we found
no benefits of screening [2]. Our finding that a polygenic risk
score, based on a simple one-off mouth swab reflecting lung
cancer lethality, could help to target those who might
achieve a two-fold greater reduction in lung cancer mortal-
ity than in the overall group [unpublished findings]. Such an
approach increases the lung cancer deaths averted with
screening by threefold and has considerable cost-efficiency
and benefit-to-harm implications. We suggest that an assess-
ment of what the likely individualized benefit of screening
was estimated to be is a pertinent question in the context of
lung cancer screening where the cost and resource implica-
tions are considerable. In the setting of publically funded
healthcare or managed healthcare, cost-effectiveness
remains an important consideration.

In our opinion, biomarkers will contribute positively to fine-
tuning the current lung cancer screening pathway. Considerable
effort is currently focussed on better distinguishing malignant
potential in intermediate nodules of unclear biology. Whether

this improves outcomes remains to be seen and extensive vali-
dation in lung cancer screening trials will be needed. The bio-
bank available from the ACRIN arm of the NLST offers great
potential in this regard. As the evidence in support of CT-based
lung cancer screening is now strong, it is important for there to
be refinements in eligibility criteria to achieve even better out-
comes for those unlucky to develop lung cancer.
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RP Young, RJ Scott, RJ Hopkins University of Auckland, 31 January 2020 
Risk Versus Benefit in Lung Cancer Screening Decisions. 

While we agree with the view of Caverly and Meza(1), there are many factors that 

determine the outcomes from lung cancer screening and hence benefit at the individual 

level(2). 

 

First, the benefits of screening across quintiles of risk according to the PLCOM2012 

model is not linear in relative terms. Kovalchek and colleagues(3) report the relative 

reduction in lung cancer deaths prevented across quintiles 1 to 5 was 5%, 29%, 29%, 

43% and 18% respectively. In other words for those in quintile 5 the relative reduction in 

lung cancer deaths was attenuated by more than one half that observed in quintiles 2 to 

4. This suggests that there may exist an attenuating effect between risk and screening 

outcome such that those at highest risk may not get the greatest benefit from 

screening(2). Second, although Caverly(1) and Cheung(4) both propose that a reduced 

life expectancy from comorbid disease might attenuate screening benefits in those at 

greatest risk, we suggest lung cancer risk, comorbid disease and screening benefit, are 

related by more than life expectancy alone. 

 

We have shown that chronic obstructive pulmonary disease (COPD), according to the 

presence of spirometry-defined airflow limitation, is the most common comorbid disease 

in the National Lung Screening Trial (NLST) affecting 35% of its participants(2). Airflow 

limitation is a biomarker of reduced life expectancy, out-performing age and pack years 

in mortality models in “high risk” smokers and NLST participants(2,5). However, in our 

post-hoc analyses of the NLST, we also show that while the presence of COPD is 

largely unrecognized, it is associated with less surgery, more aggressive histology, 

more deaths from non-lung cancer causes and smaller reductions in lung deaths from 

screening(2). In those with severe or very severe COPD (GOLD 3-4), although the risk 

for lung cancer was highest, we found they did not benefit from screening at all(2). 

Lastly, we have shown that the PLCOM2012 risk model predicts the presence of COPD 

comparably to future lung cancer(2). If a fully informed decision, which includes lung 

cancer screening outcomes and benefit, is to be mandated as part of the shared 

decision making process then personalizing the anticipated screening outcomes would 

appear highly relevant. 

 

If post-hoc analyses continue to identify subgroups among those who have participated 

in lung cancer screening trials that did not actually benefit from screening, then an 

alternate selection or decision process based on risk prediction and anticipated 

outcomes (benefit) might be considered. 
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CORRESPONDENCE

Type 2 Diabetes

TO THE EDITOR: Vijan's In the Clinic article (1) summarizes the
evidence supporting diabetes prevention and treatment.
However, it includes some misleading information about the
diagnosis and prevention of type 2 diabetes.

First, the criteria for diagnosis of diabetes are not consis-
tent with the current 2019 American Diabetes Association
(ADA) recommendations. In the Diagnosis and Evaluation sec-
tion, Vijan states that “diabetes can be diagnosed in persons
with classic symptoms and a nonfasting glucose level of 11.1
mmol/L (200 mg/dL) or higher.” The 2019 ADA guideline (2)
states that persons with classic symptoms and a random
plasma glucose level (not a nonfasting glucose level) of 11.1
mmol/L (200 mg/dL) or higher can be diagnosed with diabe-
tes. A nonfasting glucose level is not equivalent to a random
glucose level. In addition, the Clinical Bottom Line section for
Diagnosis and Evaluation states that diagnosis of type 2 dia-
betes can be confirmed by “fasting plasma glucose [FPG] lev-
els above 7.0 mmol/L (>126 mg/dL) on 2 occasions at least 1
day apart.” However, according to ADA recommendations (2),
a person with FPG levels of exactly 7.0 mmol/L (126 mg/dL)
should also be diagnosed with diabetes.

Second, Table 1 of Vijan's article, which summarizes the
diagnostic criteria for diabetes and prediabetes, is not com-
plete. According to current ADA and World Health Organiza-
tion (WHO) guidelines (2, 3), the diagnostic criteria for diabe-
tes include the FPG level, the hemoglobin A1c level, the
2-hour plasma glucose level during a 75-g oral glucose toler-
ance test (OGTT), or classic symptoms plus a random glucose
level; the diagnostic criteria for prediabetes include the FPG
level, hemoglobin A1c level, or 2-hour plasma glucose level
during a 75-g OGTT. The diagnostic criteria for diabetes in
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Table 1 of Vijan's article do not include the OGTT or a random
glucose level, and the criteria for prediabetes do not include
the OGTT. In fact, this table should be titled “Diagnostic Cri-
teria for Type 2 Diabetes and Prediabetes” instead of “Diag-
nostic Criteria for Type 2 Diabetes.” Tables make articles more
concise and should be accurate and comprehensive to guide
physicians' clinical practice.

Finally, Vijan cited results from the FDPS (Finnish Diabe-
tes Prevention Study), DQDPS (Da Qing Diabetes Prevention
Study), and STOP-NIDDM (Study to Prevent Non-Insulin-
Dependent Diabetes Mellitus) to indicate that the progression
from impaired glucose tolerance (IGT) to diabetes can be pre-
vented. However, the evidence is not well established. The
participants with IGT enrolled in these studies were diag-
nosed according to the outdated 1985 WHO criteria (4). Ac-
cording to the current WHO and ADA criteria, those partici-
pants with an initial FPG level between 7.0 and 7.7 mmol/L
(126 and 139 mg/dL) should have been diagnosed with dia-
betes instead of IGT. Updates of diagnostic and inclusion cri-
teria in clinical trials should not be ignored (4). Thus, the orig-
inal results of these studies cannot be directly applied to the
current IGT population diagnosed according to the current
WHO or ADA criteria. The supporting evidence on diabetes
prevention should be cited in a more statistically accurate and
scientifically rigorous manner.
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reviewing the effect of diabetes prevention studies [Letter]. Diabetologia.

2019;62:2163-2165. [PMID: 31515592]

IN RESPONSE: Dr. Tian and colleagues are correct that the
diagnostic criteria for diabetes should include an FPG level of
7.0 mmol/L or higher (≥126 mg/dL) rather than greater than
7.0 mmol/L (>126 mg/dL). The values in Table 1 are accurate,
but this table should be more accurately titled “Diagnostic
Criteria for Type 2 Diabetes and Prediabetes.”

Dr. Tian and colleagues note that a nonfasting glucose
level is not entirely equivalent to a random glucose level. I
agree that the terminology should be better aligned with that
of the ADA for consistency. However, this difference is of min-
imal consequence in practice. If patients are fasting, the diag-
nosis of diabetes can be made with an FPG level of 7.0
mmol/L or higher (≥126 mg/dL); if patients are not fasting,
they can be diagnosed with symptoms and a glucose level of
11.1 mmol/L or higher (≥200 mg/dL). These criteria for diag-
nosis with a random glucose level and an OGTT were not
included in the table to keep the table concisely focused on
the primary methods of diagnosis, but the values are cited in
the text.

Dr. Tian and colleagues are correct that the diagnostic
criteria in the older diabetes prevention studies differ from
current definitions. An in-depth discussion of those points was
beyond the scope of my article, which was a broad clinical
summary rather than a focused review of diabetes prevention.
However, the glucose level is a continuous risk factor for vas-
cular complications and decisions about diagnostic thresh-
olds depend on the clinician's preferences for sensitivity ver-
sus specificity of the cutoffs. The important point is that,
regardless of thresholds for diagnosis, there is clear evidence
that strategies that can reduce blood glucose levels and
therefore lower the risk for diabetes are available.

Sandeep Vijan, MD
University of Michigan
Ann Arbor, Michigan
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Cost-Effectiveness Analysis of Lung Cancer Screening in the
United States

TO THE EDITOR: In a cost-effectiveness analysis of lung cancer
screening, Criss and colleagues (1) concluded that screening
persons older than 77 years was less cost-effective because
this population has a shorter life expectancy from smoking-
related comorbid conditions and fewer treatment options.
Cheung and associates (2) suggest that including older per-
sons, who have a shorter life expectancy because of multiple
comorbidities, might inadvertently limit the population bene-
fit of screening. Here we outline the unifying explanation un-
derlying these 2 findings.

In post hoc analyses of the NLST (National Lung Screen-
ing Trial), we have shown that airflow limitation—which defines
chronic obstructive pulmonary disease—is not only associated
with an increased risk for lung cancer but also the most com-
mon comorbid disease, affecting 35% of screening partici-
pants (3). Consistent with other studies, only one third of
those with airflow limitation (chronic obstructive pulmonary
disease) reported a diagnosis of any airway disease. This find-
ing is important, because airflow limitation is a marker of bio-
logical age and reduced life expectancy (4). In our analysis of
the NLST, we found airflow limitation to be associated with
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lower surgical rates, more aggressive lung cancer, more non–
lung cancer deaths, and poorer outcomes from computed to-
mography screening (5). In those with airflow limitation, the
reduction in lung cancer deaths with computed tomography
screening was only approximately one half of that observed in
those with normal lung function (15% vs. 28%, respectively)
(5). Put simply, those at greatest risk for lung cancer tend to
be older and have more pack-year exposure, poorer lung
function, more comorbid disease, lower surgical rates, and a
shorter life expectancy (3–5).

These observations underlie the primary limitation of a
risk-based approach to optimizing screening for lung cancer
(2, 5). We have shown that the best validated tool for lung
cancer risk, the Prostate, Lung, Colorectal, and Ovarian Can-
cer Screening Trial Model 2012, predicts the presence of air-
flow limitation nearly as well as it does the risk for lung cancer
(5). Our post hoc analyses of the NLST data show that, as the
risk for lung cancer increases across quintiles, so does the
prevalence of airflow limitation and rate of non–lung cancer
deaths (5). Conversely, the rate of surgery for lung cancer
decreases. In combination, these observations explain why
the relative benefit of screening in the highest (fifth) risk quin-
tile is attenuated (5).

We agree with Criss and colleagues and Cheung and as-
sociates that the benefits of screening are best optimized
when high risk for lung cancer is seen in conjunction with
longer life expectancy (1, 2). In this setting, identifying those
with severe airflow limitation (Global Initiative for Chronic Ob-
structive Lung Disease stages III and IV) through spirometry
may help identify otherwise eligible smokers for whom the
benefits of lung cancer screening are attenuated (5).

Robert P. Young, MD, PhD
Raewyn J. Hopkins, BN, MPH
University of Auckland
Auckland, New Zealand

Disclosures: Disclosures can be viewed at www.acponline.org
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IN RESPONSE: We agree with Dr. Young and Ms. Hopkins that
the high prevalence of chronic obstructive pulmonary disease
and other comorbidities among persons eligible for lung can-
cer screening limits the effectiveness of risk-based screening.
The detection of lung cancer in patients who are ineligible for
curative surgical treatment certainly attenuates the benefits of
screening, as do the shorter life expectancy and higher rate of
non–lung cancer deaths associated with comorbid disease.
We also agree that it would be valuable for chronic obstruc-
tive pulmonary disease status to be part of conversations be-
tween patients and their physicians around the potential ben-
efits and harms of being screened.

Screening would be optimized in a younger population at
high risk for lung cancer and low risk for complicating comor-
bidities. Nevertheless, our analysis indicated that lung cancer
screening remained cost-effective from the payer perspective
when the age cutoff was raised from 77 to 80 years. Stopping
screening at age 80 years was less likely to be cost-effective
than strategies with younger age cutoffs when incorporating
parameter uncertainty, but there remained a net benefit on
the population level. Furthermore, from the patient perspec-
tive, screening may still confer benefit when cancer is de-
tected and surgery is contraindicated because of complica-
tions associated with advanced age. For example, stereotactic
body radiotherapy is a standard therapy for patients with
early-stage lung cancer who have comorbid chronic obstruc-
tive pulmonary disease (1, 2). Dr. Young and Ms. Hopkins
rightly underscore the association between airflow limitation
and poorer outcomes from screening in general. However, in
many cases, individual patients are able to receive potentially
curative treatment.

Chronic obstructive pulmonary disease is not the only
complicating factor in attempts to optimize lung cancer
screening. Smoking is associated with a range of comorbid
conditions that limit both the effectiveness of screening and
the number of available options for cancer treatment, such as
cardiovascular disease and type 2 diabetes (3). Whether those
at high risk for lung cancer should be screened is multifaceted
and ultimately a matter to be determined between patients
and their physicians.
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Strange Bedfellows: The Interaction betweenCOPD and LungCancer in the
Context of Lung Cancer Screening
Gerard A. Silvestri, M.D., M.S.1, and Robert P. Young, B.Med.Sc., M.B.Ch.B., D.Phil.2

1Division of Pulmonary and Critical Care Medicine, Medical University of South Carolina, Charleston, South Carolina; and 2University of
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It has been nearly 70 years since Doll first
described the association between cigarette
smoking and lung cancer (1), and later
others followed by discovering the
association of smoking with chronic
obstructive pulmonary disease (COPD).
Some smokers suffer the unfortunate
“double whammy” of having preexisting
COPD that increases the risk of developing
lung cancer and are diagnosed with both.
More recently, screening high-risk current

and former smokers for lung cancer using
radiation low-dose computed tomography
(CT) has been added to the mix (2, 3). As
screening is implemented globally, and
given the increased risk of developing lung
cancer in those suffering from COPD, there
is a temptation to advocate screening all
eligible patients with COPDwith the hope of
enriching the screened population with
more patients likely to develop an early,
curable cancer. To test that hypothesis in
those eligible for screening, it would be
important to know the prevalence and
severity of COPD, the presence of
respiratory symptoms, and the prevalence of
other comorbid conditions to better
understand their effect on screening
outcomes. The study by Ruparel and
colleagues (pp. 869–878) published in this

issue of AnnalsATS goes some way to
providing that information (4).

The study design was clever. Nearly
8,000 patients eligible for lung cancer
screening by age, smoking history, or
meeting certain thresholds for developing
lung cancer using validated lung cancer risk
models were invited to participate in a “lung
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health check,” rather than just being offered
a chest CT screen (4). In addition to a
detailed medical history, they all had
spirometry. Perhaps one of the most
important aspects of this study was that it
was undertaken in underserved
communities, as evidenced by the fact that
more than half had left school before the age
of 15 years and there was a higher
proportion than expected of current heavy
smokers. These communities are where lung
cancer screening is likely to have the most
impact. The findings were eye opening, with
more than half of the participants having
spirometric evidence of COPD.
Surprisingly, two-thirds of those did not
have a documented prior history of the
disease. Not surprisingly, the odds of having
respiratory symptoms increased
significantly as airflow obstruction
worsened, and the presence of comorbidities
was significantly higher in those with known
versus undiagnosed COPD.

Now comes the tricky part. How do we
convert the knowledge gained from this
study into our practice of screening for lung
cancer? We know that the risk of lung
cancer increases in a linear relationship as
the severity of airflow limitation worsens,
which means those at greatest risk of lung
cancer generally have the highest prevalence
of COPD (5, 6). This observation underpins
an important limitation of using a risk-
based (i.e., age and pack-year history)
approach to selecting smokers for screening.
Increasing age and smoking history not only
increases the likelihood of developing lung
cancer but also increases the likelihood of
getting COPD. This is important because
COPD is associated with a number of other
smoking-related diseases, such as coronary
artery disease, and is a strong marker of
reduced life expectancy among smokers
(7–9). This translates to reduced gains from
screening. Indeed a post hoc analysis of the
NLST (National Lung Screening trial)
reported that for those with COPD (the

presence of airflow limitation on the basis of
spirometry), the reduction in lung cancer
mortality associated with the CT arm relative
to the chest radiograph armwas about 15%, in
contrast to those with normal lung function,
where the reduction in lung cancer mortality
was 28%, nearly twofold greater (6). In a
further post hoc analysis, this reduced
benefit for those with COPD was linked
to lower surgical rates for early-stage cancer
and greater deaths from non–lung cancer
causes (6). In the same analysis, there was no
screening benefit in those with Global
Initiative for Chronic Obstructive Lung
Disease 3 or 4 severity (6). These
findings suggest that underlying (and
unrecognized) COPD may contribute
to both undertreatment, where
surgery is inappropriately withheld,
and overtreatment, where surgery is
undertaken but no survival benefit is achieved.

Another feature of having preexisting
COPD in the context of lung cancer is that
it is associated withmore aggressive forms of
lung cancer (10). This means more
aggressive biology reflected in both
histology (more small-cell, squamous-cell,
and non–small-cell subtypes) and shorter
volume-doubling times (10, 11). This
suggests that lung cancers developing in
those with advanced COPD may be less
amenable to early diagnosis by screening
and confer only modest long-term survival
after surgery (6).

If reducing lung cancer mortality
and prolonging survival are the key
determinants of successful screening, then it
is likely that screening those at intermediate
risk where life expectancy is greater (than for
those at high risk) may be a more cost-
efficient way to undertake screening.
Although the routine use of spirometry in
the setting of lung cancer screening may
identify those with significant airflow
limitation and greatest risk of lung cancer,
it may have a greater utility in identifying
who has severely limited life expectancy and

who gains little from screening for lung
cancer (e.g., Global Initiative for Chronic
Obstructive Lung Disease 3–4 COPD) (6).
In other words selection using a solely “risk-
based” approach, with the aim to enrich the
number of lung cancers identified through
screening, may not improve the risk–benefit
balance, particularly where the benefit
ignores long-term survival. Recently,
Cheung and colleagues developed a life-
years–gained model, compared it to
traditional risk-based screening, and found
that using their approach would maximize
the benefits of screening by including
patients who have both a high risk of
developing lung cancer and a long life
expectancy (12).

Although all of these machinations
seem like an exercise built for ivory tower
academics, the reality on the ground is
that ,10% of those eligible for screening
in the United States have been screened
(13–15). Although spirometry is likely to
be helpful in assessing a patient’s risk of
developing lung cancer and may provide
information regarding the risk/benefit
ratio from screening, one has to question
whether it is feasible to add spirometry to a
visit that already includes a shared
decision-making component and a
smoking cessation consultation for
current smokers. Still, the concept of a
“lung health check” is intriguing, as it may
provide a forum for checking a patient for
both COPD and lung cancer and present
an opportunity for smoking cessation
counseling to those with newly diagnosed
disease. Following this cohort is critical, as
it will add to our knowledge of how to
interpret the effect COPD has on the
outcomes of lung cancer screening and
whether upfront spirometry should
become a routine part of the screening
visit. Stay tuned. n
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Chapter 7 Thesis Conclusion 

 

I believe this body of work, which has explored the complex relationship between COPD and lung cancer, 

has made several original observations potentially making significant contributions to our scientific and 

clinical knowledge.  

Chapters 1 to 3. 

I believe I was the first to recognise from existing published data that with increasing smoking exposure, 

there appeared to be a shift in lung function (%predicted FEV1) from a uni-modal distribution in light 

smokers to a tri-modal distribution in heavy smokers. I was one of the first to identify the utility of the 

“resistant” smoker, consisting of approximately 50-60% of heavy smokers, who maintained near normal 

lung function and best represented that group for whom protective genes may be relevant (see Chapter 

2).  This resistant smoker cohort provided the basis for future genetic studies of COPD 

(www.COPDGene.org). My most cited paper came from a study where we showed that the prevalence of 

COPD in lung cancer was in the order of 50-70%, and that this was more than 2-fold that expected in a 

matched cohort of smokers with no lung cancer.  Numerous studies thereafter adopted routine use of 

spirometry in those diagnosed with lung cancer and reported very similar findings. These observations 

lead us to describe for the first time that some genes involved in developing lung cancer (e.g. nicotinic 

receptor gene) were independently increasing the risk of COPD, thereby showing for the first time that 

these two diseases were linked at a molecular genetic level (Chapter 2).  This observation has been 

replicated by others and recently by my team (Thorax 2021). I was the first to show how genetic variants 

conferring risk for lung cancer could be combined and also enhance predictability of lung cancer. We 

were also the first to test this gene-based tool in the clinical setting and found in a pilot study that the 

genetic result did change behaviour in smokers. This was independently confirmed in studies in the UK 

and USA. One further original finding from this work was the potential for unrecognised COPD to underlie 

confounding in existing genetic studies of lung cancer (where underlying COPD has been ignored).  A 

further original finding was the greater impairment of lung function and higher prevalence of COPD in 

Maori who developed lung cancer compared to Caucasian lung cancer cases in New Zealand despite 

comparable smoking. Collectively, these observations have significantly raised the profile of COPD, which 

is largely undiagnosed, in the setting of lung cancer.  We have also led the way in testing the utility of 

genetic tests for lung cancer in the setting of smoking cessation and screening.  

 

Chapters 4-5. 

While my reviews of statin therapy in COPD were not of themselves original, I believe they contributed 

significantly to enhancing awareness of this wealth of literature suggesting statin therapy may be 

beneficial in patients with COPD. My focus here extended to the concept that systemic inflammation was 

an inherent characteristic of patients with COPD and secondary driver of poor lung function especially 

among smokers (first described in my FEV1 paper in 2007). The novelty of this work was the concept that 

systemic therapy, targeting the innate immune system (especially IL-1 and  IL-6) , might be beneficial in 

both COPD and lung cancer. In a similar vein, my review articles outlining the effects of dietary fibre in 

COPD and lung cancer were not of themselves original but highlighted how a “healthy” diet high in fibre 

might be beneficial. In both statins and fibre we undertook original studies which supported my 

hypothesis and contributed to the existing literature. Aspects of my work on statins that I consider 

original are the discrediting of the “healthy user effect” as an explanation for the positive outcomes 

consistently reported in the observational studies and the concept of the “unhealthy non-user” to 

describe patients with COPD who, despite high risk of cardiovascular disease are not given statin therapy 
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because this risk is under-recognised.   In my invited editorial, I propose that it was the “unhealthy non-

user” subgroup of patients with COPD that were excluded from the negative RCT study (STATCOPE), but 

who were included in all the observational studies which drove the apparent benefit.  For my work on 

fibre and COPD, I consider my hypothesis that dietary fibre works through the liver and its effects on the 

innate immune system as original thinking (Gut-Liver-Lung axis). Similarly, my paper suggesting the 

Hispanic paradox might be due to the high intakes of dietary fibre is also original to the best of my 

knowledge. While the recent mouse studies are strongly supportive of a beneficial effect of fibre in COPD, 

more studies are needed. For both topics I have written invited editorials outlining the relevant literature 

which I hope broadens the thinking on these topics. 

 

Chapter 6 

Novel observations that have come from my work described in this chapter include 

- the eligibility criteria for the National Lung Screening Trial (NLST) excludes over 50% of all cancers 

as shown by our lung cancer cohort study 

- the efficiency of screening would be greatly enhanced if high risk smokers with COPD, identified 

by spirometric screening,  were targeted. 

While our original findings were verified by subsequent investigators, it was not until we analysed the 

data from the NLST that we found those with the most severe COPD (GOLD 3-4) did not actually get 

benefit from screening.  We went on to describe that this group got less surgery and had greater 

mortality from causes other than lung cancer.  This novel observation was include in the ATS statement 

paper and highlighted that increasing risk of lung cancer did not necessarily translate into a benefit from 

screening.  We were the first to point out that lung cancer screening subjects have much greater 

comorbid disease than those eligible for breast and colon cancer.  On this basis we have challenged the 

prevailing view that all smokers benefit from screening when this has been shown by us and others to be 

blatantly untrue.  Life-expectancy and comorbid disease is now considered more carefully in the context 

of screening for lung cancer. The implications for establishing the most cost-effective approach to lung 

cancer screening is of great relevance in publically funded health care systems where costs and cost-

benefit are important considerations. 
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