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Abstract
Background
This thesis aimed to understand trends and inequalities in cancer survival using relative
survival and excess mortality rate analyses. The three research questions were: i) do nonMāori and higher socioeconomic groups have better survival compared to Māori and lower
socioeconomic groups diagnosed with cancer respectively?; ii) is cancer survival improving
over time by ethnic and socioeconomic group?; and iii) where they exist, are ethnic and
socioeconomic differences in cancer survival narrowing or widening over time?
Data and methods
Anonymised individual unit records for people diagnosed with cancer 1991-2004, followed up
to 31 December 2006, were extracted from linked Census, cancer and mortality data.
Cancers were categorised into 21 sites. Ethnicity and equivalised household income
categorised were assigned to each unit record using socio-demographic data recorded on
the Census. Linked Census and mortality data were used to construct comparable survival
and mortality data by ethnicity and income for people who died for reasons other than
cancer. Five-year relative survival estimates by ethnic and income group were estimated as
well as excess mortality rates censored at 5 years following a cancer diagnosis. The main
effect measures were the relative survival ratio difference (RSRD) and the excess mortality
rate ratio (EMRR). Pooled EMRR estimates were also calculate to assess the weighted
average across all cancer sites.
Results
Pooled across all cancers and averaged over the study period, Māori had 29% greater
excess mortality following a cancer diagnosis compared to non-Māori, with an ethnic EMRR
of 1.29 (95% CI 1.24, 1.34). The pooled income EMRR, averaged over time, across all
cancer sites was 1.12 (95% CI 1.08, 1.15), a 12% greater excess mortality following a cancer
diagnosis on average for the lowest-income group compared to the highest-income group.
Pooled across all cancers, excess mortality following a cancer diagnosis reduced by 26% per
decade, or a 3% annual reduction in excess mortality, comparing people diagnosed in 2001
to those diagnosed in 1991, with a calendar period EMRR of 0.74 (95% CI 0.72, 0.76).
Pooled across all cancers, the ratio change per decade in the Māori compared to non-Maori
EMRR was 1.04 (95% CI 0.94, 1.14); suggesting there was little evidence of either widening
or narrowing relative gaps in excess mortality by ethnic group over time. Pooled across all
cancers, the ratio change per decade in the lowest- compared to the highest-income EMRR
was 1.09 (95% CI 1.01, 1.17), suggesting a 9% relative increase per decade in the EMRR
comparing the lowest- to highest-income groups.
Conclusions
Ethnic inequalities and, to a lesser extent, income inequalities, in cancer survival were
reported for the majority of cancer sites. These inequalities were likely to stem from
differences between groups in terms of quality and timing of treatment, host factors such as
co-morbidities, and possibly differences between groups in stage at diagnosis and tumour
biology. Survival improved over time for all cancer sites. These trends are likely to be
explained by earlier diagnosis for some cancers through improvements in cancer detection
and screening and/or improvements in treatment.
On average pooled across all cancer sites, there was evidence of faster reductions in the
excess mortality rate among high-income people. There was little evidence of changing
ethnic differences in excess mortality over time. Differential rates over time between
socioeconomic groups in cancer detection, screening, diagnosis and treatment may explain
trends in socioeconomic inequalities in cancer survival.
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Statistics New Zealand security statement
Professor Tony Blakely and his colleagues from the University of Otago, Wellington, initiated
the CancerTrends study and the New Zealand Census-Mortality Study. The Government
Statistician approved it as a Data Laboratory project under the Microdata Access Protocols.
All research publications are based on researcher-initiated ideas.
Requirements of the Statistics Act
Under the Statistics Act 1975 the Government Statistician has legal authority to collect and
hold information about people, households and businesses, as well as the responsibility of
protecting individual information and limits to the use to which such information can be put.
The obligations of the Statistics Act 1975 on data collected under the Act are summarised
below.
Information collected under the Statistics Act 1975 can be used only for statistical purposes.
No information contained in any individual schedule is to be separately published or
disclosed to any person who is not an employee of Statistics New Zealand, except as
permitted by sections 21(3B), 37A, 37B and 37C of the Act.
Access to the data used in this study was provided by Statistics New Zealand under
conditions designed to give effect to the security and confidentiality provisions of the
Statistics Act 1975. The results presented in this study are the work of the author, not
Statistics New Zealand.
The Government Statistician is to make official rules to prevent the unauthorised disclosure
of individual information in published statistics.
Information provided under the Act is privileged. Except for a prosecution under the Act, no
information that is provided under the Act can be disclosed or used in any proceedings.
Furthermore no person who has completed a statutory declaration of secrecy under section
21 can be compelled in any proceedings to give oral testimony regarding individual
information or produce a document with respect to any information obtained in the course of
administering the Act, except as provided for in the Act.
Census data
The Population Census is the most important stocktake of the population that is carried out.
The statistics that are produced provide a regular picture of society. Results are used widely
in making decisions affecting every neighbourhood. They are used in planning essential local
services, and they also help to monitor social programmes ranging from housing to health.
Traditionally census data is published by Statistics New Zealand in aggregated tables and
graphs for use throughout schools, business and homes. Recently Statistics New Zealand
has sought to increase the benefits that can be obtained from its data by providing access to
approved researchers to carry out research projects. Microdata access is provided, at the
discretion of the Government Statistician, to allow authoritative statistical research of benefit
to the public of New Zealand.
This project used anonymous census data and mortality data which were integrated using a
probabilistic linking methodology to create a single dataset that allows the researchers to
undertake a statistical study of the association of mortality and socio-economic factors. This
is the first time that the census has been linked to an administrative dataset for purposes
apart from improving the quality of Statistics New Zealand surveys. The project has been
closely monitored to ensure it complies with Statistics New Zealand's strict confidentiality
requirements.
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Chapter 1: Introduction
Cancer is a major public health challenge in New Zealand, as in other developed
countries. Cancer incidence provides an important measure of the performance of our
health promotion and disease prevention efforts. However, cancer survival is a more
important indicator of how a health system is performing as it provides information to
policy makers and clinicians about the timeliness of care and about the quality and
access of cancer services. Little is known in New Zealand about how much cancer
survival is improving over time, including the extent to which cancer excess mortality
rates are reducing over time by ethnicity and socioeconomic position.
In New Zealand people diagnosed with cancer who identify as Māori, the indigenous
population who make up approximately 15% of the total population, have substantially
higher cancer excess mortality, or poorer cancer survival, compared to the non-Māori
group diagnosed with cancer.(1) People diagnosed with cancer in New Zealand who
are in the lowest socioeconomic group are also known to have higher cancer excess
mortality, or poorer survival, compared to people in the highest socioeconomic group,
but these socioeconomic inequalities in cancer survival are less than the ethnic
differences in cancer survival.(2, 3) Little is known in New Zealand about whether these
ethnic and socioeconomic differences in cancer survival are changing over time,
specifically whether the ethnic and socioeconomic gaps in cancer excess mortality are
narrowing or widening over time.
This thesis describes the data, methods and results of a study that measured trends in
cancer survival by ethnic and socioeconomic group in New Zealand for people
diagnosed between 1991 and 2004. This thesis gives consideration to the underlying
concepts of measuring trends and inequalities in cancer survival as well as the
interpretation of these trends and inequalities. These aspects are briefly discussed
below.
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Research questions and study design
This study focused on three primary research objectives, outlined below, which were
addressed by analysing anonymised individual unit records from linked Census-cancer
datasets. Ethnicity and income were the main exposures of interest, with the linked
Census-cancer data enabling categories of ethnicity and income to be assigned to
each person diagnosed with cancer.

Research questions
The three specific research objectives of this study were to:
1.

2.

3.

estimate the magnitude and direction of the ethnic and socioeconomic
inequalities in cancer survival for 21 cancer sites, averaged over time between
1991 and 2004, where cancer survival in the Māori group was compared to
that of the non-Māori group and where cancer survival in the lowest-income
group was compared to that of the highest-income group including data on all
income groups where possible (cancer survival inequalities);
estimate the magnitude and direction of the per-decade changes over time in
cancer survival for 21 cancers, where people diagnosed with cancer in 2001
were compared to people diagnosed in 1991 (trends in cancer survival); and
estimate any change over time in ethnic and socioeconomic inequalities in
cancer survival, where present (trends in cancer survival inequalities).

Each of these research objectives were assessed by measuring absolute differences in
5-year relative survival and relative differences in excess mortality rates up to 5 years
following a cancer diagnosis.

Study design – a brief overview
The study design is given a thorough consideration and description in Chapter 5. But it
is useful at this point to give a brief outline to orientate the reader.
Data
Anonymised individual unit records for adults with a primary cancer diagnosis from
1991 to 2004, with mortality follow-up to 2006, and who were linked to Census records
in 1991, 1996 and 2001 were included in this study. Data were grouped such that 21
cancer sites were individually assessed. The main exposure variables in this study
were ethnicity and income, both of which were determined using individual unit record
data from Census records. Survival and mortality estimates for people whose cause of
death was not cancer were estimated for the 1991, 1996 and 2001 Census periods
using official life table data combined with linked Census-mortality data, accounting for
variations in survival and mortality over time for each ethnic and income group.
Methods
Cancer survival was first measured on the cumulative relative survival scale up to 5
years since diagnosis. Five-year relative survival was estimated for combinations of
Census period (1991-1996, 1996-2001, and 2001-2004), ethnic group (Māori and nonMāori) and income group (high-, medium, and low-income). From these data it was
possible to calculate the absolute difference within groups to describe (a) ethnic and
income inequalities in cancer survival, (b) changes over time in cancer survival for each
ethnic and income group, and where possible (c) changes over time in ethnic and
income inequalities in 5-year relative survival. Initial analyses to assess absolute
differences in 5-year relative survival (the relative survival ratio (RSRD)) between
ethnic and income groups were carried out using 5-year relative survival data for each
ethnic and income group from each Census-cancer cohort. The relative survival
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analyses were limited due to sparse data, particularly for ethnic group analyses.
Excess mortality rate modelling methods were instead applied to more
comprehensively address the three research questions.
Excess mortality rate analysis was the primary approach used to address this study’s
three research objectives. Four excess mortality rate models with data censored at 5
years since diagnosis were run for each cancer for all records from 1991-2004. Models
1 and 2 allowed for assessment of ethnic trends in cancer survival, with Models 3 and 4
enabling investigation of income trends in cancer survival.
Ethnic and income inequalities in cancer survival, averaged over time, were measured
by estimating the relative difference in excess mortality rates between ethnic groups
(Māori compared to non-Māori) and income groups (the lowest income group
compared to the highest-income group, with data from all other income groups included
in the regression model).
Trends in cancer survival were investigated by calculating the relative difference in
excess mortality rates for people diagnosed in 2001 compared to people diagnosed in
1991, representing the change per decade in excess mortality for each cancer.
Trends in ethnic and income inequalities in cancer survival were investigated by using
EMRR parameter values which estimated the ratio change per decade in the relative
difference between ethnic and income groups in excess mortality rates.
The primary effect measure for these analyses was the excess mortality rate ratio
(EMRR), where 1 is the null. Further, the EMRR estimates were pooled across all
cancer sites using inverse variance weighting methods to provide an average across
cancers, provide a summary effect measure.
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Measuring trends and inequalities in cancer survival
The underlying concepts for the measurement of trends and inequalities in cancer
survival are outlined below, and integrated throughout this thesis.

Relative survival and excess mortality
Net cancer survival can be thought of as the survival in a population following a cancer
diagnosis due to the cancer itself or, put another way, once mortality from all other
causes of death has been accounted.(4) One method for estimating cancer survival is
to calculate cause-specific survival where deaths from the cancer being studied are
treated as the outcome of interest, and deaths from causes other than the cancer of
interest are censored. A key disadvantage of this method is that it requires accurate
cause of death data.(5)
Relative survival is an alternative method that does not require accurate data on cause
of death, avoiding the key limitation of cause-specific analyses. Relative survival is the
preferred method for estimating cancer survival using population-based cancer registry
data.(4-11) However, there are also disadvantages of using relative survival to estimate
net cancer survival. A key disadvantage is non-comparability bias, which is described
below. Other disadvantages of relative survival include that stratification of data in
relative survival estimation can lead to sparse data; this problem increases with the
number of covariates. Estimating relative survival also does not allow for the
simultaneous consideration of multiple factors associated with cancer survival such as
the time since cancer diagnosis, age, sex, ethnicity, socioeconomic position, follow-up
time and calendar period. A complimentary approach, and the one used primarily in
this thesis, is to model excess mortality rates following a cancer diagnosis, using multivariate regression methods.(12)

Scale dependence and effect measures
Net cancer survival can be measured either on the cumulative relative survival or on
the (instantaneous) excess mortality rate scale. Different interpretations about trends in
cancer survival or about the magnitude of cancer survival inequalities between social
groups can be made when these two different scales are used. This is due to scale
dependence.(13) The relative survival scale is generally bounded within the values of 0
and 1 (it is possible to have a relative survival greater than 1, e.g. the cancer
population can actually have better than that in the background population when the
cancer has very good survival and where there is lower than average competing
mortality risk). The excess mortality rate scale is bound between 0 and positive infinity.
These two different scales explain how different conclusions can be made about trends
or inequalities when comparing equivalent values on the relative survival and excess
mortality rate scales. This can be demonstrated using 5-year relative survival and
excess mortality rate data for breast cancer.(13) Consider an example where 5-year
relative survival for deprived group was 0.800 and the non-deprived group was 0.865,
with equivalent average annual excess mortality rates of 0.045 and 0.029 respectively.
The absolute gap in 5-year relative survival would be -0.065 and in the average annual
excess mortality rate would be 0.016. The relative gap in 5-year relative survival would
be 0.92 (the deprived group had 8% poorer survival compared to the non-deprived
group). However, the relative gap in the average annual excess mortality rate would be
much larger, a relative difference of 1.55 where the deprived group had 55% greater
excess mortality compared to the non-deprived group (where 1 is the null).
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It is also important to recognise that both absolute and relative effect measures can be
estimated to calculate social group or calendar period differences in cancer survival.
Moreover, these absolute and relative measures can be calculated on the relative
survival and excess mortality scales. Again, different conclusions can be made about
trends and inequalities in cancer survival depending on whether absolute or relative
differences are calculated on the relative survival or excess mortality rate scales. Little
has been published on the impact of scale dependence and on the impact of using
absolute or relative differences on the relative survival and excess mortality rate scales
when measuring trends and inequalities in cancer survival. As a result, this is a central
issue addressed in this thesis.

Non-comparability bias
As mentioned previously, a key disadvantage of relative survival and excess mortality
rate analyses is non-comparability bias.(5) In relative survival and excess mortality
analyses it has to be assumed that the non-cancer mortality rates in the cancer
population are comparable to the expected mortality rates in the population without
cancer. This assumption is often violated, particularly in studies that assess inequalities
between social groups and the trends in those cancer survival inequalities, as is the
case in this thesis. For example, people with lung cancer will have higher than average
expected mortality (over and above that for lung cancer per se) due to both the higher
smoking rates and lower socioeconomic position – both factors strongly associated
with (non-lung cancer) mortality.
As will be explained in subsequent chapters, this non-comparability bias leads to
varying degrees of under- and over-estimation of trends in cancer survival for each
social group, inequalities between social groups, and trends in those inequalities. Noncomparability bias has been minimised in the empirical analyses presented in this
thesis by using comparable mortality rates in the cancer and non-cancer populations,
where mortality data are simultaneously stratified by single year of age, sex, ethnicity,
socioeconomic position, and calendar period. In other words, demographic variations in
expected mortality are allowed for.
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Interpreting ethnic and socioeconomic inequalities in cancer
survival
There is cross-sectional evidence for ethnic and, to a lesser extent, socioeconomic
inequalities in cancer survival in New Zealand and internationally (summarised in
Chapter 4). These ethnic and socioeconomic inequalities in cancer survival are likely to
stem from differences between groups in terms of stage at diagnosis, quality and timing
of treatment, host factors such as co-morbidities, and possibly tumour biology between
ethnic or socioeconomic groups.
In this study, it was important to also consider, and contribute to discussion in the
literature, how findings on cancer survival inequalities should be interpreted in the light
of New Zealand’s health and social context. An outline of New Zealand’s health and
social context is provided below. Published cancer survival inequality data relevant to
this study is more comprehensively reviewed in Chapter 4.
New Zealand’s health and social context
The health system plays an important role in determining cancer survival outcomes,
including how outcomes are distributed between ethnic or socioeconomic groups. A
health system includes the activities where the primary purpose is to improve or
maintain health; the economic, fiscal and political management that is used to run
national health care services; and the regional or district organisation of health care
services, including cancer services.(14) Since 1989, there have been substantial
changes to New Zealand’s management of health care services and the way in which
those services are organised at the regional or local levels. (15) The current New
Zealand system centres on the role of 20 district health boards that have responsibility
for the planning and delivery of health services, including cancer screening and
treatment services, for the population within their geographic area.
Reducing ethnic and socioeconomic health inequalities, including cancer survival
inequalities, has continued to be an important strategic and operational focus for the
district health board system since its establishment. While inequitable access to health
care services was identified as far back in New Zealand as the 1970s (16-19), it was
not until 2000 that the need for reducing ethnic and socioeconomic health inequalities
was clearly articulated in health sector legislation and national health policy.
Specifically, Section 22(e) and (f) of the New Zealand Public Health and Disability Act
2000 states that the objectives of district health boards are: to reduce health disparities
by improving health outcomes for Māori and other population groups; and to reduce,
with a view to eliminating, health outcome disparities between various population
groups within New Zealand by developing and implementing, in consultation with the
groups concerned, services and programmes designed to raise their health outcomes
to those of other New Zealanders.(20) Further, priority was given to improving social
and economic outcomes (and reducing inequalities between social groups) for all New
Zealanders, including Māori and Pacific peoples, in the national health strategy
released in 2000.(21)
The Minister of Health prioritised inequalities in cancer outcomes in 2003, specifically
the cancer burden experienced by Māori compared to non-Māori. The overall purposes
of the national cancer control strategy are to both: reduce the incidence and impact of
cancer; and reduce inequalities with respect to cancer. The strategy further states that
mainstream health service providers, not just Māori health providers, must make
“serious efforts to improve the acceptability of health services and their responsiveness
to the needs of Māori and their whānau [relationships that have blood links to a
common ancestor] in order to contribute to a reduction in the incidence and impact of
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cancer for Māori”. (Ministry of Health, 2002, p. 7)(22) This thesis assesses trends and
inequalities in cancer survival between 1991 and 2004, and therefore will not capture
any trends in ethnic or socioeconomic cancer survival inequalities that could be
explained by these health sector interventions introduced in 2003 to reduce cancer
survival inequalities.
This thesis also draws upon New Zealand and international literature to interpret the
findings in this thesis on ethnic and socioeconomic inequalities in cancer survival, with
a focus on the possible explanations for these inequalities once cancer diagnosis has
occurred.
It is important to recognise the broader structural factors that fundamentally determine
health, and health inequalities, in New Zealand such as the general social, economic,
cultural and historical factors. Colonisation, the domination of a society by outsiders,
has adversely affected the physical, social, emotional, and mental health and wellbeing of indigenous populations in many countries; including Māori in New
Zealand.(23) Māori arrived in New Zealand by canoe in a series of epic voyages
between one thousand and seven hundred years ago.(24) European, British and
American vessels arrived in New Zealand during the seventeenth and eighteenth
centuries, resulting in New Zealand become a strong base for trading, sealing and
whaling. During this period, there was a rapid decline in the Māori population.(25) Over
time, Māori requested law, order and protection from the British. The Treaty of Waitangi
was one of the key documents that were drafted in response to this request.
The Treaty of Waitangi was created as a contract between Māori and the New Zealand
government (the Crown) in 1840. The Treaty has acted, and continues to act, as an
articulation of the rights and responsibility for Māori and the Crown. Different
interpretations of the Treaty of Waitangi have arisen over time as two versions were
created and agreed to by Māori and the Crown; one version in English and one in
Māori, with the indigenous version having precedence under international law. There
were substantial differences in the content and meaning of the each version of the
Treaty. There are three articles of the Treaty that are common to both versions.(26)
The first article states that Māori tribes cede governance of New Zealand to the Crown.
The second article states that the Crown will protect Māori cultural heritage and assets.
The third article grants all Māori the rights of British subjects. There was a difference in
the way that the British settlers and Māori considered the signing of the Treaty, due to
the fact that the English and Māori versions contained different frameworks for the
relationship between the Crown and Maori. For the British, the relationship between
Māori and the Crown was one where the Crown had sovereignty and Māori were
subjects.(27) In contrast, Māori considered that their authority would not be changed
and that they would retain self-governance at the tribal level.(28) Attempts by Māori
during the mid to late 1800s to put in place legal and democratic institutions where
Māori and the Crown would have equal power were continually dismissed by the
Crown.(27)
Following the signing of the Treaty of Waitangi, there was a rapid immigration of British
settlers, forced transfer of land from Māori to British control, a decline in Māori
population numbers and the domination of a new British-based colonial society in New
Zealand.(29) Given the two different versions of the Treaty between Māori and the
British, and the consequent different interpretations of the Treaty, strategies of British
colonisation were considered many, including by Māori, to be breaches of the Treaty
signed in 1840.
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In 1975, the Waitangi Tribunal was established by the Government in response to
Māori demands for addressing breaches of the Treaty. The Tribunal was first
established to address contemporary breaches but was later extended to consider
historical claims.(24) The Tribunal has provided an important means for addressing
historic and contemporary breaches of the Treaty but has led to ongoing debates about
the timeline and financial limit on compensation for these breaches (these are
described elsewhere (30)).
More recently, principles of the Treaty of Waitangi have been articulated and included
in social and health policy. Three principles, drawn from the Royal Commission on
Social Policy (31), have been used to guide contemporary government policy. The
principles are: i) partnership between Māori and the Crown, or its agencies; ii) Māori
participation in decision-making; and iii) protection of Māori interests to ensure equity
between Māori and non-Māori. These principles are articulated in a number of
government health policy statements including the New Zealand Public Health and
Disability Act, the New Zealand Health Strategy, and the New Zealand Cancer Control
Strategy, and He Korowai Oranga (the Māori Health Strategy).(20-22, 32)
Ethnic and socioeconomic cancer survival inequalities are reflective of the access to
and quality of the health system, particularly cancer services. There are broader
historical factors, such as colonisation and the arrangements between Māori and the
Crown, which determine health and health inequalities in New Zealand. This thesis has
focused on the possible explanations for ethnic, and socioeconomic inequalities, in
cancer survival following a cancer diagnosis, i.e. health system factors.
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Interpreting trends in cancer survival
There is evidence from other countries, and to some extent in New Zealand, that
cancer survival is improving over time for a large number of cancer sites.
Improvements in cancer survival can be difficult to attribute to a single factor, with
several advances in cancer detection, diagnosis and treatment often contributing to
increases over time in cancer survival, with these factors varying by cancer site.(9)
Furthermore, the mixture and importance of these factors vary by cancer site.
Early detection is where the date of diagnosis is brought forward with the date of death
either remains the same or being extended. Cancer screening works in this way where
the survival time is increased by detecting a cancer earlier than would have occurred
without screening (called the lead time). The introduction of cancer screening may
result in an increase in survival time from diagnosis with little or no change to the date
of death, but may also (if it is effective screening) additionally improve survival by
extending the date of death.
An increase over time in 5-year relative survival – or a reduction in excess mortality
rates - may often be due to improvements in treatment once a cancer has been
diagnosed, i.e. the time from a cancer diagnosis until death has been extended due to
the introduction of a new chemotherapeutic agent, radiotherapy technology or
improved surgical practice.
Improvements in cancer survival may be explained by any combination of these
factors. However without measuring these factors (which is challenging with national
data), it is difficult to ascertain the reasons why there have been changes over time in
cancer survival for specific cancer sites and for specific populations. Nevertheless, it
was important in this thesis to consider how findings relating to cancer survival trends
should be interpreted in the light of New Zealand specific-advances in cancer
detection, diagnosis and treatment. Chapter 8 summarises a number of key advances
that may contribute to a greater understanding of trends in breast, colorectal and lung
cancer survival.
Changes over time in cancer survival can be explained by changes in the date of
diagnosis and/or the date of death through improvements in treatment, advances in
diagnosis, or the introduction of cancer screening. However, improvements in cancer
survival over time may also be due to other factors. These factors include advances in
cancer diagnosis. Of course, improvements in cancer survival may be explained by any
combination of these factors. However without measuring these factors (which is
challenging with national data), it is difficult to ascertain the reasons why there have
been changes over time in cancer survival for specific cancer sites and for specific
populations.

Trends in Cancer Survival by Ethnic and Socioeconomic Group

25

Interpreting trends in cancer survival inequalities
It is likely that there have been improvements over time in cancer survival for each
ethnic and socioeconomic group in New Zealand, and that at each point in time ethnic
and socioeconomic inequalities in cancer survival were present. If survival is improving
over time for each ethnic or socioeconomic group, then inequalities between those
groups must also be changing over time on at least one of the many ways that they can
be measured. There are a number of possible explanations for trends in ethnic and
socioeconomic inequalities in cancer survival.

Scale dependence and effect measures
Differing conclusions about narrowing or widening cancer survival inequalities can be
made depending on whether when absolute and relative differences are measured on
the relative survival and excess mortality rate scales. Measuring the changes over time
in both absolute and relative differences on the relative survival and excess mortality
rate scales is important for describing trends in ethnic and socioeconomic inequalities
in cancer survival, and has been undertaken in this thesis. Which metric should be
given the most weight, however, is a moot point. If society is aiming for reducing
inequalities, though, then reduction in all possible measures is the most desirable
situation. However, it is also possible to have increasing (or stable) relative inequalities
in excess mortality rates between social groups, yet the absolute difference is stable
(or decreasing) – a ‘good’ or ‘bad’ situation depending on whether you place more
emphasis on relative or absolute inequalities

Differential change over time in access to cancer services
Putting measurement scales aside for now, trends in cancer survival inequalities may
reflect different speeds at which the most and least advantaged cancer populations
access cancer screening or treatment, with inequalities widening when the most
advantaged group has faster access to and uptake of processes and treatments that
benefit cancer survival. Conversely, faster improvements in survival among
disadvantaged populations may reflect more widespread access to screening and
effective treatments. Narrowing or widening of inequalities in survival may also reflect
how effective the health system is at ensuring equal access to survival enhancing
knowledge and treatments. Such narrowing or widening of cancer survival gaps is
consistent with the inverse equity hypothesis published by Victora et al., 2000 (33).
Drawing upon Hart’s view that the availability of good medical care is inversely related
to population need (see for instance (34-36)), Victora et al. (2000) developed the
inverse equity hypothesis that explored whether a new intervention would initially
benefit more socially advantaged groups compared to less socially advantaged
groups.(33) He commented that it is difficult to directly test the inverse equity
hypothesis as there is rarely a single health intervention that substantially contributes to
population health gain. The combined effect of multiple interventions is more likely to
explain improvements in health, and as they keep occurring over time it is difficult to
separate out the impact of a number of individual interventions. Nevertheless, it
provides a useful theoretical departure point.
Victora’s inverse equity hypothesis was investigated in a study by Lyratzopolous et al.,
(2010) examining changes over time in socioeconomic inequalities in 5-year relative
survival for female breast and the male rectal cancer group diagnosed in England and
Wales, 1973-2004.(37) The authors found that socioeconomic inequalities in breast
cancer survival, measured as absolute differences in 5-year relative survival, narrowed
steadily during the study period, from -10% to -6% (see Figure 1). They also found that
socioeconomic inequalities in male rectal cancer survival, again expressed as the
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absolute differences in 5-year relative survival, widened over the study period from -5%
to -11% but with variations in these inequalities at different points in time (see Figure
2). However using the findings from this study, Blakely, Soeberg and Sarfati (13) have
shown that different interpretations about the direction of trends in cancer survival
inequalities are possible if relative differences on the excess mortality rate scale are
assessed.
Lyratzopolous et al., (2010) considered whether the socioeconomic inequalities in
female breast and male rectal cancer reduced or widened over time due to the different
speeds at which socioeconomic groups accessed new cancer interventions. They
concluded that the sequential introduction of new treatments partially explained the
decrease in the socioeconomic inequality in breast cancer survival over time, but not
the widening of the socioeconomic gap in rectal cancer survival.
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Figure 1:

Trends in 5-year relative survival (%) from breast cancer in women in
the most affluent and the most deprived groups and the deprivation gap
(%) in survival: 5-year moving average values, England and Wales,
1973-2004. Periods of emergence of evidence about the efficacy of new
interventions are denoted in the graph (Source: Lyratzopolous et al.,
2011)

Figure 2:

Trends in 5-year relative survival (%) from rectal cancer in men in the
most affluent and the most deprived groups and the deprivation gap (%)
in survival: 5-year moving average values, England and Wales, 19732004. Periods of emergence of evidence about the efficacy of new
interventions are denoted on the graph. Increasing use of flexible
sigmoidoscopy occurred throughout the study period, and is not denoted
on the graph. (Source: Lyratzpoulos et al., 2011)
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Differences over time in recording of social group
Linked Census and cancer records were used in this thesis to define categories of
ethnicity and socioeconomic position. A possible explanation for trends in cancer
survival inequalities, particularly ethnic inequalities, is that there has been a ‘drift’ in
who is Māori and who is non-Māori. This is due to the different ways over time in which
the ethnicity question has been asked in the New Zealand Census. In particular, the
1996 Census asked questions encouraging multiple ethnic affiliations compared to the
1991 Census and the 2001 Census. The approach used in this thesis, the ‘total
‘ethnicity approach, counts as Māori anyone self-identifying Māori among their one
more ethnic groups and is the approach recommended to assess Census ethnicity over
time (see Chapter 5). Nevertheless, the differences over time in the way that ethnicity
has been recorded may explain the trends in ethnic inequalities presented in this
thesis. Specifically, a ‘drift’ over time in who is Māori, if that ‘drifting’ group has differing
survival, may alter the strength of association between ethnicity and cancer survival at
each Census period. This in turn will alter the degree to which ethnic inequalities in
cancer survival have changed over time. However, it takes large-sized groups to be
‘drifting’, which is probably not the case.
Recording and classification of equivalised household income, the measure of
socioeconomic position used in this thesis, has not changed during the period of this
study. Draft is less likely to be an explanation for trends in income inequalities in cancer
survival.

Narrowing of income gaps between Māori and non-Māori
A further possible explanation for trends in ethnic inequalities in cancer survival is the
possible change over time in the income distribution between Māori and non-Māori.
This explanation assumes that income inequalities in cancer survival exist, and that
these income inequalities are independent of confounding by ethnicity. A substantial
reduction in the income distribution gap between Māori and non-Māori would reduce
the effect size of the association between ethnicity and cancer survival. Such a
reduction in the income distribution gap on the effect size for ethnicity would lead to a
narrowing of the ethnic inequalities in cancer survival over time, with all other things
held constant. Conversely, a widening of the income distribution gap between ethnic
groups would increase the effect size of the association between ethnicity and cancer
survival, and ethnic inequalities in cancer survival would widen over time, with all other
things held constant.
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Organisation of the thesis
This thesis has been organised into eight chapters.
Chapters 2 and 3 present the results of simulated data developed and analysed for this
thesis to assess the impact of scale dependence and non-comparability bias
respectively.
Chapter 4 reviews published data from New Zealand and internationally on ethnic and
socioeconomic inequalities in cancer survival, trends in cancer survival, and trends in
cancer survival inequalities.
Chapter 5 focuses on study design including the linked Census-cancer data used to
estimate survival and mortality for people diagnosed with cancer, and how categories
of ethnicity and income were assigned to each anonymised individual unit record. This
chapter also discusses the statistical methods used to estimate 5-year relative survival
and excess mortality rates as well as the absolute and relative effect measures
calculated for relative survival and excess mortality rate estimates.
Chapter 6 presents findings for breast, colorectal and lung cancers for ethnic and
socioeconomic inequalities in cancer survival, trends in cancer survival, and trends in
cancer survival inequalities. These findings are first presented using 5-year relative
survival estimates followed by the results of the excess mortality rate modelling. This
chapter also presents additional analyses used to assess whether excess mortality was
greater in the first two years of cancer diagnosis for Māori and the lowest-income
groups. This chapter concludes with sensitivity analyses excluding people with missing
income values when estimating the size of the income-cancer survival association.
Chapter 7 focuses on patterns across all 21 cancer sites in ethnic and socioeconomic
inequalities in cancer survival, trends in cancer survival, and trends in cancer survival
inequalities.
Chapter 8 discusses the findings of the study, including its strengths and limitations
and how the results compared to other New Zealand and international studies on
trends and inequalities in cancer survival. It also describes potential areas for future
research.
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Chapter 2: Use of absolute and relative effect
measures in reporting cancer survival
inequalities and trends
Introduction
It is important when monitoring and tracking health outcomes over time – including
inequalities between groups - that evidence is presented in both absolute and relative
terms.(38, 39) This is because the interpretation of the disease burden experienced by
a specific population group can vary according to whether an absolute or relative effect
measure is presented, which can in turn lead to different interpretations about the
policy, health service or other response needed to address the higher disease burden
for this group.(40-42)
In this present study, it was important to consider firstly how absolute and relative gaps
are measured on the bounded relative survival scale and then how the relative survival
scale impacts the estimation of changes over time in cancer survival inequalities.
Cancer survival gaps between groups can also be measured on the (excess) mortality
rate scale, overcoming the limitations associated with a bounded scale such as with
relative survival.
Absolute and relative differences in relative survival
Differences between social groups in 5-year relative survival can be measured as an
absolute or relative gap. Absolute and relative measures compare the survival
experience of one group to the survival experience of another (baseline) group.
Absolute gaps, where the null is 0, can be calculated by subtracting the survival in the
least advantaged group to the baseline relative survival (the most advantaged group).
Using the data in Table 1, the absolute gap in 1990 for a cancer with good prognosis
(such as breast cancer) was -0.040 and the absolute gap for a poor prognosis cancer
(such as lung cancer) was -0.050. In this thesis, an absolute gap in 5-year relative
survival has been defined as a relative survival ratio difference (RSRD).
The relative gap in 5-year relative survival can also be calculated and has been defined
in this study as the ratio of (two) relative survival ratios (RSRR), where the null equals
1.
The RSRD and RSRR measure different quantities. An RSRR is the relative difference
between two relative survival ratios and is dependent on the baseline relative survival
value for the comparison group, with the relative gaps appearing much larger when the
baseline relative survival value is closer to 0. For example, using the data in Table 1,
the relative gap in 1990 for a good prognosis cancer was 0.95 (calculated using the
formula RSRR = 5-year relative survival least advantaged group )(0.80))/5-year relative survival
most advantaged group
(0.84)). This RSRR suggests that the least advantaged group had 5%
poorer survival compared to the most advantaged group. However, the size of the
relative gap in 5-year relative survival is much larger when the baseline relative survival
is very low. In 1990, the 5-year relative survival for the least advantaged group was
0.05 and the baseline 5-year relative survival in the most advantaged group was 0.10
(Table 1). The relative gap between these two 5-year relative survival values was 0.50,
or the least advantaged group had 50% poorer survival compared to the most
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advantaged group. The size of the relative gap is large due to the low baseline relative
survival value.
This baseline relative survival value used is also important when investigating trends in
inequalities between groups in 5-year relative survival.
Changes over time in absolute and relative differences in survival
Changes over time in cancer survival inequalities can be interpreted differently if
absolute and relative measures are used, due to changes over time in the baseline
relative survival value. An example of these different interpretations is shown in Table
1. Focusing first on a cancer with moderate prognosis (such as colorectal cancer), the
RSRD in 1990 was -0.08 and reduced to -0.04 in 2000. A narrowing of cancer survival
inequalities can also be interpreted from the relative gaps. The moderate prognosis
cancer RSRR in 1990 was 0.85 and decreased towards the null in 2000 to 0.93.
For the good prognosis cancer, there was no change in the relative gap (0.95 in both
1990 and 2000), due to the fact that there was no substantive shift in the baseline
relative survival value in the two calendar periods. However, there was an increase in
the absolute gap from -0.040 in 1990 to -0.045 in 2000.
A widening of the absolute gap was also seen in the poor prognosis cancer, with the
1990 RSRD of -0.050 increasing to -0.055 in 2000, but with a narrowing of the relative
gap. For this cancer, the RSRR in 1990 was 0.50 but decreased towards the null to
0.56 in 2000, i.e. the baseline relative survival was sufficiently different to lead to a
lower relative gap than was seen in 1990.
Different cancer survival measurement scales
Relative survival is a cumulative measure representing the survival experienced at
each follow-up interval based on the survival from the previous follow-up interval(s),
usually up to 5 years since diagnosis. The relative survival scale is generally bounded
between the values of 0 and 1, although values above 1 are mathematically possible.
This bounded scale is an important consideration when investigating cancer survival
inequalities as the 0 to 1 scale also bounds the size of absolute inequalities. For
example, if a cancer has a high 5-year relative survival for the advantaged group of
0.95 (such as testicular cancer) the size of the absolute gap between two groups is
bounded by the upper limit of the scale. If the least advantaged group had better
survival, the absolute gap would be a maximum of 0.05 such that the least advantaged
group 5-year relative survival value was 1.00. For a poor prognosis cancer such as
pancreatic cancer, if 5-year relative survival for the most advantaged group was 0.05
and the least advantaged group had poorer survival, then the gap could only be a
maximum of -0.05, such that 5-year relative survival in the least advantaged group was
0.00. The bounded relative survival scale creates lower and upper limits for the relative
survival values and also limits the possible values of the absolute gap between two
groups.
Cancer survival can alternatively be measured as an excess mortality rate where
survival is interpreted as being an instantaneous hazard, expressed per unit of time. An
advantage of measuring cancer survival on the excess mortality rate scale is that
values are not bounded between 0 and 1.
Table 1 presents the average annual excess mortality rates for the good, moderate and
poor prognosis cancer 5-year relative survival values presented above. These rates
were calculated using the formula, Average annual excess mortality rate = -ln(5-year
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relative survival)/5. For these data, the excess mortality rate difference (EMRD) and the
excess mortality rate ratio (EMRR, where 1 is the null) were calculated. Focusing on
the poor prognosis cancer, the average annual excess mortality rate for the most and
least advantaged groups in 1990 was 0.461 and 0.599 respectively. The absolute gap
in 1990 for this poor prognosis cancer was 0.139 with a corresponding relative gap of
1.301, interpreted as the least advantaged group having 30% greater excess mortality
compared to the most advantaged group. In 2000, the absolute and relative gaps both
narrowed such that the EMRD was 0.117 and the EMRR was 1.281. This change over
time in social group inequalities in this poor prognosis cancer is notably different from
the absolute and relative differences in 5-year relative survival shown above where the
absolute gaps increased but the relative gaps narrowed over time.
In this thesis, I have initially measured absolute gaps between ethnic and income
groups in 5-year relative survival. To overcome the limitations of the bounded relative
survival scale, I have also measured relative ethnic and income group gaps in excess
mortality rates up to 5 years since diagnosis.
Despite the importance of these underlying principles, little has been published in
cancer survival literature on the different interpretation of absolute and relative effect
measures calculated on the relative survival and excess mortality rate scales. Focusing
on the three primary questions in this study, this chapter presents simulated data
developed for this thesis to assess trends in cancer survival for the most and least
advantaged groups where absolute and relative differences in relative survival and
excess mortality were measured.
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Table 1:

Absolute and relative differences in 5-year relative survival and average annual excess mortality rates for cancers with good,
moderate and poor prognosis, 1990 and 2000
Most
advantaged
group

5-year relative survival
Good prognosis
0.840
cancer
Moderate prognosis
0.550
cancer
Poor prognosis
0.100
cancer
Average annual excess mortality rate
Good prognosis
cancer
Moderate prognosis
cancer
Poor prognosis
cancer

Least
advantaged
group

1990
Absolute gap

Relative gap

Most
advantaged
group

Least
advantaged
group

2000
Absolute gap

Relative gap

0.800

-0.040

0.95

0.870

0.825

-0.045

0.95

0.470

-0.080

0.85

0.580

0.540

-0.04

0.93

0.050

-0.050

0.50

0.124

0.069

-0.055

0.56

0.035

0.045

0.010

1.280

0.028

0.038

0.011

1.281

0.120

0.151

0.031

1.263

0.109

0.123

0.014

1.131

0.461

0.599

0.139

1.301

0.417

0.535

0.117

1.281
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Methods
Data
A simulated dataset was constructed for this thesis containing estimates of 5-year
relative survival and the average annual excess mortality rate for the most and least
socially advantaged groups diagnosed with breast, colorectal and lung cancer from
1990 to 2030.
This simulated dataset was constructed by: (a) setting 5-year relative survival for the
most advantaged group in 1990 for breast, colorectal and lung cancer, and converting
these values to their equivalent excess mortality rate five-years after diagnosis; (b)
setting the reduction per decade in excess mortality for the most advantaged group for
each cancer site; and (c) setting the inequality between the least and most advantaged
groups to be constant over time, with the estimates calculated for the two different
scenarios of the absolute or the relative inequality in excess mortality rate remaining
constant over time; (d) calculating excess mortality for the least and most advantaged
groups from 1990 to 2030 constrained by the site-specific reductions in excess
mortality for the most advantaged group, and by the inequality between the least and
most advantaged groups remaining constant over time; and (e) to assist with
presentation of findings, converting all values to 5-year relative survival and average
annual excess mortality rates.
It is important to state that these are simulated data, specifically the reductions per
decade in the excess mortality rate for the most advantaged group. However, these
data provide a useful starting point for discussing the effect of absolute and relative
measurement on the relative survival and excess mortality rate scales when
interpreting changes over time in cancer survival inequalities.
A. 5-year relative survival and excess mortality, 1990
Five-year relative survival for the most socially advantaged group in 1990 was set at
0.80 for breast cancer, 0.55 for colorectal cancer, and 0.15 for lung cancer. The
equivalent excess mortality rates five-years following diagnosis were also calculated for
each cancer site using the formula –ln(5-year relative survival). The excess mortality
rate (EMR) values were 0.223 for breast cancer, 0.596 for colorectal cancer, and 1.897
for lung cancer. These excess mortality values could also be divided by 5 representing
the average annual excess mortality rate for each cancer site, 0.045, 0.120, and 0.379
respectively.
B. Reductions in excess mortality for the most advantaged group
For each cancer site, a percentage change per decade in excess mortality for the most
advantaged group was set, based on likely site-specific advances in cancer treatment
over time. The following percentages were used: (i) a 30% decrease in excess
mortality per decade for breast cancer resulting, for instance, from the introduction of
new chemotherapeutic agents and surgical practices leading to large survival benefits
to women diagnosed with breast cancer over time; (ii) a 20% decrease in excess
mortality per decade for colorectal cancer due to, for instance, the introduction of new
chemotherapeutic agents for the treatment of colon cancer and continued improvement
of surgical practices for the management of rectal cancer leading to moderate survival
benefits to people diagnosed with colorectal cancer over time; and (iii) a 10% decrease
in excess mortality per decade for lung cancer resulting, for instance, from incremental
advances in surgery, chemotherapy, and radiotherapy leading to small survival benefits
to people diagnosed with lung cancer over time. These estimated reductions in excess
mortality enabled the calculation of the EMR for the most advantaged group for each
decade.
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C. Inequality between groups remaining constant over time
Values for representing the absolute or relative inequality in excess mortality between
the least and most advantaged group were set for each cancer in 1990.
Based on the ethnic EMRRs shown in Chapters 6 and 7 of this thesis, the relative
inequality (the excess mortality rate ratio (EMRR)) was fixed at 1.40 for breast cancer,
1.30 for colorectal cancer, and 1.20 for lung cancer. Simulated data were also
assembled such that the absolute inequality in excess mortality (the excess mortality
rate difference (EMRD)) was fixed at 0.090 for breast cancer, 0.211 for colorectal
cancer, and 0.383 for lung cancer.
D. Excess mortality reductions over time
It was then possible to estimate values in excess mortality for the most and least
advantaged group for each decade from 1990 to 2030, using combinations of the set
values noted above, specifically the reduction in the excess mortality for the most
advantaged group and the inequality between groups over time.
Using breast cancer as an example, the simulated excess mortality values changed
over time such that excess mortality was 0.223 in 1990 and reduced by 30% per
decade. Excess mortality for the least advantaged group also decreased over time, but
at a slower rate such that the relative difference in excess mortality (the EMRR)
between the least and most advantaged groups was constant over time at 1.40 (a 40%
relative difference between groups).
Using colorectal cancer as an example, the simulated excess mortality values changed
over time such that excess mortality was 0.693 in 1990 and reduced by 20% per
decade. Excess mortality for the least advantaged group also decreased over time, but
at a slower rate such that the absolute inequality in excess mortality (the EMRD)
between the least and most advantaged groups was constant over time at 0.211.
E. 5-year relative survival and the average annual excess mortality rates
Values for excess mortality five-years following a diagnosis were now estimated for the
most and least advantaged groups in each decade from 1990 to 2030, with these
values being able to be converted back to the relative survival scale. Five-year relative
survival for both the most and least socially advantaged groups in each decade were
then calculated using the formula –exp(EMR five-years following cancer diagnosis). For
the purposes of presentation of results, the excess mortality rates five-years following a
diagnosis were converted to an average annual excess mortality rate by dividing the
excess mortality rates by 5. The results presented below focus on the 5-year relative
survival and average annual excess mortality rate data.

Analyses
Using each 5-year relative survival and average annual excess mortality rate modelled
estimate constructed using the methods above, it was possible to calculate absolute
and relative effect measures to assess trends and inequalities in cancer survival.
Specifically, four effect measures were calculated (Table 2):
•
•
•
•

the relative survival ratio difference (RSRD), where 0.00 is the null;
the ratio of two relative survival ratios (RSRR), where 1.00 is the null;
the excess mortality rate difference (EMRD), where 0.00 is the null; and
the excess mortality rate ratio (EMRR), where 1.00 is the null.
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Notably, and as will be shown in the results below, similar findings on trends and
inequalities were evident from the RSRR and EMRD estimates.
These four effect measures were used to assess: 1) trends in cancer survival by social
group; 2) social group inequalities in cancer survival; and 3) trends in social group
inequalities in cancer survival. For trends in cancer survival inequalities, the ratio
change per decade in the EMRR was calculated using the formula Ratio changeEMRR =
EMRR2000/EMRR1990. The absolute change in the RSRD and the EMRD was also
calculated to assess trends in cancer survival inequalities measured in absolute terms
using the formula Absolute changeRSRD/EMRD = RSRD/ EMRD2000 – RSRD/EMRD1990.
Table 2:

Scale

Absolute and relative effect measures for investigating cancer survival
trends and inequalities

(Relative) survival scale
(Excess) mortality rate
scale

Effect measure
Absolute
Relative survival ratio
difference (RSRD)
Excess mortality rate
difference (EMRD)
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Ratio of (two) relative
survival ratios (RSRR)
Excess mortality rate
ratio (EMRR)
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Results
Cancer survival for the most and least advantaged group, 1990-2030
Figures 3 and 4 plot the modelled 5-year relative survival and the average annual
excess mortality rates for the most and least advantaged groups with breast, colorectal
and lung cancer from 1990 to 2030, under the assumptions that the EMRR was
constant over time or that the EMRD was held constant over time. From Figures 3 and
4, it can be concluded that cancer survival improved over time for the most and least
disadvantaged groups with breast, colorectal and lung, but with variation by social
group in the magnitude of change over time.
Figure 5 plots the changes over time, 1990 to 2030, in cancer survival inequalities
between the most and least advantaged group for breast, colorectal and lung cancer,
measured as absolute and relative differences on the relative survival and excess
mortality rate scales, under the assumptions that either the EMRR or the EMRD was
held constant over time.
For 5-year relative survival when the EMRR was held constant (the solid line), breast
cancer and colorectal survival for the least advantaged group increased over time such
that the absolute difference between social groups narrowed over time, but with an
apparent widening over time in the absolute difference between groups for lung cancer.
The relative difference between social groups also narrowed for breast and colorectal
cancers with the relative difference also narrowing for lung cancer, with this change
over time been different in direction from changes over time in the absolute gap.
For 5-year relative survival when the EMRD was held constant (the dotted line), breast,
colorectal and lung cancer survival was improving over time at a faster rate for the
most advantaged group compared to the least advantaged group such that there was a
widening over time in the absolute difference between groups. Notably, under the
scenario when the EMRD was held constant, the relative gap between groups also
remained constant over time.
For the average annual excess mortality rate when the EMRR was held constant (the
solid line), excess mortality rates declined over time such that there was a decrease
over time in the absolute difference between the least and most advantaged groups in
excess mortality rates. By necessity, the relative difference between groups remained
constant over time.
For the average annual excess mortality rate when the EMRD was held constant (the
dotted line), excess mortality rates declined faster over time for the most advantaged
group such that there was an increase over time in the relative difference between the
least and most advantaged groups in excess mortality rates. By necessity, the absolute
difference between groups remained constant over time.
These results provide an overall impression of the changes over time in cancer survival
for the most and least advantaged group. A more precise understanding can be
ascertained by measuring the change per decade in cancer survival trends and
inequalities. The following section focuses on change per decade in cancer survival for
the most and least advantaged groups, the average over time in the inequality between
groups, and the change per decade in social group inequalities. The change from 1990
to 2000 was selected as an example of these calculations.
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Figure 3: Simulated changes over time in breast, colorectal and lung cancer 5-year
relative survival for the most advantaged group (solid line) and the least
advantaged group (dotted line), 1990 to 2030, where the EMRR or the
EMRD between groups was held constant
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Figure 4: Simulated changes over time in breast, colorectal and lung cancer average
annual excess mortality rates for the most advantaged group (solid line)
and the least advantaged group (dotted line), 1990 to 2030, where the
EMRR or the EMRD between groups was held constant
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Figure 5:

Changes over time in social inequalities in breast, colorectal and lung
cancer survival using simulated data between 1990 and 2030, where the
EMRR and EMRD were held constant over time
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Social inequalities in cancer survival, averaged over time
As an indication of the average over time in social inequalities in cancer survival,
Figure 6 plots the difference between the least and most advantaged groups for breast,
colorectal and lung cancers in 2010, measured on the relative survival and excess
mortality rate scales where the EMRR or EMRD was held constant over time.
Absolute and relative differences in 5-year relative survival
There was no consistent pattern by cancer site in the magnitude of the absolute
inequality in 5-year relative survival, i.e. the RSRD, but the RSRD was greater than
-0.05 (a moderate inequality) for almost all estimates shown in Figure 6.
Relative inequalities in 5-year relative survival, where 1.00 is the null, suggest that the
inequality was modest for breast cancer (an RSRR of 0.92-0.96), moderate for
colorectal cancer (an RSRR of 0.81-0.89), and large for lung cancer (an RSRR of 0.680.73), with the magnitude of these inequalities been driven by the bounded 0 to 1
relative survival scale.
Absolute and relative differences in average annual excess mortality rates
Relative inequalities in the average annual excess mortality rates, where 1.00 is the
null, suggest that the inequality was large for breast cancer (an EMRR of 1.41-1.82),
moderate for colorectal cancer (an EMRR of 1.29-1.47) and for lung cancer (an EMRR
of 1.20-1.25).
The absolute differences in the average annual excess mortality rate were more
congruent with findings from the relative difference in 5-year relative survival, namely
the RSRR, with a large gap for lung cancer (an EMRD of 0.06-0.08), a moderate gap
for colorectal cancer (an EMRD of 0.03-0.04), and a more modest gap for breast
cancer (an EMRD of 0.01-0.02).

Trends in Cancer Survival by Ethnic and Socioeconomic Group

42

Figure 6:

Inequalities between the least and most advantaged groups in breast,
colorectal and lung cancer survival, 2010 (as an indication of the
average inequality over time), measured as absolute and relative
differences on the relative survival and excess mortality rate scales
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Changes over time in cancer survival by social group
Figure 7 plots the change per decade from 1990 to 2000 in breast, colorectal and lung
cancer survival for the most and least advantaged groups on the relative survival and
excess mortality rate scales.
Relative survival
Where the EMRR remained constant over time, cancer survival – measured as the
absolute difference in 5-year relative survival from 1990 to 2000 - improved at a similar
rate for the most and least advantaged groups with breast, colorectal and lung cancer
with the most advantaged group possibly experiencing faster improvements over time
in survival. There was little difference between groups in survival improvements over
time when considering the relative difference in 5-year relative survival over time.
Where the EMRD remained constant over time, the least advantaged group
experienced greater improvements in survival than the most advantaged group for
breast and colorectal cancers, regardless of whether these changes were measured as
an absolute or relative difference over time. For lung cancer, cancer survival improved
faster over time for the least advantaged group when measured as the relative
difference over time, with the most advantaged group having greater survival
improvement when measured as an absolute change.
Excess mortality
Where the EMRR remained constant over time, cancer survival – when measured as
the absolute change per decade in excess mortality – improved at a similar rate for the
most and least advantaged groups with breast, colorectal and lung cancer. However
when measured as the relative change per decade in excess mortality, the most
advantaged group experienced a faster reduction over time in excess mortality. For
instance, the breast cancer EMRR for the most advantaged group was 0.69 (a 31%
reduction per decade in excess mortality) compared to the EMRR of 0.78 for the least
advantaged group (a 22% reduction per decade in excess mortality).
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Figure 7:

Changes over time in cancer survival in the most and least advantaged
groups comparing people diagnosed in 2000 to people diagnosed in
1990, measured on the relative survival and excess mortality rate scales
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Change over time in social inequalities in cancer survival
Figure 8 plots the change over time from 1990 to 2000 in social inequalities in breast,
colorectal and lung cancer survival, measured as: (a) the ratio change in the EMRR,
i.e. the change per decade in the relative difference between groups in the average
annual excess mortality rates; (b) the absolute change per decade in the absolute gap
in the average annual excess mortality rate (the per decade change in the EMRD); and
(c) the absolute change per decade in the absolute gap in 5-year relative survival (the
per decade change in the RSRD). Given that the RSRR was congruent with the EMRD,
as noted above, the change per decade in the RSRR was not plotted.
There was evidence of narrowing social inequalities in breast and colorectal cancer
survival, where the EMRR was held constant over time. For lung cancer, the change
per decade in the EMRD and the RSRD were incongruent, with absolute gap in 5-year
relative survival decreasing but the absolute gap in the average annual excess
mortality rate increasing.
There was also evidence for widening social inequalities in breast, colorectal and lung
cancer survival, where the EMRD was held constant over time. Cancer survival
improved faster over time in all three cancer sites for the most advantaged group. For
example when the breast cancer EMRD was held constant over time at 0.018, the ratio
change per decade in the breast cancer EMRR was 1.12, an estimate of a 12%
increase every 10 years in the EMRR comparing the least and most disadvantaged
groups. The absolute gap between the least and most advantaged groups also
increased from 1990 to 2000 (0.005). The ratio change per decade in the EMRR
comparing the least to the most advantaged group was 1.06 for colorectal cancer (an
increase of 6% every 10 years in the relative inequality) and 1.02 for lung cancer (an
increase of 2% every 10 years in the relative inequality), with absolute gaps in 5-year
relative survival also increasing (0.014 for colorectal cancer and 0.01 for lung cancer).
While these are simulated data, Figure 8 - and its interpretation - highlights that it is
possible to simultaneously assess trends in cancer survival inequalities using absolute
and relative measures on the relative survival and excess mortality rate scales. It
should not be conceptually or mathematically expected that the same trends in cancer
survival inequalities would be seen. However for the data presented here, trends in
social inequalities in cancer survival changed in a congruent manner across effect
measures, with only lung cancer showing a different pattern.
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Figure 8:

Changes over time in social inequalities in cancer survival comparing
people diagnosed in 2000 to people diagnosed in 1990, measured on
the relative survival and excess mortality rate scales
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Conclusion
Little has been published in cancer survival literature on the different interpretations of
absolute and relative effect measures when calculated on the relative survival and
excess mortality rate scales. This chapter has presented simulated data and analyses
that show the importance of considering both absolute and relative effect measures
when estimating trends and inequalities in cancer survival.
Relative differences in cancer survival inequalities calculated on the survival scale
highlighted the impact of relative survival being bound between 0.00 and 1.00. Relative
and absolute inequalities were similar when the relative survival estimates were closer
to 1.00, but with different interpretations possible when relative survival estimates were
closer to 0.00 such as for lung cancer. Notably, similar interpretations could be made
about inequalities in cancer survival from the relative difference in relative survival
(RSRR) and the absolute difference in excess mortality (EMRR), a consequence of the
mathematical relationship between these two measures. Detailed consideration of this
issue is out of scope of this thesis but is of substantive interest in its own right.
Trends in cancer survival by social group were estimated using absolute and relative
effect measures. The data presented in this chapter showed that different
interpretations were made about the change over time in excess mortality for the most
and least advantaged groups using absolute and relative measures. For example for
breast cancer, there was little difference between groups as an absolute difference
over time but the most advantaged group experienced faster reductions over time in
excess mortality when measured as the relative change over time in excess mortality.
Although conceptually and mathematically different, this chapter has also shown that it
is possible to investigate changes over time in social group inequalities in cancer
survival when measured as absolute or relative differences on both the relative survival
and excess mortality rate scales. This concept is further developed in Chapters 6 and 7
to assess trends in ethnic and socioeconomic inequalities in cancer survival in New
Zealand, 1991-2004.
In this thesis I have, to the extent possible, presented the evidence for trends in cancer
survival by ethnic and socioeconomic group separately for relative survival and excess
mortality rate data allowing readers to consider and interpret the findings on both these
measurement scales.
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Chapter 3: Non-comparability bias when
estimating cancer survival trends and
inequalities
Introduction
An important assumption in relative survival and excess mortality analyses is that
people who develop cancer have the same survival and mortality as people without
cancer. Survival and mortality rate data for the cancer population are most often drawn
from population-based cancer registration data that has been individually linked to
mortality records. Data on survival and mortality rates in the non-cancer population are
most commonly derived from total population mortality life tables. Relative survival is
the ratio of the survival rates in the cancer and non-cancer populations.
A disadvantage of relative survival and excess mortality analyses is that it has to be
assumed that (non-cancer) survival and mortality data in the cancer and non-cancer
populations are comparable. This disadvantage also applies in sub-group analyses
where the non-comparability bias applies more in one subgroup compared with
another. In New Zealand for example, Māori diagnosed with cancer are known to have
poorer cancer survival compared to the non-Māori group with cancer. However, it is
also known that overall mortality rates in the population vary by ethnic group, such that
Māori have greater mortality rates compared to non-Māori for all other non-cancer
causes of death. If total (rather than ethnic-specific) population mortality rates were
used to estimate relative survival for each ethnic group, then bias will be introduced in
those estimates in that Māori relative survival rates will tend to be underestimated. This
type of bias is referred to as ‘non-comparability bias’.(5)
The primary approach to minimising the impact of non-comparability bias in relative
survival and excess mortality studies investigating comparisons of survival between
sub-population groups is to use sub-population group life tables, where variations
between the sub-population groups in non-cancer mortality rates are accounted for.
For example, consider a study that aimed to quantify the best estimate of the difference
between Māori and non-Māori groups in 5-year relative survival for breast cancer.
Table 3 presents example cancer survival data where total population mortality data
were used to calculate the ethnic gap in 5-year relative survival between Māori and
non-Māori. In this scenario, Māori had a 5-year relative survival of 0.72 and non-Māori
had a 5-year relative survival of 0.78, a gap of -0.06 between ethnic groups with Māori
having poorer survival compared to non-Māori.
However, Table 4 presents example data where ethnic-specific life table data were
used to calculate the same 5-year relative survival estimates by ethnic group, i.e. the
impact of non-comparability bias was minimised. Five-year relative survival for nonMāori was still 0.78, but with Māori 5-year relative survival changing to 0.74, i.e. the
total population mortality rate under-estimated the ‘true’ 5-year relative survival for
Maori. The best estimate of the absolute difference between ethnic groups in 5-year
relative survival was then -0.04, rather than the -0.06 seen when total population life
table data were used. In this example, the use of total population life table overestimated the ‘true’ size of the ethnic gap in 5-year relative survival.
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Table 3:

Example of biased 5-year relative survival estimates where general
population life table data have been used

Ethnic group
Māori
Non-Maori

Table 4:

Survival in the
non-cancer
population
0.93
0.93

5-year relative
survival
0.78
0.72

Biased gap in 5year relative
survival
-0.06

Example of biased 5-year relative survival estimates where total population
life table data have been used

Ethnic group
Māori
Non-Maori

Survival in the
cancer
population
0.73
0.67

Survival in the
cancer
population
0.73
0.67

Survival in the
non-cancer
population
0.94
0.91

5-year relative
survival
0.78
0.74

Best estimate of
the gap in 5-year
relative survival
-0.04

This thesis focused on estimating ethnic and socioeconomic inequalities in cancer
survival and investigating whether there was any change over time in those cancer
survival inequalities. Based on evidence published by Sarfati et al. (2010) (5), I
considered it important to minimise the potential of non-comparability bias in estimating
ethnic and socioeconomic inequalities in cancer survival by using ethnic- and incomespecific life tables. Such an approach is also supported by other studies that
investigated how relative survival and excess mortality rate estimates in sub-group
analyses can be biased if total population life table data are used.(43-45)
To my knowledge however, there is little published about the impact of noncomparability bias for investigating trends in cancer survival by social group and
changes over time in social group inequalities measured as absolute and relative
differences on the relative survival and excess mortality scale. As a result, I created a
simulated dataset for breast, colorectal and lung cancer survival for the most and least
advantaged groups – measured on both the relative survival and excess mortality
scales – where cancer survival could be calculated using total population life table data
(leading to biased estimates) or social group-specific life table data (best estimates
where the impact of non-comparability biased with minimised).
This chapter presents the methods and results of the sensitivity analyses to investigate
the impact of non-comparability bias on social group inequalities in cancer survival,
trends in cancer survival for each social group, and changes over time in social group
inequalities in cancer survival.
Both for brevity and to assist with interpretation of the main results presented in this
thesis, this chapter focuses on the absolute difference in relative survival (the RSRD)
and the relative difference in excess mortality (EMRR).
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Methods
Data
A simulated dataset, different from that presented in Chapter 2, was constructed for
this thesis containing estimates of 5-year relative survival and the average annual
excess mortality rates for the most and least socially advantaged groups diagnosed
with breast, colorectal and lung cancer from 1990 to 2030. For each relative survival
and excess mortality rate value, data were calculated using total population life tables
(biased estimate) and, more correctly, social group-specific life tables (best estimate).
Absolute and relative effect measures on the relative survival and excess mortality rate
scales were then calculated, with the differences calculated comparing the effect
measures from biased and best estimate data.
The simulated dataset for breast, colorectal and lung cancers was constructed by:
a) setting survival values for relative survival and expected survival for the most
and least advantaged groups, calculating observed survival values for the most
and least advantaged groups, and then approximating the average annual
excess mortality rate for each type of survival value;
b) setting the per decade reductions in excess mortality following a cancer
diagnosis and the per-decade reductions in background mortality rates;
c) setting the year-to-year ratio change in excess mortality and background
mortality rates; and
d) constructing relative survival and excess mortality values for combinations of
decade and social group using expected survival and mortality values for the
total population or the relevant social group.
Results were obtained by:
a) calculating the percentage bias in the 5-year relative survival and excess
mortality rates derived from total population and social group-specific life tables;
b) calculating absolute and relative effect measures for each cancer site to assess
social group inequalities, changes over time in cancer survival for each social
group, and changes over time in social group inequalities in cancer survival;
and
c) calculating the percentage difference between the effect measures derived from
total population and social group-specific life table data.
A. Relative, observed and expected survival values and equivalent mortality
rates
Five-year relative survival values for the most and least advantaged groups were set
according to the parameters in Table 5. Expected survival values were also set such
that 85% of the population was in the most advantaged group and 15% of the
population was in the least advantaged group, similar to the non-Māori and Māori
distribution in New Zealand (Table 6). Other combinations of a population’s distribution
were possible, for example socioeconomic groups are commonly grouped into fairly
evenly quintile groups. However, it was considered that the 85% and 15% population
composition was useful for interpreting the ethnic inequality results in this thesis.
Observed survival values were calculated by multiplying relative survival and expected
survival values for the most and least advantaged groups respectively (Table 7). All
values were then converted to their equivalent mortality rates using the formula
-ln(survival value)/5 (Tables 8 and 9).
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Table 5:

Set 5-year relative survival values for breast, colorectal and lung cancer,
1990, for the purpose of constructing a simulated dataset

Breast cancer
Colorectal cancer
Lung cancer

Table 6:

5-year relative survival for the
most advantaged group
0.75
0.50
0.10

5-year relative survival for the
least advantaged group
0.70
0.40
0.05

Set expected survival values, 1990, for the most and least advantaged
group and for the total population for the purpose of constructing a
simulated dataset
Expected survival

Most advantaged group *
Least advantaged group
Total population

Table 7:

0.930
0.865
0.920

Modelled observed survival values for breast, colorectal and lung cancer,
1990, for the purpose of constructing a simulated dataset

Breast cancer
Colorectal cancer
Lung cancer

Observed survival for the
most advantaged group*
0.698
0.465
0.093

Observed survival for the
least advantaged group **
0.606
0.346
0.043

* Calculated by multiplying relative survival and expected survival in the most advantaged group. ** Calculated by multiplying relative
survival and expected survival in the least advantaged group.

Table 8:

Approximate average annual excess mortality and observed survival rates
for breast, colorectal and lung cancer, 1990, for the purpose of constructing
a simulated dataset

Breast cancer
Colorectal cancer
Lung cancer

Table 9:

Average annual
excess mortality rate
Most
Least
advantaged
advantaged
group
group
0.058
0.071
0.139
0.183
0.461
0.599

Average annual observed
mortality rate
Most
Least
advantaged
advantaged
group
group
0.072
0.100
0.153
0.212
0.475
0.629

Approximate (background) mortality rates, 1990, for the purpose of
constructing a simulated dataset
Expected survival

Most advantaged group *
Least advantaged group
Total population
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B. Per decade reductions in cancer excess mortality and background mortality
rates
The percentage reductions per decade in excess mortality rates in the breast,
colorectal and lung cancer populations and in background mortality rates in the total
population were then set (Table 10).
Table 10: Estimated per decade percentage reductions in cancer and background
mortality rates
Breast cancer excess mortality rates
Colorectal excess mortality rates
Lung cancer excess mortality rates
Background mortality rates

Percentage reductions per decade in mortality rate
30.0%
20.0%
10.0%
18.3%

C. Annual ratio change in cancer excess mortality and background mortality
rates
The year-to-year relative reductions in cancer and background mortality rates were
then set (Table 11). For example, if the excess mortality rate for the most advantaged
group with breast cancer was 0.058 in 1990, then the excess mortality rate could be
calculated by multiplying the excess mortality rate in 1990 by the annual ratio change in
breast cancer excess morality (0.056 = 0.058 x 0.965).
It was then possible to calculate the modelled annual ratio change in the observed
cancer mortality rate for the most and least advantaged groups by multiplying the
annual ratio change in the cancer population with the corresponding annual ratio
change in the non-cancer population.
For instance the modelled annual ratio change for observed mortality in the most
advantaged breast cancer group was calculated using the formula
𝐴𝑛𝑛𝑢𝑎𝑙 𝑟𝑎𝑡𝑖𝑜 𝑐ℎ𝑎𝑛𝑔𝑒 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑒,𝑚𝑜𝑠𝑡 𝑎𝑑𝑣𝑎𝑛𝑡𝑎𝑔𝑒𝑑 𝑔𝑟𝑜𝑢𝑝 =
𝐴𝑛𝑛𝑢𝑎𝑙 𝑟𝑎𝑡𝑖𝑜 𝑐ℎ𝑎𝑛𝑔𝑒 𝐸𝑥𝑐𝑒𝑠𝑠 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑒,𝑚𝑜𝑠𝑡 𝑎𝑑𝑣𝑎𝑛𝑡𝑎𝑔𝑒𝑑 𝑔𝑟𝑜𝑢𝑝 × 𝐴𝑛𝑛𝑢𝑎𝑙 𝑟𝑎𝑡𝑖𝑜 𝑐ℎ𝑎𝑛𝑔𝑒 𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑒
𝑜𝑟 0.946 = 0.965 × 0.980

where, using the values in Table 11, 0.965 is the annual ratio change in the breast
cancer mortality rate for the most advantaged group, 0.980 is the annual ratio change
in the background mortality rate, and 0.946 is the annual ratio change in the breast
cancer observed mortality for the most advantaged group.
Table 11: Annual ratio change in cancer excess mortality and background mortality
rates

Breast cancer excess mortality rates
Colorectal excess mortality rates
Lung cancer excess mortality rates
Background mortality rates

Annual ratio change in excess and background
mortality rates
0.965
0.978
0.990
0.980

Trends in Cancer Survival by Ethnic and Socioeconomic Group

53

D. Construction of simulated dataset
Using all these value parameters, all possible combinations of values for cancer
(breast, colorectal, lung), calendar period (1990, 2000, 2010, 2020, 2030),
measurement scale (relative survival and excess mortality), social group (most and
least advantaged) and expected survival and mortality (total population, most
advantaged, least advantaged) were then calculated.
First, all combinations of the excess mortality, observed mortality, and expected
mortality rates were calculated. The per decade change for each mortality rate value
was calculated as the mortality rate in the base decade, e.g. the excess mortality rate
in 1990, multiplied by the set annual ratio change in the excess mortality rate
exponentiated by 10 representing the per decade annual ratio change in the excess
mortality rate. For example, the annual average excess mortality rate in 2000 was
calculated using the formula
EMR2000 = EMR1990 x (Annual ratio change in excess mortalityLung cancer10)
or 0.414 = 0.461 x 0.9910.
where 0.461 is the excess mortality rate in 1990, 0.99 is the annual ratio change for the
lung cancer excess mortality rate, and 0.414 is the excess mortality rate in 2000.
All mortality rate values were then converted to their equivalent survival values using
the formula 5-year relative survival2000 = exp(EMR2000 x 5), or for example, 0.126 =
exp(0.414*5).
All relative survival and excess mortality rate values were calculated using total
population background mortality data (biased estimates) and social group-specific
background mortality data (best estimates).
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Analyses
It was possible to calculate absolute and relative effect measures to assess trends and
inequalities in cancer survival using biased and unbiased 5-year relative survival and
average annual excess mortality rates estimated using the methods described above.
Specifically, four effect measures were calculated (see Tables 1 and 2, Chapter 2): the
relative survival ratio difference (RSRD), where 0.00 is the null; the ratio of two relative
survival ratios (RSRR), where 1.00 is the null; the excess mortality rate difference
(EMRD), where 0.00 is the null; and the excess mortality rate ratio (EMRR), where 1.00
is the null. Key findings using the RSRD and EMRR are shown in this Chapter.

Percentage bias
The primary interest of the sensitivity analyses in this chapter was to assess the
direction and magnitude of non-comparability bias for breast, colorectal and lung
cancer survival when measured as 5-year relative survival and as average annual
excess mortality.
The formula to calculate the percentage bias for the RSRD and EMRD values was:
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑏𝑖𝑎𝑠 =

(𝑅𝑆𝑅 𝑜𝑟 𝐸𝑀𝑅 𝑏𝑖𝑎𝑠𝑒𝑑 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 )
(𝑅𝑆𝑅 𝑜𝑟 𝐸𝑀𝑅 𝑏𝑒𝑠𝑡 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 )

− 100%

For example, if the RSR using total population life tables was 0.60 and then RSR using
social group-specific life tables was 0.55, then the percentage bias was 9% =
(0.60/0.55) – 100%, or that the biased RSR over-estimated the ‘true’ survival by 9%.
All other results shown in this Chapter are for the percentage differences, rather than
percentage bias, comparing values calculated from total population compared to social
group-specific life tables.
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Results
The magnitude of non-comparability bias in the estimation of trends in cancer survival
by socioeconomic group was assessed separately for relative survival and excess
mortality. The results are discussed below.

Non-comparability bias in 5-year relative survival and average annual
excess mortality rates for the most and least advantaged groups
An important consideration in the measurement of social group inequalities in cancer
survival is that best estimates are determined in cancer survival values for each social
group.
In this simulation study, best estimates were determined by calculating 5-year relative
survival and excess mortality using social group-specific life table data. The best
estimates were compared with the biased values calculated from total population life
table data, with this difference measured as a percentage bias. The percentage bias
was measured comparing the best estimate values with the biased data. In this case,
percentage bias provides information about whether the use of total population life
table data resulted in an over- or under-estimation of relative survival and excess
mortality, and by how much. As an example, if the best estimate of 5-year relative
survival was 0.50 and the biased estimate was 0.52, then the percentage bias would
be calculated as 4% = (0.52/0.50)-100%, or there was a 4% over-estimation of 5-year
relative survival using total population compared to social group-specific life table data.
This section first presents the relative survival and excess mortality values from the
simulated data. The direction and magnitude of non-comparability bias is then shown
for relative survival, excess mortality and the patterns for both relative survival and
excess mortality rate.
Five-year relative survival for the most and least advantaged groups
Five-year relative survival was estimated for breast, colorectal and lung cancers for
each decade from 1990 to 2003 for the most and least advantaged groups using the
methods described above (Table 12).
Average annual excess mortality rates for the most and least advantaged groups
Average annual excess mortality rates were estimated for breast, colorectal and lung
cancers for each decade from 1990 to 2003 for the most and least advantaged groups
(Table 13).
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Table 12: 5-year relative survival simulated values for the most and least advantaged
groups diagnosed with breast, colorectal and lung cancer, 1990-2030
Calendar period

Most advantaged
group (a)

Most advantaged
Least advantaged
Least advantaged
group (b)
group (a)
group (b)
Breast cancer
1990
0.758
0.750
0.658
0.700
2000
0.825
0.818
0.741
0.779
2010
0.875
0.869
0.806
0.840
2020
0.911
0.906
0.856
0.885
2030
0.938
0.933
0.893
0.918
Colorectal cancer
1990
0.505
0.500
0.376
0.400
2000
0.579
0.574
0.457
0.480
2010
0.646
0.642
0.534
0.556
2020
0.705
0.701
0.605
0.626
2030
0.756
0.753
0.668
0.687
Lung cancer
1990
0.101
0.100
0.047
0.050
2000
0.127
0.126
0.064
0.067
2010
0.156
0.155
0.085
0.088
2020
0.188
0.187
0.109
0.113
2030
0.222
0.221
0.136
0.140
(a) Estimating using total population mortality rates. (b) Estimated using social group-specific mortality rates.

Table 13: Average annual excess mortality rate simulated values for the most and
least advantaged groups diagnosed with breast, colorectal and lung cancer,
1990-2030
Calendar period

Most advantaged
group (a)

Most advantaged
Least advantaged
Least advantaged
group (b)
group (a)
group (b)
Breast cancer
1990
0.055
0.058
0.084
0.071
2000
0.039
0.040
0.060
0.050
2010
0.027
0.028
0.043
0.035
2020
0.019
0.020
0.031
0.024
2030
0.013
0.014
0.023
0.017
Colorectal cancer
1990
0.136
0.139
0.196
0.183
2000
0.109
0.111
0.157
0.147
2010
0.087
0.089
0.126
0.117
2020
0.070
0.071
0.101
0.094
2030
0.056
0.057
0.081
0.075
Lung cancer
1990
0.458
0.461
0.611
0.599
2000
0.413
0.414
0.549
0.539
2010
0.372
0.373
0.494
0.485
2020
0.335
0.336
0.444
0.437
2030
0.301
0.302
0.399
0.393
(a) Estimating using total population mortality rates. (b) Estimated using social group-specific mortality rates.
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Non-comparability bias in 5-year relative survival
Figure 9 plots 5-year relative survival for the most and least advantaged groups
calculated using total population and social group-specific life table data. Percentage
bias values are also presented.
There was little difference in the 5-year relative survival estimates for the most
advantaged group using total population or social group-specific life tables, with a
percentage bias of 1% from 1990 to 2020 and 0% in 2030. For example, breast cancer
5-year relative survival was 0.758 in 1990 using total population life table data and
0.750 in 1990 using social group-specific life table data, such that the total population
life table data over-estimated the ‘true’ estimate by 1%.
Relative survival estimates calculated from the total population life table estimates
under-estimated the ‘true’ 5-year relative survival for the least advantaged group, with a
percentage bias ranging between -6% and -3% from 1990 to 2030. For example, fiveyear relative survival for colorectal cancer in the least advantaged group was 0.376 in
1990 using total population life table data. However using the social group-specific life
table data, 5-year relative survival was 0.400, a percentage bias of -6%.
Non-comparability bias in average annual excess mortality rates
Figure 10 plots the average annual excess mortality rates for the most and least
advantaged groups calculated using total population and social group-specific life table
data. Percentage bias values are also presented.
Non-comparability bias was evident for breast cancer excess mortality in the most
advantaged group. Excess mortality values calculated using total population life table
data under-estimated the ‘true’ excess mortality for the least advantaged. This
difference was modest for breast cancer (a percentage bias of -7% to -5%) and more
minimal for colorectal cancer (a percentage bias of -2% to -1%), with little difference for
lung cancer (a percentage bias of -1% to 0%).
Non-comparability bias was also evident for estimates for excess mortality in the least
advantaged group diagnosed with breast and colorectal cancers, with excess mortality
being over-estimated. For breast cancer, average annual excess mortality rate values
calculated using total population data were between 18% and 35% greater from 1990
to 2030 compared to excess mortality rates measured using social group-specific life
tables.
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Figure 9:

Simulated 5-year relative survival estimates for the most and least
advantaged group, 1990-2030, estimated using (a) total population life
tables (black bars) and (b) social group-specific life tables (striped bars)
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Figure 10:

Estimates of the average annual excess mortality rates for the most and
least advantaged group diagnosed with breast, colorectal and lung
cancers, 1990-2030, based on simulated 5-year relative survival
calculated using (a) total population life tables (black bars) and (b) social
group-specific life tables (striped bars)
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Patterns in non-comparability bias across relative survival and excess mortality
estimates
Table 14 presents the percentage bias estimates for relative survival and excess
mortality for the most and least advantaged groups with breast, colorectal and lung
cancers.
Focusing on the most advantaged group, there was minimal impact of noncomparability bias in relative survival estimates for all three cancer sites and minimal
impact of non-comparability bias in excess mortality estimates for colorectal and lung
cancer. The average annual excess mortality rate estimate for the most advantaged
group with breast cancer calculated using total population mortality data was
moderately under-estimated compared to the best estimate.
For the least advantaged group, there was evidence for a moderate impact of noncomparability bias for relative survival with 5-year relative survival under-estimated
when values were calculated using total population life table data. There was a large
impact of non-comparability bias for breast cancer with an 18% to 35% over-estimation
of excess mortality when using the total population life table data. The impact was
more moderate for colorectal cancer, and minimal for lung cancer.
Table 14: Percentage bias in 5-year relative survival and average annual excess
mortality rates comparing values calculated using total population to social
group-specific life table data
Most advantaged group
Least advantaged group
5-year relative
Average annual
5-year relative
Average annual
survival
excess mortality
survival
excess mortality
rate
rate
Breast cancer
1% *
-5% to -7% **
-6% to -3% **
18% to 35% ^^^
Colorectal cancer
0% to 1% *
-2% to -1% *
-6% to -3% **
7% to 8% ^^
Lung cancer
0% to 1% *
-1% to 0% *
-6% to -3% **
2% ^
*
Little or no difference compared to the best estimates.
**
Moderate under-estimation compared to the best estimates.
^^^
Large over-estimation compared to the best estimates.
^^
Moderate under-estimation compared to the best estimates.
^
Little of no difference compared to the best estimates.

Non-comparability bias in calculating relative survival and excess mortality by social
group can lead to biased estimates in social group inequalities. The next section
considers this impact using the simulated data described above.
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Impact of non-comparability bias in measuring cancer survival
inequalities
Spurious conclusions about the size of cancer survival inequalities can be made if
biased estimates of relative survival or excess mortality for each social group are
calculated. This section looks at the impact of non-comparability bias in absolute gaps
in relative survival and relative inequalities in excess mortality for breast, colorectal and
lung cancer. Data from 2010 was chosen to represent an average, or mid-point, of the
cancer survival inequalities from 1990 to 2030. The impact of non-comparability bias is
assessed using percentage differences comparing estimates from the best estimates
(measured using social group-specific life tables) and biased estimates (calculated
using total population life table data).
Absolute differences in 5-year relative survival
Figure 11 plots the absolute difference in 5-year relative survival (the RSRD) between
the most and least advantaged groups in 2010, as an indication of the average
inequality over time. The RSRD was a negative value if the most advantaged group
had better survival compared to the least advantaged group.
In all cases, cancer survival inequalities were over-estimated when measured using the
total population life table data. The absolute inequalities in 5-year relative survival
calculated from total population mortality data were over-estimated by 58% for breast
cancer, 24% for colorectal cancer, and 6% for lung cancer. For example, the breast
cancer RSRD was -0.069 when total population life table data were used. However,
when the social group-specific life table data were used, the RSRD reduced to -0.029,
such that the RSRD was over-estimated by 58% when using the total population life
table.
Relative difference in excess mortality
Figure 11 also plots the relative difference in the average annual excess mortality rate
(the EMRR) between the most and least advantaged groups in 2010, as an indication
of the average inequality over time. If the EMRR was above unity (1.00), the most
advantaged group had better survival compared to the least advantaged group.
As with the relative survival data shown in Figure 11, inequalities between the least and
most advantaged groups were over-estimated when measured using total population
mortality data. The EMRRs calculated from total population mortality data were overestimated by 58% for breast cancer, 31% for colorectal cancer, and 9% for lung
cancer. For example, the colorectal cancer EMRR using total population life table data
was 1.45 and the best estimate using social group-specific life table data was 1.31, a
difference (accounting for 1.00 being unity) of 31%.
Implications of findings
These results are perhaps not unexpected given that evidence for the impact of noncomparability bias on relative survival inequalities has been previously published.(5,
43, 45)
However, the effect of non-comparability bias is less clear when assessing changes
over time in cancer survival for each social group and the changes over time in cancer
survival inequalities. The following section presents the results from the simulated data
developed for this thesis.
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Figure 11:

Social group inequalities in 5-year relative survival and average annual
excess mortality rates, 2010, calculated using (a) total population life
tables (black bars) and (b) social group-specific life tables (striped bars)
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Impact of non-comparability bias in measuring changes over time in
cancer survival for each social group
One explanation for how cancer survival inequalities can widen or narrow over time is if
one social group experiences faster access to advances in optimal cancer treatment
resulting in faster improvements in cancer survival over time for that group and
consequently widening or narrowing cancer survival inequalities occurs over that time
period (see the ‘inverse equity’ hypothesis described in Chapter 1). It is therefore
important to measure the change over time in cancer survival separately for each
social group to assess whether there is evidence of faster improvements over time for
one particular social group.
For the purposes of this Chapter, I have calculated the changes over time in cancer
survival from 1990 to 2000 measured as either the absolute change in relative survival
(RSRD) or as the relative change in excess mortality (EMRR). These calculations were
completed using both total population and social group-specific life tables to assess
whether there was any potential for non-comparability bias to impact on these
estimates.
The percentage difference reported in this section represents the difference between
the change over time in cancer survival using the total population life table data (a) and
the social group-specific life table data (b). For example, if RSRD using total population
life table data was 0.050 (a 0.05 increase in 5-year relative survival from 1990 to 2010)
and the RSRD using total population life table data was 0.048, then the total population
RSRD over-estimated the 5-year relative survival improvement by 4%.
Figure 12 plots the absolute change from 1990 to 2000 in 5-year relative survival for
the most and least advantaged groups with breast, colorectal and lung cancer, with the
percentage difference also reported.
There was little difference in the RSRD using total population compared to social
group-specific life table data for colorectal and lung cancers for either the most or least
advantaged groups, or for the most advantaged group with breast cancer. However,
there was a moderate over-estimation in the RSRD for the least advantaged group with
breast cancer, a percentage difference of 5%.
Figure 12 also plots the relative per-decade change in average annual excess mortality
rates in 2000 compared to 1990. These EMRRs were calculated for the most and least
advantaged groups with breast, colorectal and lung cancers.
Relative reductions in excess mortality rates for the most and least advantaged groups
were modestly under-estimated when total population life data were used, with
percentage differences of -7% and -4%. There was also a -4% percentage difference
for the most advantaged group with lung cancer, suggesting that EMRR was also
under-estimated for this group when total population life table data were used. There
was little difference in the EMRRs using total population or social group-specific life
tables for colorectal cancer and for the least advantaged group with lung cancer.
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Figure 12:

Per-decade changes in cancer survival for the most and least
advantaged groups, 1990 to 2000, measured using estimates from (a)
total population life table data and (b) social group-specific life table data
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Impact of non-comparability bias in measuring changes over time in
inequalities in cancer survival
An important question answered in this thesis was whether ethnic and socioeconomic
inequalities in cancer survival were widening or narrowing over time. The effect of noncomparability bias on estimating these changes over time in cancer survival
inequalities is not well understood, particularly on the impact on both absolute and
relative measures on the relative survival and excess mortality scales.
To assess the potential impact of non-comparability bias on trends in cancer survival
inequalities, I calculated the percentage difference in the inequality in 1990 to the
inequality in 2000, an approximation of the per-decade change in inequalities. For
example using the estimates from total population life table data, the EMRR for breast
cancer was 1.527 in 1990 and was 1.538 in 2000, a 2% per-decade increase in the
relative inequality in excess mortality (taking into account that unity had the value of
1.00).
Figure 13 plots the percentage changes in the RSRD from 1990 to 2000 for breast,
colorectal and lung cancers, using total population and social group-specific life table
data. If the percentage difference was negative then inequalities reduced over that
decade.
There was a moderate difference between the per-decade percentage reductions in the
breast cancer RSRD. When total population life table data were used, the RSRD
reduced from -0.100 in 1990 to -0.084 in 2000, a -16% reduction. However a -22%
reduction was calculated using the social group-specific life table data, i.e. the total
population life table data under-estimated the reduction in absolute inequalities in 5year relative survival for breast cancer.
There was little difference in the per-decade percentage changes for the colorectal and
lung cancer RSRDs when comparing the estimates based on the total population or
social group-specific life table. The colorectal cancer RSRD reduced by 5% to 6% from
1990 to 2000. The lung cancer RSRD increased by 17% and 18% from 1990, using the
total population and social group-specific life tables respectively.
Figure 13 also plots the EMRR comparing the least to the most advantaged groups for
breast, colorectal and lung cancers in 1990 and 2000, using total population and social
group-specific life table data. Any narrowing or widening of the EMRR from 1990 to
2000 was calculated as a percentage difference, with a negative value indicating a
reduction in relative inequalities in excess mortality per decade.
Focusing on breast cancer, the total population life table data under-estimated the
increase in relative inequalities in excess mortality. There was a 2% per-decade
widening of the relative inequality in breast cancer excess mortality when measured
using total population life table data. However, calculations from the social groupspecific life table suggest that the best estimate was a 12% increase per-decade in
relative inequalities in breast cancer excess mortality rates. Notably, the relative
inequalities – measured as an EMRR – were increasing over time while the absolute
inequality – measured as an RSRD – were narrowing over time, a function of scale
dependence as discussed in Chapter 2.
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From Figure 13, it was also concluded that there was minimal impact of noncomparability bias when measuring the per-decade percentage reductions in relative
inequalities in excess mortality for colorectal and lung cancers. The per-decade
percentage change in relative inequalities in excess mortality for colorectal cancer from
1990 to 2000 was 0% and 2% using total population and social group-specific life table
data respectively. The percentage difference from 1990 to 2000 in the EMRR was -1%
using total population life table data and 1% using social group-specific life table data.
The per-decade percentage reductions in colorectal and lung cancer survival
inequalities were similar, regardless of whether the per-decade changes were
calculated using the excess mortality data estimated from total population or social
group-specific life table data.
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Figure 13:

Per-decade percentage reductions, 1990 to 2000, in absolute and
relative inequalities in cancer survival comparing the least to the most
advantaged group using (a) total population life tables and (b) social
group-specific life tables
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Conclusion
This chapter, using simulated data for 5-year relative survival and average annual
excess mortality rates for the most and least advantaged group from 1990 to 2030,
investigated the impact of non-comparability bias when measuring trends and
inequalities in cancer survival.
Impact of non-comparability bias on 5-year relative survival and excess mortality
rate estimates for the most and least advantaged group.
There was little difference in 5-year relative survival values calculated from the total
population or social group-specific life table data for the most advantaged group (which
made up 85% of my hypothetical population), regardless of cancer site. For the least
advantaged group, 5-year relative survival for breast, colorectal and lung cancers was
under-estimated when total population life table data were used. There was a large
over-estimation of excess mortality for the least advantaged group with breast cancer
when the total population life tables were used, and moderate over-estimation for the
least advantaged group with colorectal cancer.
Impact of non-comparability bias on social group inequalities in cancer survival
For all three cancer sites, the absolute inequalities in 5-year relative survival comparing
the least advantaged group with the most advantaged group were over-estimated when
total population life table data were used, with the over-estimation being greater for
breast and colorectal than for lung cancers. Similarly, relative inequalities in the
average annual excess mortality rates were also over-estimated, again with breast and
colorectal cancer inequalities having a higher degree of over-estimation.
Impact of non-comparability bias on changes over time in cancer survival
For both the most and least advantaged groups, there was little evidence for noncomparability bias impacting on absolute or relative changes over time in colorectal
cancer survival. There was no impact of non-comparability bias in changes over time in
relative survival for lung cancer for the most and least advantaged groups and in
excess mortality for least advantaged groups. The absolute changes in 5-year relative
survival for the least advantaged group was moderately over-estimated (5%) using total
population life table data. The relative reductions in excess mortality for the most and
least advantaged groups were modestly under-estimated (-7% to -4%) using total
population life table data. Modest under-estimation (-4%) of the relative reductions in
excess mortality was also seen for the most advantaged group with lung cancer.
Impact of non-comparability bias on changes over time in cancer survival
inequalities
From these simulated data, the reduction in absolute inequalities in 5-year relative
survival for breast cancer was modestly under-estimated when total population life
tables were used. Conversely, the widening over of relative inequalities in average
annual excess mortality rates was under-estimated when total population life tables
were used. Non-comparability bias had little impact on changes over time in absolute
or relative inequalities in colorectal and lung cancer survival.
Implications for studies investigating trends in cancer survival by social group
An important assumption in relative survival and excess mortality rate analyses is the
population who develop cancer have the same mortality risk as the total population if
they had not developed cancer. However, this assumption does not hold when
mortality in the cancer or non-cancer population varies by social group and is not
accounted for in analyses, namely non-comparability bias.
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The simulated data presented in this Chapter show that non-comparability has greater
impact for cancers of a good and, to a lesser extent, moderate prognosis – for example
breast and colorectal cancers. Non-comparability bias is more likely to impact on
evidence for inequalities at a single point in time, and possibly changes over time in
cancer survival inequalities for cancers with good prognosis.
A key conclusion from these simulated data is that studies investigating differences
between social groups in relative survival or excess mortality should avoid noncomparability bias by using comparable data on mortality in the cancer and non-cancer
populations where possible. In this study, I have used ethnic- and income-specific life
tables in the relative survival and excess mortality rate analyses (detailed in Chapter 5).
It is important to note that these simulated data were created based on the assumption
that 85% of the population were in the most advantaged group and 15% of the
population were in the least advantaged group, a similar population distribution for nonMāori and Māori groups in New Zealand respectively. The results pertaining to noncomparability bias should be interpreted in that light. However, the methods and results
presented in this Chapter are also useful for interpreting non-comparability bias with
other population distributions.
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Chapter 4: Current evidence on ethnic and
socioeconomic trends in cancer survival, New
Zealand and selected other countries
Introduction
This study focused on three related research objectives. The focus of this chapter is to
review published data to assess the evidence for each of these three objectives,
including an assessment of the strengths and limitations of published evidence.
Ethnic and socioeconomic inequalities in cancer survival
There is strong evidence in New Zealand that there are ethnic and, to a lesser extent,
socioeconomic inequalities in cancer survival. The evidence for these cancer survival
inequalities has been presented in net cancer survival studies using both relative
survival and cause-specific survival methods. These ethnic and socioeconomic
inequalities are the focus of the first section of this chapter.
Ethnic disparities in cause-specific survival in New Zealand have been reported for
people with female breast, cervical, colon, colorectal, lung, and prostate cancers (see
for instance (46-52)). A possible explanation for these ethnic disparities in survival
following a cancer diagnosis is that Māori have later stage at diagnosis compared to
non-Māori. However, this is difficult to accurately determine in countries such as New
Zealand (and elsewhere) where data on stage at diagnosis for people diagnosed with
cancer is extremely limited and often missing. Several recent studies have suggested
that differential stage at diagnosis may make less of a contribution to ethnic disparities
in cancer survival than previously thought.(48, 53-55) In addition, ethnic disparities in
cancer survival are likely to stem from a range of post-diagnostic factors such as
quality and timing of treatment, host factors such as co-morbidities, and possibly
tumour biology between ethnic or socioeconomic groups. These factors are also likely
to explain, at least in part, socioeconomic inequalities in cancer survival.(56, 57)
Socioeconomic disparities in cause-specific survival have also been documented in
New Zealand, but to a lesser extent than ethnic disparities.
While data from cause-specific survival studies present good evidence for ethnic and
socioeconomic inequalities in New Zealand, the focus of this thesis is relative survival
and excess mortality analyses. The first section of the chapter discusses New Zealand
and international studies that have assessed ethnic and socioeconomic inequalities in
cancer survival, where relative survival and excess mortality methods have been used.
Literature was searched with this objective in mind. Medline was searched up to March
2012 to identify possible studies to be included in this chapter section. A combination of
search terms was used to identify studies. 1 Relative survival and excess mortality
studies were included if they investigated ethnic or socioeconomic inequalities or
trends in ethnic and socioeconomic inequalities. For conciseness, this section mostly
focuses on breast, colorectal and lung cancer survival inequalities.

1

Search terms included: cancer survival, relative survival, excess mortality, relative excess risk, race,
ethnicity, ethnic group, inequalities, socioeconomic position, socioeconomic status, income,
deprivation, disparities, trends, and changes over time.
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Trends in cancer survival by ethnic or socioeconomic group
There is good evidence that cancer survival is improving over time in many countries.
However, while standard study protocols are increasingly being implemented to
compare cancer survival across countries,(7, 8, 58) there is a lack of published
literature analysing improvements in relative survival and reductions in cancer excess
mortality by ethnic or socioeconomic group across countries, particularly in the
Australasian region. In an attempt to get a coherent impression of the international
trends in cancer survival, the second part of the chapter section presents findings, and
a re-analyses of these findings, from five studies that have looked at changes over time
in cancer survival in nine countries. Literature was searched with this objective in mind.
Medline was searched up to March 2012 to identify possible studies to be included in
this chapter section. A combination of search terms was used to identify studies.
Search terms included: cancer survival, relative survival, excess mortality, relative
excess risk, ethnicity, ethnic group, inequalities, socioeconomic position,
socioeconomic status, income, deprivation, disparities, trends. Studies were included if
trends in cancer survival were specifically measured as an outcome in the study,
including by ethnic or socioeconomic group. Grey literature was also searched using
the same combinations of search terms through Google and Bing search engines. For
conciseness, this section mostly focuses on breast, colorectal and lung cancer survival
inequalities.
Trends in ethnic and socioeconomic cancer survival inequalities
Despite solid evidence for ethnic and socioeconomic inequalities in cancer survival in
published literature, there is less evidence for whether ethnic and socioeconomic
inequalities in cancer survival are narrowing or widening over time, particularly for
ethnic inequalities in cancer survival. This is the focus of the last section of this chapter.
The literature search undertaken for this chapter section identified that the United
States was the only country to publish studies on trends in ethnic cancer survival
inequalities. SEER (Surveillance, Epidemiology and End Results) data was used in all
these studies. Literature was also searched for studies in countries other than New
Zealand that investigated trends in socioeconomic inequalities for multiple cancer sites.
To my knowledge, no studies have been published that have assessed trends in
income inequalities in cancer survival. However, it was identified that there were a
number of studies undertaken in England, Wales and Scotland that have examined
trends in the deprivation gap in 5-year relative survival for a large number of cancer
sites. These studies are described in this section and, like other sections of this
chapter, focus on breast, colorectal and lung cancers.
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Ethnic inequalities in cancer survival
This section reviews the evidence for ethnic inequalities in cancer survival in New
Zealand, measured as either the relative survival or excess mortality scales. The
United States was the only country identified who has published data on ethnic
inequalities in relative survival. However, it is important to note that these studies from
the United States do not specifically measure disparities in survival, but provide 5-year
relative survival estimates by ethnic (or racial group). A number of studies from the
United States were identified which included estimates of racial or ethnic gaps over
time. Accordingly, these studies are reviewed later in this chapter in the section
reviewing evidence for international trends in ethnic inequalities in cancer survival. As
an orientation point for the read, however, one study from the United States that
provides data on 5-year relative survival by ethnic (racial) group for people diagnosed
1975-2003.
New Zealand
Four relative survival studies have been undertaken in New Zealand assessing ethnic
inequalities in cancer survival. Each of these studies show that Māori have poorer
survival following a cancer diagnosis compared to non-Māori. The key characteristics
of these studies are presented in Table 15 and described further below followed by a
discussion on the strengths and limitations of these four studies combined.
Table 15:

Author and
date

New Zealand relative survival or excess mortality studies examining
ethnic differences in cancer survival
Number of
people
included
127,000

Number
of cancer
sites
28

Period of
incident
cases
2002-2006

End of
follow-up
period
Not
stated

Cancer survival
outcome
measure
Excess mortality
rate ratios
(EMRRs) *

Ethnic
groups
compared
Māori
Non-Māori

Blakely et
al., 2012
(59)

7049

2

1991-2001

2006

Cumulative 5-year
relative survival **

Māori
Non-Māori

Jeffreys et
al., 2005
(60)

115,811

Blakely et
al., 2010 (1)

McKenzie et
al., 2011
(61)

2,968

20

1

1994-2002

2005-2007

2003

2009

Ratio of Māori:
non-Māori 5-year
relative survival
(RSRRs)
Cumulative 5-year
relative survival *
Ratio of Māori:
non-Māori 5-year
relative survival
(RSRRs)
Cumulative 4-year
relative survival *

Māori
Pacific
nonMāori/nonPacific
Māori
Non-Māori

Excess mortality
rate ratios
(EMRRs)
* Ethnic-specific life tables used to estimate relative survival or excess mortality rate modelling. ** Ethnic- and smokingspecific lice tables used to estimate relative survival and excess mortality rates.

Trends in Cancer Survival by Ethnic and Socioeconomic Group

73

Ethnic inequalities in cancer survival for a large number of cancer sites
Two studies have been published that assess ethnic inequalities in relative survival or
excess mortality for a large number of cancer sites in New Zealand. The first study
measured these ethnic inequalities as relative differences on the relative survival
scale.(3) The second study measured these ethnic inequalities as relative differences
on the excess mortality rate scale.(1) These studies are discussed below.
Relative ethnic gaps in 5-year relative survival

Jeffreys et al., (2005) published a study examining the contribution of stage at
diagnosis as a factor in explaining ethnic inequalities in cancer survival.(3) Records for
people diagnosed with cancer 1994 to 2002 were linked to mortality data up to 2003. A
total of 115,811 people with 20 different types of cancer were included in the study.
Ethnicity was categorised into Māori, Pacific, and non-Māori/non-Pacific groups.
Anyone recorded with Māori ethnicity was classified as being Māori, regardless of any
other ethnic identities for that individual (a prioritised ethnicity approach). People with
missing ethnicity data were included in the non-Māori/non-Pacific ethnic group. Ethnicspecific life tables were used to estimate 5-year relative survival. Both agestandardised and age- and stage-standardised 5-year relative survival estimates were
presented for each cancer site. Further, the ratio of 5-year relative survival comparing
Māori and non-Māori/non-Pacific (RSRRs) were presented for age-standardised and
age- and stage-standardised 5-year relative survival estimates in order to assess the
contribution of stage at diagnosis to ethnic cancer survival inequalities.
This study found that Māori had poorer survival compared to non-Māori for breast,
colorectal and lung cancer (Table 16). Using age-adjusted 5-year relative survival,
Māori had poorer survival for breast, colorectal and lung cancers, with RSRRs of 0.92,
0.70 and 0.43 respectively. I also calculated the absolute difference in the 5-year
relative survival for the purpose of this chapter. The RSRD was -0.07, -0.18 and -0.08
for breast, colorectal and lung cancer survival respectively.
Table 16:

Cancer site

Breast
Colorectal
Lung

Ethnic inequalities in breast, colorectal and lung cancer survival for
people diagnosed 1994-2002, New Zealand (Source: Jeffreys et al.,
2005)
Age-adjusted 5year relative
survival for nonMāori
0.83 (0.82, 0.84)
0.61 (0.60, 0.62)
0.14 (0.12, 0.15)

Age-adjusted 5year relative
survival for Māori
0.76 (0.72, 0.79)
0.43 (0.37, 0.50)
0.06 (0.04, 0.08)

Ethnic gap
RSRD +

RSRR *

-0.07
-0.18
-0.08

0.92
0.70
0.43

+ Calculated for purpose of this chapter
* Calculated in the original study

The authors concluded that stage at diagnosis explained some but not all of the ethnic
differences in cancer survival reported in their study. The authors state that the ethnic
differences not explained by stage at diagnosis were likely to be explained by
differential health service access. Further, the authors discounted explanations such as
ethnic differences in biological or genetic factors as possible explanations for ethnic
differences in cancer survival. They also note, however, that differential distribution of
socioeconomic position by ethnicity group may explain some of the observed ethnic
differences in cancer survival.
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Relative ethnic inequalities in excess mortality

A study by Blakely et al., 2010 (1) assessed ethnic inequalities in cancer survival for
people diagnosed in New Zealand between 2002 and 2006 for 28 cancer sites. The
population in this study was drawn from New Zealand Cancer Registry and mortality
records. Ethnicity was categorised as Māori and non-Māori using cancer registry data.
A total of 127,000 people were included in this study, with 112,000 of these being nonMāori and 15,000 being Māori.
Excess mortality rate analysis was used to estimate ethnic inequalities in cancer
survival. Excess mortality rates for Māori and non-Māori were calculated using grouped
data and a generalised linear model with a Poisson error distribution. The parameter
estimates from the excess mortality rate models were then exponentiated to estimate
EMRRs comparing Māori and non-Māori excess mortality. Ethnic-specific life tables
were used in the excess mortality rate modeling.
This study found that Māori had greater excess mortality (poorer cancer survival)
compared to non-Māori for breast, colorectal and lung cancers (Table 17), with
variation in the magnitude of the ethnic inequality across cancer sites. Māori women
diagnosed with breast cancer had 61% greater excess mortality compared to nonMāori women with an EMRR of 1.61 (95% CI 1.40, 1.85). Māori diagnosed with
colorectal cancer had 51% greater excess mortality compared to non-Māori with an
EMRR of 1.51 (95% CI 1.32, 1.74). Māori diagnosed with lung cancer had 19% greater
excess mortality compared to non-Māori with an EMRR of 1.19 (95% CI 1.12, 1.28).
Table 17:

EMRRs comparing Māori to non-Māori for cancer people diagnosed in
New Zealand 2002-2006 (Source: Blakely et al., 2010)

Cancer site

Māori: non-Māori EMRRs (95% confidence interval)

Breast

1.61 (1.40, 1.85)

Colorectum

1.51 (1.32, 1.74)

Lung

1.19 (1.12, 1.28)

Ethnic inequalities in lung and bladder cancer

The impact of using incorrect life tables to estimate relative survival and model excess
mortality was the focus of a paper published by Blakely, Soeberg, and Sarfati
(2012).(62) Analyses were conducted on 1996-2001 linked Census, cancer and
mortality data (including smoking status) for people with lung and bladder cancer.
Analyses were performed using various life tables to estimate the magnitude of bias
when using general population compared to social group- and smoking-specific life
tables. Both relative survival and excess mortality rate analyses were undertaken.
With regards to ethnic inequalities in lung cancer survival, this study found that Māori
had poorer lung cancer survival compared to non-Māori. The 5-year relative survival
was 0.103 and 0.048 for non-Māori and Māori respectively, a gap of 0.055. Māori
diagnosed with lung cancer had 33% greater excess mortality compared to non-Māori,
with an EMRR of 1.33 (1.22, 1.46). The EMRR estimates were calculated by adjusting
for sex, age, ethnicity and smoking status in the excess mortality rate models, i.e. these
were best excess mortality rate estimates comparing Māori and non-Māori lung cancer
survival.
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Ethnic inequalities in breast cancer survival

McKenzie et al., (2011) investigated reasons for ethnic inequalities in breast cancer
survival in New Zealand.(61) Data from the New Zealand Cancer Registry was used to
identify women with a primary breast cancer diagnosis between 2005 and 2007, with
mortality follow up to 2009. Cancer registry data was used to categorise ethnicity, with
people categorised as being Māori, Pacific or non-Māori/non-Pacific. Ethnicity was
assigned using the prioritisation method where the highest priority is assigned to Māori
ethnicity. Anyone recorded with Māori ethnicity was classified as being Māori,
regardless of any other ethnic identities for that individual. The authors report that there
was a significant degree of missing or unknown data for some variables (the degree of
missingness and which variables were not stated). The authors performed multiple
imputation on the dataset where it was assumed that data was missing at random.
Twenty-five complete datasets were generated.
The authors performed both relative survival and excess mortality rate analyses. Due
to the follow-up period, four-year (rather than 5-year) relative survival estimates were
calculated for Māori and non-Māori. The authors comment that they used ethnic-and
deprivation-specific life tables to estimate relative survival and to model excess
mortality. However, it is not clear whether they were combined deprivation- and ethnicspecific life tables or, more simply, a deprivation-specific and an ethnic-specific life
table. Excess mortality rate modelling was undertaken where a large number of
covariates were included in the model: age, ethnicity, extent of disease, size of tumour,
grade of tumour, oestrogen receptor status, progesterone receptor status, and HER2
status. Excess mortality rate modelling was also performed using both the imputed
dataset and the complete case dataset (the dataset with no missing or unknown data).
This study showed that Māori had slightly poorer relative survival compared to nonMāori, but there was evidence of large ethnic inequalities in female breast cancer
survival measured as a relative difference on the excess mortality rate scale (Table
18). On the relative survival scale, Māori had 2% poorer four-year relative survival
compared to non-Māori. On the excess mortality rate scale when using complete case
analyses, Māori had 43% greater excess mortality compared to non-Māori, with an
EMRR of 1.43 (95% CI 0.74, 2.75). The difference in the EMRR using imputed and
complete-case data is discussed below under ‘strengths and limitations’.
Table 18:

Four-year relative survival for breast cancer people diagnosed 2005 to
2007, New Zealand, by ethnic group (Source: McKenzie et al., 2011)

4-year relative survival for non-Māori
and Maori
Non-Māori/nonMāori
Pacific

Ethnic gap in four-year relative survival
RSRD *

0.92 (0.90, 0.94)
0.90 (0.88, 0.91)
* Calculated for the purpose of this chapter
** With the non-Maori as the reference category

-0.02

RSRR *

0.98

EMRR **
(imputed data)
1.03 (0.68, 1.55)

EMRR **
(complete case
data)
1.43 (0.74, 2.75)

The authors found that inequalities remained after adjusting for breast cancer subtype
variables, such as HER2 status. However, the authors reported that ethnic inequalities
in excess mortality were substantially reduced after adjusting for extent of disease and
size of the tumour.
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International data on ethnic inequalities in cancer survival
Jemal et al. (2008) published 5-year relative survival data for people diagnosed 19732003 in a publication that more broadly looked at cancer incidence, mortality and
survival in the United States.(63) Data to estimate 5-year relative survival were
extracted from the Surveillance, Epidemiology and End Results (SEER) program of the
National Cancer Institute. The SEER data represents approximately 26% of the US
population. Ethnicity (race) was categorised in this publication as White or AfricanAmerican. The authors present little data on how relative survival was estimated. It was
assumed here that general population life tables were used to estimate 5-year relative
survival by ethnic (racial) group, a major source of bias when comparing relative
survival between groups.
Figure 14 plots the absolute difference between White and African-American groups in
5-year relative survival across different cancer sites (not previously calculated in the
Jemal et al. publication), with a negative value indicating that people diagnosed with
cancer and who were categorised as being African-American had poorer survival
compared to the White group. There was evidence for ethnic inequalities in relative
survival in the SEER population across most cancer sites and across time. However,
this finding should be interpreted with caution given that general population life tables
were most likely used leading to over-estimation of the ethnic inequalities in cancer
survival.
Figure 14:

Absolute difference between African-American and White groups in 5year relative survival, SEER data 1975-2003
Bladder
Brain
Breast
Cervix
Colon

Hodgkin's lymphoma
Kidney
Leukaemia
Liver
Lung
Melanoma
Non-Hodgkin's lymphoma
Oesophagus
Ovary
Pancreas
Prostate
Rectum
Stomach
Testis
Thyroid
Uterus
-0.3

-0.2
1975-1977

-0.1
1984-1986
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Socioeconomic inequalities in cancer survival
This section first reviews the evidence for socioeconomic inequalities in cancer survival
in New Zealand, measured as either the relative survival or excess mortality scales.
This is followed by a review of the international evidence for the association between
socioeconomic position and cancer survival.

Socioeconomic cancer survival inequalities in New Zealand
No New Zealand studies were identified that used individual, household or community
income as measures of socioeconomic position to assess inequalities in cancer
survival. However, two New Zealand relative survival studies were identified that had
investigated socioeconomic inequalities in cancer survival using categories of areabased deprivation.(64, 65) Both these studies show that people in the most deprived
group have poorer survival following a cancer diagnosis compared to people in the
least deprived. The key characteristics of these studies are presented in Table 19, and
are described further below.
Table 19:

Author and
date

Jeffreys et
al., 2009
(64)

New Zealand relative survival or excess mortality studies assessing
socioeconomic differences in cancer survival
Number of
people
included

Number
of cancer
sites

Period of
incident
cases

132,006

20

1994-2003

End of
follow
up
period
2004

Cancer
survival
outcome
measure
5-year relative
survival *
Deprivation
gap and 95%
CI

McKenzie
et al., 2010
(65)

2,968

1

2005-2007

2009

5-year relative
survival *
Excess
mortality rate
ratios *

Socioeconomic
groups compared

NZDep 1-4 (highest
socioeconomic
group)
NZDep 5-6
NZDep 7-8
NZDep 9-10 (lowest
socioeconomic
group)
NZDep 1-4 (highest
socioeconomic
group)
NZDep 5-6
NZDep 7-8
NZDep 9-10 (lowest
socioeconomic
group)

* Deprivation-specific life tables used to estimate relative survival and excess mortality.

Socioeconomic inequalities in cancer survival for a large number of cancer sites
The association between socioeconomic position and 5-year relative survival was
investigated by Jeffreys et al., (2009) using New Zealand Cancer Registry and linked
mortality data.(64) This study included adult diagnosed with one of 20 cancers
diagnosed between 1994 and 2003, followed up to 2004. A total of 132,006 people
were included in the analyses. Each person was categorised into one of four possible
deprivation groups. Five-year relative survival was estimated for each deprivation
group. To account for differences in cancer survival between age groups and between
stage at diagnosis, relative survival estimates were first age- and then age- and stageadjusted. Using the weighted linear regression method, the deprivation gap (with a
95% confidence interval) was calculated to measure the socioeconomic difference in
cancer survival for each cancer site. Five-year relative survival data from each of the
four deprivation groups was used in the linear regression so that the deprivation gap
was interpreted as difference between the hypothetically most and least deprived
groups.
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Using the age-adjusted relative survival, this study found that the most deprived group
had poorer survival compared to the least deprived group, with the absolute gap in 5year relative survival between deprivation groups ranging from -0.07 to -0.10 (Table
20). For the purpose of this chapter, I also calculated the relative gap in 5-year relative
survival between deprivation groups. This analysis showed the most deprived group
had poorer relative survival for breast, colorectal and lung cancers, with RSRRs of
0.92, 0.89 and 0.62 respectively, in other words the difference between the most and
least deprived groups was 8% for breast cancer, 11% for colorectal cancer, and 38%
for lung cancer.
Table 20:

Cancer site

Breast
Colorectal
Lung

Socioeconomic inequalities in breast, colorectal and lung cancer survival
for people diagnosed 1994-2003, New Zealand (Source: Jeffreys et al.,
2009)
Age-adjusted 5year relative
survival for the
least deprived
group
0.84 (0.82, 0.85)
0.63 (0.62, 0.65)
0.13 (0.11, 0.14)

Age-adjusted 5year relative
survival for the
most deprived
group
0.77 (0.75, 0.79)
0.56 (0.54, 0.58)
0.08 (0.07, 0.09)

Deprivation gap
RSRD *

RSRR +

-0.10 (-0.10, -0.09)
-0.08 (-0.19, -0.01)
-0.07, (-0.14, 0.00)

0.92
0.89
0.62

* Calculated in the original study using weighted linear regression methods with four categories of deprivation
+ Calculated for purpose of this chapter

The authors also found that stage at diagnosis accounted for some, but not all, of the
deprivation gap in cancer survival. They commented that other factors such as other
socio-demographic, personal and clinical factors are likely to contribute to deprivation
group differences in cancer survival.
Socioeconomic inequalities in breast cancer survival
A study examining the role of demographic and tumour factors in socioeconomic
differences in breast cancer survival was published by McKenzie et al. (2010).(65) New
Zealand Cancer Registry data was used to identify primary women with breast cancer
diagnosed between 2005 and 2007, followed up to 2009. Cancer registry data was
used to categorise women as falling into one of four deprivation groups. A total of 2,968
people were included, with 946 in the least deprived group and 730 in the most
deprived group. The authors report that there was a significant degree of missing or
unknown data for some variables (the degree of missingness and which variables were
not stated). The authors performed multiple imputation on the dataset where it was
assumed that data was missing at random. Twenty-five complete datasets were
generated. More details on the methods used in this study are described in the above
section on ethnic inequalities in cancer survival.
This study found that the most deprived group diagnosed with breast cancer had
poorer survival compared to the least deprived group (Table 21). The relative
difference in 5-year relative survival was 0.97, suggesting that the most deprived group
had 3% poorer survival compared to the least deprived group. On the excess mortality
rate scale, the most deprived group had 48% greater excess mortality when using
imputed data and 32% greater excess mortality when using complete case data, with
EMRRs of 1.48 (95% CI 1.00, 2.18) and 1.32 (95% CI 0.66, 2.63) respectively. The
difference in the EMRR using imputed and complete-case data is discussed under the
‘strengths and limitations’ section below.
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Table 21:

4-year relative survival for women diagnosed with breast cancer, 2005
to 2007, New Zealand, by deprivation group (Source: McKenzie et al.,
2010)

4-year relative survival for the most
and least deprived groups
Least deprived
Most deprived

Deprivation gap in four-year relative survival
RSRD *

0.93 (0.90, 0.95)
0.90 (0.88, 0.91)
-0.03
* Calculated for the purpose of this chapter
** With the least deprived as the reference category

RSRR *

EMRR **
(imputed data)
0.97

1.48 (1.00, 2.18)

EMRR **
(complete case
data)
1.32 (0.66, 2.63)

With regard to the socioeconomic differences found in this study, the authors
commented that socioeconomic position remains a strong predictor of cancer survival.
This relationship remained even after adjusting for other known prognostic factors that
might explain these deprivation group differences. Specifically, the authors of this study
commented that only a small proportion of socioeconomic differences in cancer
survival were explained by ethnicity. Further, socioeconomic differences in cancer
survival were independent of ethnic differences in cancer survival.
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International socioeconomic cancer survival inequalities
Three relative survival studies were identified that investigated the association between
socioeconomic position, measured as income, and cancer survival.(66-70) These three
studies were from Denmark, Norway and the United States. The studies used
household income, personal income and median family income as indicators of
socioeconomic position respectively. The key characteristics of these three studies are
summarised in Table 22. Each of these studies is described below followed by a
discussion on the strengths and limitations of all the studies combined.
Table 22:

International relative survival studies assessing income differences in
cancer survival

First author
(year)

Anatomic
Sites

Dalton et al.,
(2008) (66)

21 cancer sites

Danish cancer
registrations,
1994-2003,
linked to
Danish
population
registers and
administrative
data

Relative
survival and
excess
mortality rate
modelling

Quartiles of
household
income

Social
inequalities
observed for
cancer
survival,
despite equal
access to
health care,
with poorer
survival related
to the most
socially
disadvantaged
particularly in
the first year of
diagnosis

Kravdal et al.
(2000) (70)

12 cancer sites

Norwegian
cancer
registrations,
1960-1991,
linked to
Norwegian
population
register and
census

Excess
mortality rate
modelling

Personal
income
categorized
into seven
levels

Lipworth et
al., (1970) (69)

10 cancer sites

Cancer
registration
data from
Connecticut,
1960-1962,
and Boston,
1959-1963

Relative
survival

People from
census tracts
with a median
family income
(a) above
$5,000 and (b)
below $5,000

Excess allcause mortality
among the
cancer
population
compared with
similar persons
without a
cancer
diagnosis was
significantly
associated with
education,
income and
occupation
People from
census tracts
with a high
median family
income
experienced
better threeyear relative
survival than
those with a
lower median
family income

Data Used

Analysis
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Denmark

A set of papers published by Dalton et al. in the European Journal of Cancer, 2008,
provides detail of a study investigating socioeconomic, demographic, and healthrelated variations in cancer incidence and survival in Denmark for people diagnosed
with cancer between 1994 and 2003 with follow-up through to 2006.(66, 67)
A total of 147,973 people diagnosed with cancer during the 1994-2003 period were
included in this study. Central population register records were linked to cancer
registration, health and other administrative records to obtain cancer-related,
socioeconomic, demographic, and other covariate data. Socioeconomic data were
obtained from various administrative datasets. The indicators were disposable income,
levels of education, affiliation to the employment market, social class, housing tenure,
dwelling size, cohabitation status, district type, and ethnicity. Other factors included in
the analyses were comorbidity, and depression and schizophrenia. In this study,
disposable income was defined as “household income after taxation per person,
adjusted for number of persons in the household and deflated to the 2000 value of the
Danish crown (DKK) with the following formula from the Danish Ministry of Finance:
deflated household income/(number of persons in household)” (Dalton et al., 2008, p.
1941). In their introductory comments to the study the authors posit, consistent with
other health research investigating the income-health relationship, that income does
not directly affect health but is a measure of material resources that can lead to greater
access to better quality health services.
Social group life tables were constructed and used to calculate relative survival and
excess mortality rates. These life tables were constructed for three periods 1994-1997,
1998-2002, and 2003-2006. The life tables were abridged in 5-year age bands for ages
30-34 and 35-39 and then single-year of age survival and mortality probabilities from
ages 40 to 81. The authors did not state whether expected survival and mortality
probabilities are given for those aged over 81 years.
One-year and five-year relative survival was estimated for people with low disposable
income and people with high disposable income separately. The authors did not
calculate absolute or relative differences in relative survival between income groups,
but they were calculated here for the purpose of this chapter. Excess mortality rate
modelling was also performed but was focused only on the association between
education and excess mortality.
This study found that people with low disposable income had poorer cancer survival
compared to people with high income (Table 23). This association was found for all
cancer sites combined and for breast, colorectal and lung cancers. The absolute
difference in 5-year relative survival between income groups (RSRD) ranged from -0.01
(lung cancer) to -0.14 (all 21 cancer sites combined). The relative difference in 5-year
relative survival for breast cancer was 10% (an RSRR of 0.90), 13-20% for colorectal
cancer (RSRRs between 0.80 and 0.87), and 10-12% for lung cancer (RSRRs between
0.88 and 0.90).
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Table 23:

5-year relative survival for people with breast, colorectal and lung cancer
diagnosed 1994-2003, Denmark, by income group (Source: Dalton et
al., 2008)

5-year relative survival
High
Low
disposable
disposable
income
income
All cancers
Male
0.48
0.34
Female
0.62
0.49
Breast cancer
Female
0.83
0.75
Colon cancer
Male
0.46
0.40
Female
0.55
0.45
Rectal cancer
Male
0.51
0.41
Female
0.58
0.49
Lung cancer
Male
0.08
0.07
Female
0.10
0.09
* Calculated for the purpose of this chapter
+ Includes all 18 cancer sites included in the study
Cancer site

Sex

Income gap
RSRD *

-0.14
-0.13
-0.08
-0.06
-0.10
-0.10
-0.09
-0.01
-0.01

RSRR *

0.71 +
0.79 +
0.90
0.87
0.82
0.80
0.85
0.88
0.90

Norway
Calculating excess mortality and relative survival, accounting for ‘normal’ mortality by
age, sex and socioeconomic position, was the focus of a study published by Kravdal
(2000).(70) This study used data from Norwegian cancer registry records for 19601991 that had been linked to individual census records for 1960, 1970, and 1980.
Individual socioeconomic data were extracted from the census records including
income and education. However, income data was only available from 1970 as there
was no income information collected in the 1960 census. The number of cancer
registrations is not reported in the study. It is not stated how the income variable was
asked in the census or how it was treated for analysis apart from being stratified into
six levels of Norwegian currency. While the study mentions several times the need to
adjust for ‘normal’ mortality in a population free of cancer, particularly mortality
differences by socioeconomic status, the authors do not state whether income-specific
life tables were used in the analysis. In this study, excess mortality rate modelling was
conducted for twelve cancer sites. The study reported that cancer excess mortality
decreased for higher income people with colorectal cancer diagnosed between 1970
and 1991 compared to the lower income group after adjusting for both education and
income levels. The author noted that socioeconomic differences in survival were
reported for most cancer sites, these differences remained stable over the study
period, and that these cancer survival differences remained after adjusting for cancerrelated variables such as stage at diagnosis.
United States
The first study examining the association between income levels, albeit at the
neighbourhood level, and cancer survival using relative survival analysis was published
in 1970.(69) The study population was people diagnosed with cancer registered in
Connecticut, 1960-1962, and Boston, 1959-1963. Only the Boston group were included
in the investigation of the income-cancer survival association. This study measured
relative survival for individual cancer sites as well as for all cancer sites combined.
Apart from stating that relative survival was calculated, this study reported little of the
methods applied including what life tables were used to estimate survival in the noncancer population.
The income-cancer survival association was investigated by comparing survival of two
groups of people diagnosed with cancer from Boston. People included in this analysis
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were those people who attended non-private hospitals. This population was then
stratified by people from census tracts with median family income less than $5,000
according to 1960 census findings compared to people living in the census tracts with
the median family income above $5,000 (n=1,074 and n=565 respectively). People with
a family median income above $5,000 experienced better 3-year relative survival than
those people with a family median income below $5,000 for all cancer sites except for
uterine, large intestine and stomach cancers. The survival differences between the two
income groups were not found to be statistically significant.
A number of other studies have been published comparing cancer survival in the
United States and Canada, particularly examining the association between communitylevel income and cancer survival.(71-78) These studies were excluded from this
literature review as they used cause-specific survival analyses, not relative survival or
excess mortality rate analyses. However, a consistent finding across these studies was
that the low-income group had poorer survival compared to the high-income group.
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Strengths and limitations of cancer survival inequality studies
This section presents the strengths and limitations of the New Zealand and
international evidence presented above for ethnic and socioeconomic inequalities in
cancer survival.
New Zealand
This section outlines the key strengths and limitations of the observed and expected
survival data as well as the methods used in the New Zealand studies assessing ethnic
and socioeconomic inequalities in cancer survival discussed above.
There were a number of strengths in these studies. First, each of these studies used
cancer registry and mortality data not linked to any other data sources, such as Census
records. As a result, selection bias due to incomplete linkage to additional datasets was
not a significant issue.
Second, existing data on ethnicity and deprivation held on the New Zealand Cancer
Registry were able to be used, although the ways in which ethnicity is recorded on the
NZCR changed in the early to mid 2000s and may have impacted on the association
between ethnicity and cancer survival during this period. Changes over time in who is
Māori would most likely impact on the association between ethnicity and cancer
survival. A drift over time in who is ‘Māori’ and ‘non-Māori’ was not likely to be a
significant issue as the studies reporting ethnic and socioeconomic inequalities in
cancer survival for multiple cancer sites only included people diagnosed up to the mid
2000s. This ethnicity drift was also unlikely to be an issue in the McKenzie et al. studies
as the breast cancer populations included women diagnosed 2005-2007. I consider
that the impact of changes over time in the recording of ethnicity was negligible.
Third, it was assumed that the majority of deaths among the cancer population
diagnosed during the study have been identified and linked. As a result, it was unlikely
that the relative survival for each ethnic and socioeconomic group were over-estimated
due to missing data on vital status in the cancer population.
Fourth, all the studies presented in this part had used either ethnic-or deprivationspecific life tables that take into account variation between ethnic and socioeconomic
groups in the (non-cancer) background mortality estimates. The impact of noncomparability bias in these studies was therefore substantially reduced.
However, there were also a number of limitations in these studies.
First, the EMRR results presented in the McKenzie et al., 2010 and 2011 studies
showed substantial differences between the magnitude of ethnic and socioeconomic
inequalities when imputed and complete case data was used in the EMR modelling. In
the study assessing socioeconomic inequalities in breast cancer survival, the authors
state restricting the analyses to complete case data resulted in exclusion of 50% of the
study population. Further they suggest that there is a possibility of bias when
interpreting imputed compared to complete-case analyses. In the ethnic inequalities in
cancer survival paper, the EMRR using imputed data suggested that Māori had 3%
greater excess mortality but when using the complete case dataset Māori had 43%
greater excess mortality. I consider that these differences have most likely arisen from
unsatisfactory imputed datasets created through multiple imputation procedures, most
likely due to outcome variable (vital status) not being included in the imputation
process. Similar difficulties with imputing missing variables in New Zealand cancer
registration have been found.(79) Despite the fact that multiple imputation can be used
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to reduce bias or increase imprecision in epidemiological studies (80), and that multiple
imputation methods can also be helpful in ensuring efficient inferences about survival
when using multivariate regression methods (81), it may be in the case of the two
McKenzie et al. studies that multiple imputation methods have resulted in misleading
conclusions if the EMRRs from the imputed data are relied upon.
Second, bias from incomplete linkage of mortality records to cancer registry data,
particularly in the early 1990s due to the introduction of mortality linkage processes in
the late 1980s, cannot be ruled out but the impact is likely to be negligible.
Third, sparse data was a problem in most studies when data were stratified by ethnic or
deprivation groups, leading to statistical imprecision of relative survival estimates,
particularly for Māori in less common cancers (not shown here).
Fourth, ethnic and socioeconomic inequalities in cancer survival are most likely
explained by differential treatment between ethnic or socioeconomic groups before and
after a cancer diagnosis. For instance, Māori and low-income groups may experience
less access to primary care services and subsequent referral to diagnostic services
resulting in a later stage at diagnosis than non-Māori and high-income groups. Ethnic
and socioeconomic cancer survival inequalities in cancer survival can also be
explained by differential treatment patterns following a cancer diagnosis, for example in
access to surgery, chemotherapy and radiotherapy treatments. Although the differential
access to health services before and after a cancer diagnosis may be incremental at
each point, the overall impact can be substantial.(48, 82) Studies such as those
reported by Jeffreys et al. 2005, Jeffreys et al. 2009, McKenzie et al. 2010, and
McKenzie et al. 2011 have accounted for stage at diagnosis. However, adjusting stage
at diagnosis when estimating relative survival and excess mortality rates removes the
effect of factors prior to a cancer diagnosis, such as differential primary care access.

International evidence
The three international studies examining the association between socioeconomic
position and cancer survival had a number of strengths. First, social group-specific life
tables were used in the Danish study. While specific details were not provided, it is
assumed here these life tables accounted for social group variation, specifically
variation between income groups, in mortality rates in the cancer and non-cancer
populations. Second, both the Danish and Norwegian studies were able to link cancer
registration records to either Census or administrative datasets enabling sociodemographic data, including income, for an individual’s record to be obtained. Third,
excess mortality rate modelling was performed in the Danish and Norwegian studies,
albeit that income was not considered as an independent variable in either of these
studies.
These three studies also had a number of limitations. First, income was not considered
in any of the studies to be the primary exposure. This was particularly apparent for the
excess mortality rate modelling in the Dalton et al., 2008 and the Kravdal et al. 2000
studies. Second, none of these studies measured the actual differences in 5-year
relative survival between income groups, either as absolute or relative measures on the
relative survival or excess mortality rate scales. Despite social group relative survival
being presented in the Dalton et al., 2008 study, the actual absolute or relative
differences between the social group relative survival values were not presented or
shown in the study. A framework for measuring social group inequalities in cancer
survival would have been useful to present in this paper. Third, the Dalton et al. and the
Kravdal et al. studies categorised income as a dichotomous variable, i.e. high- or low-
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income, rather than as an ordinal variable accounting for socioeconomic position
gradients reported in other series.(2, 64, 83, 84) This dichotomous approach to income
may potentially lead to a substantial loss of data resulting in more limited interpretation
of findings.
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Trends in cancer survival
The extent to which cancer survival has improved, or declined, over time in New
Zealand by ethnic or socioeconomic group has not previously been systematically
assessed. In the following section, I present original data published by the New
Zealand Ministry of Health as well as a reanalysis of these findings in order to estimate
trends in cancer survival by ethnic and socioeconomic group.
This section also presents international evidence for trends in cancer survival, as well
as additional analyses undertaken in this study using international data to investigate
trends in cancer survival using an average annual excess mortality rate.

New Zealand
Data on 5-year relative survival by ethnic and socioeconomic group at different time
points has been published in New Zealand, but with no attempt to quantify the trends in
survival. Using linear regression methods, it was possible to describe trends in cancer
survival by ethnic and socioeconomic group using 5-year relative survival published by
the New Zealand Ministry of Health in 2010.(85)
Relative survival data for 243,483 people diagnosed with one of 24 cancer sites in
1998-2007, followed up to 2009, were analysed. These data were drawn from the New
Zealand Cancer Registry and linked to the New Zealand Mortality Collection. Ethnicity
and socioeconomic position, using categories of deprivation, were obtained directly
from the New Zealand Cancer Registry data. The ethnic categories in the report were
Māori (18,239 people) and non-Māori (225,244 people). There were four deprivation
group categories (number in each group not reported), with the most and least
deprived groups presented in this chapter.
Five-year relative survival was estimated in 2-yearly calendar period intervals using the
period approach, a method used to estimate relative survival for recent cancer
registrations where complete follow-up data is not available. Five-year relative survival
estimates were not age- or stage-standardised. General population life tables were
used to calculate relative survival, including relative survival estimates for each ethnic
and deprivation group.
From these data, it was possible to quantify the average change every 2-year period in
5-year relative survival for each ethnic and socioeconomic group for people diagnosed
1998-2007.
Trends in 5-year relative survival for each ethnic and deprivation group were estimated
using ordinary-least squares regression, by using the formula 5-year relative survival
(Ethnic/socioeconomic group) = a + 𝛽1 period of diagnosis. In this model, period of
diagnosis (coded as 0, 1, 2, 3 and 4) was modeled as a continuous variable. The linear
regression modeling was undertaken in Stata software version 10 (86). Interaction
terms were not included in this linear regression modeling, but were included in the
main analyses and results of this thesis (see Chapters 6-7). It is important to note, as
shown in the previous two chapters, that different interpretations about trends in cancer
survival can be made depending on whether these trends are measured on the relative
survival or excess mortality rate scales. For example, a modest change every two
years in 5-year relative survival for a cancer with poor prognosis (such as lung cancer)
might actually be a sizeable relative change in the equivalent excess mortality rate.
Furthermore, the results shown below will be susceptible to having 5-year relative
survival that is greater than 1.0 if extrapolated into the future. Nevertheless, the use of
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ordinary least squares regression provides a useful starting point for assessing trends
in cancer survival by ethnic and socioeconomic group.
For the purposes of this chapter, I have presented the findings for all cancer sites
combined and for breast cancer, colorectal and lung cancer in order to gain a coherent
impression of trends in cancer survival in New Zealand by ethnic and socioeconomic
group pooled across cancer sites as well as for cancers with good, moderate and poor
prognosis.
Trends in 5-year relative survival by ethnic and socioeconomic group, 1998-2007
Figures 15 and 16 plot the published 5-year relative survival estimates by ethnic and
socioeconomic group at 2-yearly intervals. Figures 15 and 16 also present the average
2-yearly change in 5-year relative survival for each ethnic and socioeconomic group.
Across all cancer sites, 5-year relative survival increased between 1998 and 2007 on
average for Māori and non-Māori and the most deprived groups by 0.01 every two
years. The increase was greater for the least deprived groups, an average 2-yearly
change in 5-year relative survival of 0.0.
Women diagnosed with breast experienced an average 2-yearly increase of 0.01 in 5year relative survival between 1998 and 2007, regardless of which ethnic or
socioeconomic group they belonged to.
Five-year relative survival for non-Māori and the least deprived group experienced an
average 2-yearly increase of 0.01 in 5-year relative survival between 1998 and 2007.
The increase over time in 5-year relative survival was much greater for Māori, with an
average 2-yearly increase of 0.03. There was no change over time in 5-year relative
survival for the most deprived group.
There was little change over time in 5-year relative survival by ethnic and
socioeconomic group for people diagnosed with lung cancer.
The trends reported here in 5-year relative survival for each ethnic and deprivation
group were measured with considerable imprecision with lower and upper confidence
limits including the null. An exception was the trend for Māori colorectal cancer survival,
where the confidence limits excluded the null. Furthermore, non-comparability bias is
likely to have had a modest impact (under-estimation of survival) at each point in time
for Māori and the most deprived group, particularly for breast and colorectal cancers.
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5-year relative survival for people diagnosed 1998 to 2007 for selected
cancer sites, by ethnic group and two-year calendar period (Source of
calendar period-specific 5-year relative survival: Ministry of Health,
2010)
Breast cancer

Average 2-yearly change for non-Maori =
0.01 (0.00, 0.02)
Average 2-yearly change for Maori =
0.01 (0.00, 0.002)

Calendar period

non-Māori

Māori

Lung cancer

1
0.9

0.8

0.8

0.2

0.1

0.1

0

0
2006-2007

0.3

0.2

2004-2005

0.3

2002-2003

5-year 0.6
relative 0.5
survival 0.4

2000-2001

0.7

5-year 0.6
relative 0.5
survival 0.4

1998-1999

0.7

Calendar period

non-Māori
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2006-2007
2006-2007

1
0.9

Māori

2004-2005

Average 2-yearly change for non-Maori =
0.00 (-0.01, 0.01)
Average 2-yearly change for Maori =
0.00 (-0.01, 0.01)

2004-2005

Average 2-yearly change for non-Maori =
0.01 (0.00, 0.02)
Average 2-yearly change for Maori =
0.03 (0.01, 0.05)

non-Māori

2000-2001

Colorectal cancer

Calendar period

1998-1999

Māori

2002-2003

1998-1999

2006-2007

2004-2005

2002-2003

2000-2001

1
0.9
0.8
0.7
5-year 0.6
relative 0.5
survival 0.4
0.3
0.2
0.1
0
1998-1999

1
0.9
0.8
0.7
5-year 0.6
relative 0.5
survival 0.4
0.3
0.2
0.1
0

Average 2-yearly change for non-Maori =
0.01 (0.00, 0.02)
Average 2-yearly change for Maori =
0.01 (-0.02, 0.05)

2002-2003

All cancers

2000-2001

Figure 15:

Calendar period

Māori

non-Māori
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Figure 16:

5-year relative survival for people diagnosed 1998 to 2007 for selected
cancer sites, by deprivation group and two-year calendar period (Source
of calendar period-specific 5-year relative survival: Ministry of Health,
2010)

All cancers

Breast cancer

Average 2-yearly change for the least deprived =
0.02 (0.01, 0.03)
Average 2-yearly change for the most deprived =
0.01 (0.00, 0.02)
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1
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0.8
0.7
5-year 0.6
relative 0.5
survival 0.4
0.3
0.2
0.1
0

Average 2-yearly change for the least deprived =
0.01 (0.00, 0.02)
Average 2-yearly change for the most deprived =
0.01 (-0.02, 0.04)

Calendar period

Most deprived

Least deprived

Average 2-yearly change for the least deprived = 0.01 (0.01, 0.02)
Average 2-yearly change for the most deprived = 0.00 (0.01, 0.01)

Lung cancer

Average 2-yearly change for the least deprived =
0.00 (0.00, 0.00)
Average 2-yearly change for the most deprived =
0.00 (-0.01, 0.02)
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Least deprived

Most deprived
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International trends in cancer survival
The aim of the second section of this chapter is to summarise what is already known
internationally about trends in cancer survival.
Studies
Table 24 describes the key characteristics of the studies included in this section in
order to gain an understanding of trends in cancer survival. (8, 84, 87-89) These
studies were identified using the search criteria described above. These studies
present trends, or changes over time, in cancer survival for people diagnosed in
Australia, Canada, Denmark, England and Wales, Norway, Sweden, Scotland, and the
United Kingdom. These studies were selected because of the similarities between New
Zealand’s health care systems. The main findings from these studies are described
below. Notably, trends over time in cancer survival have also been report in the
EUROCARE studies that provide a systematic series of European survival estimates
since 1978. One study from the EUROCARE-4 series assessed trends in relative
survival in 18 European countries for people diagnosed 1988-1999.(90)
This study published by Verdeccia et al. (2009) found that cancer survival increased in
Europe over time for all cancer sites considered with major increases in survival seen
for breast, colon, rectal, and prostate cancers. Data from the EURCARE-5 series for
people diagnosed 1999-2007 has recently been published and is referenced in Chapter
8 of this thesis. A number of studies from the United States were also identified that
assessed trends over time in relative survival, see for instance Jemal et al. 2008.(63)
However, these studies primarily focused on single cancer sites rather than patterns
across sites which is the focus of this thesis.
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Table 24:

International studies assessing trends in cancer survival selected in this
chapter

Author
and date

Country

Number of
people
included

Number
of
cancers

Coleman et
al., (2004)
(84)

England and
Wales

2,200,000

20

Coleman et
al., (2011)
(8)

Cross
country
comparison
(Australia,
Canada,
Denmark,
Sweden,
Norway, and
the UK)
England and
Wales

2,500,000

4

Rachet et
al., (2009)
(87)

Period
of
incident
cases
19861999

End of
follow
up
period
2001

19952007

2007

Survival
analysis
measures
5-year
relative
survival

5-year
relative
survival

2,163,000

21

19962006

2007

5-year
relative
survival

Shack et
al., (2007)
(88)

Scotland

357,000

18

19862000

2004

5-year
relative
survival

Yu et al.,
(2006) (89)

Australia

343,000

28

19801996

2001

5-year
relative
survival
Excess
mortality
rate
modelling
(comparison
of the 19931996 period
with the
reference
category of
people
diagnosed
1980-84).
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Comments

Stratified by sex.
Average change in
the 5-year relative
survival for every 5
calendar years
calculated in study
Not stratified by sex.
No changes over time
in the 5-year relative
survival calculated in
the study.

Stratified by sex.
Average annual
change in the 5-year
relative survival
calculated in the study
Stratified by sex.
Average change in
the 5-year relative
survival for every 5
calendar years
calculated in study
Relative survival not
stratified by sex.
Modelling adjusted for
age, sex, extent of
disease, years since
diagnosis, and
histological type
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Trends in cancer survival in Australia
Trends in cancer survival in New South Wales, Australia, were assessed by Yu et al.,
2006 using relative survival and excess mortality rate analyses.(89) New South Wales
cancer registry data was used to identify data for 28 cancer sites diagnosed between
1980 and 1996. A total of 343,043 newly diagnosed cancers were included in the
analyses. There were 41,476 records for breast cancer, 32,424 records for colon
cancer, 17,688 records for rectal cancer, and 39,796 records for lung cancer. Relative
survival and excess mortality rate analyses were undertaken to determine trends in
cancer survival for 28 cancer sites as well as for all cancer sites combined. The excess
mortality rate model included calendar period, age at cancer diagnosis, follow-up time
since cancer diagnosis, sex, histological type, and extent of disease as covariates.
Excess mortality rate ratios (EMRR) were calculated to determine trends in cancer
survival for people diagnosed for three different calendar periods compared to people
diagnosed 1980-1984.
There was good evidence for improvements in cancer survival for people diagnosed
1980-1996. Table 25 presents the EMRRs for people diagnosed 1993-1996 compared
to people diagnosed 1980-1984 for all cancer sites combined and for female breast,
colorectal and lung cancers. This study found that there was a statistically significant
25% decrease in cancer excess mortality rates across all cancer sites for people
diagnosed 1993-1996 compared to people diagnosed 1980-1984, with an EMRR of
0.75 (95% CI 0.74, 0.76). This study also found a:
•
•
•
•

39% decrease in cancer excess mortality rates for women diagnosed with
breast cancer in 1993-1996 compared to women diagnosed in 1980-1984, with
an EMRR of 0.61 (0.57, 0.65);
29% decrease in cancer excess mortality rates for people with colon cancer
diagnosed 1993-1996 compared to people diagnosed 1980-1984; with an
EMRR of 0.71 (0.68, 0.75);
33% decrease in cancer excess mortality rates for people with rectal cancer
diagnosed 1993-1996 compared to people diagnosed 1980-1984; with an
EMRR of 0.67 (0.62, 0.71); and a
18% decrease in cancer excess mortality rates for people with lung cancer
diagnosed 1993-1996 compared to people diagnosed 1980-1984; with an
EMRR of 0.82 (0.79, 0.84).

Table 25:

EMRRs comparing cancer survival in New South Wales, Australia, for
people diagnosed in 1993-1996 to people diagnosed 1980-1984
(Source: Yu et al., 2006)
Cancer site

All cancers
Breast cancer
Colon cancer
Rectal cancer
Lung cancer

EMRR
0.75 (0.74, 0.76)
0.61 (0.57, 0.65)
0.71 (0.68, 0.75)
0.67 (0.62, 0.71)
0.82 (0.79, 0.84)

The authors note that some mortality records could not be linked to cancer registry
records. In previous studies, the authors have found the incomplete linkage has
resulted in a maximum 2% over-estimation of relative survival in their data. Bias from
incomplete linkage of cancer registry and mortality data cannot be ruled out when
determining trends in survival but is likely to be modest or even negligible, as the
majority of deaths among the cancer group diagnosed during the study had been
identified and linked. Differential amounts of unlinked cancer and mortality data over
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time would also need to be present in order to result in any bias. The authors note that
extent of disease data was collected form hospital medical records. However, they do
not state the degree of missingness of extent of disease data, including whether
records with missing extent of disease data were excluded from analyses and whether
imputation methods were trialled. As a result, it was difficult to determine the potential
impact of both selection and information bias relating to extent of disease in this study.
Trends in cancer survival in England and Wales
Trends in cancer survival for the total population by sex in England and Wales were
investigated in two separate studies (84, 87); one for people diagnosed 1986-1999,
and one for people diagnosed 1996-2006.
Trends in cancer survival for people diagnosed 1986-1999

Cancer registry data for people who were diagnosed in England and Wales with one of
20 cancer sites between 1986 and 1999, followed up to 2001, were used to estimate
trends in cancer survival in England and Wales.(84) A total of 2,207,865 people were
included in this study, after excluding records where the basis of diagnosis was
recorded as death certificate only and those records with a second or later tumour.
Five-year relative survival was estimated for each combination of sex and calendar
period for each cancer site. Linear regression methods were used to estimate the
average change for every five years in 1-year and 5-year relative survival. Five-year
relative survival was presented for people diagnosed 1996-1999, with trends in cancer
survival also reported. For conciseness, results for trends in 5-year relative survival for
breast, colorectal and lung cancers are presented here.
This study found that there were moderate to large improvements over time for female
breast cancer and colorectal cancer survival, with little or no change over time in lung
cancer survival (Table 26). The 5-year relative survival for breast cancer was estimated
to increase by 0.061 every five years. The 5-year relative survival for colon and rectal
cancers was estimated to increase between 0.056 and 0.081 every five years. The 5year relative survival for lung cancer was estimated to change every five years by
0.001.
Table 26:

5-year relative survival, and the average change every five years, for
breast, colorectal and lung cancer people diagnosed 1986-1999,
England and Wales (Source: Coleman et al., 2004)

Cancer site

Breast cancer
Colon cancer
Rectal cancer
Lung cancer

Sex

Females
Males
Females
Males
Females
Males
Females

5-year relative survival
for people diagnosed
1996-1999
0.798 (0.795, 0.801)
0.476 (0.468, 0.483)
0.474 (0.467, 0.481)
0.487 (0.478, 0.496)
0.513 (0.503, 0.524)
0.060 (0.058, 0.063)
0.065 (0.062, 0.068)

Average change every
5 years
0.061 (0.055, 0.067)
0.056 (0.042, 0.070)
0.056 (0.043, 0.068)
0.074 (0.058, 0.089)
0.081 (0.063, 0.100)
0.001 (-0.003, 0.005)
0.001 (-0.005, 0.007)

The Coleman et al., 2004 study assessing trends in survival for people diagnosed
1986-1999 was later updated to include people diagnosed up to 2001. These updated
estimates were published in a series of papers published in the British Journal of
Cancer in 2008.(91) For these three cancer sites, both studies showed similar results
for trends in cancer survival.
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Trends in cancer survival for people diagnosed 1996-2006

Cancer registry data for people who were diagnosed in England and Wales with one of
21 cancer sites between 1996 and 2006, followed up to 2007, were used to estimate
trends in cancer survival in England and Wales.(87) A total of 2,163,274 (2,338,785
people prior to exclusion) people were included in this study, after excluding those
records diagnosed by death certificate only and those with a second or later tumour.
One-year, three-year, five-year and ten-year relative survival was estimated for each
combination of sex and calendar period (1996-2000, 2001-03, and 2004-06) for each
cancer site. These relative survival estimates were also analysed separately for
England and Wales. Linear regression methods were used to estimate the average
year-on-year change in relative survival. For conciseness, results for trends in 5-year
relative survival for breast, colorectal and lung cancers are presented here.
This study found that there were was a moderate degree of improvement in female
breast cancer survival, modest improvements for colorectal cancer survival, and little
improvement in lung cancer survival (Table 27). Five-year relative survival for breast
cancer increased every year by between 0.008 and 0.011. Five-year relative survival
for colon and rectal cancers increased between 0.004 and 0.009 every year. Five-year
relative survival for lung cancer was estimated to change every year by between 0.003
and 0.006.
Table 27:

Cancer site

Breast cancer
Colon cancer
Rectal cancer
Lung cancer

5-year relative survival, and the average annual change, for breast,
colorectal and lung cancer people diagnosed 1996-2006, England and
Wales (Source: Rachet et al., 2009)
Country

England
Wales
England
Wales
England
Wales
England
Wales

5-year relative survival for people diagnosed 1996-2000
Males
Annual
Females
Annual
change (%)
change (%)
Not applicable
Not applicable
0.806
0.008
Not applicable
Not applicable
0.779
0.011
0.476
0.003
0.476
0.004
0.465
0.009
0.441
0.009
0.496
0.006
0.512
0.006
0.464
0.005
0.507
0.008
0.062
0.001
0.071
0.003
0.059
0.001
0.067
0.006
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Trends in cancer survival in Scotland
Trends in cancer survival were assessed by Shack et al. 2007 for people diagnosed
1986-2000 in Scotland (88), using similar methods to the Coleman et al., 2004 England
and Wales study discussed above. The data, methods and results from this Scottish
are summarised below.
Individual records for all people diagnosed during 1986 to 2000 that were contained in
the Scottish Cancer Registry were included in this study. A total of 357,658 records
were included in this study, after excluding those people diagnosed by death certificate
only and those with a second or later tumour. These people were followed up to 2004.
One-year and five-year relative survival ratios were estimated for each combination of
sex and calendar period for each cancer site. Linear regression methods were used to
estimate the average change for every five years in 1-year and 5-year relative survival.
This study found that there were moderate to large improvements over time for female
breast cancer and colorectal cancer survival, with little or no change over time in lung
cancer survival (Table 28). Five-year relative for breast cancer was estimated to
increase by 0.068 every five-years. Five-year relative survival for colon and rectal
cancers was estimated to increase between 0.046 and 0.081 every five-years. Fiveyear relative survival for lung cancer was estimated to change every five-years
between 0.003 and 0.008.
Table 28:

5-year relative survival, and the average change every five-years, for
breast, colorectal and lung cancer people diagnosed 1986-2000,
Scotland (Source: Shack et al., 2007)

Cancer site

Breast cancer
Colon cancer
Rectal cancer
Lung cancer

Sex

Females
Males
Females
Males
Females
Males
Females

5-year relative survival
for people diagnosed
1996-1999
0.816
0.508
0.510
0.530
0.600
0.071
0.081
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Average change every
five-years
0.068 (0.059, 0.077)
0.046 (0.032, 0.060)
0.049 (0.037, 0.061)
0.078 (0.061, 0.095)
0.081 (0.056, 0.106)
0.003 (0.001, 0.006)
0.008 (0.000, 0.017)
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Trends in cancer survival in Australia, Canada, Denmark, Norway, Sweden and
the UK
One study was identified in the literature search that provided 5-year relative survival
for four different cancer sites at three calendar periods in six countries.(8) While this
study did not report specific trends in cancer survival, it was possible for the purpose of
this chapter to calculate the percentage change in 5-year relative survival for people
diagnosed 2005-2007 to people diagnosed 1995-1999.
Cancer registration data in 12 jurisdictions in six countries were used to identify a
cancer population of 2.4 million adults with a primary diagnosis of female breast,
colorectal, lung and ovarian cancers between 1995 and 2007. The six countries and
jurisdictions were: (1) Australia (New South Wales, Victoria); (2) Canada (Alberta,
British Columbia, Manitoba, and Ontario); (3) Denmark; (4) Norway; (5); Swedish
regions; and (6) UK registries (England, Northern Ireland, and Wales). A common
protocol was developed to ensure consistent data quality, data control and analyses. A
large number, 252, of complete life tables were constructed to account for variations in
background mortality in the non-cancer population by age, sex and calendar year. Oneyear and five-year relative survival was estimated for each combination of calendar
period (1995-1999, 2000-2002, and 2005-2007), country, and jurisdiction. For
conciseness, the 5-year relative survival for breast, colorectal and lung are presented
for the six countries for the three calendar periods.
This study found that 5-year relative survival for breast, colorectal and lung cancer
improved over time in each country (Figure 17). It was possible to calculate the
percentage change in 5-year relative survival for people diagnosed 2005-2007
compared to people diagnosed 1995-1999. From these analyses (not shown here), 5year relative survival improved between 1% and 9% (i.e. a 90% increase in the 5-year
relative survival from 0.80 to 0.872) for women with breast cancer, 7% and 16% for
colorectal cancer, and 17% and 36% for lung cancer. As shown in previous chapters,
the larger improvements for lung cancer survival, compared to breast and lung cancer,
is due to scale dependence, i.e. an increase in 5-year relative survival from 0.14 to
0.17 has a larger impact than an increase in 5-year relative survival from 0.85 to 0.88.
Figure 17:

Changes over time in 5-year relative survival for breast, colorectal and
lung cancers, 1995-2007, in Australia, Canada, Denmark, Norway,
Sweden and the United Kingdom (Source: Coleman et al., 2010)
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International trends in cancer survival, measured on the excess mortality rate
scale
Given that different interpretations about trends in cancer survival can be made
depending on whether survival is measured on the relative survival or excess mortality
rate scales, and that the excess mortality rate scale is the primary measure used in this
thesis to assess trends in cancer survival, it was considered important in this thesis to
understand trends in cancer survival on the excess mortality rate scale. The following
section describes the methods used to re-analyse the studies discussed above in order
to estimate the average annual percentage change in excess mortality rates for 23
cancer sites (including colon, rectal and combined colorectal cancers).
Quantifying the reduction in cancer excess mortality in New Zealand was an important
research objective of this thesis. Cancer excess mortality, the analogue of relative
survival, is a more flexible framework for measuring net cancer survival as it can be
modelled in a regression framework thereby allowing for simultaneous consideration of
a number of covariates that might explain cancer survival. As shown in a previous
chapter, relative survival can be converted to equivalent annual excess mortality rates.
In the following section, I have re-analysed results from the five studies discussed
above in an attempt to get a coherent impression of the changes over time in cancer
survival across countries, measured as annual percentage changes (APCs) in annual
excess mortality rates.
Different approaches were required to estimate the annual change in excess mortality
rates over time in each of these studies. Table 29 outlines the approaches used to
estimate the annual percentage change in cancer survival for each of the studies. More
specific methodological details are published elsewhere.(92) In summary, to estimate
the year-to-year change (%) in excess mortality by cancer sites, the excess mortality
rate ratios over x years were converted to per annum rate ratios, then the annual
percentage change (APC) estimated. For example, if the rate ratio for excess mortality
in 2006 compared to 1996 was 0.80, then the annual rate ratio is 0.801/10 = 0.978, and
the APC is -2.2%. If a study presented findings as relative survival ratios, then these
relative survival values were converted to excess mortality rates. It was assumed here
that the excess mortality rate was constant over the five years, which is an adequate
assumption for determining changes in the excess mortality rate over time as long as it
was assumed the percentage change over time in the excess mortality rate is similar
by year of follow up. There are limitations to these estimated average annual
percentage changes in excess mortality rates. For example, there is rounding in the
reported results, and the authors’ may have used a linear or multiplicative method to
calculate the change in relative survival over time. Second, little attempt was made to
measure random error, for instance by calculating confidence intervals for each APC,
or to quantify systematic error, such as the impact of incorrect life tables or the impact
of different underlying methods in each study. Nevertheless, by converting the results
from these published studies, a reasonable overview can be gained of changes in
cancer survival across multiple countries and multiple cancers.
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Table 29:

Author and
date

Approaches used to estimate the annual change (%) in cancer survival
from the seven studies included

Coleman et
al., (2004)

Survival
analysis
methods and
measures
5-year relative
survival

Author’s approach in
estimating changes in
cancer survival

Our approach to converting study
results to an estimated APC in the
excess mortality rate

The average change every
five years in 5-year relative
survival between calendar
periods was calculated using
linear regression.

A centred relative survival value was
estimated based on the 5-year relative
survival in the most recent period and
the value given in the study for the
average change for every five years in
relative survival. The centred relative
survival value + 1 year were also
estimated by dividing the value given for
the average change every five years in
relative survival by five. These relative
survival estimates were then converted
to excess mortality rates.
A centred relative survival value was
estimated based on the 5-year relative
survival for the earliest and most recent
calendar periods. The centred relative
survival value + 1 year were calculated
by subtracting the difference between
1995-99 and 2005-07 relative survival
and dividing this by 9. The relative
survival values were then converted to
excess mortality rates with an estimated
annual percentage change calculated.
The estimated average year-on-year
change in 5-year relative survival was
transformed on to the excess mortality
rate scale.

Coleman et
al., (2011)

5-year relative
survival

5-year relative survival for the
periods 1995-99, 2000-02,
2005-07 were given but no
trends over time were
calculated

Rachet et
al., (2009)

5-year relative
survival

Shack et
al., (2007)

5-year relative
survival

The average year-on-year
change in 5-year relative
survival between calendar
periods was calculated using
linear regression.
The average change every
five years in 5-year relative
survival between calendar
periods was calculated using
linear regression.

Yu et al.,
(2007)

Excess mortality
rate modelling
EMRR

An excess mortality rate ratio
was given for the change over
time in cancer survival for
people diagnosed 1993-96
compared to people
diagnosed 1980-84.
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A centred relative survival value was
estimated based on the 5-year relative
survival in the most recent period and
the value given in the study for the
average change for every five-years in
relative survival. The centred relative
survival value + 1 year were also
estimated by dividing the value given for
the average change every five years in
relative survival by five. These relative
survival values were then converted to
excess mortality rates.
The annual change (%) over time in
excess mortality was calculated as (1 –
1/8
RR^ [10]).
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Figure 18 and Table 30 show the estimated average annual percentage changes
(APC) in excess mortality rates by cancer site; full results are published elsewhere.(92)
These estimated APCs were calculated (using the methods detailed above) from
results of population-based cancer survival studies that present changes over time in
either relative survival ratios or excess mortality rate ratios in Australia, Canada,
Denmark, England and Wales, Norway, Scotland, Sweden, and the United Kingdom.
In Figure 18 and Table 30, an estimated APC below zero indicated that there was a
decrease in excess mortality (cancer survival improved for each year of calendar year).
For instance, if the excess mortality rate in 2010 was 0.250 and the estimated APC
was -5.0% (the estimated decrease in the excess mortality in the next year would be
0.0125) then the excess mortality rate in 2011 would be 0.2375. But in ten years time,
the excess mortality rate would be 0.250 × (1-0.05)^10 = 0.150. An estimated APC
above zero indicates that there was an increase in excess mortality (cancer survival
declined for each calendar year). For example, if the excess mortality rate in 2010 was
0.15 and the estimated APC was 1.5%, then the excess mortality rate in 2011 would be
0.152. In Figure 18, the light circle represents the estimated APCs from individual
cancer survival studies; the actual estimated APCs for each study are published
elsewhere.(92) The dark square in Figure 18 represents the average estimated APC,
using the estimated APCs from each study.
Figure 18 and Table 30 show that there was:
•

•

•

little or no change in excess mortality rates (i.e. a small improvement over time
in cancer survival) for people with bladder, brain, colorectal (studies assessing
colon and rectal cancer survival combined were different to studies assessing
colon and rectal cancer survival separately), lung, oesophageal, ovarian,
pancreatic, and stomach cancers;
a moderate decrease in excess mortality rates (i.e. a moderate improvement
over time cancer survival) for people with breast, cervical, colon, rectal, head
and neck, kidney, and uterine cancers and for people with Hodgkin’s
lymphoma, leukaemia, melanoma, and Non-Hodgkin’s lymphoma.
a large decrease in excess mortality rates (i.e. a large improvement in cancer
survival) for people diagnosed with liver, prostate, testicular, and thyroid gland
cancers. (However, the large annual decrease for prostate cancer is probably
spurious due to massively increased PSA testing resulting in earlier diagnosis
and diagnosis of non-consequential disease.)
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Figure 18:

Estimated annual percentage changes (APCs) in excess mortality rates
by cancer site for cancer survival in Australia, Canada, Denmark,
England and Wales, Norway, Scotland, Sweden and the United
Kingdom
Estimated annual percentage change (APC) in the excess mortality rate

 Average estimated APC
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Table 30:

Estimated average annual percentage changes (APCs) in excess
mortality rates by cancer site based on data from cancer survival studies
in Australia, Canada, Denmark, England and Wales, Norway, Scotland,
Sweden, and the United Kingdom
Cancer site

Bladder
Brain
Breast
Cervix
Colon
Rectum
Colorectum
Head and neck
Hodgkin’s lymphoma
Kidney
Leukaemia
Liver
Lung
Melanoma
Non-Hodgkin’s lymphoma
Oesophagus
Ovary
Pancreas
Prostate
Stomach
Testis
Thyroid
Uterus
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Average estimated annual percentage
change (APC) in the excess mortality rate
-0.18
-0.17
-3.67
-2.70
-3.11
-4.41
-1.98
-3.06
-2.01
-2.48
-2.88
-7.20
-1.02
-3.43
-2.34
-1.78
-1.85
-0.18
-7.87
-1.82
-5.42
-6.58
-3.73
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Strengths and limitations of evidence for trends in cancer
survival
This section presents the strengths and limitations of the New Zealand and
international evidence presented above for trends in cancer survival.

New Zealand
There were a number of strengths in the Ministry of Health data. First, recent cancer
registry and mortality data were available to provide up-to-date estimates of cancer
survival in New Zealand. Second, this up-to-date cancer registry and mortality data
enabled the calculation of 5-year relative survival at different time points for people
diagnosed in a recent period, i.e. 1998-2007. Third, 5-year relative survival estimates at
different time points were presented for each ethnic and deprivation group, enabling (in
this thesis) calculation of trends in cancer survival by ethnic and socioeconomic group.
However, there were also a number of limitations to these data. The key limitation was
that non-comparability bias was introduced as general population life tables were used
to estimate 5-year relative survival for each ethnic and deprivation group. While the
impacts are modest for estimating trends in cancer survival within ethnic and
deprivation group, non-comparability bias is a substantial issue for estimating relative
survival differences between groups at each calendar period with survival moderately
under-estimated for Māori and the most deprived, and slightly over-estimated for nonMāori and the least deprived groups (as shown in Chapter 3). Second, it was difficult to
determine the statistical precision of relative survival estimates for each ethnic and
deprivation group as confidence limits were not presented. Third, sparse data,
particularly when relative survival estimates for each ethnic and deprivation group were
presented at two-yearly intervals, led to unstable estimates across time for less
common cancer sites (not shown here).

International data on trends in cancer survival
These studies had a number of strengths. First, four of the five studies presented their
analyses in a way in which it was possible to determine the pattern or trend in cancer
survival. For example in the Coleman et al., 2004, Shack et al., 2007, and Rachet et
al., 2009 studies, the average change every five-years in 5-year relative survival were
calculated using regression methods. Second, one study (Coleman et al., 2010)
presented cross-country comparisons for breast, lung, colorectal and ovarian cancer
across three different time periods in Australia, Canada, Denmark, Norway, Sweden,
and the United Kingdom. The European region has been the focus of most crosscountry cancer survival studies (see for instance the EUROCARE studies (7, 93-97)).
Therefore, the Coleman et al., 2010 study is an important reference point for assessing
total population trends in cancer survival in New Zealand. Third, a number of studies
had large study populations thereby increasing the statistical precision of 5-year
relative survival at each calendar period and the trends in cancer survival across time.
Fourth, there was a high degree of data quality control in the Coleman et al., 2004,
Shack et al., 2007, Rachet et al., 2009, and Coleman et al., 2010 studies.
However, these studies had a number of limitations. First, for the relative survival
studies discussed here, stage at diagnosis was not adjusted for. Stage at diagnosis is
an important prognostic factor in cancer survival, at any single point in time, as well as
an important factor to consider when measuring trends in cancer survival. Second,
Coleman et al., 2010, have identified that differences in relative survival between
countries may be explained by differences between countries in regards to individual,
health system and clinical factors. These were not adjusted for in the Coleman et al.,
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2010 study but will be examined in the future by those authors. Third, trends in cancer
survival were mostly presented as absolute differences on the relative survival scale.
As shown in previous chapters, and as will be shown in subsequent chapters, different
interpretations about trends in cancer survival and trends in cancer survival gaps
between groups can be made depending on whether absolute or relative differences
are measured on the relative survival or excess mortality rate scales.

Estimated average annual percentage changes across countries in excess
mortality
The analyses presented above have shown estimated average annual percentage
changes in excess mortality rate across cancers. These annual changes in excess
mortality were estimated by applying statistical methods to cancer survival data
published from a number of countries. These analyses show that, for instance, there
was a small decline in excess mortality rates for people with lung cancer, a moderate
decline in excess mortality rates for women with breast and for people with colon and
rectal cancer. International comparison data on the reduction in cancer excess
mortality rates is lacking, and this section has highlighted the need for such analyses.
The limitation of the analyses presented here is that they are approximations with
inherent assumptions, such as that it was assumed that the reductions in excess
mortality rates over time are similar for each year of follow-up since cancer diagnosis.
Also random or systematic error in these studies was not adjusted for. Nevertheless,
these are useful for understanding changes over time for specific sites in excess
mortality rates.
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Trends in ethnic inequalities in cancer survival
The extent to which ethnic inequalities in cancer survival have narrowed or widening
over time in New Zealand has not previously been systematically assessed; this is a
substantial knowledge gap. In the following section, I present original data published by
the New Zealand Ministry of Health as well as a reanalysis of these findings in order to
estimate trends in ethnic cancer survival inequalities. This section also presents
international evidence for trends in ethnic cancer survival inequalities.

New Zealand
Data on 5-year relative survival by ethnic group at different time points has been
published in New Zealand, but with no attempt to quantify the trends in ethnic cancer
survival inequalities. Using linear regression methods, it was possible to estimate these
trends.
The data used to estimate trends in ethnic cancer survival inequalities has been
described earlier in this chapter. To summarise, 5-year relative survival was estimated
for each ethnic group for people diagnosed with one of 24 cancer sites from 1998 to
2007, with follow-up to 2009.
Trends in ethnic inequalities in cancer survival were estimated by first calculating the
absolute difference between Māori and non-Māori 5-year relative survival at each 2yearly interval from 1998 to 2007, such that the ethnic gap in cancer survival was
quantified at 5 time points. Then, trends in absolute gaps between ethnic groups in 5year relative survival were estimated using ordinary-least squares regression, using the
formula Ethnic gap in 5-year relative survival = a + B1 period of diagnosis. As noted
above, period of diagnosis (coded as 0, 1, 2, 3 and 4) was modeled as a continuous
variable and interaction terms were not specified here but were included in the
analyses shown in Chapters 6 and 7 of this thesis.
Figure 19 plots the ethnic gap in 5-year relative survival in 2-yearly intervals from 1998
to 2007 for all cancers combined as well as for breast, colorectal and lung cancers.
Figure 19 also presents the average 2-yearly change in the ethnic gap from 1998 to
2007. From these estimates, it can be concluded that there was little change over time
in the ethnic gap for all cancers combined as well as for breast and lung cancers.
However, there was a narrowing of the ethnic gap in colorectal cancer with the average
2-yearly change of -0.03 in the ethnic inequality for this cancer.
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Average two-yearly change in the absolute gaps between ethnic groups
in 5-year relative survival for people diagnosed 1998 to 2007 for
selected cancer sites (Source of calendar period relative survival values:
Ministry of Health, 2010)
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International trends in ethnic cancer survival inequalities
This section looks at the international evidence relating to ethnic inequalities in cancer
survival, and trends in those ethnic cancer survival inequalities. The literature search
undertaken for this chapter identified that the United States was the only country to
publish studies on trends in ethnic cancer survival inequalities. SEER (Surveillance,
Epidemiology and End Results) data was used in all these studies. SEER is a primary
source for cancer statistics in the United States, including relative cancer survival
estimates. SEER collects data on ethnicity, making it a valuable data source for studies
examining ethnic inequalities in cancer survival, and whether those inequalities have
changed over time. This section describes studies from the United States where a
focus has been on changes over time in ethnic relative survival inequalities. In this
section, each study is first described followed by a discussion on the strengths and
limitations of all the studies.
The literature search found no relative survival or excess mortality rate studies that
presented trends in cancer survival for multiple cancer sites by ethnicity at two or more
calendar periods. A number of studies were found, however, that present trends in the
ethnic gap in 5-year relative survival for single cancer sites, with all these studies being
from the United States. Ten studies were identified for inclusion in this section. These
studies presented changes over time in the ethnic inequalities in cancer survival for
eight specific cancer sites, namely female breast (98), colorectal and anal (99, 100),
kidney (101), lip and oral cavity (102), lung cancer (103), Non-Hodgkin’s lymphoma
(104, 105), and prostate cancer (106, 107). A number of other studies from the United
States were identified in the literature search, see for instance (108-110). These
studies were excluded from this literature review as they did not estimate present
relative survival by ethnic group for two or more calendar periods.
For conciseness, studies relating to trends in ethnic inequalities in breast, colorectal
and lung cancer survival are discussed below. In summary, studies for these cancer
sites found that African American, or black, people had poorer cancer survival
compared to white people. Further, these studies suggested that ethnic inequalities for
breast and lung cancers were widening over time, measured as absolute differences
on the relative survival scale. There was no clear pattern either way for widening or
narrowing for ethnic inequalities in colorectal cancer survival. Studies for the other
cancer sites, as noted above, suggested:
•
•
•

narrowing ethnic inequalities in cancer survival measured as RSRDs for men
with prostate cancer and for women with Non-Hodgkin’s lymphoma;
little or no change in ethnic inequalities in cancer survival measured as RSRDs
for people with kidney cancer and for women with lip and oral cancers;
increasing ethnic inequalities in cancer survival measured as RSRDs for men
with lip and oral cancers and men with Non-Hodgkin’s lymphoma.

Trends in ethnic inequalities in female breast cancer survival
A study examining incidence, survival and mortality trends in breast cancer ethnicity
was published in 2003.(98) Eligible people included those on the SEER registry
diagnosed between 1975 and 2000 with invasive and in situ female breast cancer.
Ethnicity was categorised into white, African-American, and all other ethnic categories
combined. The survival analysis reported in this study, however, was only calculated
for white and African-American people. Data on the number of people with cancer were
not presented. Mortality follow-up was to 2000. Five-year relative survival by stage at
diagnosis and ethnicity were calculated for two time periods, 1975-1979 and 1992-
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1999. Ethnic differences in 5-year relative survival were present in both periods of
cancer diagnosis.
In this study examining female breast cancer, there was evidence of increasing ethnic
inequalities in 5-year relative survival. The absolute difference for 5-year relative
cancer survival between white and African-American women with breast cancer
increased regardless of stage at cancer diagnosis, but particularly for the distant stage
group. For local breast cancer, the absolute difference was 0.059 between 1975-1979
and 0.079 in the 1992-1999 period. For regional metastases, the absolute ethnic
difference in the 5-year relative survival was 0.137 in the 1975-79 period and 0.143 in
the 1992-99. For distant metastases, the absolute difference in 5-year relative survival
increased from 0.029 in the 1975-79 period to 0.094 in the 1992-99 period. No
analyses were performed by the authors of this study to test the statistical significance
of these inequalities at any point in time or for any change over time.
Trends in ethnic inequalities in colorectal cancer survival
A study investigating time trends in the incidence and survival of colorectal
adenocarcinoma was undertaken using data from a population-based cancer registry in
Detroit, Michigan for the period 1973 to 1989.(99) Only people with histologically
confirmed first primary invasive adenocarcinoma of the colon and rectum and who
were recorded as being African-American or white were included in this study. A total
of 32,184 people were included in the incidence rate and relative survival calculations,
with the composition of that cancer population being white males (43%), white females
(39%), African-American males (9%), and African-American females (9%). Ethnicity
was categorised into two categories of white or African-American. No detail was
provided on how the ethnicity data was collected in the Detroit cancer registry. Fiveyear relative survival by ethnic group was calculated in this study for three periods of
cancer diagnosis, specifically 1973-1977, 1978-1983, and 1984-1989. Only males were
included in the relative cancer survival analysis.
In this study examining colorectal cancer, there was evidence of ethnic inequalities in
5-year relative survival for men with colorectal cancer. There was some evidence that
ethnic inequalities in relative survival increased for men with right colon cancer, but
with some evidence that ethnic inequalities in relative survival decreased for men with
left colon and rectal cancers. The male African-American group had poorer survival
compared to the white group. This study found that for men with right colon
adenocarcinoma there was an increase in the absolute difference in the ethnic gap in
relative survival over time, with an absolute difference of 0.014, 0.084, and 0.228 in the
1973-1977, 1978-1983, and 1984-1989 periods respectively. For men with left colon
and rectal adenocarcinoma there was a decrease in the absolute difference of 0.095,
0.160, and 0.060 for the same time periods.
Changing trends in the incidence and 5-year relative survival for people with anal
cancer in five states (Connecticut, Hawaii, Iowa, New Mexico and Utah) over four
periods of diagnosis was investigated in 2004.(100) The eligible population in this study
was those with anal canal cancer drawn from SEER data for the period 1973-2000.
The numbers of eligible people included in the analyses were not reported. Data on
sex, ethnicity, tumour histology, and diagnosis year was extracted from cancer registry
records to calculate incidence rates and survival outcomes. No description on how
ethnicity was recorded and categorized was reported. Mortality follow up was to 2001.
Age-standardised 5-year relative survival estimates were calculated in this study.
This study found that there was an ethnic gap in relative survival, with the black group
having poorer survival, a pattern that persisted over the four time periods studied
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(1973-1979, 1980-1986, 1987-1993, and 1994-2000). Moreover, there was a widening
of the absolute difference in relative survival between the white and black anal cancer
groups. For men, the absolute ethnic difference in the 1973-1979 period was 0.18 and
this increased to 0.39 in the 1994-2000 period. For women, no difference was reported
in the 1973-1979 period between the white and black anal cancer group but a
difference of 0.16 was shown in the 1994-2000 period.
Trends in ethnic inequalities in lung cancer survival
Temporal trends in the incidence and survival of lung cancer in Metropolitan Detroit
were investigated for the period 1973-1998.(103) People with primary bronchogenic
carcinoma diagnosed in the metropolitan Detroit area from 1973 to 1998 were included
in this study. A total of 48,244 people were included in this study. The authors did not
provide details on the date of mortality follow up. Five-year relative survival was
calculated in this study. Ethnic inequalities in 5-year relative survival for people with
lung cancer reported in this study at each calendar period. Furthermore, the absolute
ethnic difference between the black compared to white lung cancer group widened over
the two time periods with the black group having poorer survival compared to the white
group. The absolute relative survival difference between black compared to the white
group was 0.01 in the 1973-1985 period and 0.05 in the 1986-1998 period. The study
found that the ethnic relative survival differences were found to be only statistically
significant in the second period of diagnosis. However, no analyses were performed by
the authors of this study to test the statistical significance of the trend in ethnic lung
cancer survival inequalities over time.
Summary of trends in ethnic inequalities in cancer survival in the United States
From the studies discussed above, it was concluded there was no clear pattern either
way of narrowing or widening ethnic inequalities in cancer survival in the United States
(Table 31). These studies suggested ethnic inequalities in cancer survival were
increasing for breast, anal and lung cancers, decreasing for prostate cancer, and with
little or no change for kidney cancer. However, these findings should be interpreted
with a moderate degree of caution as there were a number of biases present across
these studies, including non-comparability bias.
Table 31:

Change over time in absolute gaps between ethnic groups in 5-year
relative survival, United States

Cancer site
Female breast cancer
Rectal cancer (males)
Anal cancer
Kidney
Lip and oral cancers
Lung
Non-Hodgkin’s lymphoma
Prostate cancer

Change over time in absolute gap between (“black” and “white”)
ethnic groups in 5-year relative survival
Increasing
Increasing for right colon, Decreasing for left colon
Increasing
Little or no change
Increasing for males, little or no change for females
Increasing
Increasing for males, decreasing for females
Decreasing
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Trends in socioeconomic inequalities in cancer survival
One relative survival study was identified in the literature search that, among other
things, investigated New Zealand trends in socioeconomic inequalities in 5-year
relative survival cancer for people with breast, cervical and colorectal diagnosed in
1997 and 2002. Few details about data and methods were detailed in this paper
published by Hussey et al., (2008).(111) However, the authors presented evidence to
suggest that socioeconomic inequalities in breast and colorectal 5-year relative survival
widened over time and the socioeconomic inequalities in cervical cancer narrowed over
time.
Apart from the study by Hussey et al. (2008), the extent to which socioeconomic
inequalities in cancer survival have narrowed or widened over time in New Zealand has
not previously been systematically assessed; this is a substantial knowledge gap. In
the following section, I present original data published by the New Zealand Ministry of
Health as well as a reanalysis of these findings in order to estimate trends in
socioeconomic cancer survival inequalities. This section also presents international
evidence for trends in socioeconomic cancer survival inequalities.

New Zealand
Data on 5-year relative survival by deprivation group at different time points has been
published in New Zealand, but with no attempt to quantify the trends in socioeconomic
cancer survival inequalities. Using linear regression methods, it was possible to
estimate these trends.
The data used to estimate trends in socioeconomic cancer survival inequalities has
been described earlier in this chapter. To summarise, 5-year relative survival was
estimated for each deprivation group for people diagnosed with one of 24 cancer sites
from 1998 to 2007, with follow-up to 2009.
Trends in socioeconomic inequalities in cancer survival were estimated by first
calculating the absolute difference between the most and least deprived groups in 5year relative survival at each 2-yearly interval from 1998 to 2007, such that the
socioeconomic gap in cancer survival was quantified at five time points. Then, trends in
the absolute gap between deprivation groups in 5-year relative survival were estimated
using ordinary-least squares regression, using the formula Socioeconomic gap in 5year relative survival = a + B1 period of diagnosis. As noted above, period of diagnosis
(coded as 0, 1, 2, 3 and 4) was modeled as a continuous variable and interaction terms
were not specified here but were included in the analyses shown in Chapters 6 and 7
of this thesis.
Figure 20 plots the socioeconomic gap in 5-year relative survival in 2-yearly intervals
from 1998 to 2007 for all cancers combined as well as for breast, colorectal and lung
cancers.
Figure 20 also presents the average 2-yearly change in the ethnic gap from 1998 to
2007. From these estimates, it can be concluded that there was little change over time
in the socioeconomic gap for breast and lung cancers. However, there was a widening
of the socioeconomic gap for all cancers combined and for colorectal cancer with the
average 2-yearly change of 0.01 in the ethnic inequality for this cancer.
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Average two-yearly change in the absolute gap in deprivation groups in
5-year relative survival for people diagnosed 1998 to 2007 for selected
cancer sites (Source of calendar period relative survival values: Ministry
of Health, 2010)
Breast cancer
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0

0
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International trends in socioeconomic cancer survival inequalities
Literature was searched for studies in countries other than New Zealand that
investigated trends in socioeconomic inequalities for multiple cancer sites. To my
knowledge, no studies have been published that have assessed trends in income
inequalities in cancer survival. However, it was identified that there were a number of
studies undertaken in England, Wales and Scotland that have examined trends in the
deprivation gap in 5-year relative survival for a large number of cancer sites. These
studies are described in this section and, like other sections of this chapter, focus on
breast, colorectal and lung cancers.
Trends in socioeconomic inequalities in cancer survival in England and Wales
In addition to estimating trends in cancer survival, the Coleman et al., 2004 study
(described earlier in this chapter) also estimated socioeconomic inequalities in cancer
survival and trends in those survival inequalities. In the Coleman et al., study, cancer
registry data did not include data about an individual’s socioeconomic position. The
Carstairs Deprivation index, an area-based measure of deprivation, was calculated for
each individual cancer registration record. Deprivation was assigned into quintiles of
deprivation. Sex- and deprivation-specific life tables were constructed for this study
centred on the 1990-92 and 1997-99 periods. One-year and five-year relative survival
was estimated for each combination of sex and calendar period for each cancer site.
Two measures of socioeconomic inequalities were derived: the average difference in
survival between the most deprived and most affluent groups, namely the deprivation
gap in survival; and the average change in the deprivation gap in survival over time.
Least-squares linear regression, using inverse variance weighting, was employed to
derive these two summary measures. The summary measures were estimated by
fitting the regression model with the deprivation and calendar period variables as well
as an interaction term for calendar period and deprivation.
Trends in socioeconomic inequalities in cancer survival in Scotland
In addition to estimating trends in cancer survival, the Shack et al., 2007 study (also
described earlier in this chapter) estimated socioeconomic inequalities in cancer
survival and trends in those survival inequalities. In the Shack et al. study, cancer
registry data did not include data about an individual’s socioeconomic position.
Socioeconomic position was ascertained by postcode for people diagnosed 1986-1995
using the Carstairs Deprivation index and by data zone for people diagnosed 19962000 using the Scottish Indices of Multiple Deprivation. Deprivation was assigned into
quintiles of deprivation for all people diagnosed between 1986 and 2000. Sex- and
deprivation-specific life tables were constructed for this study centred on the 1990-92
and 2000-2002 periods. Two measures of socioeconomic inequalities were derived: the
average difference in survival between the most deprived and most affluent groups,
namely the deprivation gap in survival; and the average change in the deprivation gap
in survival over time. Least-squares linear regression, using inverse variance
weighting, was employed to derive these two summary measures. Changes over time
in the absolute gap in 5-year relative survival was estimated by fitting the regression
model with the deprivation and calendar period variables as well as an interaction term
for calendar period and deprivation. Twenty cancer sites were assessed for trends in
socioeconomic cancer survival inequalities (measured as RSRDs) but were not able to
be determined for pancreatic, testicular and laryngeal cancers due to sparseness of
data.
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Both the Coleman et al. and Shack et al. studies found widening socioeconomic
inequalities in colorectal cancer survival but little or no change in socioeconomic
inequalities in female breast and lung cancers (Table 32). From Table 32, it was
concluded that there was:
•
•
•
•
•

little or no change in the deprivation gap for female breast cancer survival in
England, Wales and Scotland;
a widening over time in the deprivation gap for colon and rectal cancer survival
for males and females in England and Wales, with an increase in the
deprivation gap of between -0.019 and -0.022 every five years;
a widening over time in the deprivation gap for colon and rectal cancer survival
for females in Scotland, with an increase in the deprivation gap of between
-0.024 and -0.044 every five years;
little or no change in the deprivation gap for rectal cancer survival for males in
Scotland;
little or no change in the deprivation gap for lung cancer survival in England,
Wales and Scotland.

Table 32:

Trends in socioeconomic inequalities in breast, colorectal and lung
cancers for people diagnosed 1986-1999/2000 in England, Wales and
Scotland (Source: Coleman et al., 2004, Shack et al., 2007)

Cancer site and sex

Deprivation gap
England and Wales
Scotland
Absolute gap in
Average change Absolute gap in
Average change
5-year relative
every five-years
5-year relative
every five-years
survival
survival
between the
between the
most and least
most and least
deprived
deprived
groups, 1996groups, 19961999
1999

Breast
cancer
Colon
cancer
Rectal
cancer
Lung cancer

Women

-0.058 (-0.067, -0.048)

-0.001 (-0.008, -0.006)

-0.041 (-0.060, -0.022)

-0.002 (-0.006, 0.002)

Men
Women
Men
Women
Men
Women

-0.057 (-0.080, -0.034)

-0.019 (-0.034, -0.003)

-0.057 (-0.101, -0.012)

-0.044 (-0.052, -0.035)

-0.073 (-0.094, -0.051)

-0.022 (-0.036, -0.008)

-0.061 (-0.102, -0.019)

-0.024 (-0.032, -0.016)

-0.094 (-0.120, -0.068)

-0.024 (-0.041, -0.005)

-0.053 (-0.107, 0.002)

-0.007 (-0.018, 0.004)

-0.083 (-0.114, -0.052)

-0.025 (-0.045, -0.051)

-0.080 (-0.145, -0.015)

-0.023 (-0.041, -0.017)

-0.014 (-0.022, -0.007)

-0.003 (-0.007, 0.002)

-0.016 (-0.031, -0.001)

-0.006 (-0.009, -0.003)

-0.006 (-0.016, 0.003)

0.000 (-0.006, 0.007)

-0.015 (-0.033, 0.004)

-0.012 (-0.015, -0.009)

A study by Jeffreys et al., 2004 (2) that examined trends in socioeconomic inequalities
in rectal cancer for people diagnosed between 1986 and 1999 also found a widening
deprivation gap in 5-year relative survival for rectal cancer. By calculating absolute and
relative differences on the relative survival scale (Table 33), we can see that the
absolute gap increased from -0.036 in 1986-1990 to -0.083 in 1996-1999. Considering
the relative difference, the RSRR in 1986-1990 comparing the most and least deprived
groups was 0.91 and increased away from the null to 0.85.
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Table 33:

Trends in socioeconomic inequalities in cancer for people diagnosed
1986-1999 in England and Wales and Scotland (Source: Jeffreys et al.,
2004)

Calendar
5-year relative survival
period of
Least deprived
Most deprived
diagnosis
group
group
1986-1990
0.398 (0.383, 0.413) 0.362 (0.351, 0.372)
1991-1995
0.447 (0.433, 0.461) 0.391 (0.381, 0.401)
1996-1999
0.538 (0.519, 0.556) 0.455 (0.442, 0.468)
* Calculated for the purpose of this chapter
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-0.036
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Strengths and limitations of evidence for trends in ethnic and
socioeconomic cancer survival inequalities
This section presents the strengths and limitations of the New Zealand and
international evidence presented above for trends in ethnic and socioeconomic cancer
survival inequalities.

Trends in ethnic and socioeconomic cancer survival inequalities in New
Zealand
While acknowledging that the data presented above are very simple calculations, and
that the trends in ethnic and deprivation group inequalities in 5-year relative survival
were measured imprecisely with lower and upper confidence limits including the null,
there was little evidence for either widening or narrowing ethnic inequalities in 5-year
relative survival. However, there was some evidence for a modest widening of
deprivation group inequalities in 5-year relative survival for all cancer sites combined
and for colorectal cancer. Non-comparability bias is likely to have had a marginal effect
on the estimation of the change over time in the ethnic and socioeconomic inequalities
reported here. This is because the same life tables were used to estimate relative
survival at each of the five calendar periods resulting in the same incorrect estimation
of ethnic or socioeconomic cancer survival inequalities at each point in time. The
impact of non-comparability bias, however, is likely to be much more modest for
estimating trends in cancer survival inequalities (as shown in Chapter 3). This issue of
non-comparability bias, however, has demonstrated a large methodological flaw in
current Ministry of Health publications, namely that relative survival for Māori and the
most deprived groups are under-estimated resulting in an over-estimation of the ethnic
and socioeconomic inequalities at each calendar period.

Trends in ethnic cancer survival inequalities in the United States
These studies had a number of strengths. First, these study populations were drawn
from the primary source of cancer data in the United States. These datasets included
data on ethnicity, enabling the investigation of trends and inequalities in cancer survival
between ethnic groups. Second, the datasets often contained cancer registration and
mortality records over an almost 30-year period providing a good opportunity to assess
whether ethnic inequalities in cancer survival were narrowing or widening over time.
Third, stage at diagnosis was able to be included in analyses for some studies.
These studies also had a number of limitations. First, and fundamental to assessing
ethnic inequalities in cancer survival, SEER-based studies have used general
population life tables in estimating 5-year relative survival. If, as in New Zealand,
mortality in the non-cancer population varies by ethnicity then non-comparability bias
will be a limitation of these studies. Non-comparability bias will most likely result in
under-estimation of relative survival for African American, or black, people and a
slightly over-estimation of relative survival for the white group. Such under- and overestimation would also result in over-estimated ethnic inequalities in relative survival.
Second, relative survival estimates for women with breast cancer estimated in the
Ghafoor et al. study were most likely over-estimated as women with both invasive and
in situ cancers were included in analyses. Women with in situ cancers most likely have
much better prognosis compared to women with invasive cancers. The inclusion of in
situ breast cancers in this study has probably resulted in inflated relative survival
estimates for both ethnic groups. Third, it was difficult to assess the statistical precision
of the majority of the relative survival estimates reported in the ten studies, as
confidence limits were not presented. Further, most studies did not report study group
numbers; these numbers would assist in understanding the degree of statistical
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precision in the relative survival analyses. Fourth, little information was presented in
these studies about how ethnicity data was collected (for instance: self identification of
ethnicity, or identification of ethnicity from other administrative datasets) and analyses
(prioritised or total counts of ethnic groups) in SEER cancer registry datasets. If a high
degree of misclassification of ethnicity was present, then the associations between
ethnicity and cancer survival presented in these studies was likely to be spurious.

International trends in socioeconomic cancer survival inequalities
The studies from England, Scotland and Wales that estimated trends in socioeconomic
disparities in relative survival had a number of methodological advantages. First, these
studies had large study populations thereby increasing the statistical precision of 5year relative survival estimates at each calendar period by deprivation group, allowing
for more precision interpretation of trends in inequalities. Second, the data included in
analyses in these studies were subject to high-level data quality control. Third, the
trend in cancer survival inequalities was measured using linear regression methods,
with an interaction term for calendar period and deprivation specified allowing for timedependent co-variates to be accounted for.
The primary limitation of these studies is that, as shown throughout this thesis, it is
possible for the magnitude and direction of trends in cancer survival inequalities to
differ dependent on whether the inequality is measured as an absolute or relative
difference on the relative survival or excess mortality rate scale. These studies
estimate the trends in absolute disparities between deprivation groups in 5-year relative
survival. It is possible that different interpretation of these trends could occur if trends in
the relative differences between deprivation groups in excess mortality rates were
assessed.
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Conclusion
The focus of this chapter was to review published New Zealand and international data
to assess the evidence for the three research objectives addressed in this study,
including an assessment of the strengths and limitations of published evidence.

Ethnic and socioeconomic inequalities in cancer survival
The first section reviewed New Zealand and international evidence for ethnic and
inequalities in cancer survival. In New Zealand, there was solid evidence for ethnic
and, to a lesser extent, socioeconomic inequalities in cancer survival. New Zealand
studies that have assessed ethnic cancer survival inequalities have measured these
disparities both as absolute and relative differences on the relative survival scale as
well as relative differences in excess mortality rates. New Zealand socioeconomic
cancer survival inequality studies have primarily measured absolute differences in
relative survival as well as relative differences in excess mortality rates. There was
variation across studies in the way in which ethnicity was categorised. Socioeconomic
position was measured using an area-based measure, namely the New Zealand
Deprivation Index. The majority of studies published in New Zealand investigating
ethnic and socioeconomic inequalities in cancer survival have used ethnic- or
deprivation-specific life tables, with the exception of Ministry of Health data where
general population life tables were used most likely over-estimating ethnic and
socioeconomic disparities in survival. A comprehensive approach to the investigation of
ethnic and socioeconomic inequalities in cancer survival should consider health service
utilisation before and after a cancer diagnosis, as differential treatment between ethnic
and socioeconomic groups can occur at each point in the detection, diagnosis and
treatment pathway. Although, a key limitation of New Zealand cancer survival inequality
evidence is that information on stage at diagnosis is missing or limited. It is important to
note that adjusting for stage at diagnosis also removes the effect of differential
treatment prior to a cancer diagnosis. Further, recent evidence is suggesting that stage
at diagnosis makes less of a contribution to ethnic inequalities in cancer survival than
previously thought, with differential health service utilisation and differential
comorbidities between ethnic and socioeconomic groups playing a more important
role.(48, 82, 112) This thesis builds on published New Zealand evidence for ethnic and
socioeconomic inequalities in cancer survival, and contributes to the literature by
deriving ethnicity and socioeconomic position data (equivalised household income
which to my knowledge has not yet been used in studies of socioeconomic inequalities
in cancer survival) for each unit record from linked Census-cancer data as well as by
using combined ethnicity- and income-specific life tables in excess mortality rate
modelling.
There was some evidence from the United States for ethnic inequalities in 5-year
relative survival in 1973-2003, with the African-American group having poorer survival
compared to the White group across cancer sites. However, general population life
tables were used to estimate 5-year relative survival for this data suggesting that ethnic
inequalities were over-estimated. In addition, a number of site-specific studies from the
United States have been published which show some evidence of ethnic inequalities in
cancer survival.
Similarly, there was little international evidence on the association between income and
cancer survival, with some published data available from Denmark, Norway, and the
United States. From this small group of studies, it can be concluded that people
diagnosed with cancer and who were categorised as having low income had poorer
cancer survival outcomes compared to people diagnosed with cancer who were
categorised as having high income in these countries. This finding should be
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considered in the context of other international evidence where there is stronger
evidence for socioeconomic cancer survival inequalities, when measured using areabased indices such as a deprivation index.
Given the limited international evidence for ethnic and, to a lesser extent, income
inequalities in cancer survival, this thesis makes an important contribution to the
literature in this field.

Trends in cancer survival
There is limited evidence in New Zealand quantifying improvements over time in
cancer survival. While published data from the Ministry of Health is available by 2yearly intervals for 1998-2007, these data have not systematically been assessed for
trends in cancer survival, including by ethnic and socioeconomic group. For the
purpose of this chapter, I presented results of linear regression modelling
demonstrating that there were improvements over time in 5-year relative survival for
breast and colorectal cancers. Furthermore for colorectal cancer, these improvements
over time appeared much greater for Māori (suggesting a possible reduction in ethnic
inequalities in cancer survival over time) and greater for the least deprived group
(suggesting a possible widening of socioeconomic inequalities in cancer survival over
time). For all ethnic and socioeconomic groups, there was little change over time in
lung cancer 5-year relative survival. Given the limited evidence base in New Zealand
on this topic, this thesis makes an important contribution to the evidence for trends over
time in cancer survival.
Studies using data from Australia, Canada, Denmark, England and Wales, Norway,
Sweden, Scotland, and the United Kingdom provide strong international evidence for
improvements over time in cancer survival across a number of cancer sites. These
findings have also been shown in the EUROCARE cancer survival study series. The
evidence for trends in cancer survival across cancer sites has primarily been presented
in the international evidence as a change in 5-year relative survival. In this study, I
have measured the change over time in 5-year relative survival by ethnic and income
group as well as the change per decade in excess mortality rates censored at 5 years.
These data are presented for each cancer site as well as a pooled estimate across
cancers for excess mortality rate reductions, an important contribution to international
evidence for trends in cancer survival.

Trends in ethnic and socioeconomic cancer survival inequalities
In New Zealand, little has been published on changes over time ethnic and
socioeconomic inequalities in relative survival and excess mortality. Using published
New Zealand Ministry of Health data, I was able to demonstrate a possible reduction
over time in ethnic inequalities in colorectal cancer survival and a possible widening
over time in socioeconomic inequalities in colorectal cancer survival. This thesis has
systematically assessed patters and trends across cancers in ethnic and
socioeconomic inequalities in cancer survival, primarily using excess mortality rate
modelling, an important contribution to New Zealand knowledge given the strong
evidence for ethnic and, to a lesser extent, socioeconomic inequalities in cancer
survival.
There is limited evidence from the United States for trends over time in ethnic
inequalities in cancer survival, with no clear pattern emerging from studies published to
date. The key limitations of these United States studies is that ethnic differences in 5year relative survival have not specifically measured the difference – either in absolute
or relative terms – between ethnic groups in cancer survival, and that 5-year relative
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survival by ethnic group was estimated using general population life tables thereby
introducing bias in the estimates by ethnic group as well as the disparity between
ethnic groups in cancer survival.
There is a strong evidence base from England, Scotland and Wales on patterns and
trends across cancer sites in socioeconomic cancer survival inequalities. Published
data from England and Wales suggest, similar to the preliminary New Zealand data
discussed above, a widening of socioeconomic differences in colorectal cancer 5-year
relative survival and little change in the socioeconomic differences in breast and lung
cancers.
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Chapter 5: Data and methods for measuring
ethnic and socioeconomic trends in cancer
survival, New Zealand, 1991-2004
Introduction
This chapter presents an overview of the data and methods used in this study to
Investigate patterns and trends in cancer survival by ethnic and socioeconomic group
in New Zealand, 1991-2004.
This chapter is divided into three parts.
The first section provides a summary of the data used to estimate survival and mortality
for people diagnosed with cancer whose records were linked to Census data to obtain
individual information about ethnicity and income, as a measure of socioeconomic
position. This section also overviews the data used to estimate survival and mortality
for people who died of causes other than cancer using official life table data together
with linked Census and mortality data on ethnic- and income-specific variation in
background mortality rates.
The second section focuses on the statistical methods used to investigate trends in
cancer survival by ethnic and socioeconomic group. Relative survival by ethnic and
socioeconomic income group was estimated using unit record data from three separate
Census periods (1991-1996, 1996-2001, and 2001-2004). Excess mortality rate
modelling was then undertaken to assess more systematically trends in cancer survival
by ethnic group and by income group, using unit record data for 1991-2004. Relative
survival and excess mortality rate analytical outputs were then used to model data for a
closer examination of trends in ethnic and socioeconomic inequalities in cancer
survival.
The third section summarises the statistical disclosure rules applied for the
presentation of study data.
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Data
This study utilised (a) anonymised individual unit record data extracted from linked
Census, cancer and mortality datasets where ethnicity and socioeconomic position
were assigned to each individual unit record using Census data and (b) comparable
background mortality data for deaths other than cancer where ethnicity and
socioeconomic position data were assigned using linked Census and mortality
datasets. This first section of the chapter describes these two types of data.
Anonymised unit record data from linked Census, cancer and mortality records
Anonymised tumour records for people with a primary cancer in 1991-2004 period were
extracted from a larger set of linked Census, cancer and mortality records from the
1981-2004 period, namely the CancerTrends study.(113) To my knowledge, this thesis
is the first attempt internationally at simultaneously assessing trends in ethnic and
socioeconomic cancer survival inequalities, using linked Census-cancer records.
In summary, the CancerTrends study led by researchers at the University of Otago,
Wellington, is made up of five closed cohorts where the New Zealand usually resident
population on the Census night of 1981, 1986, 1991, 1996 and 2001 were followed-up
for incident cancer(s) until the subsequent Census, or in the case of the 2001 cohort,
until 31 December 2004 (the date of the most recent Cancer Registry data available at
the time of this study). Data from the New Zealand Mortality Collection was then linked,
using various identifying variables such as the unique national health index
identification number, for these five Census periods, with follow-up ending on 31
December 2006. Further detail on the New Zealand Mortality Collection is contained in
the section on follow-up data below.
Each of the five Census-cancer mortality cohorts, with the exception of the 2001
cohort, starts around the first week of March in 1981, 1986, 1991, and 1996 and followup continues until the next Census.
In the study presented in this thesis, only data from the 1991, 1996, and 2001 Censuscohorts were used in analyses due to incomplete national mortality data available
during the 1981-1991 Census periods, which - if included - would have resulted in overestimation of cancer survival.
The CancerTrends study linked all, or as many as possible, cancer records with the
Census record for the same person resulting in a series of anonymised individual
tumour records at each Census period containing data for each unit record on sociodemographic, tumour and outcome data. Since the Census and cancer files did not
contain names, probabilistic links were made on the basis of where the person lived
and various demographic characteristics. The cancer records eligible to be linked with
each Census had the following characteristics: (a) the person was alive on the day of
the Census and resident in New Zealand; (b) a new cancer record was created in the
period from the day after the Census up to the day of the next Census (inclusive); and
(c) if there was more than one cancer for a person, only one record for that person was
included in the data for linking; that one record included all information that could be
used for linking from all records for the person.
New Zealand Census
The New Zealand Census of Population and Dwellings generally occurs five-yearly and
is conducted by Statistics New Zealand. Post-enumeration surveys estimate that over
97% of the population completed a Census form in 1996 and 2001.(114) Information is
collected on individuals and households, covering demographic, socioeconomic, and
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some health and disability issues (for instance, the Census periodically asks about
smoking status). In this study, ethnicity and income data from individual Census
records, i.e. Census-ethnicity and Census-income, were used to classify social groups
and assess trends in cancer survival by ethnicity and socioeconomic position.
New Zealand Cancer Registry
The New Zealand Cancer Registry was established in 1948 and is one of a number of
national population-based cancer registries around the world. On 1 July 1994 the
Cancer Registry Act 1993 and associated Cancer Registry Act Regulations came into
force, mandating that all newly diagnosed malignant disease (with the exception of
basal and squamous cell carcinomas of the skin) be notified to the Cancer Registry.
The Act and associated regulations defined, among other things, the scope of
information to be reported to the Cancer Registry, timeframes within which new
cancers were to be reported and the manner in which they were to be reported.
Importantly, the Act mandated reporting by pathologists in laboratories. The Act and
Regulations are available at www.health.govt.nz. Note that the Cancer Registry does
not require benign neoplasms to be reported.
Prior to the passing of the Act and Regulations, notification was conducted on a
voluntary basis through forms that were sent to the Cancer Registry. Despite this, case
ascertainment was thought to be relatively complete, for most cancers. However, from
the mid-1980s, changes in the health system and increasing societal concerns about
patient privacy resulted in declining case ascertainment and case information. This was
thought to be particularly problematic in the case of cancers that did not require
admission to hospital, such as melanoma and some cancers of the breast.(115) There
has been no formal assessment of the extent of under-reporting of cancer incidence
prior to the passing of the Act. Implementation of the Act resulted in a sharp increase in
the number of melanomas registered. However, for other cancers the impact was much
smaller and for most the effect was negligible. The effect on cancer incidence as a
result of the enactment of the Cancer Registry Act 1993 has been detailed by Blakely
et al.(113)
There are some indicators of completeness that are helpful for the New Zealand
Cancer Registry in determining under reporting (personal communication, Shirley
Miles, Ministry of Health, November 2013). These indicators include: (a) percentage of
cancers registered on the basis of death certificate only (death certificate only), where
a high percentage of DCO notifications would suggest incomplete incidence
notification. Around 2% of cancers on the New Zealand Cancer Registry (NZCR) are
DCO, which is considered to be a low percentage; (b) consistency in incidence data;
(c) consistency in reporting from laboratories. The New Zealand Cancer Registry
monitors the number of reports received from each laboratory and contacts the
laboratory if there appears to be a decrease in reporting; and (d) matching cancer
registrations against case lists obtained through other methods (e.g. regional oncology
databases, screening databases).
Eligible population
Adults aged 15 to 99 years who had a primary diagnosis of one of 21 possible
malignancies, registered in the New Zealand Cancer Registry between 6 March 1991
and 31 December 2004 (inclusive), and who were linked to 1991, 1996, and 2001
Census records were eligible for inclusion in this study.
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Extraction of observed cancer survival and mortality data
CancerTrends data were separated into five Census cohorts. I extracted anonymised
individual unit record data for three of these five Cohorts (1991-1996, 1996-2001, and
2001-2004). These unit records contained data for each individual on the main
exposures in the study (ethnicity and income) as well as other demographic, tumour
and outcome factors.
Ethnicity
Census ethnicity, i.e. the linked Census–cancer records, was used to define ethnic
groups in this study. Individuals were able to nominate more than one ethnic group on
the Census form. Individuals were included in the Māori ethnic group if any of these
was Māori; otherwise they were included as non-Māori. Ethnicity was missing if they
refuse to provide their ethnicity data.
The five-yearly Census is the New Zealand data source most commonly used to
describe estimates of the Māori population. Over time, the collection and reporting of
ethnicity data has moved from a ‘degrees of blood’ approach to definitions of affiliation
and self-identification with an ethnic group. The ethnicity question changed between
the 1991, 1996, and 2001 census periods with the questions encouraging multiple
ethnic affiliations in the 1996 census compared to the 1991 and 2001 census. These
changes over time make it difficult to compare the Māori population between census
periods. However the approach used in this study to define ethnicity, referred to in New
Zealand as the total response output, allows for a more reliable measure of ethnicity
over time compared to other methods of counting Census ethnicity data. While counts
for people who identified as Māori have ‘drifted’ over time, relative survival will most
probably not shift substantively unless a large proportion of the population ‘drifts’ over
time and has very different survival to that group they join.
It is acknowledged in this study that, like any social grouping schema, ethnic categories
represent heterogeneous groupings. Even the more coherent grouping, Māori, is
heterogeneous, containing people from different iwi (tribes), and people who selfidentify solely as Māori and people who self-identify as both Māori and belonging to
another ethnic group or groups.
I was also cognisant of the fact that comparisons other than between Māori and nonMāori groups are important in describing and understanding health and cancer
inequalities. For instance, Jeffreys et al. estimated ethnic differences in survival
between ethnic groups including both Māori and Pacific ethnic groups.(60) It was
considered study that insufficient mortality data was available to accurately estimate
relative survival in Pacific populations due to a large proportion of deaths in this group
most likely occurring outside of New Zealand and not being recorded in the New
Zealand Mortality Collection.
Income
Equivalised household income was the socioeconomic factor analysed in this study,
and was calculated for each individual unit record by summing personal income for all
adults in the household, adjusted for inflation, and equivalised for economies of scale
by the number of adults and children in the household using a New Zealand-specific
index.(113, 116) Household income is missing if either any usually resident adult is
absent on census night, or any adult refuses to provide their personal income.
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Household income is a measure of socioeconomic position that has been used in New
Zealand as it as reliable indicator of a household’s access to economic resources, or its
‘consumption possibilities’, and of its (potential) living standards.(116) Equivalised
household income also allows for comparisons over time as it takes into account the
composition and average household size and their changes over time.
It also offers the ability to flexibly categorise groups and maximise statistical power
(e.g. income can be treated as a (transformed) continuous variable, or a ranked ordinal
variable, making analytical and interpretational tasks both easier and more powerful).
Household income correlates moderately with other socioeconomic position measures,
such as education and occupation, allowing for some interpretation of findings in the
light of socioeconomic inequalities in cancer survival more broadly.
To examine trends in cancer survival by income group, tertiles and quintiles of
equivalised household income for relative survival analyses and excess mortality rate
modelling respectively were used. A tertile of equivalised household income is made up
of three roughly equal groups of equivalised household income. A quintile of
equivalised household income is made up of five roughly equal groups of equivalised
household income.
To create these income tertiles or quintiles, first, household equivalised incomes were
calculated for each household. Then each individual in that household was assigned
the value of the household equivalised income. All cohorts were then pooled, and
individuals were grouped into five-year age groups (sexes combined), separately or
those up to the age of 65 and those aged over 65. The individuals in each age group
were then ranked by household income and divided into three or five equal-sized
groups for tertiles and quintiles, respectively. Records were then disaggregated back to
their original cohorts (i.e. 1991 census, 1996 and 2001 census-cohorts).
In this study, household income data was often missing (15.7-20.1%; Table 34)
because it could not be calculated if a resident adult was absent on Census night or
refused to provide a personal income, with ethnicity was also missing on occasion, but
more rarely (0.8-1.2%) (Table 34). The issue of selection bias on the income-cancer
survival association resulting from missing data is further addressed in Chapter 7 of
this thesis.
Table 34:

Percentage of adults (15+ years) with missing data on key analyses
variables by cohort (Source: Atkinson et al., 2010)

Census-cancer cohort
1991-1996
1991-2001
2001-2004

Equivalised household income
data absent
15.7%
18.4%
20.1%

Ethnicity data absent
0.8%
1.2%
1.2%

Follow-up
Population-based cancer registries vary in the way in which vital status, fact and date
of death is ascertained (alive, dead, emigrated, lost to follow-up). The New Zealand
Mortality Collection classifies the underlying cause of death for all deaths registered in
New Zealand. The Mortality Collection records all deaths from 1988. There is a legal
requirement to register all deaths in New Zealand. Data from the New Zealand
Mortality Collection is released to the Ministry of Health for, among other things,
ascertaining vital status on the New Zealand Cancer Registry. Records from the New
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Zealand Mortality Collection are used in the New Zealand Cancer Registry to identify
missing cases and to provide vital status data (alive, dead, date of death).
Follow-up data was available up to 31 December 2006 in this study. Due to the
protection of confidentiality and privacy of Census records held at Statistics New
Zealand, the linkage of the New Zealand Mortality Collection to linked Census-cancer
records was undertaken at Statistics New Zealand. Given that the New Zealand
Mortality Collection recorded deaths from 1988, it was considered that best estimates
of relative survival and excess mortality would be ascertained using the linked Census,
cancer and mortality data from the 1991 Census cohort as this would reduce any
potential bias introduced from incomplete mortality records between 1988 and 1991.
Therefore, linked Census, cancer and mortality records for the 1988-1991 period were
not included in this study.
In this study, people were assumed to be alive if they did not have a date of death
recorded. The group assumed to be alive would include people who were recorded as
having an incident cancer but whose death was not recorded in New Zealand. This is
most likely to affect Pacific peoples in New Zealand who may return to their Pacific
Island country or territory of origin following a cancer diagnosis and whose death will
not be recorded on the New Zealand Mortality Collection. Clearly, missing vital status
data for Pacific or other population groups will over-estimate relative survival and
impact the measurement of ethnic inequalities in cancer survival.(5) This issue was
considered to have a negligible impact on the analyses and results of this study as
Pacific people were in the non-Māori ethnic group and of small number so as not to
substantively effect average non-Māori relative survival estimation.
Demographic characteristics of people diagnosed with cancer
The linked Census, cancer and mortality dataset available for relative survival and
excess mortality rate analyses contained complete data on sex, age in months and age
in years at the time of Census and at the time of cancer diagnosis. However to protect
the confidentiality and privacy of Census records, the exact dates of diagnosis, usually
contained on New Zealand Cancer Registry data, were suppressed. Estimated dates of
diagnosis for individuals were calculated as the difference between an individual’s age
in months and the age in months at Census. This difference was converted in days and
then added on to the exact date of each Census period (6 March 1991; 6 March 1996;
and 7 March 2001) to create an estimated full date of diagnosis. A variable containing
the year of diagnosis for each individual was then created using the estimated date of
diagnosis.
To undertake age-standardised relative survival analyses and excess mortality rate
analyses with age at diagnosis, a new four-level categorical variable was created. The
four categories were: people aged 15-54 years; people aged 55-64 years; people aged
65-74 years; and people aged 75+ years. The statistical methods section below
discusses the use of age-standardisation of relative survival estimates in this study.
A linkage weight variable was also available on the analytical dataset. In the
CancerTrends study, weights were applied to linked cancer records to weight them up
to the total number of eligible cancer records (linked and unlinked) to ‘adjust’ for the
records that were not able to be linked. These weights were created within sociodemographic strata that predict the probability of linkage. The remainder of the
unlinked records in the cohort were weighted down very slightly to adjust for nonlinkage of some of the cancer records, although this is not relevant for net cancer
survival analyses. The linkage weight variable was included in the observed cancer
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survival dataset, but was unsuccessfully included as a variable in relative survival and
excess mortality rate analyses.
Tumour characteristics
The linked Census, cancer and mortality cohorts contained two disease coding
variables.
First, the WHO International Statistical Classification of Diseases and Related Health
Problems (ICD) codes were used by the New Zealand Cancer Registry to classify the
tumour site (location). In this study, all records were mapped to the 2nd edition of the
ICD-10-AM classification system. Furthermore, ICD tumour site codes were grouped
into 21 cancer site groups (Table 35). Where possible, these groupings of cancer site
definitions were consistent with published cancer survival data from the Ministry of
Health (85) as well as with other incidence or mortality data published from linked
Census-cancer cohorts in New Zealand (113).
Second, data in the linked Census, cancer and mortality datasets for individuals aged
25 years or older was also only available on tumour morphology using the WHO
International Classification of Diseases for Oncology (ICD-O) for cancers of the brain,
breast, lung, oesophagus, stomach and testes only. As a result, morphology was not
able to be used in data quality control procedures or analyses.
Data on the basis of an individual’s cancer diagnosis was available on the linked
Census, cancer and mortality datasets, with five categories coded: clinical only
diagnosis; death certificate only diagnosis; diagnosis through investigation but no
histology; tissue diagnosis; and unknown diagnosis.
Summary stage data were available on the linked Census, cancer and mortality
records. Eight categories of summary stage were available: in situ; localised to organ of
origin; invasion of adjacent tissue or organ; regional lymph nodes; regional or node
involvement; not applicable (lymphomas/leukaemia//myeloma); distant metastases;
and not stated. However, large variation existed in the completeness and quality of
summary stage data on the New Zealand Cancer Registry. For example, only 66.6%
(excluding haematological cancers where stage is not relevant) had data on stage at
diagnosis. Summary stage data was not included in any relative survival or excess
mortality rate analyses in this study.
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Table 35:

ICD-10 codes used to define the 21 cancer sites in this study

Cancer site

ICD groups used in this study

Bladder
Brain
Breast (female)
Cervix
Colon, rectum, sigmoid, anus
Head, neck and larynx
Hodgkin’s lymphoma
Kidney and other urinary
Leukaemia
Liver
Lung, trachea, bronchus
Melanoma
Non-Hodgkin’s lymphoma
Oesophagus
Ovary
Pancreas
Prostate
Stomach
Testis
Thyroid gland
Uterus

C67
C71
C50
C53
C18–21
C01–14,C32
C81
C64–66, C68
C91–93
C22
C33–34
C43
C82–85, C96
C15
C56
C25
C61
C16
C62
C73
C54–55

Outcome variables

Individuals with a linked mortality record were flagged as having died from any cause.
Individuals without a linked mortality record were assumed to have remained up to 31
December 2006. The exact date of death as recorded on the linked mortality record
was suppressed in the unit record file available for analyses. An estimated date of
death was calculated using the difference between an individual’s age at diagnosis and
age at death, converting this difference into days, and approximating the date of death
by adding the difference on to an individual’s date of diagnosis. Survival in months and
survival in years was also calculated for each individual using the estimated date of
diagnosis and estimated date of death.
Quality control of tumour records
In this study, standard data-quality routines for cancer registry data (117, 118) and
population-based cancer survival analyses (119, 120) were difficult to implement in this
study due to the fact that: (a) complete dates of birth, diagnosis and death were
suppressed on the linked Census, cancer and mortality datasets limiting the ability to
assess whether any sequence of dates were improbable; and (b) morphology data was
only available for a small number of cancer sites limiting the ability to assess whether
there were any improbable combinations of tumour site and morphology.
However, it was possible to assess whether an individual’s sex was incompatible with
the tumour site. These records were excluded from analyses. Records were also
excluded if they were aged below 15 and greater than 99 years of age as well as
separately for whether an individual had zero survival in months, were diagnosed
through death certificate only, or had an unknown basis of diagnosis.
More generally, the New Zealand Cancer Registry is subject to routine data assurance
measures including: ensuring completeness of data collection; ensuring accuracy and
completeness of coding; and ensuring consistency of coding. These data quality
activities are undertaken internally and are not publicly available.
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Number of expected deaths other than cancer
Estimates of the expected number of deaths other than cancer were drawn from
combined ethnic- and income-specific life tables for the 1991, 1996 and 2001 Census
periods. Further detail on how these life tables were derived is published elsewhere
(121). Briefly, official New Zealand life tables were combined with: (1) the proportionate
distribution of the total population by subpopulation (e.g. Māori and non-Māori); and (2)
estimates of the differences in subpopulation mortality rates (from the New Zealand
Census-Mortality Study (NZCMS), a census-mortality record linkage study
(www.uow.otago.ac.nz/nzcms-info.html; (122, 123)). These three data sources were
combined to produce mortality rates by single year of age, sex, and Census period for
each ethnic, income and combined ethnic and income group to provide expected
survival probabilities for each combination of ethnicity and income group.
Ethnicity-, income-, and combined ethnicity- and income-specific life tables were
matched to cancer mortality data according to the type of analyses undertaken. The
relative survival analyses by ethnic group matched cancer and non-cancer mortality
data by age, sex, Census period (1991, 1996 and 2001), and ethnicity (Māori and nonMāori). The relative survival analyses by income group matched cancer and noncancer mortality data by age, sex, Census period (1991, 1996 and 2001), and income
tertile (high-, medium-, and low-income tertiles). The excess mortality rate analyses
undertaken in this study included matching of cancer and non-cancer mortality data by
age, sex, Census period (1991, 1996 and 2001), ethnicity, and income tertile, with
income quintiles used in the excess mortality rate modelling.
As an example of the non-cancer mortality rates used in the excess mortality rate
analyses, Figure 21 plots the estimated values in 1991 and 2001 for the probability of a
male aged x surviving to age x+1 by combination of ethnic and income group. The
probability of surviving to the next year of age improved for all combinations of income
and ethnic group. However, even when stratified by income, Māori still had poorer
survival probabilities compared to non-Māori at both calendar periods. Accounting for
such disparities in background mortality was important for accurately determining
trends in cancer survival by ethnicity and socioeconomic position.
Given that linked Census-cancer records were used to calculate survival and mortality
in the cancer population based on Census periods (1991-1996, 1996-2001, and 20012004), it was considered appropriate to match the data on the expected number of
deaths other than cancer by Census period, rather than by single calendar years. It is
likely that there were year-by-year variations in non-cancer mortality rates, with allcause mortality rates estimated to be reducing by two percent per annum in New
Zealand (Personal communication, Tony Blakely, University of Otago, March 2012).
The methods used to calculate the ethnic- and income-specific life tables used in this
thesis did not account for such year-by-year variation in all-cause mortality. Therefore,
it was not possible in this study to test the effect of using Census period compared with
year-by-year life table data.

Trends in Cancer Survival by Ethnic and Socioeconomic Group

129

Figure 21: Probability of a man aged x surviving to age x + 1 (low-income Māori
groups (grey line) and low-income non-Māori groups (black line)), by
calendar period (1991 (dotted line) and 2001 (solid line))
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Statistical analyses
This study involved primary analyses using linked Census, cancer and mortality
records, specifically (a) relative survival analyses up to 5-years after diagnosis by
ethnic and income group for three separate Census-cancer cohorts (1991-1996, 19962001, and 2001-2004) and (b) excess mortality rate analyses censored at 5 years for
all Census-cancer data combined, 1991-2004. This is the focus for the first section of
this chapter.
This study also involved secondary analyses using analytical outputs of the relative
survival and excess mortality rate analyses to systematically assess ethnic and
socioeconomic trends in cancer survival. This is the focus for the second part of this
chapter section.
To my knowledge, this was the first attempt in New Zealand and internationally to
measure ethnic and socioeconomic trends in cancer survival measured as absolute
and relative differences on both the relative survival (cumulative risk) and excess
mortality (instantaneous) rate scales.

Primary analyses
All unit record analyses were conducted in the data laboratory of Statistics New
Zealand with Stata 10 software (124) using the ‘strs’ software programmes, and
regression modelling extensions, developed by Dickman et al.(12, 125)
Relative (cumulative) survival
Relative survival up to 5 years after diagnosis for each ethnic group (Māori and nonMāori) and income tertile group (high-, medium- and low-income) was estimated. The
anonymised individual linked Census, cancer and mortality data was used and relative
survival was calculated separately for each Census period, using the Ederer II method
as specified in the publicly available ‘strs’ software developed by Paul Dickman and
colleagues.(125) The Ederer II method (10) is one of a number of approaches, the
Hakulinen method for instance(126), used to estimate the survival expected if a person
diagnosed with cancer was subject only to general population mortality. The main
assumption of the Ederer II method is that individuals matched by socio-demographic
variables are considered to be at risk of death until the person with cancer dies or is
censored. The Ederer II method has been commonly applied in population-based
cancer survival studies, including in New Zealand, and has been used to ensure that
the results of this study are comparable to other New Zealand studies.
Other approaches to estimating expected survival have recently been published, such
as that published by Pohar Perme.(127, 128) This new approach to ‘net survival’, see
also publications from Danilie et al. (2012) and Jooste et al. (2013) (129, 130),
suggests that bias may be introduced in relative survival estimation using methods,
such as the Ederer II approach, as age is strongly associated with cancer and noncancer deaths, resulting in older people potentially dying from reasons other than
cancer before they experience death from their cancer and that the failure time for
older groups is greater than their censoring time. Although the use of the Pohar Perme
‘net survival’ method continues to debated in the literature(131), it is considered to be
theoretically superior to the current methods available for estimating expected survival.
However, in practice the Ederer II method for estimating cumulative survival up to 10
years after diagnosis is still valid.(131) Further, the Pohar Perme approach provides a
relative survival estimate that is internally age-standardisation rather than the more
traditional use of external weights by age group. Best estimates of cancer survival
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inequalities between groups, particularly when the comparison has a substantively
different age structure to the reference group, are achieved when both groups have the
same external age distribution applied. It is yet unevaluated whether the Pohar Perme
approach would impact and bias, and by what magnitude, differences between ethnic
and socioeconomic groups in relative survival and excess mortality rates. As a result,
the Ederer II method has been applied in this study.
Survival probabilities, with 95% confidence intervals, at each annual interval up to 5
years after diagnosis were estimated, with survival at 1-year and 5-year presented in
the results for each cancer site by ethnic and socioeconomic group (Appendix 3). In a
small number of cases, due to sparse data in the Māori group, relative survival values
were not able to be estimated up to 5 years after diagnosis in the Māori group.
Relative survival is a ratio representing the proportion of people with a cancer
diagnosis who died by the end of the study period compared with an estimate of the
survival that would have been expected had that person experienced background
mortality. In New Zealand, background mortality varies both by ethnicity and
socioeconomic position as well as by time.(132-135) The construction and matching of
life table data was outlined earlier in this chapter.
Primary effect measure for relative survival analyses
Absolute effect measures were calculated to investigate: (a) ethnic and income gaps in
relative survival; (b) changes over time in cancer survival by ethnic and income group;
and (c) changes over time in ethnic and income gaps in relative survival. The absolute
measures have been referred to as the relative survival ratio difference (RSRD). In
addition, percentage differences between relative survival by ethnic and income group
were also calculated to demonstrate the impact of the bounded relative survival scale.
(a) Ethnic and income gaps in relative survival

The absolute differences in 1-year and 5-year relative survival between Māori and nonMāori and between the low- and high-income groups were calculated for each cancer
site and Census-cancer cohort (1991-1996, 1996-2001, and 2001-2004). If the RSRD
was a negative value, then Māori or the low-income groups had poorer survival
compared to non-Māori or the high-income groups respectively. If the RSRD was a
positive value, then non-Māori and the high-income groups had poorer survival
compared to Māori or the low-income groups. Lower and upper confidence limits were
not calculated for the RSRD value. Percentage (i.e. relative) differences between
ethnic or income groups were also calculated.
As an indication of the average inequalities over time, Chapter 7 presents a summary
across cancers of the ethnic and income gaps in 1996-2001. Results for breast,
colorectal and lung cancers are presented in Chapter 6.
(b) Changes over time in relative survival by ethnic and income group

The absolute difference in 5-year relative survival comparing people diagnosed with
cancer in 1991-1996 to people diagnosed with cancer in 2001-2004 was calculated for
each site. These RSRD calculations were repeated for each ethnic group and for the
high- and low-income groups. If the RSRD was a positive value, then cancer survival
improved over time. For example, if 5-year relative survival for people diagnosed with
breast in 1991-1996 was 0.75 and the RSRD was 0.10 then 5-year relative survival in
2001-2004 would be 0.85. Lower and upper confidence limits were not calculated for
the RSRD value. Percentage differences comparing survival for people diagnosed with
cancer in 1991-1996 to 2001-2004 was also calculated.
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Chapter 6 presents these data for breast, colorectal and lung cancers. Chapter 7
provides an overview of changes over time in 5-year relative survival across all cancer
sites.
(c) Changes over time in ethnic and income group gaps in 5-year relative survival

Consistent patterns over time in narrowing or widening ethnic or income gaps in 5-year
relative survival were also assessed. For the majority of cancers, there was too much
variation across each Census period to confidently interpret any changes over time in
ethnic or income gaps in relative survival. However, patterns could be interpreted for
breast, colorectal and lung cancers. These data are presented in Chapter 6.
Absolute gaps between ethnic or income groups in 5-year relative survival were
calculated for each Census-cancer cohort (1991-1996, 2996-2001, and 2001-2004).
The absolute, and percentage, change between the RSRD in 1991-1996 and 20012004 were calculated. For instance, if the absolute gap in was -0.04 in 1991-1996 and 0.02 in 2001-2004, then the gap reduced by -0.02 (or a 50% reduction in the gap).
Age-standardisation
In relative survival, age is generally accounted by single year of age when comparing
between the survival and mortality for people who died from cancer and the survival
and mortality for people who died of causes other than cancer.(5) However,
standardising the distribution of age between one or more groups is an important
consideration when comparing cancer survival outcomes between groups or over time,
as ethnic groups may vary in age.
In this study, published age-standardisation techniques for relative survival analysis
(136-141) were trialled for the calculation of relative survival for each ethnic and
income group, including the use of different cancer weights and the application of
grouped and individual weighting procedures (136, 142, 143). This included the use of
cancer group specific weighting as outlined in the International Cancer Survival
Standard classification (139) where a set of standards was applied to a range of
different cancers dependent on the incidence age structure for each cancer. However,
age standardisation of the relative survival estimates were not able to be consistently
applied across each cancer site and in each period of cancer diagnosis by ethnic group
and income strata because of sparse data following stratification by ethnicity or income,
particularly in the 1991–1996 cohort.
To further explore this issue in regards to the estimation of ethnic and socioeconomic
inequalities in cancer survival, age group distributions by ethnicity and income for
people diagnosed with breast, colorectal and lung cancers in the 1991, 1996 and 2001
cohorts were calculated (Appendix 5). Age-standardised 1-year and 5-year relative
survival have been calculated, using an individual weighting approach (136), with age
weights derived from the 1996–2001 cohort for each of these three cancer sites
individually. The central estimates for the age-standardised relative survival presented
in Appendix 5 are marginally different to the non-age-standardised relative survival
presented in the main body of the report, with only a 0.01–0.02 difference between the
age-standardised and non-age-standardised relative survival. In other words, the
absolute ethnic and income differences in the 1-year and 5-year relative survival varied
by 0.01–0.02 between the non-age-standardised and age-standardised relative
survival, and the overall patterns stayed the same. The only exception was for the
Māori colorectal cancer group diagnosed in 1991–1996, for whom the non-agestandardised 5-year relative survival was 0.38 compared to the age-standardised
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relative survival of 0.45. This reduced the absolute ethnic gap from -0.18 to -0.11,
respectively.
Data presented in Chapters 6 and 7 of this thesis are raw estimates, i.e. not
standardised by age, which may possibly introduce bias when comparing between
ethnic groups at one or more periods of time. Readers should pay greater attention to
the excess mortality rate modelling in this study (which can and does adjust for age
and other covariates).
Follow-up
As follow-up data was available to 31 December 2006, all individuals in the 1991-1996
and 1996-2001 Census-cancer periods were known to have vital status data for at least
5 years after diagnosis enabling the cohort approach to estimating relative survival (91,
144, 145) to be applied (Figure 22). However, this differed in the 2001-2004 Census
period with only those individuals diagnosed in 2001 able to be followed-up for at least
5 years after diagnosis. The complete approach where all available follow-up data was
used for estimating relative survival was used in the 2001-2004 Census cohort (Figure
22). The hybrid approach, a combination of the cohort and period approaches (146),
could have also been used for the 2001-2004 period using data prior to 2001 with
estimates interpreted as 5-year relative survival predicted for people diagnosed in
2001-2004. However, this approach was considered less practicable for estimation of
relative survival in this study given that each Census period was a separate dataset
and did not contain data on individuals diagnosed prior to, or after, that particular
Census period.
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Figure 22: Cohort (light grey) and complete (dark grey) approaches used to estimate 5-year relative for people diagnosed in 1991-1996,
1996-2001, and 2001-2004 with follow-up to 2006
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The light grey panels show that the cohort approach was used to calculate the observed number of all deaths for people diagnosed 1991-1996 and 1996-2001.
The dark grey panels show that the complete approach was used to calculate the observed number of all deaths for people diagnosed 2001-2004.
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Multivariate excess mortality rate modelling (up to 5 years after diagnosis)
Regression methods specific to the underlying theory of relative survival have been
developed (4, 12, 147-149) allowing for the simultaneous modelling of variables such
as age, ethnicity, calendar period, and follow-up time since diagnosis that influence
cancer survival. The primary focus for this thesis was on employing these regression
methods to model excess mortality rates up to 5 years following a cancer diagnosis,
enabling a comprehensive analysis of ethnic and socioeconomic trends in cancer
survival.
Relative survival modelled within a generalised linear framework and with a Poisson
error structure for the observed number of deaths can be expressed as
ln�𝑢𝑗 − 𝑑𝑗∗ � = ln(𝑦𝑗 ) + 𝑥𝛽

where 𝑢𝑗 is the observed number deaths in the cancer population, 𝑑𝑗∗ is the expected
number of deaths due to reasons other than cancer derived from life tables, 𝑦𝑗 is
person time at risk, 𝑥 is the vector of covariates, and 𝛽 is the corresponding vector of
coefficients where a multiplicative relationship is assumed. This model also specifies a
log-link function for the Poisson error distribution (not shown for simplicity in the above
equation).
Excess mortality rate models to assess ethnic and socioeconomic trends in
cancer survival
Data for all cases diagnosed 1991-2004 were combined to run four sets of excess
mortality rate models, adjusting for different sets of covariates with the first two models
constructed to assess ethnic trends in cancer survival and the last two models to
assess socioeconomic trends in cancer survival (Table 36). The baseline model
(Model 1) included sex, ethnicity, calendar period, age group, follow-up time since
cancer diagnosis and interaction between age group (65-74 and 75+ year age groups
with first and second year of follow up only, otherwise age and follow-up treated as
separate main effects). Model 2 also included an interaction of ethnicity and calendar
period (unit of decade) to ‘test’ for any change in relative ethnic inequalities in excess
mortality rates over time. Model 3 included the baseline variables from model 1 and
income group, specified as a continuous variable coded 0, 0.25, 0.5, 0.75 and 1 for the
highest to lowest income quintiles, respectively. Thus the regression coefficient for
income is for the difference between the lowest and highest income quintile,
incorporating the assumed linear gradated difference in survival across the whole
income rank. Model 4 additionally included an interaction of income and calendar
period as a test of changing relative inequalities in excess mortality rates over time.
Note that ethnicity was included in the models investigating the impact of income on
cancer survival because it is a common cause of income and cancer survival (i.e. it
confounds the income-survival association), but conversely income was not included in
the first two ethnic models as income may mediate the ethnicity-survival association.
Each of the four models was run using the combined ethnic- and income-specific life
tables described above. Due to sparse data, each regression model included five
annual follow-up intervals up to 5 years since diagnosis.

Trends in Cancer Survival by Ethnic and Socioeconomic Group

136

Table 36:

Excess mortality rate model covariates used to assess (a) ethnic trends
in cancer survival (Models 1 and 2) and (b) income trends in cancer
survival (Models 3 and 4)

Ethnic trends in cancer survival
Model 1
Model 2
(main effects model)
(interaction model)
Sex (a)
Sex (a)
Ethnicity (a)
Ethnicity (a)
Calendar period (b)
Calendar period (b)
Follow up time (c)
Interaction of ethnicity
and calendar period
Age group (d)
Follow up time (c)

Income trends in cancer survival
Model 3
Model 4
(main effects model)
(interaction model)
Sex (a)
Sex (a)
Ethnicity (a)
Ethnicity (a)
Income (quintiles) (e)
Income (quintiles) (e)
Calendar period (b)
Calendar period (b)

Interaction of first two
years of follow-up time
and last two age groups

Age group (d)

Age group (d)

Interaction of first two
years of follow-up time
and last two age groups

Interaction of first two
years of follow-up time
and last two age groups

Follow up time (c)

Interaction of income
and calendar period
Follow up time (d)

Age group (d)

Interaction of first two
years of follow-up time
and last two age groups
(a) Sex and ethnicity were treated as categorical variables
(b) Calendar period was treated as a continuous variable (coded so that the model estimated the
change in excess mortality per decade of cancer diagnosis)
(c) Follow-up time was treated as an ordinal variable and maximum of five-years follow-up time was
specified in the four models
(d) Age group was treated as an ordinal variable where four age groups were specified (15–54 years of
age, 55–64 years of age, 65–74 years of age, 75+ years of age)
(e) Income was treated as continuous variable (coded 0, 0.25, 0.5, 0.75, 1, such that EMRRs were for
the midpoint of the lowest compared to the midpoint of the highest quintiles)
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Effect measures and interpretation of the measures
The primary effect measure in the excess mortality rate modelling was the excess
mortality rate ratio (EMRR), i.e. the relative difference between groups in excess
mortality rates. The EMRR was used to assess: (a) ethnic and income inequalities in
cancer survival; (b) trends in cancer survival; and (c) and trends in ethnic and income
cancer survival inequalities.
(a) Ethnic and income inequalities in cancer survival

Excess mortality rates, averaged across time for all people diagnosed 1991-2004, were
compared between ethnic and income groups to assess the magnitude of ethnic and
income inequalities in cancer survival. The ethnic EMRR represents the relative
difference in excess mortality rates comparing Māori to non-Māori as the reference
category. The income EMRR represents the relative difference in excess mortality
rates comparing the lowest-income quintile, but with difference in cancer survival
across the whole income range included in the regression model. The underlying
assumptions for the ethnic and income EMRRs are discussed in Chapter 6. Briefly,
these ethnic and income EMRRs applied uniformly across all five years of follow-up
time representing the inequalities up to the fifth year post diagnosis.
(b) Trends in cancer survival

Excess mortality rates for people diagnosed with cancer in 2001 were compared to
people diagnosed in 1991. These calendar period EMRRs were interpreted as the
change per decade in excess mortality. The underlying assumptions for these calendar
period EMRRs are discussed in Chapter 6. Briefly, these calendar period EMRRs
applied uniformly to all ethnic and income groups.
(c) Trends in ethnic and income inequalities in cancer survival

The ethnicity-calendar period EMRR interaction term and the income-calendar period
EMRR interaction represent the ratio change per decade in the relative difference
between ethnic and income groups in excess mortality rates. These interaction terms
were used to ‘test’ whether excess mortality rates were declining faster over time for
Māori or non-Māori, i.e. were ethnic inequalities narrowing or widening over time, or
whether excess mortality rates were declining faster over time for the lowest- or
highest-income groups, i.e. were income inequalities narrowing or widening over time.
EMRRs pooled across cancers
All these EMRR terms were calculated for each cancer. To give an ‘overall’ picture
trends in cancer survival by ethnic and income group, an EMRR pooled across all
cancer sites and years using inverse variance weighting of the ln(EMRRs), with 95%
lower and upper confidence limits. These pooled EMRRs were calculated for trends in
cancer survival by ethnic and income group, ethnic and inequalities in cancer survival
averaged over time, and trends in ethnic and income inequalities in cancer survival.
These pooled estimates were calculated including and excluding men diagnosed with
prostate cancer. This is because care must be taken when interpreting survival trends
for cancers potentially identified through screening. If a cancer is diagnosed earlier, the
survival time will be longer even if the outcome is unchanged. Furthermore, screening
for cancer tends to result in the identification of inconsequential disease that would not
have become apparent in the absence of screening. This results in both an increase in
incidence of these cancers and an apparent improvement in survival, even if mortality
rates from the cancer in question are unchanged. For these reasons, there is
considerable controversy as to whether screening for prostate cancer decreases
prostate cancer mortality, but without doubt the large increase in diagnosed cases
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greatly improves the observed survival. Thus pooled EMRR estimates calculated here
are given including and excluding prostate cancer estimates.
Time-dependent effects
In this study, excess mortality rates were a priori assumed to be greater for people
aged in the older two age groups in the first two years of follow-up compared to all
other combinations of age group and follow-up time,(12) specifically there is a timedependent relationship between age group and follow-up time. This association was
accounted in all four excess mortality rate models by first specifying age group (15-54,
55-64, 65-74, and 75 years and older) and follow-up time in annual intervals up to five
years since diagnosis. Then, an interaction term of age group and follow-up time was
specified such that that the oldest two age groups (65-74 years of age and 75 years
and older) in the first and second years of follow-up were compared with all other
combinations of age group and follow-up time. This – or a similar schema – is common
practice internationally in such studies.
In countries other than New Zealand, excess mortality rates are known to be greater for
the most disadvantaged groups in the first 1-2 years of follow-up, most likely explained
by differential access to, and quality of, cancer diagnosis and treatment services early
after a cancer diagnosis.(2, 91, 150) Supplementary analyses was undertaken in this
study to assess whether Māori and lowest-income quintiles had greater excess
mortality in the first two years of follow-up compared to all other combinations of
ethnicity and follow-up time or income and follow-up time. This was achieved be rerunning the four excess mortality rate models for breast, colorectal, and lung cancer
with the addition of a new interaction term such that EMRRs were estimated for: (a)
Māori in the first and second years of diagnosis compared to all other combinations of
ethnicity and follow-up time; (b) the lowest-income quintile in the first and second years
of diagnosis compared to all other combinations of income and follow-up time; and (c)
the second lowest-income quintile in the first and second years of diagnosis compared
to all other combinations of income and follow-up time. The results of these additional
interaction terms are presented in Chapter 6. (Briefly, there was no association found
between ethnicity and follow-up time as well as income and follow-up time with all
interaction term EMRRs close to unity with wide confidence limits.)
Follow-up
In this study, excess mortality rates were censored at five years, i.e. the results of the
excess mortality rate analyses presented in this study should be interpreted as the
excess mortality experienced by people diagnosed with cancer up to five years after
diagnosis.
The complete approach, where all available follow-up data is used, was applied in the
excess mortality rate analyses. This is because the excess mortality rate analyses
included all people diagnosed 1991-2004 with follow-up to 2006, with people
diagnosed in 2002-2004 having less than 5 years of follow-up data available. This
complete approach was also applied to the 2001-2004 Census data in the relative
survival analyses, as noted above.
Regression diagnostics and goodness-of-fit tests
Each of the four excess mortality rate models contained specified covariates such that
ethnic and socioeconomic trends in cancer survival, and factors that might explain
those trends such as follow-up time and age at diagnosis, could be investigated. Using
this approach meant that little emphasis was placed in this study on determining model
selection. However, an advantage of the generalised linear model approach for
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modelling relative survival is that it is able to provide regression diagnostics and
goodness-of-fit tests. The diagnostic and test values reported in this study are: (a) the
number of grouped observations in each of the four models; (b) the Akaike Information
Criteria (AIC); (c) the Bayesian Information Criteria (BIC); (c) scaled dispersion values;
and (d) deviance estimates. For completeness, these values are presented in the
excess mortality rate model results for each cancer site contained in Appendix 4.
One issue that was assessed in more depth was scaled dispersion. Scaled dispersion
values are important for assessing the dispersion of data in a statistical model. If the
scaled dispersion value is much greater than 1 then the data may be over-dispersed
and if the scale dispersion is much less than 1 then the data is under-dispersed. In both
Models 1 and 3, over-dispersion was not considered to be a major concern in the
excess mortality rate modeling. Specifically, there was a modest, but not concerning,
degree of over-dispersion in Models 1 and 3 (main effects models; ethnic and income
trends), with the maximum value being 1.39 and 1.37 respectively. Overall, overdispersion was greater in the ethnicity main effects model, most likely due to the fact
that the ethnic group composition is unevenly distributed (with Māori making up
approximately 10% of the cancer population), whereas in Model 3 the income group
composition is much more evenly distributed, in quintiles of equivalised household
income.
Over-dispersion can occur in generalized linear models applied to relative survival
models where important unmeasured covariates are omitted from the model or where
important interaction terms have not been included.(12) Interaction terms for follow-up
time and age group have been included in all four models. An interaction term for
ethnicity and calendar period was included in Model 2 and an interaction term for
income and calendar period was included in Model 4, resulting in little or no change in
the scale dispersion value. An important covariate not able to be measured in this
study, and therefore omitted from the regression model, was extent of disease (or
stage at diagnosis). This is the most likely explanation for the level of over-dispersion in
the four regression models developed for this study. One approach to minimizing overdispersion in generalized linear models is to use the negative binomial distribution.
However given that over-dispersion was not considered to be a substantial concern for
the regression analyses undertaken in this thesis, a comparison between the Poisson
and negative binomial distributions was not trialed but may be an area for further
inquiry.
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Secondary analyses
Two types of secondary analyses, using EMRR estimates were undertaken. The first
set of analyses aimed to estimate trends in ethnic and income inequalities in cancer
survival using absolute rate differences, with results shown in Chapters 6 and 7. The
second set of analyses was to model combinations of ethnicity and calendar period as
well as income and calendar period to model year-by-year changes in EMRRs by
ethnic and income group from 1991-2004 using the referent categories of ‘non-Māori in
1991’ and ‘highest-income group in 1991’ respectively, with results for breast,
colorectal and lung cancer shown in Chapter 6.
Trends in ethnic and income inequalities in cancer survival
In this study, trends in ethnic and income inequalities in cancer survival were calculated
and presented using: (a) the EMRR representing the ratio change per decade in the
relative differences between ethnic and income groups, as specified in Models 2 and 4
for each cancer, as shown above; (b) the change per decade in absolute difference in
pseudo excess mortality rates calculated using the EMRR estimates from Models 2
and 4, using the methods described below; and (c) the change per decade in absolute
ethnic and income differences in relative survival using empirically-calculated relative
survival in 1991-1996 and the modelled per decade change, using the methods
described below. These results of these three different measures are presented in the
last section of Chapter 6.
To capture changes in inequalities on an absolute rate difference scale, calculated
regression-based changes over a decade were calculated using a pseudo-excess
mortality rate difference (pseudo-EMRD) comparing the lowest- and highest-income
groups, and likewise Māori and non-Māori, by cancer site (but not pooled over cancer
sites). Because the excess mortality rate decreases rapidly post-diagnosis, average
excess mortality rates over five years (hereafter simply ‘EMR’) derived from 5-year
relative survival (hereafter simply ‘RSR’) were used. For example, the highest-income
group’s average EMR at the beginning of the decade is:
𝐸𝑀𝑅𝐻𝑖𝑔ℎ,𝑌𝑒𝑎𝑟=0 =

− ln�𝑅𝑆𝑅𝐻𝑖𝑔ℎ,𝑌𝑒𝑎𝑟=0 �
5

where RSRHigh, Year=0 is the RSR for the highest-income group in 1991-96, directly
estimated using the standard relative survival methods as described earlier in this
chapter. The regression-based estimate of the highest-income group’s EMR in a
decade’s time is then:
𝐸𝑀𝑅𝐻𝑖𝑔ℎ,𝑌𝑒𝑎𝑟=10 = 𝐸𝑀𝑅𝐻𝑖𝑔ℎ,𝑌𝑒𝑎𝑟=0 × 𝐸𝑀𝑅𝑅𝑦𝑒𝑎𝑟
where EMRRyear is the ratio reduction (usually) per decade in the highest-income
(reference group) group’s EMR from Model 4. The regression-based estimate of the
lowest-income group’s EMR at the beginning of the decade is:
𝐸𝑀𝑅𝐿𝑜𝑤,𝑌𝑒𝑎𝑟=0 = 𝐸𝑀𝑅𝐻𝑖𝑔ℎ,𝑌𝑒𝑎𝑟=0 × 𝐸𝑀𝑅𝑅𝑖𝑛𝑐𝑜𝑚𝑒
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where EMRRincome is the rate ratio comparing the lowest- to highest- income quintile
from Model 4 above. The regression-based estimate of the lowest-income group’s
EMR in a decade’s time is:
𝐸𝑀𝑅𝐿𝑜𝑤,𝑌𝑒𝑎𝑟=10 = 𝐸𝑀𝑅𝐿𝑜𝑤,𝑌𝑒𝑎𝑟=0 × 𝐸𝑀𝑅𝑅𝑦𝑒𝑎𝑟 × 𝐸𝑀𝑅𝑅𝑖𝑛𝑐𝑜𝑚𝑒 × 𝑦𝑒𝑎𝑟

where EMRRincome × year is the rate ratio for the income-calendar year interaction from
Model 4 above. From these four EMRs, calculated pseudo-EMRDs (i.e. ‘pseudo’ given
the use of an average EMR) were calculated at the beginning and end of a decade,
allowing for the calculation of the absolute change over a decade in the pseudo-EMRD.
The same process was used for ethnicity. Attempts were not made to calculate
confidence intervals for these measures.
Finally, using the empirically calculated relative survival for the highest income (or nonMāori) at the beginning of the decade (i.e. the same starting estimate as above) and
the back-calculated relative survival from the three above regression-based estimates
of EMRs (using the formula RSR = exp[-EMR×5]), changes in the absolute differences
by income (and ethnicity) in relative survival over a decade were estimated.
Modelled ethnicity-calendar year and income-calendar year EMRR estimates
In this study, trends in cancer survival by ethnic and income group were calculated
using the calendar period EMRR in Models 1 and 3 representing the change per
decade in excess mortality for ethnic groups combined and income groups combined
comparing people diagnosed in 2001 to people diagnosed in 1991. It was also possible
to model the year-by-year change in cancer survival from 1991 to 2004 for each ethnic
and income group, using EMRR estimates from Models 2 and 4 respectively. This
analysis was undertaken for breast, colorectal and lung cancers and is presented in the
second section of the Chapter 7.
EMRR combinations of ethnicity and calendar year were modelled using the EMRRs in
Model 2 (see Table 37, for breast cancer as an example). The EMRR for Māori
compared to non-Māori in 1991 is the ethnicity EMRR in Model 2, namely 1.57. The
EMRR for non-Māori in 2001 compared to non-Māori in 1991 is the calendar period
EMRR in Model 2, specifically 0.62. All other combinations required combining the
main effects and interaction terms. For ethnicity-calendar year combinations, the nonMāori group in 1991 was set as the referent category, i.e. 1.00. The EMRR for the nonMāori group for each subsequent year after 1991 was calculated as:
nonMāori EMRR year1 = exp(ln(calendar period EMRR⁄10) × (year1 − year0 ))

where year0 was 1991, year1 was the calendar year being estimated, e.g. 1992, and
the calendar period EMRR was that from Model 2 (i.e. the EMRR for non-Māori in 2001
compared to non-Māori in 1991).
The EMRR for the Māori group in 1991 was set using the ethnicity EMRR in Model 2, in
the case of breast cancer, 1.57 (see Table 37). The EMRR in the Māori group for each
subsequent year after 1991 was calculated as:
Māori EMRR year1 = ((ethnicity 𝐸𝑀𝑅𝑅𝑀𝑜𝑑𝑒𝑙 2 × nonMāori EMRR year1 ) × (exp(ln(calendar period EMRR⁄10) × (year1 − year0 )))

Where year0 was 1991, year1 was the calendar year being estimated, e.g. 1992, and
the calendar period EMRR was that from Model 2 representing the EMRR for nonMāori in 2001 compared to non-Māori in 1991.
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These modelled EMRR values were also calculated for income-calendar year EMRR
combinations using the same methods as above but with the empirical EMRR
estimates from Models 3 and 4 accordingly.
Table 37:

Excess mortality rate ratios (EMRRs) for ethnic trends in breast cancer
survival: an example of output used to model ethnicity-calendar year
EMRRs
Ethnic trends in survival
Model 1 (ethnicity
Model 2 (ethnicity and calendar
main effects model)
period interaction model)
EMRR (95% CI)
EMRR (95% CI)

EMRRs for ethnic cancer survival trends
Ethnicity1
Non-Māori
Māori
Calendar period of cancer diagnosis2
Change every 10 years of cancer diagnosis
Change in inequalities over time2
Ethnicity × calendar decade of diagnosis
1
2

1.00
1.37 (1.12, 1.56)

1.00
1.57 (1.22, 2.01)

0.48 (0.43, 0.54)

0.62 (0.41, 0.93)
0.80 (0.56,1.14)

EMRRs averaged over the study period.
Change in the EMRR for every 10 years of cancer diagnosis.
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Statistical disclosure
The author of this thesis was responsible for following statistical disclosure control.
Statistical disclosure occurs when the release of statistical data enables confidential
information about an individual or a group to be determined exactly, or estimated more
closely. Statistical disclosure control aims to minimise the change that disclosure
occurs and involves identifying sensitive cells and addressing the disclosure risk.
Statistical disclosure control applies to count data as well as values calculated from
numeric data.
In this study, statistical disclosure control was applied to count data. Several steps
were used in this process. First, all count values were random rounded to a base of 3.
Second, cells with a count value of 5 or less were suppressed. Third, any percentages,
proportions or ratios derived from count data were calculated using random rounded
values.
Statistical disclosure was also checked by the author for analytical outputs in this study,
such as relative survival ratio or excess mortality rate ratio estimates. However, no
analytical outputs were suppressed.
Count and analytical values were checked by Statistics New Zealand staff at both initial
release of the data as well as any formal presentation or publication of data, such as
this thesis.
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Conclusion
This chapter summarised the data and methods used in this study to
Investigate patterns and trends in cancer survival by ethnic and socioeconomic group
in New Zealand, 1991-2004.
Data
Anonymised individual unit record for adults with a primary cancer diagnosis from 1991
to 2004, with mortality follow-up to 2006, and who were linked to Census records in
1991, 1996 and 2001 were included in this study. Data were grouped such that 21
cancer sites were individually assessed. The main exposure variables in this study
were ethnicity and income, both of which were determined using individual unit record
data from Census records. Standard data quality control procedures, such as checking
the consistency of disease classification and morphology codes, were not able to be
applied in this study due to limited data availability. Date fields such as the complete
date of diagnosis were removed from the linked Census-cancer files for protection of
data confidentiality and privacy, resulting in the estimation of complete dates of
diagnosis and dates of death.
Records with missing ethnicity or missing income values were excluded from relative
survival and excess mortality rate analyses, with subsequent sensitivity analyses
(Chapter 7) undertaken to assess the effect of selection bias for excluding those with
missing income values.
Survival and mortality estimates for people whose cause of death was not cancer were
estimated for the 1991, 1996 and 2001 Census periods using official life table data
combined with linked Census-mortality data, accounting for variations in survival and
mortality over time for each ethnic and income group.
Methods
First, relative survival up to 5 years since diagnosis, using the Ederer II approach, was
estimated for combinations of Census period (1991-1996, 1996-2001, and 2001-2004),
ethnic group (Māori and non-Māori) and income group (high-, medium, and lowincome). Patterns over time in cancer survival by ethnic and income group were
assessed by calculating the absolute and percentage difference in 5-year relative
survival for people diagnosed in 1991-1996 with 5-year relative survival for people
diagnosed in 2001-2004. As an indication of ethnic and income inequalities in cancer
survival, the absolute and percentage difference between ethnic and income groups
was calculated for people diagnosed in 1996-2001, with the difference a negative value
if survival was greater for non-Māori and the high-income groups. Patterns over time in
ethnic and income inequalities in 5-year relative survival were also assessed. The
primary effect measure for these analyses was the relative survival ratio difference
(RSRD).
Second, four excess mortality rate models censored at 5 years since diagnosis were
run for each cancer for all records from 1991-2004. Models 1 and 2 allowed for
assessment of ethnic trends in cancer survival, with Models 3 and 4 enabling
investigation of income trends in cancer survival. Trends in cancer survival for both
ethnic groups combined and for all income groups combined were investigated by
calculating the relative difference in excess mortality rates for people diagnosed in
2001 compared to people diagnosed in 1991, representing the change per decade in
excess mortality for each cancer. Ethnic and inequalities in cancer survival, averaged
over 1991-2004, were measured by estimating the relative difference between ethnic
groups (Māori compared to non-Māori) and income groups (the lowest income group
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compared to the highest-income group, with data from all other income groups included
in the regression model). The primary effect measure for these analyses was the
excess mortality rate ratio (EMRR). The EMRR estimates were pooled across all
cancer sites using inverse variance weighting methods to provide an average across
cancers, provide a summary effect measure.
Third, trends in ethnic and income inequalities in cancer survival were investigated by
using EMRR estimates from Models 2 and 4 representing the ratio change per decade
in the relative difference between ethnic and income groups in excess mortality rates.
The change per decade in the absolute difference between ethnic and income groups
in excess mortality rates and in 5-year relative survival were also modelled to assess
overall trends using absolute and relative differences on the relative survival and
excess mortality rate scales.
Statistical disclosure procedures were applied in the results presented in the remainder
of this thesis such that the count data for the number of people included in analyses
was random rounded to a base of 3 or suppressed where a cell count was 5 or less.
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Chapter 6: Trends in breast, colorectal and lung
cancer survival by ethnic and socioeconomic
group, 1991-2004
Introduction
This chapter presents and synthesises data from this study on patterns and trends in
breast, colorectal and lung cancer survival by ethnic and socioeconomic group in New
Zealand, 1991-2004. These three cancers were selected for inclusion in this chapter as
the estimates from the excess mortality rate modelling were measured with statistically
more precision than other sites. This chapter also presents the findings of additional
analyses that tested (a) whether ethnic and socioeconomic groups had greater excess
mortality in the first two years of follow-up and (b) the effect on the association between
income and cancer survival from excluding unit records with missing income data.
This chapter is divided into six parts. The first section provides a summary of how
many anonymised individual unit records for people diagnosed with breast, colorectal
and lung cancer were included in relative survival and excess mortality rate analyses.
The second section presents 5-year relative survival estimates by ethnic and
socioeconomic group used to initially describe and trends in cancer survival by ethnic
and socioeconomic group, with data stratified into the three Census-cancer periods.
The third section focuses on the results of the excess mortality rate modelling, with
three sets of findings discussed. First, the relative difference between ethnic or income
groups in excess mortality rates censored at 5 years of follow-up and averaged over
1991-2004 is first presented. These data provide an indication of effect size of the
ethnicity-cancer survival and income-cancer survival association for the three cancers.
Second, the relative difference in excess mortality rates censored at 5 years of followup for people diagnosed in 2001 compared to people diagnosed in 1991 is then shown.
These data provide information on the trend in cancer survival, applied uniformly
across ethnic and income groups. Third, the best estimates of whether ethnic and
socioeconomic inequalities in cancer survival were narrowing or widening over time is
given by presenting the per-decade ratio change in the relative difference between
ethnic and income groups in excess mortality. Ethnicity-calendar year and incomecalendar year combinations were also predicted using EMRR outputs providing
additional data on trends in cancer survival inequalities.
The fourth section examines the assumption in this thesis that ethnic and
socioeconomic inequalities applied uniformly across all five years of follow-up data.
Specifically, additional analyses using interaction terms in excess mortality rate
modelling were undertaken to assess whether excess mortality was greater for Māori
and low-income groups shortly after diagnosis, leading to diminishing inequalities later
in the follow-up period. The results of these additional analyses are presented here.
The fifth section examines whether excluding people with missing income values
biased the association between income and cancer survival. This was investigated
using sensitivity analyses for breast, colorectal and lung cancers about possible
selection bias in relative survival and excess mortality analyses.
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Number of linked Census-cancer records
Data on 23,139 women diagnosed with breast cancer, 27,789 people diagnosed with
colorectal cancer, and 17,939 people diagnosed with lung cancer in 1991-2004 were
contained in linked Census-cancer records (Table 38).
Exclusion criteria were applied for each Census-cancer cohort and cancer site
separately (Table 39). Records were excluded sequentially if they were: aged below 15
or above 99 years of age; their sex was incompatible with the tumour site (breast only);
the tumour was recorded as being in situ; survival in months was zero; the basis of
diagnosis was unknown; data on Census-ethnicity was missing; or data on Censusincome was missing. Data on Census-income, an individual’s income as calculated
from Census data, was missing for between 15-17% for women diagnosed with breast
cancer, 12-16% for people diagnosed with colorectal cancers, and 13-20% diagnosed
with lung cancer, with between 0-2% records missing ethnicity data (Table 40). The
issue of whether excluding records with missing Census-income data effects the
association of income with relative survival and excess mortality, i.e. selection bias, is
investigated in the last section of the this chapter.
Following the application of exclusion criteria, 94-99% of breast cancer records, 8094% of colorectal cancer records, and 81-83% of lung cancer records were retained for
relative survival analyses. The proportion among lung cancer patients was lower
largely due to a higher proportion of people in this group being diagnosed by death
certificate only, having zero survival time in months, as well as a higher proportion of
people with missing income data compared to breast and colorectal cancers (Table
41).
After applying exclusion criteria, data on 18,693 women diagnosed with breast cancer,
22,467 people diagnosed with colorectal cancer, and 12,419 people diagnosed with
lung cancer in 1991-2004 were able to be analysed in excess mortality rate modelling
for all people diagnosed 1991-2004 (Table 41). These data represented 81% of linked
Census-cancer records prior to exclusion criteria for breast and colorectal cancers and
69% for lung cancer.
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Table 38:

Number of linked census-cancer records prior to application of exclusion
criteria

Cancer site
1991-1996
Ethnic and income
group data combined
Breast cancer
Colorectal cancer
Lung cancer

Table 39:

Relative survival analyses
1996-2001
Ethnic and income
group data combined

6,915
9,285
6,315

8,493
10,029
6,342

2001-2004
Ethnic and income
group data
combined
7,731
8,475
5,282

Combined ethnic
and income
group data
1991-2004
23,139
27,789
17,939

Number of linked census-cancer records excluded from relative survival
analyses by ethnic and income group
Census-cancer datasets
by ethnic group

Census-cancer datasets
by income group

1991-1996

1996-2001

2001-2004

1991-1996

1996-2001

2001-2004

Breast cancer
Number of linked Census-cancer records
Number of excluded records

6915

8493

7731

6915

8493

7731

Aged below 15 years of age
Aged above 100 years of age
Death certificate only basis of diagnosis
Unknown basis of diagnosis
Zero survival in months
In situ cancer
Sex-site incompatible
Missing ethnicity/income

0
6
267
6
87
21
0
24

3
3
108
6
60
0
0
81

0
6
51
3
36
3
0
72

3
0
270
9
81
24
0
902

3
3
105
9
60
0
3
1353

0
0
54
24
36
0
0
1260

Colorectal cancer
Number of linked Census-cancer records
Number of excluded records

9285

10029

8475

9285

10029

8475

Aged below 15 years of age
Aged above 100 years of age
Death certificate only basis of diagnosis
Unknown basis of diagnosis
Zero survival in months
In situ cancer
Missing ethnicity/income

0
9
390
15
375
3
30

3
3
231
6
312
0
102

0
3
114
0
306
0
78

0
3
393
15
375
3
906

3
6
228
6
312
0
1278

0
6
114
0
306
0
1221

Lung cancer
Number of linked Census-cancer records
Number of excluded records

6315

6342

5282

6315

6342

5282

Aged below 15 years of age
Aged above 100 years of age
Death certificate only basis of diagnosis
Unknown basis of diagnosis
Zero survival in months
In situ cancer
Missing ethnicity/income

3
3
522
42
603
3
12

3
0
504
33
552
0
54

1
1
283
0
596
0
71

3
0
525
42
603
3
633

3
0
504
33
555
0
831

1
1
283
0
596
0
817
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Table 40:

Number of linked census-cancer records where Census-ethnicity and
Census-income was not recorded

Census-cancer cohort

Total number of linked
census-cancer records

Number of records with
ethnicity data not
recorded (%)

Number of records with
income data not recorded
(%)

Breast cancer
1991-1996
1996-2001
2001-2004
Colorectal cancer
1991-1996
1996-2001
2001-2004
Lung cancer
1991-1996
1996-2001
2001-2004

Table 41:

27 (0%)
81 (1%)
75 (1%)

1,008 (15%)
1,422 (17%)
1,314 (17%)

8,988
10,029
8,475

36 (0%)
114 (1%)
87 (1%)

1,068 (12%)
1,395 (14%)
1,344 (16%)

6,315
6,342
5,282

18 (0%)
75 (1%)
92 (2%)

837 (13%)
1,050 (17%)
1,040 (20%)

Number of linked census-cancer records included in relative survival
and excess mortality rate analyses by cancer site, calendar period and
analytical approach following exclusion process

Cancer site

Breast cancer
Colorectal cancer
Lung cancer

6,915
8,493
7,728

1991-1996
Ethnic
Income
group
group
analyses
analyses
6,438
5,571
8,463
7,587
5,127
4,506

Relative survival analyses
1996-2001
Ethnic
Income
group
group
analyses
analyses
8,184
6,918
9,327
8,196
5,196
4,416
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2001-2004
Ethnic
Income
group
group
analyses analyses
7,281
6,303
7,974
6,831
4,330
3,584

Excess mortality
rate modelling
1991-2004

18,693
22,467
12,419
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Relative survival
Cancer survival was measured for this study on both the relative survival and excess
mortality rate scales. Researchers and policy makers commonly assess patterns and
trends in cancer survival commonly use relative scale estimates.(151) In this thesis
relative survival was measured to help orientate the reader to the cancer survival data
presented. The section below presents 5-year relative survival data for breast,
colorectal and lung cancers by ethnic and income group estimated separately for each
linked Census-cancer cohort (1991-1996, 1996-2001, and 2001-2004). Follow-up data
were available to 31 December 2006. Relative survival by ethnic group was estimated
by using ethnic-specific life tables, and by income group using income-specific life
tables. Differences between ethnic and income groups or calendar periods were
measured here as both relative survival ratio difference (RSRDs) and as percentage
differences.

Ethnic and socioeconomic inequalities in cancer survival
As an indication of inequalities average over time, ethnic and income group inequalities
in 5-year relative survival were measured, using data from 1996-2001, the middle
Census-cancer cohort in this study. The ethnic and income gap (and percentage
difference) was a negative value if non-Māori and the high-income groups had better
survival compared to the Māori and low-income groups respectively.
Figure 23 plots 5-year relative survival by ethnic and income groups for breast,
colorectal and lung cancers in 1996-2001, including the absolute and percentage gaps
between ethnic and income groups. From these estimates, we can conclude that there
was a pattern of non-Māori and high-income groups having better survival compared to
Māori and low-income groups respectively.
Breast cancer
Breast cancer 5-year relative survival was higher for non-Māori in 1996-2001 with an
RSRD of -0.05, a percentage difference of -6% (Figure 23). There was a small gap of 0.01 (-1% difference) between income groups in breast cancer relative survival five
years after diagnosis in 1996-2001, with the low-income group having lower survival.
Colorectal cancer
There was an ethnic difference of 13%, a gap of -0.08, in 5-year relative survival for
colorectal cancer in 1996-2001 with non-Māori having greater survival. In 1996-2001,
there was an income gap of -0.08, a percentage difference of -12%, in 5-year relative
survival for colorectal cancer, with the low-income group having poorer survival.
Lung cancer
Non-Māori had better lung cancer relative survival at five years following diagnosis
(Figure 23). There was an ethnic gap of -0.05, a percentage difference of -45%, in 5year relative survival in 1996-2001. There was no difference between income groups in
5-year relative survival for people diagnosed with lung cancer in 1996-2001.
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Figure 23: Absolute differences and percentage differences between ethnic and
income groups in 5-year relative survival, 1996-2001, for breast, colorectal
and lung cancers
5-year relative survival by ethnic group, 1996-2001
Relative survival
Breast cancer
RSRD: -0.05
% difference: -6%

Colorectal cancer
RSRD: -0.08
% difference: -13%

Lung cancer
RSRD: -0.05
% difference: -45%
0

0.2

0.4

0.6

0.8
non-Māori

1
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5-year relative survival by income group, 1996-2001
Relative survival
Breast cancer
RSRD: -0.01
% difference: -1%

Colorectal cancer
RSRD: -0.08
% difference: -12%

Lung cancer
RSRD: 0.0
% difference: 0%
0

0.2

0.4

0.6

0.8
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Changes over time in cancer survival by ethnic and income group
Figure 24 plots the direction and magnitude of changes over time in 5-year relative
survival by ethnic and income group for breast, colorectal and lung cancers, measured
as absolute and percentage differences. Table 42 presents the 5-year relative survival
estimates and their 95% confidence intervals to aid with interpreting trends in survival.
Breast cancer
Five-year relative survival for breast cancer improved over time for both ethnic groups,
with the improvement being greater in percentage terms for Māori. Improvements in
both ethnic groups were statistically significant, as measured by non-overlapping
confidence intervals (Table 42). Five-year relative survival for Māori women was 0.83
(95% CI 0.78, 0.87) in 2001-2004, an increase of 19% from 1991-1996. In the nonMāori group, 5-year relative survival in 2001-2004 was 0.87 (95% CI 0.78, 0.87), an
increase of 14% from 1991-1996.
Five-year breast cancer relative survival improved similarly over time in all income
groups. Five-year relative survival for the low-income group in 2001-2004 was 0.87
(95% CI 0.84, 0.90), an increase of 16% from 1991-1996. Five-year relative survival for
the high-income group was 0.88 (95% CI 0.86, 0.90) in 2001-2004. Improvements in
both income groups were also considered statistically significant, as measured by nonoverlapping confidence intervals (Table 42).
Colorectal cancer
Relative survival five-years following a colorectal cancer diagnosis markedly improved
over time for Māori with a 45% increase between 1991-1996 and 2001-2004, with nonMāori 5-year relative survival also improving over time but by a lesser extent (14%).
The Māori 5-year relative survival in 2001-2004 was 0.55 (95% CI 0.47, 0.62), with the
non-Māori group having a 5-year relative survival of 0.64 (95% CI 0.62, 0.66) in the
same period. Notably, Māori had poorer survival at each of these time points, but the
improvement in relative survival over time was much greater for Māori.
High- and low-income groups experienced the same absolute and percentage increase
over time in 5-year relative survival, an increase of 0.09 or 16%. Five-year relative
survival for the high-income group was 0.66 (95% CI 0.63, 0.69) in 2001-2004 and was
0.65 (95% CI 0.62, 0.68) for the low-income group in the same period.
Lung cancer
Relative survival five-years following a lung cancer diagnosis improved over time for
both ethnic groups, with these improvements in percentage terms being greater for
Māori. 5-year relative survival for Māori was 0.09 (95% CI 0.07, 0.12) in 2001-2004, a
percentage increase of 29%. Five-year relative for non-Māori increased by 20% from
1991-1996 leading to a 5-year relative survival of 0.12 (95% CI 0.11, 0.14) in 20012004
Five-year relative survival improved in greater percentage terms for the low-income
group compared to the high-income group, a 22% and 8% increase respectively. Fiveyear relative survival in the low-income group was 0.11 (95% CI 0.09, 0.12) in 20012004, an increase 0.02 from 1991-1996. Five-year relative survival in the high-income
group increased by 0.01 to 0.13 (95% CI 0.10, 0.16) in 2001-2004.
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Figure 24:

Absolute and percentage differences in 5-year relative survival for
breast, colorectal and lung cancers, 1991-1996 to 2001-2004, by ethnic
and income group
Absolute change over time in 5-year relative survival:
1991-1996 to 2001-2004
Absolute change (RSRD)
0.11
0.13

Breast cancer
0.11
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0.08
0.17
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0.02

Lung cancer

0
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Low-income

Percentage change over time in 5-year relative survival:
1991-1996 to 2001-2004
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Table 42:

1-year and 5-year relative survival for breast, colorectal and lung
cancers, 1991-1996 and 2001-2004, by ethnic and income group

Māori
Breast cancer
1991-1996
0.76 (0.75,0.77)
0.70 (0.65,0.74)
2001-2004
0.87 (0.85,0.88)
0.83 (0.78,0.87)
Colorectal cancer
1991-1996
0.56 (0.55,0.57)
0.38 (0.31,0.46)
2001-2004
0.64 (0.62,0.66)
0.55 (0.47,0.62)
Lung cancer
1991-1996
0.10 (0.09,0.11)
0.07 (0.05,0.10)
2001-2004
0.12 (0.11,0.14)
0.09 (0.07,0.12)
* Data on the medium-income group is presented in Appendix 3.
non-Māori
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High-income*

Low-income*

0.77 (0.74,0.79)
0.88 (0.86,0.90)

0.75 (0.72,0.77)
0.87 (0.84,0.90)

0.57 (0.55,0.60)
0.66 (0.63,0.69)

0.56 (0.53,0.59)
0.65 (0.62,0.68)

0.12 (0.10,0.14)
0.13 (0.10,0.16)

0.09 (0.07,0.11)
0.11 (0.09,0.13)
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Changes over time in ethnic and socioeconomic cancer survival
inequalities
Figure 25 plots the absolute ethnic and income gaps in 5-year relative survival for
breast, colorectal and lung cancer in 1991-1996, 1996-2001, and 2001-2004. Figure 25
also presents the percentage change in these inequalities over time, comparing
inequalities in 2001-2004 to 1991-1996.
Breast cancer
There was a 33% reduction in the ethnic gap in 5-year relative survival for breast
cancer, -0.06 in 1991-1996 to -0.04 in 2001-2004. The income gap in 5-year relative
survival decreased by 50% from a difference of -0.02 in 1991-1996 to -0.01 in 20012004.
Colorectal cancer
The ethnic gap in 5-year relative survival for colorectal cancer reduced by 50%, from
-0.18 in 1991-1996 to -0.09 in 2001-2004. There was no change in the income gap in
5-year relative survival for colorectal cancer over time, with a gap of -0.01 in both 19911996 and 2001-2004, noting that the gap was -0.08 in 1996-2001.
Lung cancer
There was no change in the ethnic gap in 5-year relative survival for lung cancer from
1991-1996 to 2001-2004, with a gap of -0.03 in both these periods.
There was a 33% reduction in the income gap in 5-year lung cancer relative survival
from -0.03 in 1991-1996 to -0.02 in 2001-2004.
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Figure 25:

Changes over time in ethnic and income inequalities in 5-year relative
survival for breast, colorectal and lung cancers, 1991-1996 to 20012001-2004
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Excess mortality
The primary way in which trends in cancer survival by ethnic and socioeconomic group
were assessed in this study was through estimates derived from the excess mortality
rate modelling where follow-up was censored at 5 years after diagnosis. The primary
effect measure from the excess mortality rate modelling was the excess mortality rate
ratio (EMRR).
This chapter section focuses on the EMRRs for breast, colorectal and lung cancer.
For the purposes of Chapters 6 and 7, all excess mortality rate modelling results for
each cancer site, including regression diagnostics for completeness, are presented in
Appendix 4. However to orient the reader to the EMRRs used, Table 43 presents data
for colorectal cancer.
The effect size of ethnic and income inequalities in cancer survival was assessed using
the EMRR comparing the relative difference between Māori and non-Māori excess
mortality rates and between the lowest- and highest income groups excess mortality
rates, with all available data on the income gradient included in the modelling. These
ethnic and income EMRR estimates were assumed to apply uniformly across the
calendar period of the study (1991-2004), across both sexes, across all age groups,
across all intervals of follow-up time since diagnosis (up to 5 years), across all
combinations of age group and follow-up time, and in the case of the income EMRR,
across all ethnic groups. Ethnicity was included in the models investigating the impact
of income on cancer survival because it is a common cause of income and cancer
survival (i.e. it confounds the income-survival association), but conversely income was
not included in the first two ethnic models as income may mediate the ethnicity-survival
association. The ethnic EMRR and income EMRR estimates were derived from Model
1 and Model 3 respectively. For colorectal cancer (Table 43), the ethnic EMRR shows
that - averaged across 1991-2004 - Māori had 36% greater excess mortality up to 5
years since diagnosis compared to non-Māori (Model 1; EMRR: 1.36 (95% CI 1.20,
1.54)) and the lowest-income group had 13% greater excess mortality up to 5 years
since diagnosis compared to the highest-income group (Model 3; EMRR: 1.13 (95% CI
1.05, 1.21)).
Trends in cancer survival were investigated using the EMRR comparing the relative
difference between people diagnosed in 1991 to people diagnosed in 2001. The
calendar period EMRRs were assumed to apply uniformly across both sexes, across all
age groups, across all intervals of follow-up time since diagnosis (up to 5 years),
across all ethnic groups, across all income groups, and across all combinations of age
group and follow-up time. For colorectal cancer using the data from Model 1, the
calendar period EMRR shows that people diagnosed in 2001 had 27% less excess
mortality up to 5 years since diagnosis compared to people diagnosed in 1991, with an
EMRR of 0.73 (95% CI 0.69, 0.78).
The magnitude and direction of the per-decade ratio change in ethnic and
socioeconomic cancer survival inequalities were ‘tested’ in this thesis by specifying an
interaction term for ethnicity and calendar period in Model 2 and an interaction term for
income and calendar period in Model 4. These interaction terms were assumed to
apply uniformly across both sexes, across all age groups, across all intervals of followup time since diagnosis (up to 5 years), across all combinations of age group and
follow-up time, and across both ethnic groups in the case of the income-calendar
period interaction term. For colorectal cancer, the ratio change in the relative inequality
between ethnic groups was 0.80 (95% CI 0.58, 1.11), or a 20% reduction in the relative
inequality per decade (Model 2). For socioeconomic inequalities, the best estimate was
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a 10% widening every ten years in the relative difference between income groups in
excess mortality, with an EMRR of 1.10 (95% CI 0.93, 1.32). It should be noted that
these EMRRs for the interaction terms have confidence intervals including the null, i.e.
they – considered in isolation – statistically insignificant.
Table 43:

Excess mortality rate ratio estimates for trends in colorectal cancer
survival by ethnic and socioeconomic group
Ethnic trends in cancer survival
Model 1
Model 2 *

Ethnic EMRR
Non-Māori
1.00
1.00
1.36 (1.20,1.54)
1.58 (1.23,2.03)
Māori
Income EMRR
Highest-income group
Lowest-income group
Calendar period EMRR
People diagnosed in 1991
1.00
1.00
0.73 (0.69,0.78)
People diagnosed in 2001
Change per decade in ethnic EMRR
0.80 (0.58,1.11)
Interaction EMRR
Change per decade in income EMRR
Interaction EMRR
* With interaction term of ethnicity and calendar period specified.
** With interaction term of income and calendar period specified.
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Income trends in cancer survival
Model 3
Model 4 **
1.00

1.00

1.00
1.13 (1.05,1.21)

1.00
1.06 (0.93,1.21)

1.00
0.73 (0.69,0.78)

1.00

1.10 (0.93,1.32)
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Ethnic and socioeconomic inequalities in cancer survival
Figure 26 plots the relative difference between ethnic and income groups in excess
mortality rates censored at five years of follow-up, averaged over time, 1991-2004. If
the excess mortality rate ratio was greater than unity, then Māori or the lowest-income
quintile had greater excess mortality (poorer survival) compared to non-Māori or the
highest-income quintile respectively.
Breast cancer
There was evidence for relative inequalities between ethnic and income groups in
breast cancer excess mortality rates.
Averaged over the 1991-2004 period, Māori women diagnosed with breast cancer and
followed-up to 5 years after diagnosis had 37% greater excess mortality compared to
non-Māori women, with an ethnicity EMRR of 1.37 (95% CI 1.12, 1.56).
Averaged over time, women diagnosed with breast cancer who were in the lowest
income quintile and followed-up to 5 years after diagnosis experienced 28% greater
excess mortality compared to the highest-income quintile, with an EMRR of 1.28 (95%
CI 1.14, 1.44), a lesser difference than for ethnicity but still significant.
Colorectal cancer
The text for colorectal cancer is a summary of the previous illustrative section, but
summarised here for completeness.
There was evidence for relative inequalities between Māori and non-Māori groups and
between income groups, but to a lesser extent than for ethnic groups, in colorectal
cancer excess mortality rates.
Averaged over time, Māori diagnosed with colorectal cancer and followed-up for 5
years after diagnosis had 36% greater excess mortality, with an EMRR of 1.36 (95% CI
1.20, 1.54) compared to the non-Māori group.
Averaged over time, people diagnosed with colorectal cancer who were in the lowest
income quintile and followed-up to 5 years after diagnosis experienced 13% greater
excess mortality compared to the highest-income quintile, with an EMRR of 1.13 (95%
CI 1.05, 1.21), a lesser difference than for ethnicity but with the 95% confidence
interval excluding the null.
Lung cancer
Averaged over time, Māori diagnosed with lung cancer and followed-up to 5 years after
diagnosis had 26% greater excess mortality, with an EMRR of 1.26 (95% CI 1.18, 1.34)
compared to the non-Māori group.
Averaged over the time, people diagnosed with lung cancer who were in the lowest
income quintile and followed-up to 5 years after diagnosis experienced 10% greater
excess mortality compared to the highest-income quintile with an EMRR of 1.10 (95%
CI 1.03, 1.16), a lesser difference than for ethnicity but with the 95% confidence
interval excluding the null.
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Figure 26: Relative difference between ethnic and income groups in excess mortality
rates censored at five years of follow-up, averaged over time, 1991-2004
Excess mortality rate ratio (logarithmic scale)
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the referent category, with all income quintiles included in the regression model.
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Trends in cancer survival
Figure 27 plots the relative difference in excess mortality rates for people diagnosed
with breast, colorectal and lung cancer in 2001 compared to people diagnosed in 1991.
If the excess mortality rate ratio (EMRR) was below unity, then excess mortality
declined over time, that is cancer survival improved over time. These EMRRs apply
uniformly to all ethnic and income groups.
Breast cancer
Women diagnosed with breast cancer who were followed-up to 5 years since diagnosis
experienced a 52% per-decade decrease in excess mortality, with an EMRR of 0.48
(95% CI 0.43, 0.54).
Colorectal cancer
There was a 27% per-decade decrease in excess mortality rates for people diagnosed
with colorectal cancer who were followed-up to 5 years since diagnosis, with an EMRR
of 0.73 (95% CI 0.69, 0.78).
Lung cancer
People diagnosed with lung cancer who were followed-up to 5 years after diagnosis
experienced a significant 11% decrease in excess mortality, with an EMRR of 0.89
(95% CI 0.85, 0.94).
The confidence limits for EMRRs for breast, colorectal and lung cancer were narrow
and excluded the null. It can be confidently concluded that statistically significant
decreases over time in excess mortality occurred for people diagnosed with breast,
colorectal and lung cancer during the study period.
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Figure 27: Relative difference in excess mortality rates censored at 5 years of followup for all ethnic and income groups combined comparing people diagnosed
with breast, colorectal and lung cancers in 2001 to people diagnosed in
1991
Excess mortality rate ratio (logarithmic scale)
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Trends in ethnic and socioeconomic inequalities in cancer survival
A key focus of this thesis was on investigating trends in ethnic and socioeconomic
cancer survival inequalities. The best estimates in this thesis of the change over time in
cancer survival inequalities were from excess mortality rate models 2 and 4, where an
interaction term for ethnicity and calendar period and for income and calendar period
was specified respectively. These interaction term EMRRs represented the ratio
change per decade in relative inequalities between ethnic and income groups in excess
mortality. From the EMRRs in Models 2 and 4, combinations of ethnicity-calendar year
and income-calendar year were predicted to further investigate whether ethnic or
income inequalities in cancer survival were narrowing or widening from 1991 to 2004.
This section presents trends in ethnic and socioeconomic inequalities, first using the
EMRR interaction terms followed by the predicted year-by-year excess mortality
estimates by ethnic and income group.
Change per decade in ethnic and socioeconomic inequalities
Figure 28 plot the ethnicity-calendar period interaction terms for breast, colorectal and
lung cancers, with Figure 29 plotting the income-calendar period interaction terms for
the three cancer sites. If the interaction term was greater than unity, then excess
mortality with five-years of follow-up was declining faster over time for non-Māori or the
highest-income group, suggesting that ethnic and income inequalities were widening
over time. If the term was less then unity, then excess mortality with five-years of
follow-up was declining faster over time for Māori and the lowest-income group,
suggesting that ethnic and income inequalities were narrowing over time.
Change per decade in ethnic inequalities

From Figure 28, the best estimates of the ratio change per decade in relative ethnic
inequalities suggest that these inequalities were narrowing over time for breast and
colorectal cancers, but widening for lung cancer.
The relative gap between in ethnic groups was estimated to reduce by 20% perdecade, i.e. inequalities were narrowing over time, with an ethnicity-calendar period
interaction EMMR of 0.80 (95% CI 0.56, 1.14) (Figure 29). The 95% CI ranged from a
44% decrease to a 14% increase in the Māori to non-Māori EMRR over a decade, i.e. it
was not statistically significant.
The ratio change per decade in the ethnic EMRR for colorectal cancer was similar to
that seen for breast cancer. The ethnicity-calendar period interaction EMRR for
colorectal cancer was 0.80 (95% CI 0.58, 1.11), a best estimate of a 20% reduction in
ethnic inequalities every ten years. Notably the 95% confidence limits ranged from a
42% decrease to an 11% increase in the Māori to non-Māori EMRR over a decade.
The results for excess mortality stand beside those for 5-year relative survival, which
also suggest a narrowing of survival gaps but statistical imprecision of the change over
time in the ethnic EMRR must again be emphasised.
The best estimate for lung cancer was an 8% per-decade increase in the EMRR
comparing Māori to non-Māori, i.e. inequalities were widening over time, with an ethniccalendar period interaction EMMR of 1.08 (95% CI 0.93, 1.25). Notably the 95% CI
ranged from a 7% decrease to a 25% increase in the Māori to non-Māori EMRR over a
decade.
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Figure 28: Ratio change per decade in the relative difference between ethnic groups in
excess mortality censored at five years of follow-up
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Change per decade in income inequalities

From Figure 29, the best estimates of the change per decade in income inequalities
suggest that income inequalities were widening over time, more so for breast and
colorectal cancers.
The best estimate for breast cancer was a 21% increase per decade in the EMRR
comparing the lowest- to highest-income quintiles, i.e. income inequalities were
widening over time, with an income-calendar period interaction EMMR of 1.21 (95% CI
0.89, 1.64), with the 95% confidence limits suggesting a 11% decrease to a 64%
increase in the income EMRR over a decade.
For people diagnosed with colorectal cancer who were followed-up for five years after
diagnosis, there was a 10% increase per decade in the EMRR comparing the lowestto highest-income quintile, i.e. income inequalities were widening over time, with an
income-calendar period interaction EMMR of 1.10 (95% CI 0.93, 1.32).
The trend in increasing income inequalities in lung cancer survival was less evident.
However the best estimate was a 4% increase per decade in the EMRR comparing the
lowest- to highest-income quintile, i.e. income inequalities were widening over time,
with an income-calendar period interaction EMMR of 1.04 (95% CI 0.90, 1.20).

Figure 29: Ratio change per decade in the relative difference between income groups
in excess mortality censored at five years of follow-up
Excess mortality rate ratio (logarithmic scale)
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Modelled ethnicity-and income-calendar period combinations, 1991-2004
Combinations of ethnicity-calendar year and income-calendar year were modelled for
breast, colorectal and lung cancers (see Chapter 5, statistical analyses) such that it
was possible to further assess changes over time in ethnic and socioeconomic
inequalities in cancer survival. The reference category for the ethnicity-calendar year
EMRR predictions was non-Māori in 1991, and the reference category for the incomecalendar year EMRR predictions was the highest-income quintile in 1991. These
predictions used EMRR estimates from Models 2 and 4 for each cancer site (see
EMRR results contained in Appendix 4).
Modelled ethnicity-calendar year combinations

Figure 30 plots ethnicity-calendar period EMRR combinations for people diagnosed
with breast, colorectal and lung cancer, 1991-2004. This figure does not include
confidence intervals. Table 44 shows the predicted EMRRs in 1991 and 2004 for
breast, colorectal and lung cancer for non-Māori and Māori as well as the change over
time between 1991 and 2004 in those predicted EMRRs.
There was evidence from the data in Figure 30 and Table 44 that, as shown above,
there was a narrowing of the ethnic inequalities in breast and colorectal cancer survival
but a widening of the ethnic inequality in lung cancer survival.
There was a 57% greater excess mortality 5 years following diagnosis for Māori in
1991, an EMRR of 1.57, compared to excess mortality for non-Māori in the same year
(set as the reference group, 1.00). The reductions from 1991 to 2004 were much
greater for Māori, a 60% reduction, with an EMRR in 2004 for Maori of 0.63. Excess
mortality reduced by 46% for non-Māori in the same period, an EMRR in 2004 of 0.54.
The differences between ethnic groups in breast cancer excess mortality tended to be
more so in the 1990s but converged over time such that ethnic inequalities in excess
mortality narrowed over time.
Māori diagnosed with colorectal cancer had 58% greater excess mortality up to 5 years
since diagnosis in 1991, an EMRR of 1.58, compared to the non-Māori group in the
same year (an EMRR of 1.00 in 1991). The reductions in excess mortality from 1991 to
2004 were three times greater for Māori (33%) than non-Māori (11%), with an EMRR of
1.06 for Māori in 2004 and an EMRR of 0.89 for non-Māori in 2004. While the ethnic
inequalities in excess mortality were wide in the 1990s, the excess mortality reductions
over time experienced by Māori led to a converging of excess mortality between ethnic
groups such that the excess mortality inequality narrowed over time.
Excess mortality 5 years following a lung cancer diagnosis was 19% greater for Māori
in 1991, an EMRR of 1.19, compared to non-Māori (1.00). Non-Māori experienced a
22% reduction in excess mortality from 1991 to 2004 with an EMRR of 0.78 in 2004.
Māori, with an EMRR of 1.02 in 2004, experienced a lesser reduction of 14% in excess
mortality. The faster reductions in non-Māori excess mortality led to a widening of the
ethnic inequality in lung cancer excess mortality over time.
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Figure 30: Modelled EMRRs for combinations of ethnicity and calendar year for people
diagnosed with breast, colorectal and lung cancer, 1991 and 2004, all
compared to the non-Māori group diagnosed in 1991
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Table 44:

Modelled combinations of ethnicity-calendar year for people diagnosed
with breast, colorectal and lung cancers, 1991-2004
Excess mortality rate
ratio in 1991 compared to
reference category

Excess mortality rate
ratio in 2004, compared
to referent category in
1991

Reduction in the excess
mortality rate ratio,
2004 to 1991
(percentage reduction)

Breast cancer
Non-Māori*
Māori
Colorectal cancer
Non-Māori *
Māori
Lung cancer
Non-Māori *
Māori
* Reference category

1.00*
1.57

0.54
0.63

0.46 (46%)
0.94 (60%)

1.00*
1.58

0.89
1.06

0.11 (11%)
0.52 (33%)

1.00*
1.19

0.78
1.02

0.22 (22%)
0.17 (14%)
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Modelled income-calendar year combinations

Figure 31 plots the income (the highest- and lowest-income groups) and calendar year
(1991-2004) EMRR combinations for breast, colorectal and lung cancers. This figure
does not include confidence intervals. Table 45 shows the predicted EMRRs in 1991
and 2004 for three cancer sites by income group, as well as the change over time
between 1991 and 2004 in those predicted EMRRs.
There was evidence from the data in Figure 31 and Table 45 that, as shown above,
there was a widening over time in income inequalities in breast and colorectal cancers
and, to a lesser extent, lung cancer.
Breast cancer

Excess mortality five years following a breast cancer diagnosis in 1991 was 14%
greater for the lowest-income group, an EMRR of 1.14 compared to the reference
category (1.00) for the highest-income group in 1991. Excess mortality reduced by 65%
from 1991 to 2004 for the highest-income group (an EMRR of 0.35 in 2004), with a
lesser reduction over that time for the lowest-income group (54% (or an EMRR of 0.52
in 2004)). These differences between income groups in the rate at which excess
mortality declined resulted in a widening over time in the income inequalities in excess
mortality.
Colorectal cancer

The lowest-income group had 6% greater excess mortality up to 5 years following a
colorectal cancer diagnosis compared to the highest-income group in 1991, with an
EMRR of 1.06 where the highest-income group in 1991 was the reference group (1.00).
Excess mortality declined faster from 1991 to 2004 for the highest-income group (37%)
than for the lowest-income group (30%). The faster reductions for the highest-income
group resulted in a widening of the income inequality in excess mortality for colorectal
cancer.
Lung cancer
There was a 7% difference between the lowest- and highest-income groups in excess
mortality up to 5 years following a lung cancer diagnosis, with the EMRR for the lowest
income group in 1991 of 1.07. Excess mortality reduced by 15% for the highest-income
group (an EMRR of 0.85 in 2004) and 11% for the lowest-income group (an EMRR of
0.95 in 2004). The greater decline in excess mortality for the highest-income group
resulted in a widening over time in lung cancer income inequalities in excess mortality,
but less than seen for breast and colorectal cancer.
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Figure 31: Modelled EMRRs for combinations of income and calendar year for people
diagnosed with breast, colorectal and lung cancers, 1991 to 2004, all
compared to the highest income group diagnosed in 1991
Breast cancer by income group
2
1.75
1.5
1.25
Modelled EMRR

1

Highest income group

0.75

Lowest income group

0.5
0.25
0
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Year of diagnosis

Colorectal cancer by income group
2
1.75
1.5
1.25
Modelled EMRR

1

Highest income group

0.75

Lowest income group

0.5
0.25
0
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Year of diagnosis

Lung cancer by income group
2
1.75
1.5
1.25
Modelled EMRR

1

Highest income group

0.75

Lowest income group

0.5
0.25
0
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Calendar period of cancer diagnosis

Trends in Cancer Survival by Ethnic and Socioeconomic Group

171

Table 45:

Modelled combinations of income-calendar year for people diagnosed
with breast, colorectal and lung cancers, 1991-2004
Excess mortality rate
ratio in 1991 compared to
reference category

Breast cancer
Highest-income quintile *
Lowest-income quintile
Colorectal cancer
Highest-income quintile *
Lowest-income quintile
Lung cancer
Highest-income quintile *
Lowest-income quintile
* Reference category

Excess mortality rate
ratio in 2004, compared
to referent category in
1991

Reduction in the excess
mortality rate ratio,
2004 to 1991
(percentage reduction)

1.00*
1.14

0.35
0.52

0.65 (65%)
0.62 (54%)

1.00*
1.06

0.63
0.76

0.37 (37%)
0.30 (28%)

1.00*
1.07

0.85
0.95

0.15 (15%)
0.12 (11%)
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Inequalities in cancer survival varying by time since diagnosis
Introduction
The excess mortality rate models as specified in this study assumed that the ethnic and
socioeconomic in cancer survival inequalities were constant over the follow-up time
since diagnosis for each cohort. However, it was possible that ethnic and
socioeconomic inequalities in cancer survival may have varied by time since diagnosis,
i.e. the inequalities in cancer survival were not constant over follow-up time. There is
some evidence from countries other than New Zealand that socioeconomic inequalities
vary by follow-up time.
Studies from England and Wales show that socioeconomic differences in cancer
survival vary by time since diagnosis, specifically that the magnitude of socioeconomic
differences in cancer survival is much greater shortly after diagnosis and that these
inequalities diminish (and in some cases, disappear) over time.(2, 91, 150) For
instance, evidence from England found that for cancers with poor prognosis, such as
lung cancer, that large socioeconomic differences in excess mortality were seen shortly
after diagnosis (three months), but that by the third year following diagnosis there was
little difference between socioeconomic groups in excess mortality.(150)
In the context of this thesis, I have assumed to this point that the ethnicity- or incomecancer survival association is constant over the 5 years of follow-up data. If inequalities
were greater shortly after diagnosis, we can expect that the magnitude of the ethnicityor income-cancer survival association would be greater in the first one or two years
following a cancer diagnosis (a higher EMRR), and that the inequalities would reduce
by the third to fifth years following diagnosis (a lower EMRR).
Using a simple example, Figure 32 shows hypothetically how the EMRR might change
if inequalities were greater in the first two years of diagnosis. Focusing on colorectal
cancer, the inequality EMRR applied uniformly across all five years of follow-up is 1.20
(a 20% greater excess mortality for the most disadvantaged group). If the most
disadvantaged group did not receive optimal treatment in the first two years since
diagnosis, then the inequality EMRR would be greater in this period, such that the
EMRR increased by 0.10, a 10% increase in the inequality shortly after diagnosis. This
would then lead to a change in the inequality in the later follow-up period, in this
example a reduction of 0.10, or 10% decrease in the inequality in the later follow-up
period.
Here, I present additional analyses to assess whether inequalities were actually greater
in the first two years of diagnosis. However first, I will look at the assumptions of the
ethnicity excess mortality rate ratios presented so far in this chapter along with the
follow-up time excess mortality rate ratios. I then present the results of the additional
analyses, using interaction terms, to assess whether inequalities differed by follow-up
time.
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Figure 32: Hypothetical change in the inequality in EMRR where (a) the inequality is
assumed to be constant over follow-up time, (b) the inequality is greater in
the first two years following diagnosis, and (c) the inequality is less in the
remaining follow-up time
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Relative inequalities in excess mortality by ethnic and income group
As shown earlier in this chapter, there was strong evidence for relative disparities
between ethnic and income groups in excess mortality rates for breast, colorectal and
lung cancers that were censored at 5 years since diagnosis. For example averaged
over time, Māori diagnosed with lung cancer had 26% greater excess mortality
compared to non-Māori with an EMRR of 1.26 (95% CI 1.18, 1.34).
Given the way in which the excess mortality rates in this study were fitted, and as
highlighted earlier in this chapter, these ethnic and socioeconomic inequalities in
excess mortality were assumed to apply uniformly across calendar period (1991-2004),
across both sexes, across age groups, across all intervals of follow-up time since
diagnosis (up to 5 years), across all combinations of age group and follow-up time, and
in the case of income inequalities across both ethnic groups.
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Relative differences in excess mortality by follow-up time
The excess mortality rate models used in this study were also specified so that followup time since diagnosis was accounted for.
Figure 33 plots the relative difference in excess mortality rates for each annual interval
of follow-up time for breast, colorectal and lung cancers, where the first year since
diagnosis was used as the reference category (1.00). Focusing on lung cancer, there
was a clear trend of excess mortality reducing by time since diagnosis which, in the
case of lung cancer, is clinically relevant given that a high proportion of people
diagnosed with lung cancer die within the first year following diagnosis. The excess
mortality rate ratio in the second year of diagnosis was 0.51 (95% CI 0.47, 0.56), i.e.
people surviving to the second year following diagnosis experienced 49% less excess
mortality compared to people who survived only to the first annual interval following
diagnosis. The EMRRs for breast cancer suggest that excess mortality is greater in the
years following the first year of follow-up time, also consistent with the clinical context
for breast cancer treatment. These excess mortality rate ratios representing the relative
difference in excess mortality by follow-up time compared to the first year of diagnosis
are assumed to apply uniformly across all ethnic and income groups, across time
(1991-2004), across both sexes, and across age groups.
Figure 33: Relative difference in excess mortality rates by follow-up time since
diagnosis, 1991-2004, for breast, colorectal and lung cancers
Relative difference in excess mortality rates
by follow-up time since diagnosis *
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Testing the assumption inequalities in excess mortality remaining
constant over follow-up time
Given the evidence from England and Wales on socioeconomic inequalities in cancer
survival being greater shortly after a cancer diagnosis, it was considered in this thesis
important to undertake additional analyses to investigate whether these such a pattern
in inequalities over follow-up time were apparent in these data.
This was done be re-running the main effect excess mortality rate models for breast,
colorectal and lung cancers, but with interaction terms for:
a) ethnicity and follow-up time, such that: and
i.
excess mortality rates for Māori in the first year of diagnosis were
compared with all other combinations of ethnicity and follow-up time;
and
ii.
excess mortality rates for Māori in the second year of diagnosis were
compared with all other combinations of ethnicity and follow-up time;
b) income and follow-up time, such that:
i.
excess mortality rates for the lowest-income group in the first year of
diagnosis were compared with all other combinations of income and
follow-up time;
ii.
excess mortality rates for the lowest-income group in the second year of
diagnosis were compared with all other combinations of income and
follow-up time;
iii.
excess mortality rates for the second lowest-income group in the first
year of diagnosis were compared with all other combinations of income
and follow-up time; and
iv.
excess mortality rates for the second lowest-income group in the second
year of diagnosis were compared with all other combinations of income
and follow-up time.
To assist with the interpretation of results in this section, Table 46 presents the key
results for ethnic inequalities in lung cancer using data from the excess mortality rate
models with and without the ethnicity and follow-up time interaction terms.
From Table 46 we can conclude that Māori had 26% greater excess mortality constant
across all 5 years of follow-up time (EMRR 1.26 (95% CI 1.18. 1.54)). When the
ethnicity and follow-up time interaction term was added, Māori had 53% greater excess
mortality in the 3rd to 5th years of follow-up (EMRR 1.53 (95% CI 1.18, 1.98)).
Focusing on the ethnicity and follow-up time interaction terms, if Māori had greater
excess mortality in the first two years of follow-up, we might expect that the interaction
term for ethnicity and follow-up time be substantially great than 1.00. However in this
example, Māori appeared to have less excess mortality in the first year of follow-up
compared to all other combinations of ethnicity and follow-up time. It was possible that
Māori had 21% less excess mortality in the first year of follow-up compared with all
ethnicity and follow-up time combinations, with an EMRR of 0.79 (95% CI 0.60, 1.03).
Not only is this interaction term not statistically significant, but it is also in the opposite
direction hypothesised. There was little difference between ethnic groups in the second
year of diagnosis compared to all other combinations of ethnicity and follow-up time.
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Table 46:

Ethnic inequalities in lung cancer survival measured using excess
mortality rate models with and without EMRR terms for the interaction of
ethnicity and follow-up time
Main effects
model, ethnic
inequalities*

Ethnicity EMRR
Non-Māori
Māori
Follow-up time EMRR
1st year of follow-up
2nd year of follow-up
3rd year of follow-up
4th year of follow-up
5th year of follow-up
Ethnicity*follow-up time interaction EMRR term
Māori, 1st year since diagnosis
Māori, 2nd year since diagnosis
All other combinations of ethnicity and follow-up time

Main effects
model, ethnic
inequalities* with
ethnicity-follow
up time
interaction terms
added

1.00
1.26 (1.18, 1.54)

1.00
1.53 (1.18, 1.98)

1.00
0.51 (0.47, 0.56)
0.24 (0.21, 0.28)
0.15 (0.13, 0.18)
0.09 (0.07, 0.11)

1.00
0.50 (0.45, 0.55)
0.23 (0.20, 0.27)
0.15 (0.12, 0.18)
0.08 (0.06, 0.11)
0.79 (0.60, 1.03)
0.95 (0.70, 1.28)
1.00

Appendix 6 presents the results of the ethnic and income inequality data for breast,
colorectal and lung cancers.
The key findings for breast, colorectal and lung cancer are presented below. In
summary however, when considering the ethnicity-follow up and income-follow up
interaction terms, there was little evidence to support the hypothesis that ethnic or
income inequalities were greater shortly after diagnosis or the hypothesis that these
ethnic or income inequalities diminished in later follow-up periods.
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Relative ethnic inequalities in excess mortality by follow-up time
Evidence for whether inequalities between Māori and non-Māori in excess mortality
varied by follow-up time were assessed in two ways.
First, if ethnic inequalities in excess mortality were greater in the first two years since
diagnosis, then we might expect the ethnic EMRR to reduce in magnitude once the
ethnicity-follow up time interaction term was added to the model.
Figure 34 plots the relative difference between Māori and non-Māori in excess mortality
rates where (a) the EMRR applied uniformly across all combinations of calendar
period, sex, age group, and follow-up time up to 5 years since diagnosis; and (b) the
EMRR applied equally across all combinations of calendar period, sex, and age group,
but now where the EMRR represents the inequality in the third to fifth years since
diagnosis, i.e. the interaction term for ethnicity-follow up time has accounted for the first
two years of follow-up.
For all three cancers, the ethnicity EMRRs in the third to fifth years since diagnosis was
greater than the ethnicity EMRR that was assumed to apply up to the fifth year of
diagnosis. For example for breast cancer, the EMRR across all five years of follow up
was 1.37 (95% CI 1.20, 1.56), or a 37% greater excess mortality for Māori. The ethnic
EMRR in the third to fifth years after a breast cancer diagnosis was 1.47 (95% CI 1.22,
1.76), a 47% greater excess mortality for Māori in the 3rd to 5th years of follow-up.
From the data shown in Figure 34, there was little evidence for ethnic inequalities in
cancer survival reducing in later follow-up periods for breast, colorectal and lung
cancers, and with a possible increase in ethnic inequalities in later follow-up periods.
Second, Figure 35 plots the excess mortality experienced by Māori in the first and
second years since cancer diagnosis compared to all other combinations of ethnicity
and follow-up time.
From the data shown in Figure 35, there was little evidence that Māori had greater
excess mortality in the first or second year of diagnosis, with all ethnicity-follow up
interaction term EMRRs being below 1.00 and with wide lower and upper confidence
limits including the null.
Focusing on breast cancer, Māori experienced 8% less excess mortality in the first year
of diagnosis compared to all other combinations of ethnicity and follow-up time, an
EMRR of 0.91 (95% CI 0.64, 1.30), where the confidence limits were wide and included
the null. Again for breast cancer, the interaction term EMRR suggested that in the
second year since diagnosis Māori had 16% less excess mortality compared to all
other combinations of ethnicity and follow-up time, an EMRR of 0.84 (95% CI 0.61,
1.15).
Overall, there was little evidence of ethnic inequalities in cancer survival being greater
shortly after a breast, colorectal or lung cancer diagnosis. The ethnic cancer survival
inequalities were persistent up to the 5th annual interval of follow-up time. Further given
the ethnic EMRR was greater in the 3rd to 5th year of following (Figure 34) and the
confidence limits all included the null in the ethnicity-follow up EMRRs (Figure 35), it
cannot be ruled that ethnic inequalities in cancer survival in fact widened in later followup periods.
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Figure 34: Relative difference between ethnic groups in excess mortality rates, 19912004, where (a) the ethnic inequality applied uniformly across the 5 annual
follow-up intervals; and where (b) the ethnic inequality applied only to the
3rd-5th years since diagnosis
Relative inequality between ethnic groups in excess mortality, 19912004
Excess mortality rate ratio (logarithmic scale)
Breast cancer

1.37
1.47

Colorectal cancer

1.36
1.42

Lung cancer

1.26
1.53

0.25

1
Ethnic EMRR (a)
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Figure 35: Relative difference between ethnic groups in excess mortality rates, 19912004, where (a) the ethnic inequality applied up to the 1st year following
diagnosis compared to all other combinations of ethnicity and follow-up
time; and where (b) the ethnic inequality applied in the 2nd year following
diagnosis compared to all other combinations of ethnicity and follow-up
time
(a) Relative difference between Māori and non-Māori in excess
mortality up to the first year of of diagnosis *
Excess mortality rate ratio (logarithmic scale)
Breast cancer (EMRR: 0.91 (0.64, 1.30))

non-Māori had
better survival in
the 1st year since
diagnosis

Māori had
better survival
in the 1st year
diagnosis

Colorectal cancer (EMRR: 0.97 (0.71, 1.34))

Lung cancer (EMRR: 0.79 (0.61, 1.03))

0.25

1.00

4.00

(b) Relative difference between Māori and non-Māori in excess
mortality up to the second year of of diagnosis *
Excess mortality rate ratio (logarithmic scale)
Breast cancer (EMRR: 0.84 (0.61, 1.15))

non-Māori had
better survival
in 2nd year
since diagnosis

Māori had
better survival
in 2nd year
since diagnosis

Colorectal cancer (EMRR: 0.88 (0.60, 1.28))

Lung cancer (EMRR: 0.95 (0.70, 1.28))

0.25

1.00

4.00

* Compared to all other combinations of ethncity and follow-up time.
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Relative income inequalities in excess mortality by follow-up time
Evidence for whether income inequalities in excess mortality varied by years since
cancer diagnosis was first assessed by considering the change in the income EMRR
between the main effects model (Model 1) and the main effects model with the incomefollow-up time interaction added.
Figure 36 plots the relative difference in the lowest- to highest-income groups in excess
mortality where (a) the EMRR applies uniformly across all combinations of calendar
period, sex, ethnicity, age group, and follow-up time up to 5 years since diagnosis; and
(b) the EMRR applies equally across all combinations of calendar period, sex, ethnicity,
and age group, but now where the EMRR represents the inequality in the third to fifth
years since diagnosis, i.e. the interaction term for income-follow up time has accounted
for the first two years of follow-up.
If income inequalities in excess mortality were greater in the first two years since
diagnosis, then we might expect the income EMRR to reduce in magnitude once the
income-follow up interaction term was added to the model.
The interaction term EMRRs tended to be greater for colorectal and lung cancers and
less for breast cancer compared to the income EMRR (applied to all follow-up
intervals). For example for colorectal cancer, the EMRR across all five years of followup was 1.13 (95% CI 1.05, 1.21), or the lowest-income group had 13% greater excess
mortality up to the 5th year of follow-up. The income-interaction term EMRR suggested
that the lowest-income group had 19% greater excess mortality in the 3rd to 5th years of
follow-up.
From the data shown in Figure 36 however, there was no clear pattern across these
three cancer sites in the income EMRR decreasing in the 3rd to 5th annual follow-up
intervals.
Next, it was possible to consider the income-follow up time interaction terms
representing the relative inequalities between income groups in the first and second
years of diagnosis.
Figure 37 plots relative inequalities between income groups in excess mortality in the
first and second years since diagnosis. Specifically, Figure 37a and 37b show the
EMRR representing the relative difference between the lowest-income group in the first
and second years respectively of a breast, colorectal or lung cancer diagnosis
compared to all other combinations of income and follow-up time. The models run for
this sensitivity analyses also modelled the relative difference comparing the 2nd lowestincome group compared to all other combinations of income and follow-up time for the
first and second years of diagnosis. The EMRRs for the 2nd lowest-income group were
similar to those in the lowest-income group and for brevity are not presented below, but
are included in the results in Appendix 6.
If the lowest-income group had greater excess mortality in the first year since
diagnosis, we might expect the income-follow-up time interaction term EMRR to be
greater in magnitude than the income EMRR (applied equally across all 5 years of
follow-up).
From Figure 37, there was little evidence for excess mortality for the lowest-income
group being greater in the first one or two years following a breast, colorectal or lung
cancer diagnosis, with all interaction term EMRRs being close to unity with lower and
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upper confidence limits including the null. For example, the interaction term EMRR for
colorectal cancer in the first year since diagnosis was 0.95 (95% CI 0.84, 1.07), or that
the lowest-income group had 5% less excess mortality in the first year of diagnosis
compared to all other combinations of income and follow-up time with lower and upper
confidence limits suggesting a possible 16% less to a 7% greater excess mortality.
Similar patterns as shown in Figure 37 were seen for people in the 2nd lowest-income
group (see data in Appendix 6).
It can be concluded from these data presented that there was little evidence of income
inequalities in cancer survival being greater in the first or second years after a breast,
colorectal or lung cancer diagnosis. The difference between the lowest- to highestincome groups in excess mortality rate remained up to 5 years following a cancer
diagnosis. These results differed to the evidence from England and Wales where
socioeconomic inequalities were greater shortly after diagnosis but diminished, and in
some cases disappeared, by the third to fifth years after a diagnosis.
Figure 36: Relative difference between income groups in excess mortality rates, 19912004, where (a) the income inequality applied uniformly across follow-up
intervals; and where (b) the income inequality applied to the 3rd-5th years
since diagnosis
Relative inequality between income groups in excess mortality, 19912004
Excess mortality rate ratio (logarithmic scale)
Breast cancer

1.28
1.25

Colorectal cancer

1.13
1.19

Lung cancer

1.10
1.13

0.25

1
Income EMRR (a)
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Figure 37: Relative difference between income groups in excess mortality rates, 19912004, where (a) the income inequality applied up to the 1st year following
diagnosis compared to all other combinations of income and follow-up time;
and where (b) the income inequality applied up to the 2nd year following
diagnosis compared to all other combinations of income and follow-up time
(a) Relative difference between the lowest- to highest-income
groups in excess mortality up to the first year of of diagnosis *
Excess mortality rate ratio (logarithmic scale)
Breast cancer (EMRR: 1.13 (0.89, 1.43))

HIghest-income
group had better
survival in the 1st
year since
diagnosis

Lowest-income
group had better
survival in the 1st
year since
diagnosis

Colorectal cancer (EMRR: 0.95 (0.84, 1.07))

Lung cancer (EMRR: 0.97 (0.88, 1.07))

0.25

(b)

1.00

4.00

Relative difference between the lowest- to highest-income groups
in excess mortality up to the second year of of diagnosis *
Excess mortality rate ratio (logarithmic scale)

Breast cancer (EMRR: 0.97 (0.77, 1.23))

Lowest-income
group had better
survival in the 2nd
year since
diagnosis

Highest-income
group had better
survival in the 2nd
years since
diagnosis

Colorectal cancer (EMRR: 0.91 (0.77, 1.07))

Lung cancer (EMRR: 1.06 (0.93, 1.22))

0.25

1.00

4.00

* Compared to all other combinations of income and follow-up time
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Possible selection bias in the income-cancer survival
association
Introduction
In this study, the effect size of the income-cancer survival association was measured
as an absolute difference in 5-year relative survival (RSRD) and as a relative difference
in excess mortality rates censored at 5 years of follow-up (EMRR). The EMRR was the
primary effect measure used in this thesis for estimating the magnitude of income
inequalities, and the trend in those inequalities.
Table 47 presents the best estimates of the income-cancer survival association for
breast, colorectal and lung cancer measured as an RSRD for people diagnosed in
1996-2001, i.e. the middle Census-cancer period, and as an EMRR, averaged over
1991-2004. From Table 47, we can conclude that the relative difference between the
lowest- and highest-income groups in breast cancer excess mortality rates, for
example, was 28% with the 95% confidence limits suggesting that difference ranged
between 14% and 44%. On the relative survival scale, the absolute difference between
the low- and high-income groups in 5-year relative survival was -0.01.
Table 47:

Income-cancer survival association for breast, colorectal and lung
cancers, 1991-2004, using data on people with Census-income
recorded
5-year relative survival
Income RSRD

95% confidence
limits
Not measured
Not measured
Not measured

Excess mortality rate
(averaged over 1991-2004)
Income EMRR
95% confidence
limits
1.28
1.14, 1.44
1.13
1.05, 1.21
1.10
1.03, 1.16

Breast cancer *
-0.01
Colorectal cancer *
-0.08
Lung cancer **
0.03
* Using 1996-2001 Census-cancer cohort data.
** Using 1991-2996 Census-cancer cohort data, as no income gap was seen in the 1996-2001 Census-cancer cohort.

The RSRD and EMRR effect measures for the income-cancer survival association
presented in this thesis have been calculated for the observed population, i.e. people
with Census-income data recorded. The analyses excluded the unobserved population,
namely people with missing Census-income values. It is possible that by selecting only
the observed population for analyses that a bias was introduced such that the incomecancer survival association in the observed population is substantively different to the
“true” association that would be seen if people with both missing and non-missing
values were included. This type of bias is referred to as selection bias.
Factors influencing possible selection bias
The possible selection bias present in this study for the income-cancer survival
association will be due to: (a) the size and direction of the income-cancer survival
association in the unobserved group; (b) the percentage of those people with missing
income values; and (c) the distribution of the missing income values by income group.
Income-cancer survival association
In this study, the lowest-income group had poorer survival compared to the highestincome group with these associations measured using the observed population group
data. An assumed absence of selection bias is an assumption that this income-cancer
survival association equally applied to the unobserved population group. However,
possible selection bias may have been introduced if there were substantive differences
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in the size and direction of the income inequality in the observed and unobserved
population groups.
A useful starting point for assessing this possible selection bias is to consider plausible
effect sizes for the income-cancer survival association in the unobserved population
group.
Focusing on the relative survival scale, the plausible size of the income gap in the
unobserved population group is limited by the bounded 0.00 to 1.00 relative survival
scale and by the income gap in the observed population group. Breast cancer – where
relative survival is close to 1.00 – is a good example of this. Using data for the
observed population group, 5-year relative survival for the high-income group in 19962001 was 0.84 and for the low-income group was 0.83, a gap of -0.01. The income gap
in the unobserved population group is unknown but could be assumed to be the same
as the observed population, such as that assumed in this study. Alternatively, the
income gap in the unobserved population group could be, for example, up to five times
greater than in the observed population such that the gap would be -0.05, and where
the 5-year relative survival for the high- and low-income groups could be 0.84 and 0.79
respectively.
In 1996-2001, the income gap in 5-year relative survival for people in the observed
population group diagnosed with colorectal cancer was -0.08 such that the high-income
5-year relative survival was 0.66 and 0.58 for the low-income group. It would be highly
unlikely that the income gap in the unobserved population group would be up to five
times greater than the observed population group; a gap of -0.40, or a 5-year relative
survival of 0.26 for the low-income group. However, it is plausible that the income gap
in the unobserved population may be up two times greater than the observed
population group (an income gap of -0.16 in the unobserved population).
For lung cancer in 1991-1996, 5-year relative survival for the high-income group was
0.12 and 0.09 for the low-income group – an income group gap of -0.03. An income
gap in the unobserved population of up to three times (-0.09) that in the observed
population group would lead to 5-year relative survival estimates of 0.12 and 0.03 for
the high- and low-income groups respectively in the unobserved population group.
It is also possible that the income-cancer survival association is reversed in the
unobserved group such that the low-income group have better survival than the highincome group, with the size of this gap between the low- and high-income groups also
possibly varying in magnitude as discussed above.
Size of the missing income group
When assessing selection bias, it is important to consider the size of the population
group with missing values (Table 48). The best possible estimate of an association
between income and cancer survival would be calculated from a study where there was
no observations in the unobserved group (Row 1, Table 48). In epidemiological studies
however, incomplete data is often unavoidable, particularly in studies using populationbased registry data such as cancer registries. In this study that used linked Censuscancer registry data, up to 20% of the total population (Row 3, Table 48) had missing
income values and was excluded from analyses. Alternatively, this can also be
expressed as 80% of the population data were used to estimate the “true” incomecancer survival association that would be seen if the total population data were used. It
is possible to infer from Table 48 that as the percentage of the unobserved population
increases, the confidence in the observed population data representing the “true”
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association seen in the total population diminishes up to the point at which it is half of
the total population have either missing or non-missing values, making it difficult to
interpret the “true” association from observed or unobserved data.
The income-cancer survival associations shown in this thesis are substantively
weighted towards data in the observed population (80% of the total population), from
which I have assumed represents an accurate estimation of the “true” association that
would be found from using data for the total population.
Table 48:

Possible combinations of observed and unobserved populations in
epidemiological studies

Observed population

Unobserved population (%)
100
0
90
10
80 *
20 *
70
30
60
40
50
50
* Population distribution of non-missing and missing income in this study.

Total population (%)
100
100
100 *
100
100
100

Distribution of missing income values by income group
A third factor when considering potential selection bias in the income-cancer survival
association is the whether missingess of recorded income varied by low- and highincome groups. For instance, are people with low-income less likely to report
information about their income on the Census compared to high-income people?
However, there is little evidence to suggest which income group is more or less likely to
report income data to the Census. This makes it difficult to empirically quantify the
differences between income groups in the missingness of the Census-income data and
to interpret the underlying mechanism for these differences.
Without empirical data, I have assumed that there are no differences between income
groups in the reporting of the Census-income data. However, it is plausible that there is
differential reporting by income group. Table 49 shows example combinations of the
composition of the total population where 20% of the population has missing income
data and where the missingness varies up to a three-fold difference between low- and
high-income groups.
In the first row of Table 49, a total of 80% of the population falls in the observed
population, with 40% each in the low- and high-income groups, and 20% of the total
population falls in the unobserved population, with 10% each for the low- and highincome groups. In the scenario, there is no difference between income groups in
whether income data were missing.
If there was a two-fold difference in reporting of income, then the size of the low- and
high-income groups in the unobserved population changes such that the low-income
group would make up 13% of the total population if low-income people were less likely
to report Census-income. Conversely, if people with high-income were less likely to
report Census-income, then they would make up 13% of the population.
A three-fold difference by income group in the reporting of income data is also possible.
In this scenario, the unobserved population group would be made up of 15% of low- or
high-income people and 5% of high- or low-income people respectively.
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There is little certainty as to what the “true” difference between income groups is for the
reporting of Census-income. However, Table 49 is useful if considering the impact of
any differences in the composition of the total study population.
Table 49:

Example combinations of differences in missingness of income data by
low- and high-income groups

Observed population (%)
Unobserved population (%)
High-income
Low-income
High-income
Low-income
group
group
group
group
No difference between income groups in the unobserved population in missingness of income
values
40
40
10
10
Two-fold difference between income groups in the unobserved population in missingness of
income values
Low-income group less likely
40
40
7
13
to report income
Low-income group more
40
40
13
7
likely to report income
Three-fold difference between income groups in the unobserved population in missingness of
income values
Low-income group less likely
40
40
5
15
to report income
Low-income group more
40
40
15
5
likely to report income

In summary, I have assumed that for selection bias to be present in this study that
three factors discussed above would have to simultaneously occur.
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Sensitivity analyses
To test the potential for selection bias based on the exclusion of people with missing
Census-income data, I used multi-dimensional sensitivity analyses for the incomecancer survival associations in breast, colorectal and lung cancers.
The sensitivity analyses first used empirical linked Census-cancer data to estimate 5year relative survival by income group in the observed population group (80% of the
total population) and 5-year relative survival in the total “true” population group (100%
of the total population, with missing income records not excluded).
Five-year relative survival by income group was then modelled in the unobserved
population group (20%) and in the total population. This modelling was undertaken
using (a) the empirical data above, (b) parameter values for the income-cancer survival
association in the unobserved population group, and (c) parameter values for possible
differences by income group in whether Census-income was missing.
Formulas used to calculate 5-year relative survival by income group in the unobserved
and “true” population groups are shown in Appendix 1. The parameter values used are
described below.
All 5-year relative survival estimates by income group in the observed, unobserved and
“true” populations were then converted to their equivalent excess mortality rates. Then,
absolute and relative effect measures were used to measure the income-cancer
survival association in the observed and “true” populations, with the selection bias
defined as the difference between the effect measures from these two population
groups.
(a) Empirical data
(i) Empirical 5-year relative survival by income group in the observed population

Empirical 5-year relative survival estimates by income group for the observed
population (80% of the total population where people with missing income data were
excluded) was extracted from the linked Census-cancer dataset analyses presented
earlier in this chapter. These data are presented in Table 50 along with the income-gap
in 5-year relative survival. The estimates for breast and colorectal cancer are for 19962001. For the purposes of the sensitivity analyses, lung cancer data are for 1991-1996
due to the fact no income gap in 5-year relative survival was present in 1996-2001.
Table 50:

Cancer site

5-year relative survival for breast, colorectal and lung cancers for the
high- and low-income groups using linked Census-cancer data where
people with missing income data were excluded
Calendar period
of diagnosis

Observed population group

Income gap

(excluding those with missing
income)

Breast cancer
Colorectal cancer
Lung cancer

1996-2001
1996-2001
1991-1996

High-income
0.84
0.66
0.12

Low-income
0.83
0.58
0.09

-0.01
-0.08
-0.03

(ii) Empirical 5-year relative survival in the total population

For the purpose of this sensitivity analyses, I re-ran the relative survival analyses for
breast, colorectal and lung cancers using all data contained in the linked Census,
cancer and mortality datasets held at Statistics New Zealand, i.e. not excluding people

Trends in Cancer Survival by Ethnic and Socioeconomic Group

188

on the basis of missing Census-income values. From these analyses, I was able to
calculate 5-year relative survival for the three cancer sites for the total population
(Table 51).
Table 51:

5-year relative survival for breast, colorectal and lung cancers using all
linked Census-cancer data, regardless of whether income was missing

Cancer site
Breast cancer
Colorectal cancer
Lung cancer

Calendar period of diagnosis
1996-2001
1996-2001
1991-1996

5-year relative survival
0.83
0.63
0.11

(b) Parameter values for the income-cancer survival association in the
unobserved population
The gap between income groups in the unobserved population group was unknown in
this study. The results in this thesis were interpreted on the assumption that the income
gap in the unobserved population was the same as in the observed population. To
assess whether this assumption held, parameters were set to allow variation in the
income gap in the unobserved population group.
Table 52 shows the parameter values for income gap in 5-year relative survival for
people diagnosed with breast, colorectal and lung cancer in the unobserved population
group. For each cancer site, the first parameter was set such that it was equivalent to
the income gap in the observed population group, specifically -0.01 for breast cancer,
-0.08 for colorectal cancer, and -0.03 for lung cancer. For breast and lung cancer, the
second and third parameter values were set so that the income gap in the unobserved
population group was two and three times greater than in the observed population
group. Given the large income gap for colorectal cancer (-0.08), the second and third
parameter values were set such that the income gap in the unobserved population
group was 1.5 and 2 times greater than in the observed population group. All these
parameter values were set on the assumption that – in the unobserved population
group - the low-income group had poorer survival compared to the high-income group.
Table 52:

Parameters set of the absolute difference in 5-year relative survival for
the unobserved population (those with missing income values) where
the low-income group had poorer survival

Breast cancer
Colorectal cancer
Lung cancer

RSRD in the
unobserved
population:
Parameter 1
-0.01 *
-0.08 *
-0.03 *

RSRD in the
unobserved
population:
Parameter 2

RSRD in the
unobserved
population:
Parameter 3
-0.02
-0.12
-0.06

-0.03
-0.16
-0.09

* Set such that the RSRD in the observed and unobserved populations were the same.

The sensitivity analyses also set parameters so that – in the unobserved population
group – the low-income group had better survival compared to the high-income group
(Table 53). For breast and lung cancers, the parameters were set such that the income
gap in the unobserved population group reached a maximum of 0.02 and 0.06. For
colorectal cancer, the maximum value was set at 0.08.
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Table 53:

Parameters set of the absolute difference in 5-year relative survival for
the unobserved population (those with missing income values) where
the low-income group had better survival

Breast cancer
Colorectal cancer
Lung cancer

RSRD in the unobserved
population:
Parameter 4
0.01
0.04
0.03

RSRD in the unobserved
population:
Parameter 5
0.02
0.08
0.06

(c) Parameter values for the degree of missingness of Census-income by lowand high-income groups
It is possible that missingness of Census-income values was missing not at random but
dependent on unmeasured attributes associated with a person’s income. For example,
a person with low-income may be less likely to report their income due to social stigma
associated with poverty, or a person with high-income may be less likely to report their
income due to privacy concerns. From the data available in this study, it was not
possible to calculate the mechanism of missing Census-income data.
For the purpose of this sensitivity analyses, parameters were set such that there was (i)
no difference between income groups in missingness; (ii) a two-fold difference between
income groups in missingess with the low-income group less likely to report income;
and (iii) a three-fold difference between income groups in missingness, with the lowincome group less likely to report income. For brevity, parameter values where the
high-income group were less likely to report income were not included in the sensitivity
analyses.
It was also possible in the sensitivity analyses to account for the distribution of the
observed and unobserved population groups in the total “true” population, where the
percentage in each of those population groups could vary by income group. These
percentages were calculated by (a) assuming that 80% of the population were in the
observed population and 20% of the population were in the unobserved group, and (b)
by setting the values for difference in missingness of Census-income by income group,
as described above.
Table 54 presents the different combinations of population composition used in the
sensitivity analyses. Focusing on the third data row as an example, 80% had Censusincome data recorded (the observed population) and 20% had missing income data
(the unobserved population). In the scenario where the low-income group were three
times more likely to having missing income values, people with low-income in the
unobserved population group made up 15% of the total population and people with
high-income in the unobserved population group made up 5% of the total population. In
the “true” population, people with high-income and people with low-income each made
up 50% of the total.
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Table 54:

Composition of population in sensitivity analyses for the observed and
unobserved population groups by income group and the degree of
missingness of Census-income data by income group
Observed population (%)

Unobserved population
Total
(%)
“true”
population
HighLowHighLow(%)
income
income
income
income
group
group
group
group
No difference between income groups in the unobserved population in missingness of income
values
40
40
10
10
100
Two-fold difference between income groups in the unobserved population in missingness of
income values
Low-income group less
43
37
7
13
100
likely to report income
Three-fold difference between income groups in the unobserved population in missingness of
income values
Low-income group less
45
35
5
15
100
likely to report income

Equivalent excess mortality rates
All 5-year relative survival estimates by income group in the observed, unobserved and
“true” population groups were converted to their equivalent excess mortality rates
assumed to apply up to 5 years post-diagnosis, using the formula in Appendix 1.
Datasets constructed from the sensitivity analyses
The final datasets, contained in Appendix 7, from the sensitivity analyses included 5year and excess mortality rate estimates by combinations of:
•
•
•
•
•

cancer site (breast, colorectal and lung cancers);
income group (low- and high-income groups);
population (observed, unobserved and “true” populations);
parameters for the RSRD in the unobserved population (3 parameters for the
low-income group having poorer survival and 2 parameters for the low-income
group having better survival);
parameters for the difference between groups in missingness of income values
(3 parameters of which 2 parameters were set for the low-income group being
less likely to report Census-income);

Effect measures for the income-cancer association
The income-cancer survival association was measured for the observed, unobserved
population groups using absolute and relative effect measures, namely the relative
survival ratio difference (RSRD) and the excess mortality rate ratio (EMRR). The
RSRDs and EMRRs were calculated for breast, colorectal and lung cancers for each
combination of factors included in the sensitivity analyses, with the focus being on the
difference between the RSRDs and EMRRs from the observed and “true” population
group data.
Percentage bias calculations
To assess the potential impact of selection bias on the income-cancer survival
association in this study, RSRDs and EMRRs in the observed, unobserved and “true”
populations were calculated along with percentage bias estimates comparing the
RSRD and EMRRs in the observed and “true” populations respectively. The method for
calculating the percentage bias is described in Appendix 1. Results for each of the
three cancers are presented below.
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Breast cancer
Five-year relative survival for the low- and high-income groups was estimated for the
observed, unobserved and “true” populations (see complete data in Appendix 7). From
these, RSRDs were calculated for each population group. The RSRD in the observed
population was -0.01. The RSRD in the unobserved population was set in the
sensitivity analyses to vary. The RSRDs in the “true” population were then calculated
for each combination of factors included in the sensitivity analyses.
Lower and upper confidence limits were not calculated for the RSRD in the observed
population group, making it difficult using statistical precision estimates to determine
the range of the possible effect size for the income-cancer survival association.
However, given that the RSRD in the observed population was -0.01, I considered that
a difference of greater than -0.005 in either direction would suggest evidence for
selection bias.
Equivalent excess mortality rates up to 5 years since diagnosis were calculated for the
low- and high-income groups from the 5-year relative survival data for the observed,
unobserved and total population groups. The breast cancer EMRR in the observed
population group was 1.069, a 7% greater excess mortality for the low-income group.
As with the RSRDs, the “true” EMRRs were calculated for each combination of factors
included in the sensitivity analyses.
I considered that it was reasonable for the observed population group EMRR (1.07) to
vary by 0.02 in either direction, such that the possible range of the observed population
group EMRR was 1.05-1.09. Further, I considered that “true” EMRRs estimated outside
of this range would provide evidence for selection bias.
These assumed variations in the range of the observed population group EMRR were
conservative and empirical data is likely to indicate wider lower and upper confidence
limits. For example, the income EMRR for breast shown earlier in this chapter using
empirical data was 1.28 with upper and lower confidence limits of 1.14 and 1.44 (a
variation of 0.14-0.16 from the central EMRR estimate). However, the ranges set here
are useful for interpreting the sensitivity analyses.
Figure 38 and Table 55 present the results of the sensitivity analyses for breast cancer
where the magnitude of the percentage bias in the RSRD and the EMRR were
calculated, such that the percentage bias represents the difference between the effect
measure estimated from the observed and “true” population group data. A percentage
bias with a negative value suggests that the observed population data under-estimated
the “true” income-cancer survival association, with a positive value suggesting the
observed population data over-estimated the “true” income cancer survival association.
Focusing first on percentage bias in RSRD estimates (Figure 38 and Table 55), there
was little evidence of selection bias where the RSRD in the unobserved group was set
at -0.01, -0.02 and -0.03 (a three-fold difference in the RSRD in the observed group),
even accounting for differences within income groups of the missingness of income
data. All RSRDs in the “true” population group ranged between -0.010 and -0.014,
percentage bias of between 0 and -30%, when the RSRDs were a negative value, i.e.
the low-income group in the unobserved population had poorer survival compared to
the high-income group.
There was greater evidence for selection bias where – in the unobserved population –
the low-income group had better survival compared to the high-income group. The
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RSRDs calculated from the “true” population data shifted towards the null. For
example, where the RSRD was 0.02 in the unobserved group and where there was no
difference between income groups in the missingness of income, the “true” RSRD was
-0.004. The range of the percentage bias in this group of data was 43% to 150%, i.e.
the RSRD estimated using the observed population data over-estimated the “true”
income-cancer survival association by between 43% and 150%.
Focusing on the EMRR, there was little evidence for selection bias when the RSRD in
the unobserved group was set at -0.01 and -0.02. However, selection bias was more
evident when there was a three-fold difference in the RSRD in the unobserved group
compared to the observed group, i.e. the RSRD in the unobserved population group
was -0.03. The “true” EMRR in this case shifted to 1.10 (the observed population
EMRR was 1.07), with the percentage bias estimates suggesting that the observed
population group EMRR under-estimated the “true” income-cancer survival association
by 30%.
Selection bias was also more apparent when the RSRD in the unobserved population
was set such that the low-income group had better survival compared to the highincome group, an RSRD of 0.01 and 0.02. The “true” EMRR was estimated in this
scenario diminished towards the null, ranging between 1.03 and 1.05 with a percentage
bias of between 35% and 147%.
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Figure 38: Magnitude of possible selection bias in the income-cancer survival
association for breast cancer, measured as a relative survival ratio
difference (RSRD) and as an excess mortality rate ratio (EMRR), where the
percentage bias represents the difference between the observed and “true”
population group estimates
Magnitude of selection bias in the breast cancer RSRD
(where the RSRD in the observed population was -0.01)

3-fold difference
between income
2-fold difference
No difference
groups in
between income
between income
missingnes of groups in missingnes groups in missingnes
income values
of income values
of income values

RSRD
RSRD in unobserved group is -0.01 (0% percentage bias)
RSRD in unobserved group is -0.02 (-17% percentage bias)
RSRD in unobserved group is -0.03 (-29% percentage bias)
RSRD in unobserved group is 0.01 (67% percentage bias)
RSRD in unobserved group is 0.02 (150% percentage bias)
RSRD in unobserved group is -0.01 (-9% percentage bias)
RSRD in unobserved group is -0.02 (-17% percentage bias)
RSRD in unobserved group is -0.03 (-29% percentage bias)
RSRD in unobserved group is 0.01 (43% percentage bias)
RSRD in unbserved group is 0.02 (100% percentage bias)
RSRD in unobserved group is -0.01 (-9% percentage bias)
RSRD in unobserved group is -0.02 (-17% percentage bias)
RSRD in unobserved group is -0.03 (-23% percentage bias)
RSRD in unobserved group is 0.01 (43% percentage bias)
RSRD in unobserved group is 0.02 (67% percentage bias)

-0.02
RSRD in the observed population

-0.015

-0.01

-0.005

0

RSRD in the "true" population

Magnitude of selection bias in the breast cancer EMRR
(where the EMRR in the observed population was 1.069)

RSRD in unobserved group is 0.01 (75% percentage bias)
RSRD in unobserved group is 0.02 (147% percentage bias)
RSRD in unobserved group is -0.01 (-8% percentage bias)
RSRD in unobserved group is -0.02 (-20% percentage bias)
RSRD in unobserved group is -0.03 (-30% percentage bias)
RSRD in unobserved group is 0.01 (53% percentage bias)
RSRD in unobserved group is 0.02 (105% percentage bias)
RSRD in unobserved group is -0.01 (1% percentage bias)
RSRD in unobserved group is -0.02 (-20% percentage bias)
RSRD in unobserved group is -0.03 (-30% percentage bias)

EMRR in the observed population

Trends in Cancer Survival by Ethnic and Socioeconomic Group

1.10

1.09

1.08

1.07

1.06

1.05

1.04

1.03

1.02

1.01

RSRD in unobserved group is 0.01 (35% percentage bias)
RSRD in unobserved group is 0.02 (53% percentage bias)
1.00

3-fold difference
between income
groups in
missingnes of
income values

2-fold difference
between income
groups in
missingnes of
income values

No difference
between income
groups in
missingnes of
income values

EMRR
RSRD in unobserved group is -0.01 (1% percentage bias)
RSRD in unobserved group is -0.02 (-20% percentage bias)
RSRD in unobserved group is -0.03 (-30% percentage bias)

EMRR in the "true" population

194

Table 55:

Relative survival ratio differences (RSRD) and excess mortality rate
ratios (EMRR) in the observed and “true” population groups for the
income-cancer survival association in breast cancer

RSRD in the
unobserved
population
group set at::

Absolute difference in 5-year relative
Relative difference in equivalent excess
survival (RSRD)
mortality rate (EMRR)
RSRD in
RSRD in
% bias
EMRR in
EMRR in
% bias
the
the “true”
comparing
the
the “true”
comparing
observed
population
the RSRD
observed
population
the EMRR
population
group
in the
population
group
in the
group
(estimated
observed
group
(estimated
observed
(empirical
data)
with the
(empirical
data)
with the
data)
“true”
data)
“true”
population
population
group
group
No difference between the low- and high-income groups whether income values were missing
-0.01
-0.010
-0.010
0%
1.069
1.068
1%
-0.02
-0.010
-0.012
-17%
1.069
1.086
-20%
-0.03
-0.010
-0.014
-29%
1.069
1.098
-30%
0.01
-0.010
-0.006
67%
1.069
1.039
75%
0.02
-0.010
-0.004
150%
1.069
1.028
147%
Two-fold difference between the low- and high-income groups whether income values were
missing, with the low-income more likely to not to report income
-0.01
-0.010
-0.011
-9%
1.069
1.075
-8%
-0.02
-0.010
-0.012
-17%
1.069
1.086
-20%
-0.03
-0.010
-0.014
-29%
1.069
1.098
-30%
0.01
-0.010
-0.007
43%
1.069
1.045
53%
0.02
-0.010
-0.005
100%
1.069
1.034
105%
Three-fold difference between the low- and high-income groups whether income values were
missing, with the low-income more likely to not to report income
-0.01
-0.010
-0.011
-9%
1.069
1.069
1%
-0.02
-0.010
-0.012
-17%
1.069
1.087
-20%
-0.03
-0.010
-0.013
-23%
1.069
1.099
-30%
0.01
-0.010
-0.007
43%
1.069
1.051
35%
0.02
-0.010
-0.006
67%
1.069
1.045
53%
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Colorectal cancer
The observed population RSRD was -0.08 with an expected variation of 0.01 in either
direction such that range of the RSRD in the observed population was between -0.07
and -0.09. “True” population group RSRD estimates outside of this range were
considered to be evidence of selection bias.
The EMRR in the observed population was 1.31 with an expected variation of 0.03. If
the “true” population group EMRR was outside of this 1.28-1.34 range, it was
considered evidence of selection bias in the income-cancer survival association.
These assumed variations in the range of the RSRD and EMRRs in the observed
population group are conservative and empirical data is likely to indicate wider lower
and upper limits. However, the ranges set here are useful for interpreting the sensitivity
analyses.
Figure 39 and Table 56 present the results of the sensitivity analyses for colorectal
cancer.
Focusing on the RSRD estimates, there was little evidence for selection bias where the
RSRD in the unobserved group was -0.08 or -0.12. However, selection bias was
apparent when the RSRD in the unobserved population was twice that of the RSRD in
the observed population, i.e. the unobserved population RSRD was -0.16. When the
RSRD was set at -0.16, the “true” RSRD ranged between -0.09 and -0.10, a
percentage bias of -7% to -17%, suggesting the observed population RSRD underestimated the “true” gap in relative survival between income groups. There was also
evidence for selection bias in the scenario where the income-cancer survival
association in the unobserved population was reversed such that the high-income
group had poorer survival. The RSRD ranged from -0.048 to -0.056, a percentage bias
of between 43% and 67% where the RSRD calculated from the observed population
group over-estimated the “true” income-cancer survival association.
Similar patterns in selection bias were found for the EMRR as seen for the RSRD, with
minimal impact of selection bias when the RSRD in the unobserved population group
was set at -0.08 and -0.12. Selection bias on the excess mortality rate scale was
evident when the RSRD in the unobserved population group was twice that of the
observed population group, i.e. -0.16, but with the impact of selection bias diminishing
under the scenario where the low-income group was three times more likely to have
missing income values compared to the high-income group (a “true” EMRR of 1.34).
There was evidence for substantive selection bias when the RSRD in the unobserved
population group was set at 0.04 and 0.08 such that the high-income group had poorer
survival. When the RSRD was set at 0.04, the “true” EMRR reduced to 1.21 with a 4647% percentage bias, suggesting that in this scenario the observed population EMRR
over-estimated the income-cancer survival association. The “true” EMRR diminished
further to 1.18-1.19 when the RSRD in the unobserved population was set at 0.08, with
a percentage bias of between 65% and 74%.
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Figure 39: Magnitude of possible selection bias in the income-cancer survival
association for colorectal cancer, measured as a relative survival ratio
difference (RSRD) and as an excess mortality rate ratio (EMRR), where the
percentage bias represents the difference between the observed and “true”
population group estimates
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Table 56:

Relative survival ratio differences (RSRD) and excess mortality rate
ratios (EMRR) in the observed and “true” population groups for the
income-cancer survival association in colorectal cancer

RSRD in the
unobserved
population
group set at

Absolute difference in 5-year relative
Relative difference in equivalent excess
survival (RSRD)
mortality rate (EMRR)
RSRD in
RSRD in
% bias
EMRR in
EMRR in
% bias
the
the “true”
comparing
the
the “true”
comparing
observed
population
the RSRD
observed
population
the EMRR
population
group
in the
population
group
in the
group
(estimated
observed
group
(estimated
observed
(empirical
data)
with the
(empirical
data)
with the
data)
“true”
data)
“true”
population
population
group
group
No difference between the low- and high-income groups whether income values were missing
-0.08
-0.080
-0.080
0%
1.310
1.310
0%
-0.12
-0.080
-0.082
-2%
1.310
1.346
-10%
-0.16
-0.080
-0.096
-17%
1.310
1.384
-19%
0.04
-0.080
-0.056
43%
1.310
1.211
47%
0.08
-0.080
-0.048
67%
1.310
1.178
74%
Two-fold difference between the low- and high-income groups whether income values were
missing, with the low-income more likely to not to report income
-0.08
-0.080
-0.077
4%
1.310
1.299
4%
-0.12
-0.080
-0.084
-5%
1.310
1.330
-6%
-0.16
-0.080
-0.091
-12%
1.310
1.362
-14%
0.04
-0.080
-0.055
45%
1.310
1.211
47%
0.08
-0.080
-0.049
63%
1.310
1.180
73%
Three-fold difference between the low- and high-income groups whether income values were
missing, with the low-income more likely to not to report income
-0.08
-0.080
-0.074
8%
1.310
1.290
7%
-0.12
-0.080
-0.080
0%
1.310
1.314
-1%
-0.16
-0.080
-0.086
-7%
1.310
1.340
-9%
0.04
-0.080
-0.056
43%
1.310
1.212
46%
0.08
-0.080
-0.050
60%
1.310
1.188
65%
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Lung cancer
The observed population RSRD was -0.03 with an expected variation of 0.01 in either
direction such that range of the RSRD in the observed population was between -0.02
and -0.03. “True” population group RSRD estimates outside of this range were
considered to be evidence of selection bias.
The EMRR in the observed population was 1.13 with an expected variation of 0.02. If
the “true” population group EMRR was outside of this 1.11-1.15 range, it was
considered evidence of selection bias in the income-cancer survival association.
These assumed variations in the range of the RSRD and EMRRs in the observed
population group are conservative and empirical data is likely to indicate wider lower
and upper limits. However, the ranges set here are useful for interpreting the sensitivity
analyses.
Figure 40 and Table 57 present the results of the sensitivity analyses for lung cancer.
Focusing on the RSRD estimates, there was little evidence for selection bias when the
RSRD in the unobserved population group was the same as in the observed group, i.e.
an RSRD of -0.03. However, the RSRD in the observed population under-estimated the
“true” RSRD when the RSRD in the unobserved population was two- and three-times
that of the observed population, i.e. an RSRD of -0.06 and -0.09, with a percentage
bias of between 6% and 29%. The effect of this selection bias diminished as the
magnitude of those with missing income values increased.
When the RSRD in the unobserved group was set at 0.03 and 0.06 (the high-income
group have poorer survival), there was evidence for selection bias with the observed
population RSRD substantially over-estimating the “true” income-cancer survival
association with a percentage bias ranging between 43% and 150%.
The observed EMRR substantially over-estimated the “true” income-cancer survival
association when the high-income group in the unobserved population had poorer
survival compared to the low-income group, such that the EMRR shifted closer to the
null (an EMRR ranging between 1.05 and 1.08) with a percentage bias of between 61%
and 145%.
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Figure 40: Magnitude of possible selection bias in the income-cancer survival
association for lung cancer, measured as a relative survival ratio difference
(RSRD) and as an excess mortality rate ratio (EMRR), where the
percentage bias represents the difference between the observed and “true”
population group estimates
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Table 57:

Relative survival ratio differences (RSRD) and excess mortality rate
ratios (EMRR) in the observed and “true” population groups for the
income-cancer survival association in lung cancer

RSRD in the
unobserved
population
group set at

Absolute difference in 5-year relative
Relative difference in equivalent excess
survival (RSRD)
mortality rate (EMRR)
RSRD in
RSRD in
% bias
EMRR in
EMRR in
% bias
the
the “true”
comparing
the
the “true”
comparing
observed
population
the RSRD
observed
population
the EMRR
population
group
in the
population
group
in the
group
(estimated
observed
group
(estimated
observed
(empirical
data)
with the
(empirical
data)
with the
data)
“true”
data)
“true”
population
population
group
group
No difference between the low- and high-income groups whether income values were missing
-0.03
-0.030
-0.030
0%
1.132
1.135
-2%
-0.06
-0.030
-0.036
-17%
1.132
1.164
-20%
-0.09
-0.030
-0.042
-29%
1.132
1.195
-32%
0.03
-0.030
-0.018
67%
1.132
1.081
64%
0.06
-0.030
-0.012
150%
1.132
1.054
144%
Two-fold difference between the low- and high-income groups whether income values were
missing, with the low-income more likely to not to report income
-0.03
-0.030
-0.028
7%
1.132
1.133
-1%
-0.06
-0.030
-0.034
-12%
1.132
1.152
-13%
-0.09
-0.030
-0.040
-25%
1.132
1.176
-25%
0.03
-0.030
-0.018
67%
1.132
1.080
66%
0.06
-0.030
-0.012
150%
1.132
1.054
145%
Three-fold difference between the low- and high-income groups whether income values were
missing, with the low-income more likely to not to report income
-0.03
-0.030
-0.027
11%
1.132
1.123
8%
-0.06
-0.030
-0.032
-6%
1.132
1.142
-7%
-0.09
-0.030
-0.037
-19%
1.132
1.161
-18%
0.03
-0.030
-0.021
43%
1.132
1.082
61%
0.06
-0.030
-0.014
114%
1.132
1.058
127%
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Implications of the sensitivity analyses for findings in this thesis
From the sensitivity analyses results shown for breast, colorectal and lung cancer, I
concluded that there was minimal impact of selection bias when the gap between
income groups in those with missing income was similar to income in the observed
population. Evidence for selection bias was seen when the income gap in the missing
income group was between two- and three-times the gap in the non-missing group. In
this case, the effect measure calculated using the observed population group tended to
under-estimate the “true” size of the income-cancer survival association.
Conversely, the income-cancer survival association measured using observed
population group data tended to over-estimate the “true” income inequalities with a
tendency for the effect to decrease to the null if it was assumed that the direction of the
observed association was reversed in the unobserved population. The percentage bias
estimates shown above suggest that this over-estimation of the income-cancer survival
association is larger than the effect of the under-estimation. However, this finding
should be interpreted in the context of the broader data available on the income-cancer
survival association presented in this thesis. From the data presented in Chapters 6
and 7, it seems unlikely that the income-cancer survival association seen in the
observed population would be the reverse of that seen in people with missing income
data such that the high-income group have poorer survival. Therefore, the finding in
relation to the evidence for selection bias in this scenario should be interpreted with
some caution.
It should also be noted that this sensitivity analyses did not specifically address the
potential for selection bias in changes over time in the income-cancer survival
association. The results in this section suggest that selection bias can potentially
impact the income-cancer survival association estimates at a single point in time. For
selection bias to impact on trends in income cancer survival inequalities (also a key
research objective of this thesis), there would need to be (a) changes over time in the
size and direction of the income-cancer survival association in the unobserved group;
and (b) changes over time in the percentage of those with missing income; and (c)
changes over time in the differences within income groups of whether Census-income
was recorded. I have assumed that this is an unlikely scenario in this study and
therefore that selection bias is unlikely to impact the findings for trends in the incomecancer survival association presented in this thesis.
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Conclusion
This chapter has focused on patterns and trends in breast, colorectal and lung cancer
survival by ethnic and socioeconomic group in New Zealand, 1991-2004, using
absolute and relative effect measures on the relative survival and excess mortality rate
scales. This chapter has also investigated whether ethnic and socioeconomic
inequalities are greater in the first two years following a breast, colorectal or lung
cancer diagnosis. Further, this chapter presented the results of sensitivity analyses that
assessed selection bias in the income-cancer survival association found for breast,
colorectal and lung cancers.
Relative survival
People diagnosed with breast, colorectal, and lung cancers from 1991-2004 were
included in relative survival analyses, where these estimates were stratified by Censuscancer period and ethnic- or income-group.
Absolute ethnic and income inequalities in 5-year relative survival in 1996-2001 were
measured, providing an initial assessment of inequalities over the study period. Māori
had poorer survival in these three cancer sites. The gap in 5-year relative survival
between Māori and non-Māori was -0.05 (-6%), -0.08 (-13%), and –0.05 (-45%) for
breast, colorectal and lung cancers respectively. The low-income group also had a
lower survival for breast and colorectal cancers, but to a lesser extent than in the ethnic
group gap. The absolute income inequalities in 5-year relative survival was
-0.01 (-1%) for breast cancer and -0.08 (-12%) for colorectal cancer. There was no
difference between income groups in 5-year relative survival for lung cancer for people
diagnosed in 1996-2001.
Five-year relative survival rose over time for women diagnosed breast, a percentage
increase of 14%-19% from 1991-1996 to 2001-2004. There was an increase over time
in 5-year relative survival for people diagnosed with colorectal cancer, with the change
over time being much more so for Māori. There were more incremental improvements
in 5-year relative survival for people diagnosed with lung cancer.
The ethnic gap in 5-year relative survival for breast and colorectal cancers reduced
over time, a 33% and 50% reduction respectively, with little change over time in the
ethnic gap in lung cancer 5-year relative survival. The absolute income inequality in
breast and lung cancer 5-year relative survival reduced over time, with little change
over time in the income gap for colorectal cancer.
Excess mortality
Using combined data for 1991-2004, excess mortality rate modelling was undertaken to
estimate ethnic and socioeconomic trends in cancer survival.
There was strong evidence for ethnic and socioeconomic inequalities in cancer
survival, measured as the relative difference between ethnic or income groups on the
excess mortality rate scale. Māori had 37%, 36%, and 26% greater excess mortality
compared to non-Māori for breast, colorectal and lung cancers respectively. People
diagnosed with breast, colorectal and lung cancers that were in the lowest-income
group had 28%, 13%, and 10% greater excess mortality compared to people in the
highest-income group, using all available income quintile data.
There was strong evidence for reductions in excess mortality for all three cancer sites,
with a 52%, 27%, and 11% per decade reduction in excess mortality for people
diagnosed with breast, colorectal and lung cancers respectively.
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There was evidence of a narrowing over time in the relative difference in excess
mortality between ethnic groups for breast and colorectal cancer, but with the data
suggesting a widening of the ethnic inequalities in lung cancer. The results suggested
there may be a widening of the income inequalities in excess mortality for breast,
colorectal and lung cancers.
Ethnic and socioeconomic inequalities in cancer survival by follow-up time
Evidence from countries other than New Zealand suggests that socioeconomic
inequalities in cancer survival may be greater shortly after a diagnosis due to optimal
treatment not been received by the most disadvantaged group, such that the effect size
of the socioeconomic position-cancer survival association diminishes or disappears in
subsequent follow-up intervals. In this thesis, there was evidence of ethnic and
socioeconomic inequalities in excess mortality persisting up to 5 years since diagnosis.
Subsequent sensitivity analyses showed little evidence for these inequalities being
greater in the first two years of follow-up or reductions in the inequalities in the third to
fifth years of follow-up. From these New Zealand data, it can be concluded the relative
inequalities in excess mortality between ethnic or income groups did not decrease over
time such that the effect size did not diminish by the fifth year of follow-up, with the
possibility that the ethnic inequalities widened in the later follow-up years.
Possible selection bias in the income-cancer survival association
The effect size of the income-cancer survival association was measured in this thesis
using data for people with Census-income records (80% of all records), and where
people with missing income data were excluded. There is the possibility that the
selection of people with Census-income in the analyses may have introduced bias in
the income-cancer survival association, specifically selection bias. Sensitivity analyses
that accounted for the percentage of those missing income, variation in whether lowincome people were more likely to have missing income data, and differences in the
income-cancer survival association in those people missing income data were
undertaken to assess the possibility of this section bias for breast, colorectal and lung
cancers.
Selection bias for breast, colorectal and lung cancers would exist when the income gap
in the unobserved population group was two- or three-times greater than in the
observed population group, with the size of the effect measure using the observed
population group under-estimating the “true” income-cancer survival association, with a
percentage bias of up to -32%.
Selection bias was more likely for breast, colorectal and lung cancers when – in the
unobserved population group – the income-cancer survival association was reversed
such that the high-income group had poorer survival. In this case, the effect size of the
income-cancer survival association reduced towards the null such that the RSRD or
EMRR measured using the observed population group data was over-estimated, up to
a percentage bias of 150%. Given knowledge of the income-cancer survival
association found from this study in the observed population group (80% of the total
study population) where the low-income group have poorer survival compared to the
high-income group, it is unlikely that this degree of selection bias would have
substantial effects on the results shown in this thesis.
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Chapter 7: Patterns and trends in cancer survival
by ethnic and socioeconomic group across all
cancer sites, 1991-2004
Introduction
Using data for all cancer sites, this chapter presents and synthesises data from this
study on patterns and trends in cancer survival by ethnic and socioeconomic group in
New Zealand, 1991-2004, measured on the cumulative relative survival (absolute and
percentage differences between groups) and excess mortality rate scales (relative
differences between groups).
This chapter is divided into three parts. The first section provides a summary of how
many anonymised individual unit records were included in relative survival and excess
mortality rate analyses.
The second section focuses on 5-year relative survival estimates by ethnic and income
group across all cancer sites. Ethnic and socioeconomic inequalities in cancer survival
in 1996-2001, as an indication of the inequalities across the whole study period (19912004), are presented. This section also summarises changes over time (1991-1996 to
2001-2004) in 5-year relative survival by ethnic and income group. For most cancer
sites, it was difficult to determine consistent patterns across the three Census-cancer
periods in the change over time in ethnic and socioeconomic inequalities. However,
this section concludes by presenting data for a small number of cancer sites where
such interpretation was possible. The main measure of association in this section is the
relative survival ratio difference (RSRD). Percentage differences between ethnic and
income groups or between calendar periods are also presented. All relative survival
estimates by ethnic and income group for each cancer site are presented in Appendix
3.
The third section focuses on data across all cancer sites for excess mortality censored
at 5 years following a cancer diagnosis. Ethnic and socioeconomic inequalities in
cancer survival, averaged across time from 1991 to 2004, are presented. Next, the perdecade improvements in cancer survival experienced by people diagnosed in 2001
compared to people diagnosed in 1991 are summarised. The excess mortality rate
analyses undertaken in this study also included an ethnicity-calendar period interaction
term and an income-calendar period interaction term for each cancer site to ‘test’
whether the relative difference in ethnic and income inequalities in cancer survival were
narrowing or widening over time. Using these interaction term estimates from the
excess mortality rate analyses, it was also possible to model the change over time in
ethnic and income inequalities in cancer survival measured as an absolute change
over time in relative survival and excess mortality rates. The third part of this section
synthesises data across cancers on the change over time in ethnic and income cancer
survival inequalities, where these trends were measured as absolute and relative
changes over time. The main measure of association in this section is the excess
mortality rate ratio (EMRR). All excess mortality rate models for each cancer site are
presented in Appendix 4.
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Number of linked Census-cancer records
Between 79% and 82% of individual tumour records for people with a primary cancer
diagnosis held on the New Zealand Cancer Registry in 1991-2004 were able to be
linked New Zealand Census records (Table 58). Tumour records were available in the
2001 Census period for people diagnosed from March 2001 up to the end of December
2004. The number of anonymised individual tumour records held on linked Censuscancer datasets varied by Census period (Table 58), with 50,064 records in 1991-1996,
59,967 in 1996-2001, and 51,642 in 2001-2004 (noting the shorter Census-cancer
cohort period).
Of these eligible records, exclusion criteria were then applied (Table 59). Records were
excluded separately for each Census-cancer cohort if they were: aged below 15 or
above 99 years of age (0-1% of all records), their sex was incompatible with the tumour
site (<1%), the tumour was recorded as being in situ (<1%), survival in months was
zero or the basis of diagnosis was unknown (6-9%), data on Census-ethnicity were
missing (0-1%), or data on Census-income were missing (11-15%). The issue of
whether excluding records with missing Census-income data biased the estimating the
association of income with relative survival and excess mortality, i.e. selection bias, is
investigated in the last section of the next chapter.
Following exclusion procedures, 89-93% of individual tumour records remained for
relative survival analyses by ethnic group across the three Census-cancer cohorts,
79% of individual tumour records remained for relative survival analyses by income
group across the three Census-cancer cohorts, and 78% of individual tumour records
remained for excess mortality rate modelling to assess trends in cancer survival by
ethnic and socioeconomic group (Table 59).
Most cancer sites, 13 of the 21 cancer sites assessed, had between 1,000 and 5,000
unit records included in excess mortality rate analyses (Table 60). However, more than
10,000 individual tumour records were analysed in excess mortality rate models for
breast, colorectal, lung, and prostate cancers and for melanoma. Less than 1,000 unit
records were included in excess mortality rate analyses for each of cancer of the liver
and testis and Hodgkin’s lymphoma, resulting in a loss of statistical precision for these
sites.
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Table 58:

Number of anonymised individual unit primary cancer records (all ages)
that were able to be probabilistically linked to 1991, 1996 and 2001
Census data

Period of
cancer
diagnosis

Number of observations in
Number of observations linked
Percentage of people linked
NZCR data for the 21
to Census records for the 21
to a Census record who were
cancers included in this
cancers included in this study
included in this survival
study
trends study *
1991-1996
61,610
50,064
79
1996-2001
73,030
59,967
80
2001-2004
61,760
51,642
82
* See text and Table 59 on further exclusions necessary for analyses (e.g. missing income)

Table 59:

Included and excluded individual unit records held on the linked Census,
cancer and mortality datasets by Census cohort

Number of linked records
Data restrictions
Aged below 15 years at time of diagnosis
Aged above 99 years at time of diagnosis
Zero survival or death certificate only, or
unknown basis of diagnosis
Tumour in situ
Sex–site incompatibility
Missing ethnicity
Missing income
Number of records included in relative
survival analysis by ethnic group
Number of records included in relative
survival analysis by income group
Number of records included in excess
mortality rate analyses

Table 60:

People diagnosed
1991-1996
Number
%
50,064

People diagnosed
1996-2001
Number
%
59,967

People diagnosed
2001-2004
Number
%
51,462

264
15
4746

1
0
9

291
18
3864

0
0
6

237
21
2889

0
0
6

129
78
159
5484
44,673

0
0
0
11
89

0
78
495
8364
55,221

0
0
1
14
92

6
84
522
7659
47,703

0
0
1
15
93

39,345

79

47,445

79

40,569

79

39,219

78

47,013

78

40,245

78

Number of anonymised individual unit records analysed in this study,
1991-2004, by cancer site and type of analysis

Cancer site

ICD Code

Bladder
Brain
Breast (female)
Cervix
Colorectum and anus
Head, neck and larynx
Hodgkin’s lymphoma
Kidney, ureter and urethra
Leukaemia
Liver
Lung, trachea and bronchus
Melanoma
Non-Hodgkin’s lymphoma
Oesophagus
Ovary
Pancreas
Prostate
Stomach
Testis
Thyroid gland
Uterus

C67
C71
C50
C53
C18–21
C01–14, C32
C81
C64–66, C68
C91–95
C22
C33–34
C43
C82–85, C96
C15
C56
C25
C61
C16
C62
C73
C56

People diagnosed 1991-2004
Relative survival
Relative survival
Excess mortality
analyses by ethnic
analyses by income
analyses 3
1
2
group
group
5571
4890
4863
2163
1842
1830
21,903
18,792
18,693
1987
1594
1578
25,764
22,614
22,467
3893
3243
3222
612
510
507
2934
2520
2502
4746
4056
4023
1053
837
834
14,653
12,506
12,419
16,098
14,067
13,083
5281
4596
4569
2142
1839
1824
2712
2313
2289
2730
2334
2316
24,009
21,201
21,045
3678
3105
3090
1116
912
906
1368
1107
1095
2931
2427
2412

1

Unit records with missing ethnicity data were excluded. 2 Unit records with missing income data were excluded. 3 Unit records with
either missing ethnicity or missing income data were excluded.
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Relative survival
Ethnic and socioeconomic inequalities in cancer survival
As a descriptive indication of inequalities on average over time, absolute and
percentage differences in ethnic and income group inequalities in 5-year relative
survival were measured, using data from 1996-2001, the middle Census-cancer cohort
in this study. The ethnic and income gap (and percentage difference) was a negative
value if non-Māori and the high-income groups had better survival compared to the
Māori and low-income groups respectively. Ethnic and income gaps were calculated for
each cancer. Notably, due to the mathematical properties of using a bounded scale,
the difference varied within the relative survival scale, generally bounded between 0
and 1. For cancer sites where relative survival was closer to 1, the absolute gap was
similar to the percentage difference. However for cancer sites where relative survival
was closer to 0, the absolute difference and percentage difference varied. For example,
the absolute difference between income groups in pancreatic survival was -0.05 but the
percentage difference was -50%.
Ethnic gaps in 5-year relative survival, 1996-2001
Figure 41 plots 5-year relative survival for non-Māori and Māori groups in 1996-2001
and the absolute and percentage difference between these groups. Across all cancer
sites, Māori had poorer 5-year relative survival compared to non-Maori for 12 sites, with
the absolute difference ranging from -0.01 (liver cancer) to -0.10 (head, neck and
laryngeal cancers) and a percentage difference ranging from -2% (prostate cancer) to
-73% (oesophageal cancer, where relative survival was close to 0).
Income gaps in 5-year relative survival, 1996-2001
Figure 42 plots 5-year relative survival for high- and low-income groups in 1996-2001
and the absolute and percentage difference between these groups. Across all cancer
sites, the low-income group had poorer 5-year relative survival compared to the highincome group for 13 sites, with the absolute difference ranging from -0.01 (breast and
thyroid gland cancers) to -0.08 (colorectal cancer) and a percentage difference ranging
from -1% (breast and thyroid gland cancers) to -50% (pancreatic cancer).
Pattern in ethnic and income gaps in 5-year relative survival, 1996-2001
Figure 43 plots the magnitude and direction of the gap between Māori and non-Māori
and low- and high-income groups for each cancer site in 1996-2001. There were a
number of cancer sites where there was evidence for ethnic gaps in 5-year relative
survival and income gaps in 5-year relative survival, with both Māori and low-income
groups both having poorer survival for these cancers. This pattern can be seen for
breast, cervical, colorectal, liver, oesophageal, testicular, and uterine cancers as well
as for leukaemia.
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Figure 41: Absolute and percentage differences between Māori and non-Māori groups
in 5-year relative survival, 1996-2001
5-year relative survival, 1996-2001

0

0.2

0.4
non-Māori

0.6

0.8

Testis

RSRD: -0.03
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Melanaoma

RSRD: 0.03
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Prostate

RSRD: -0.02
% difference: 2%

Breast

RSRD: -0.05
% difference: -6%

Hodgkin's lymphoma

RSRD: 0.26
% difference: 34%

Uterus

RSRD: -0.03
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RSRD: -0.07
% difference: -9%
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Colorectum
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Lung

RSRD: -0.05
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Figure 42: Absolute and percentage differences between low- and high-income groups
in 5-year relative survival, 1996-2001
5-year relative survival, 1996-2001
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Figure 43: Absolute difference between ethnic and income groups in 5-year relative
survival, 1996-2001
Relative survival ratio difference (RSRD)
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Changes over time in cancer survival by ethnic and socioeconomic group
Absolute differences, and percentage changes, in 5-year cumulative relative survival
comparing survival experienced by people diagnosed with cancer in 1991-1996 to
survival experience by people diagnosed in 2001-2004 were calculated within each
ethnic group and for the low- and high-income groups. The absolute difference (relative
survival ratio difference (RSRD)), and percentage difference, was a positive value if
survival improved over time between 1991-1996 and 2001-2004, within each ethnic
and income group.
Changes over time in relative survival up to 5 years after diagnosis by ethnic
group
Figure 44 plots 5-year relative survival estimates for non-Māori and Māori for each
cancer site in 1991-1996 as well as the direction and magnitude of change from 19911996 to 2001-2004, measured as an absolute and percentage change.
Five-year relative survival increased for the non-Maori group for all cancers, with the
exception of brain cancer (Figure 44). Māori diagnosed with cancer also experienced
an overall increase in 5-year relative survival. However, there were instances where
relative survival decreased for Māori, specifically for brain, kidney, pancreatic,
testicular, and thyroid gland cancers as well as for Hodgkin’s lymphoma and
melanoma. The most plausible reason for this decrease in survival is sparse data for
rare cancers once stratified by Census period and ethnic group. For example the 5year relative survival for Māori diagnosed with pancreatic cancer was 0.17 in 19911996 (compared to the non-Māori estimate in the same period of 0.04) which
‘decreased’ to 0.06 in 2001-2004 (with the non-Māori estimate also at 0.06).
Changes over time in relative survival up to 5 years after diagnosis by income
group
Figure 45 plots 5-year relative survival estimates for the high- and low-income groups
for each cancer site in 1991-1996 as well as the direction and magnitude of change
from 1991-1996 to 2001-2004, measured as an absolute and percentage change.
Five-year relative survival increased for the high-income group for all cancers, with the
exception of pancreatic cancer (Figure 45). Five-year relative survival also rose for the
low-income group for most cancer sites, with a decrease over time for bladder, brain,
and oesophageal cancers.
Patterns in the change over time in 5-year relative survival for all groups
combined
Figures 46 and 47 plot the change in 5-year relative survival for Māori, non-Māori, highincome, and low-income groups, with Figure 46 measuring the absolute difference over
time and Figure 47 the percentage difference.
For most cancers, there was an increase over time, measured either as an absolute
difference or as percentage change, for all ethnic and income groups combined
(Figures 46 and 47).
Five-year relative survival increased for all groups by an absolute difference of at least
0.05 for people diagnosed with colorectal, liver, ovarian, and stomach cancers as well
as for non-Hodgkin’s lymphoma. Five-year relative survival also increased for all
groups by at least 0.10 for people diagnosed with breast and prostate cancers and for
leukaemia.
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Five-year relative survival increased over time, in percentage terms, for all ethnic and
income groups for cancers of the breast, cervix, colorectum, head and neck, liver, lung,
ovary, prostate, stomach and uterus as well as for leukaemia and non-Hodgkin’s
lymphoma. Notably, 5-year relative survival increased over time by over 60% for
people in all ethnic and income groups diagnosed with liver cancer and leukaemia
(Figure 47).
For a small number of cancers, 5-year relative survival in one or more ethnic or income
groups decreased over time (Figure 46 and 47). These cancers included brain (lowincome), brain (Māori and low-income), Hodgkin’s lymphoma (Māori), kidney (Māori),
melanoma (Māori), oesophagus (low-income), pancreas (Māori and high-income),
testis (Māori), and thyroid gland (Māori). These findings are likely influenced by sparse
data leading to statistical imprecision.
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Figure 44:

5-year relative survival by ethnic group, 1991-1996, and the change in
5-year relative survival in 2001-2004
5-year relative survival, 1991-1996
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* There were no Māori diagnosed with oesophageal cancer that were alive by the fifth year of follow-up.
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Figure 45: 5-year relative survival by income group (low- and high-income), 19911996, and the change in 5-year relative survival in 2001-2004
5-year relative survival, 1991-1996
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Low-income: 0.05, 6%

Thyroid gland

High income: 0.10, 12%
Low-income: 0.04, 4%

Breast (female)

High income: 0.11, 14%
Low-income: 0.12, 16%

Uterus

High income: 0.13, 18%
Low-income: 0.08, 11%

Cervix

High income: 0.12, 17%
Low-income: 0.07, 11%

Prostate

High income: 0.25, 36%
Low-income: 0.25, 36%

Bladder

High income: 0.07, 10%
Low-income: -0.06, -8%

Hodgkin's lymphoma

High income: 0.03, 4%
Low-income: 0.09, 15%

Head, neck and larynx

High income: 0.05, 8%
Low-income: 0.06, 10%

Colorectum

High income: 0.09, 16%
Low-income: 0.09, 16%

Kidney

High income: 0.18, 38%
Low-income: 0.02, 4%

Non-Hodgkin's lymphoma

High income: 0.20, 47%
Low-income: 0.10, 21%

Leukaemia

High income: 0.27, 68%
Low-income: 0.29, 83%

Ovary

High income: 0.08, 24%
Low-income: 0.11, 32%

Stomach

High income: 0.08, 44%
Low-income: 0.07, 37%

Brain

High income: 0.01, 8%
Low-income: -0.08, -47%

Lung

High income: 0.01, 8%
Low-income: 0.02, 22%

Pancreas

High income: -0.06, -60%
Low-income: 0.03, 75%

Liver

High income: 0.08, 114%
Low-income: 0.07, 70%

Oesophagus

High income: 0.08, 160%
Low-income: -0.06, -43%

1

Low-income tertile

215

Figure 46: Absolute difference in 5-year relative survival comparing those diagnosed
in 2001-2004 to those diagnosed in 1991-1996
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Figure 47: Percentage difference in 5-year relative survival comparing those
diagnosed in 1991-1996 to those diagnosed in 2001-2004
Percentage difference in 5-year relative survival
in 1991-1996 compared to 2001-2004
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Changes over time in ethnic and socioeconomic cancer survival
inequalities
As a descriptive indication of trends in ethnic and income gaps over time, Figure 48
plots cancers where the ethnic or income inequality remained sufficiently stable over
the three Census-cancer periods such that consistent patterns over time in narrowing
or widening ethnic and income gaps in 5-year relative survival could be interpreted.
Consistent patterns of narrowing ethnic gaps in 5-year relative survival were seen for
breast, colorectal, and head and neck cancers as well as leukaemia, with ethnic gaps
widening for cervical, kidney and testicular cancers as well as for Non-Hodgkin’s
lymphoma.
Income gaps in 5-year relative survival consistently narrowed over time for breast
cancer as well as for Hodgkin’s lymphoma, and widened over time for testicular cancer.
Trends in ethnic and income inequalities in cancer survival were tested more
systematically using excess mortality rate modelling, presented in the next section of
this chapter.
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Figure 48: Selected cancer sites where ethnic and income gaps in 5-year relative
survival were consistently narrowing or widening over time
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Excess mortality
Ethnic and socioeconomic inequalities in cancer survival
Ethnic and socioeconomic inequalities were measured as the relative difference in
excess mortality rates, averaged over 1991-2004, comparing Māori to the non-Māori
referent category and comparing the lowest-income quintile to the highest-income
referent category, with all available income quintile included in the regression
modelling. Relative differences in excess mortality between ethnic and income groups
were calculated for each cancer, and pooled across cancers using inverse variance
weighting methods (see Chapter 5).
Relative differences in excess mortality rate between ethnic and income groups,
1991-2004
Figure 49 plots the excess mortality rate ratio (EMRR) representing ethnic and income
group inequalities in cancer survival. Tables 61 and 62 present these data in full.
Pooled across all cancers, the EMRR comparing Māori to non-Māori was 1.29 (95% CI
1.24, 1.34), a 29% greater excess mortality on average for Māori. The 95% confidence
limits for the ethnicity EMRR for cancers of brain, pancreas, testis, thyroid gland as well
as for Hodgkin’s lymphoma and melanoma included the null. Considering the
remaining ethnicity EMRRs and their confidence limits, there was evidence for ethnic
inequalities in cancer survival for all other sites, with Māori experiencing worse survival
in all cases.
Pooled across all cancers, the EMRR comparing the lowest income quintile to the
highest income quintile group was 1.12 (95% CI 1.08, 1.15), a 12% greater excess
mortality on average for low-income people. By cancer site, many of the income
EMRRs had 95% confidence limits that included the null. However, income inequalities
in excess mortality rates were evident with confidence intervals not including the null
for cancers of the breast, colorectum, head and neck, lung, and pancreas.
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Figure 49: Relative difference between ethnic and income groups in excess mortality
rates censored at 5 years, averaged over time, 1991-2004
Excess mortality rate ratio (logarithmic scale)
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* Māori excess mortality compared to non-Māori as the referent category. ** Lowest-income quintile excess mortality compared to the highest-income quintile as
the referent category, with all income quintiles included in the regression model. *** Estimated using inverse variance weighting.
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Table 61:

Relative difference comparing Māori and non-Māori excess mortality
rates censored at 5 years of follow-up for people diagnosed with cancer,
1991-2004

Cancer site
Bladder
Brain
Breast (female)
Cervix
Colorectum
Head, neck and larynx
Hodgkin’s lymphoma
Kidney
Leukaemia
Liver
Lung
Melanoma
Non-Hodgkin’s lymphoma
Oesophagus
Ovary
Pancreas
Prostate
Stomach
Testis
Thyroid gland
Uterus
Pooled estimate (including prostate cancer)
Pooled estimate (excluding prostate cancer)
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EMRR
1.02
0.97
1.37
1.61
1.36
1.37
1.16
1.52
1.25
1.28
1.26
1.39
1.28
1.68
1.05
1.13
1.38
1.25
1.64
0.68
1.56
1.29
1.28

95% CI
(0.63, 1.64)
(0.75, 1.25)
(1.20, 1.56)
(1.25, 2.07)
(1.20, 1.54)
(1.07, 1.77)
(0.75, 1.77)
(1.16, 1.99)
(1.01, 1.54)
(1.04, 1.57)
(1.18, 1.34)
(0.81, 2.39)
(1.03, 1.57)
(1.35, 2.10)
(0.83, 1.33)
(0.95, 1.35)
(1.05, 1.81)
(1.09, 1.43)
(0.71, 3.80)
(0.24, 1.92)
(1.12, 2.16)
(1.24, 1.34)
(1.23, 1.33)
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Table 62:

Relative difference comparing the lowest-income group and the highestincome group excess mortality rates censored at 5 years of follow-up for
people diagnosed with cancer, 1991-2004

Cancer site
Bladder
Brain
Breast (female)
Cervix
Colorectum
Head, neck and larynx
Hodgkin’s lymphoma
Kidney
Leukaemia
Liver
Lung
Melanoma
Non-Hodgkin’s lymphoma
Oesophagus
Ovary
Pancreas
Prostate
Stomach
Testis
Thyroid gland
Uterus
Pooled estimate (including prostate cancer)
Pooled estimate (excluding prostate cancer)
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EMRR
1.15
1.04
1.28
1.25
1.13
1.28
0.98
0.95
1.12
1.01
1.10
1.18
1.07
1.10
0.94
1.28
1.06
1.15
1.36
1.56
1.06
1.12
1.12

95% CI
(0.93, 1.41)
(0.90, 1.20)
(1.14, 1.44)
(0.92, 1.68)
(1.05, 1.21)
(1.05, 1.56)
(0.53, 1.82)
(0.78, 1.15)
(0.96, 1.30)
(0.81, 1.26)
(1.03, 1.16)
(0.94, 1.49)
(0.94, 1.23)
(0.95, 1.27)
(0.80, 1.10)
(1.13, 1.45)
(0.90, 1.25)
(1.01, 1.30)
(0.42, 4.45)
(0.81, 3.02)
(0.80, 1.41)
(1.08, 1.15)
(1.09, 1.15)
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Changes over time in cancer survival by ethnic and socioeconomic group
Trends in survival for all ethnic groups combined and all income groups combined were
also measured by calculating the relative difference in excess mortality rates for people
diagnosed in 2001 compared to those diagnosed in 1991, with follow-up time censored
at 5 years. Relative differences in excess mortality rates between 2001 and 1991 were
calculated for each cancer, and pooled across cancers using inverse variance
weighting methods (see Chapter 5). If the excess mortality rate ratio (EMRR) was
below unity, then there was a reduction in excess mortality per decade, i.e. cancer
survival improved over time.
Relative differences in excess mortality rates
Pooled across cancer sites and all ethnic and income groups (Figure 50), the EMRR
per decade was 0.74 (95% CI 0.72, 0.76) (or 0.76 [0.74, 0.78] excluding prostate
cancer). That is a 26% per decade, or 3.0% per annum, average reduction in the
excess mortality rate (2.7% per annum excluding prostate cancer). However, it can be
seen in Figure 50 that there was substantial heterogeneity among cancers, so the
pooled estimate should be interpreted in that light – a weighted average across
cancers. Table 63 presents these data in full.
The magnitude of excess mortality rate changes per decade varied by cancer site. The
large survival increase over time for prostate cancer reported here (an 87% change in
excess mortality per decade) is likely to be artefactual due to the increased use of
prostate-specific antigen screening in New Zealand during the 1990s. Therefore, the
pooled estimates have been estimated both including and excluding prostate cancer to
account for this artefactual increase.
Marked statistically significant reductions in excess mortality occurred for six cancer
sites. Breast cancer excess mortality reduced by 52% per decade, an EMRR of 0.48
(95% CI 0.43, 0.54), suggesting that the range in the excess mortality reduction was
plausibly between 46% and 57% per decade. Significant per-decade reductions were
also seen for liver (32% per-decade reduction) and ovarian cancer (39% per-decade
reduction) as well as for leukaemia (60% reduction per decade), melanoma (39%
reduction per decade), and non-Hodgkin’s lymphoma (44% reduction per decade).
More moderate reductions in excess mortality per decade were observed for bladder
(21%), colorectal (27%), kidney (29%) and uterine cancers (29%). Reductions in
excess mortality for cancers of the brain, head and neck, oesophagus, pancreas, testis,
and thyroid gland and for Hodgkin’s lymphoma included the null.
There were instances where the magnitude (and sometimes direction) of change in the
absolute difference per decade in cumulative relative survival and the relative
difference per decade in excess mortality rates was incongruent. For example, 5-year
relative survival for non-Māori and Māori groups and for the low-income group
diagnosed with brain cancer decreased over time. However, the calendar period EMRR
showed a 6% decrease in excess mortality per decade, i.e. cancer survival is improving
(albeit with CIs indicating a possible 17% decrease to a 7% increase in excess
mortality). This can be possibly explained by sparse data in relative survival estimates
once stratified by Census period and ethnic or income group, with this effect being
minimised by using group data in the excess mortality rate modelling.
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Figure 50: Relative difference in excess mortality censored at 5 years comparing
excess mortality rates for people diagnosed in 2001 with people diagnosed
in 1991
Excess mortality rate ratio (logarithmic scale)
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* Represents the change per decade in excess mortality using excess mortality rate ratio (EMRR) estimates from the ethnicity main effects model (Model 1).
Estimates from the income main effects model (Model 3) were the same for the majority cancers. The EMRR differed in the income main effects marginally by:
+0.01 for breast, cervical, head and neck, and stomach cancers and for melanoma; -0.01 for pancreatic cancer; and -0.02 for testicular and thyroid gland
cancers.
** Estimated using inverse variance weighting.
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Table 63:

Relative difference comparing excess mortality rates censored at 5
years of follow-up for people diagnosed with cancer in 2001 to people
diagnosed with cancer in 1991 (per-decade change in excess mortality)

Cancer site
Bladder
Brain
Breast (female)
Cervix
Colorectum
Head, neck and larynx
Hodgkin’s lymphoma
Kidney
Leukaemia
Liver
Lung
Melanoma
Non-Hodgkin’s lymphoma
Oesophagus
Ovary
Pancreas
Prostate
Stomach
Testis
Thyroid gland
Uterus
Pooled estimate (including prostate cancer)
Pooled estimate (excluding prostate cancer)
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EMRR
0.79
0.94
0.48
0.75
0.73
0.95
0.70
0.71
0.40
0.68
0.89
0.61
0.56
0.90
0.61
0.98
0.13
0.86
0.72
0.54
0.71
0.74
0.76

95% CI
(0.66, 0.94)
(0.83, 1.07)
(0.43, 0.54)
(0.58, 0.97)
(0.69, 0.78)
(0.80, 1.12)
(0.41, 1.19)
(0.60, 0.84)
(0.35, 0.46)
(0.56, 0.82)
(0.85, 0.94)
(0.49, 0.75)
(0.49, 0.63)
(0.79, 1.02)
(0.52, 0.70)
(0.88, 1.09)
(0.11, 0.16)
(0.78, 0.96)
(0.29, 1.79)
(0.31, 0.95)
(0.55, 0.91)
(0.72, 0.76)
(0.74, 0.78)
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Trends in ethnic cancer survival inequalities
In this study, changes over time in ethnic inequalities in cancer survival were estimated
using values derived from Model 2 (with an ethnicity-calendar period interaction EMRR
term) and changes over time in income inequalities in cancer survival were estimated
using values derived from Model 4 (with an income-calendar period interaction EMRR
term). To assist with interpreting the results below, an example of the change in ethnic
inequalities in colorectal cancer survival is given using EMRR results from Models 1
and 2.
Figure 51 plots the interaction term of ethnicity with calendar year (decade) as the
measure of ratio changes in relative inequalities on the EMR scale censored at 5 years
of follow-up (see complete EMRRs with 95% confidence limits in Table 64). There was
no convincing evidence of either widening or narrowing gaps of ethnic cancer survival
inequalities over time on a relative scale. Pooled across cancers, the ratio change in
the ethnic EMRR was estimated at 1.04 (95% CI 0.94, 1.14). For individual cancer
sites, changes in the ethnic EMRR over time were measured with considerable
statistical imprecision. For eight cancer sites the EMRR comparing Māori to non- Māori
was estimated to increase by more than 10% per decade, but conversely eight sites
had an estimated 10% or more decrease per decade.
In Figure 52, the change over a decade in absolute inequalities measured on both the
excess mortality rate and relative survival scales was able to be plotted (i.e. pseudoEMRDs and RSRDs; see Methods section in Chapter 5). For most cancers, an
increase/decrease over time in relative inequalities is mirrored by an increase/decrease
in absolute inequalities. For example, the ratio change in the colorectal cancer EMRR
over a decade was 0.8 (i.e. Māori EMR rate deceasing faster in relative terms than the
non-Māori EMR) and the absolute gap in relative survival between Māori and nonMāori also decreased (-0.04). However, there were instances where the magnitude
(and sometimes direction) of change in relative and absolute inequalities over time was
incongruent. For example, and an extreme case, the relative gap in prostate cancer
EMRs increased over time (EMRR interaction 1.58, albeit with wide CI from 0.72 to
3.45) which if converting the central estimate of 1.58 to the relative survival scale saw a
slight reduction in absolute gap (a reduction in RSRD of 0.01 over a decade). The
reason for this incongruence is that the EMR was falling so rapidly for both ethnic
groups (due to earlier detection mainly) such that the EMRR comparing Māori to nonMāori could increase over time, yet the absolute gap in relative survival reduced (as the
relative survival for both Māori and non-Māori shifted towards 1.0).
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Figure 51: Relative inequalities: Ratio change per decade in Māori compared to non-Māori cancer survival inequalities measured as
excess mortality rate ratios (EMRRs) censored at 5-years, derived from the EMR regression modelling, ranked by cancer site
according to the baseline 5-year relative survival (in parentheses, 1991-1996)
Ratio change per decade in relative inequalities: excess mortality rate scale
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Figure 52: Absolute inequalities: Change per decade in Māori compared to non-Māori cancer survival inequalities measured as pseudorelative survival ratio differences (RSRD) and pseudo-excess mortality rate differences (EMRDs), estimated from regression
model outputs and baseline 5-year relative survival for non-Māori, ranked by cancer site according to the baseline 5-year
relative survival (in parentheses, 1991-1996)
Change per decade in absolute inequalities:
relative survival scale
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Table 64:

Estimated per-decade ratio changes in Māori compared to non-Māori
cancer survival inequalities censored at 5 years of follow-up

Cancer site
Bladder
Brain
Breast (female)
Cervix
Colorectum
Head, neck and larynx
Hodgkin’s lymphoma
Kidney
Leukaemia
Liver
Lung
Melanoma
Non-Hodgkin’s lymphoma
Oesophagus
Ovary
Pancreas
Prostate
Stomach
Testis
Thyroid gland
Uterus
Pooled estimate (including prostate cancer)
Pooled estimate (excluding prostate cancer)
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EMRR
1.33
1.37
0.80
1.09
0.80
0.65
0.40
1.49
0.99
0.89
1.08
0.64
1.52
0.91
1.36
1.66
1.58
0.84
2.18
0.62
1.69
1.04
1.03

95% CI
(0.36, 4.94)
(0.73, 2.58)
(0.56, 1.14)
(0.58, 2.07)
(0.58, 1.11)
(0.35, 1.20)
(0.00, 83.07)
(0.79, 2.83)
(0.60, 1.63)
(0.54, 1.47)
(0.93, 1.25)
(0.12, 3.53)
(0.83, 2.76)
(0.53, 1.56)
(0.73, 2.53)
(1.07, 2.57)
(0.72, 3.45)
(0.60, 1.17)
(0.26, 18.25)
(0.05, 8.25)
(0.72, 3.95)
(0.94, 1.14)
(0.94, 1.14)

230

Trends in socioeconomic cancer survival inequalities
There was evidence of widening excess mortality rate relative gaps by income group
over time (Figures 53 and 54, Table 65). Pooled across all cancers, the ratio change in
the income EMRR was estimated at 1.09 (1.01–1.17), a best estimate of a 9% per
decade increase in the EMRR comparing low- to high-income groups. That is, excess
mortality (on average) fell faster for high-income people. For site-specific estimates, in
13 cancer sites the EMRR comparing the lowest- to highest-income groups was
estimated to increase by more than 10% per decade, but in only one instance (kidney)
did the confidence interval exclude the null. Only three cancer sites had an estimated
10% or more decrease per decade in the income EMRR.
Regarding the change over a decade in absolute inequalities comparing the lowest- to
highest-income groups measured on both the excess mortality rate and relative
survival scales, for almost all cancers an increase/decrease over time in relative
inequalities is mirrored by an increase/decrease in absolute inequalities. For example,
the ratio change in the colorectal cancer EMRR over a decade was 1.10 (i.e. the
highest-income group excess mortality rate deceasing faster in relative terms than the
lowest-income group excess mortality rate) and the absolute gap in relative survival
between the lowest-income group and highest-income group also increased (0.02).
To summarize, mathematically and conceptually one should not expect to see exactly
the same trends in inequalities on absolute and relative, and relative survival and
excess mortality rate, scales for cancer survival. However, for the data presented here
trends in inequalities were congruent, with only a few instances of substantially
different patterns. In addition, it must be remembered that the statistical precision about
the central estimates for each cancer site is poor (i.e. wide CI about the ethnicity
EMRR interaction term).
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Figure 53:

Relative inequalities: Ratio change per decade in the lowest- compared to highest-income group cancer survival
inequalities measured as excess mortality rate ratios (EMRRs) censored at 5-years, derived from the EMR
regression modelling, ranked by cancer site according to the baseline 5-year relative survival (in parentheses, 19911996)
Ratio change per decade in relative inequalities:
excess mortality rate scale
Pooled
estimate: 1.09

Excess mortality declining
faster for the lowestincome group

POOLED over all sites (EMRR only)

Excess mortality declining
faster for the highestincome group
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Figure 54: Absolute inequalities: Change per decade in the lowest- compared to the highest-income group cancer survival inequalities
measured as pseudo-relative survival ratio differences (RSRD) and pseudo-excess mortality rate differences (EMRDs),
estimated from regression model outputs and baseline 5-year relative survival for the high-income group, ranked by cancer site
according to the baseline 5-year relative survival (in parentheses, 1991-1996)
Change per decade in absolute inequalities:
relative survival scale

Change per decade in absolute inequalities:
excess mortality rate scale

POOLED over all sites (EMRR only)
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Table 65:

Estimated per-decade ratio changes in the lowest-income group
compared to the highest-income group cancer survival inequalities
censored at 5 years of follow-up

Cancer site
Bladder
Brain
Breast (female)
Cervix
Colorectum
Head, neck and larynx
Hodgkin’s lymphoma
Kidney
Leukaemia
Liver
Lung
Melanoma
Non-Hodgkin’s lymphoma
Oesophagus
Ovary
Pancreas
Prostate
Stomach
Testis
Thyroid gland
Uterus
Pooled estimate (including prostate cancer)
Pooled estimate (excluding prostate cancer)
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EMRR
1.56
1.21
1.21
0.99
1.10
0.74
2.42
2.16
0.93
0.84
1.04
1.39
1.28
1.26
0.99
0.61
1.59
1.06
4.00
1.60
1.61
1.09
1.08

95% CI
(0.92, 2.64)
(0.84, 1.72)
(0.89, 1.64)
(0.47, 2.12)
(0.93, 1.32)
(0.46, 1.20)
(0.56, 10.43)
(1.32, 3.53)
(0.64, 1.35)
(0.48, 1.47)
(0.90, 1.20)
(0.75, 2.58)
(0.91, 1.82)
(0.88, 1.80)
(0.66, 1.49)
(0.45, 0.84)
(0.96, 2.65)
(0.78, 1.44)
(0.16, 98.97)
(0.29, 8.76)
(0.80, 3.25)
(1.01, 1.17)
(1.00, 1.16)
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Conclusion
This chapter has presented overall patterns in trends in survival by ethnic and
socioeconomic group in New Zealand in 1991-2004, measured on the cumulative
relative survival (absolute and percentage differences between groups) and excess
mortality rate scales (relative differences between groups).
Relative survival
Ethnic inequalities were observed for 12 cancers with Māori having poorer 5-year
relative survival compared to non-Māori. Income inequalities were observed for 13
cancers with the low-income group having poorer 5-year relative survival compared to
the high-income group. Ethnic and income inequalities in 5-year relative survival were
observed for 8 of the 21 cancer sites.
In this study, 5-year relative survival for non-Māori and high-income groups increased
over time (1991-1996 to 2001-2004) for almost all of cancer sites. Five-year relative
survival increased over time for most cancer sites for Māori and low-income groups,
with survival decreasing over time for 7 cancer sites for the Māori group, most likely
due to sparse data in rare cancers, and 3 sites for the low-income group.
Excess mortality
In this study, there was evidence for substantial ethnic cancer survival inequalities,
averaged over time. Across all cancers, Māori had 29% greater excess mortality
compared to non-Māori, with Māori having 10% of greater excess mortality in 17 of the
21 cancer sites. There was also evidence for income differences in cancer survival, but
to a lesser extent than the ethnic differences, for 13 of the 21 cancer sites assessed
here. Across all cancers, people in the lowest-income quintile experienced 12% greater
excess mortality compared to the highest-income quintile.
There was evidence for a moderate decrease in excess mortality rates per decade,
with an EMRR pooled across cancers of 0.74 (95% CI 0.72, 0.76) representing a 26%
per decade, or 3.0% per annum, average reduction in the excess mortality rate. The
magnitude of excess mortality rate changes per decade varied by cancer site.
Whilst there was too much statistical imprecision by cancer site to draw robust
conclusions about changing ethnic and income differences in excess mortality rates, it
was possible to look for patterns across all cancer sites. Doing so, there was evidence
of faster reductions in the excess mortality rate among the highest-income quintile
group, such that the pooled EMRR for the interaction of income and calendar (per
decade) was 1.09 (95% CI 1.01, 1.17, i.e. the EMRR comparing the lowest- to highestincome quintiles was estimated to increased by 9% per decade, on averaged pooled
across all cancer sites). There was no clear pattern of changing ethnic differences in
excess mortality over time.
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Chapter 8: Interpreting trends and inequalities in
cancer survival, New Zealand, 1991-2004
This thesis has outlined the methods and results of a study that measured trends in cancer
survival by ethnic and socioeconomic group in New Zealand for people diagnosed between
1991 and 2004. The thesis focused on three research objectives. The first objective was to
determine best estimates of the size and magnitude of ethnic and income inequalities in
cancer survival. The second objective was to calculate the changes over time in cancer
survival, a topic where little evidence has been available to date in New Zealand. The third
objective was to assess whether there was evidence of ethnic and income inequalities in
cancer survival widening over narrowing over time in New Zealand, again where there is little
understood about these trends in New Zealand. The study methods were developed such that
these research objectives could be investigated using both absolute and relative effect
measures on both the (cumulative) relative survival and (instantaneous) excess mortality rate
scales. This chapter focuses on the interpretation of the study results in light of published New
Zealand and international data.
This chapter is divided into six sections.
The first section summarises the main findings from the relative survival and excess mortality
rate analyses, focusing on results across all twenty-one cancers.
The second section outlines the published data available on international comparisons of
cancer survival trends and inequalities that are available to assist in interpreting the results of
this study.
The third section discusses the possible explanations for inequalities in cancer survival,
changes over time in cancer survival, and trends in cancer survival inequalities.
The fourth section considers the implications of the study findings for health care systems.
The fifth section presents the strengths and limitations of the study.
The sixth section outlines potential area of future research on trends in cancer survival by
ethnic and socioeconomic group in New Zealand.
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Summary of study findings
Relative survival
Data on 147,344 and 127,305 people with a primary cancer were included in relative survival
analyses by ethnic and income group respectively, with data grouped into 21 cancer types
according to ICD-10 coding. These data were assessed using absolute, and percentage,
differences between ethnic or income groups in 5-year relative survival, focusing on the
relative survival ratio difference (RSRD). Ethnic- and income-group specific life tables were
used for estimation of 5-year relative survival by ethnic group and income group respectively.
To provide an initial description of ethnic and income inequalities in cancer survival averaged
over time, data from 1996-2001 was assessed. There was evidence for ethnic and income
inequalities in cancer survival for a number of the cancers included in analyses. Compared to
non-Māori, Māori had poorer 5-year relative survival for 12 cancer sites. The high-income
group had better survival compared to the low-income group for 12 of the cancer sites. There
was no consistent pattern in the size of the absolute gaps between ethnic or income groups in
5-year relative survival across cancer sites. Percentage differences in 5-year relative survival
were also calculated comparing survival between each ethnic or income groups, with the
percentage difference being greater for cancers with poor prognosis, i.e. the baseline relative
survival used as the denominator was closer to 0 on the relative survival scale.
Changes over time in cancer survival were initially assessed by comparing 5-year relative
survival for people diagnosed in 1991-1996 compared to 2001-2004, an approximation of the
per-decade change in cancer survival for each cancer site. There was evidence of cancer
survival improving over time for the majority of cancer sites for each ethnic and income group.
However, there were some instances where cancer survival reduced over time, particularly for
Māori but also in a small number of cancers for low- and high-income groups. For Māori, this
was mostly due to sparse data for rare cancer types where Māori 5-year relative survival
values were implausibly high in the 1991-1996 Census-cohort.
For each cancer, the absolute gap between ethnic or income groups in 5-year relative survival
at each Census-cancer cohort was assessed. It was difficult to determine trends in cancer
survival inequalities from these data. However, ethnic gaps in 5-year relative survival
appeared to be narrowing for breast, colorectal and head and neck cancers as well as for
leukaemia, with ethnic gaps appearing to be widening for cervical, kidney and testicular
cancers. The income gap in 5-year relative survival was widening for testicular cancer and
narrowing for breast cancer and Hodgkin’s lymphoma.
Excess mortality
Data on 126,477 people with a primary cancer were included in excess mortality analyses,
with data grouped into 21 cancer types. The primary effect measure was the excess mortality
rate ratio (EMRR). The EMRRs for each cancer site were pooled, using inverse variance
weighting, to provide a weighted average across all cancer sites.
The relative difference in excess mortality rates between ethnic and income groups censored
at 5 years of follow-up was calculated for people diagnosed 1991-2004, with the EMRR
assumed to apply uniformly across all 5-years of follow-up. Across all cancers, Māori had 29%
greater excess mortality compared to non-Māori, with Māori having 10% greater excess
mortality in 17 of the 21 cancer sites. There was also evidence for income differences in
cancer survival, but to a lesser extent than the ethnic differences, for 13 of the 21 cancer sites
assessed here. Across all cancers, low-income patients experienced 12% greater excess
mortality compared to high-income patients. Additional analyses showed little evidence for
ethnic or income inequalities in excess mortality being greater shortly after diagnosis, or that
ethnic or income inequalities reduced by the fifth year of follow-up.
Across all cancers, there was a 24-26% per-decade reduction in excess mortality rates, or a
3% per-annum reduction, comparing people diagnosed in 2001 to people diagnosed in 1991.
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These reductions applied uniformly across all ethnic and income groups. By individual cancer
site, there were statistically significant reductions in excess mortality for breast, liver and
ovarian cancers as well as leukaemia, melanoma and non-Hodgkin’s lymphoma.
Whilst there was too much statistical imprecision by cancer site to draw robust conclusions
about changing ethnic and income differences in excess mortality rates, it was possible to look
for patterns across all cancer sites. Doing so, there was evidence of faster reductions in the
excess mortality rate among high-income people, such that the pooled EMRR for the
interaction of income and calendar year (per decade) was 1.09 (95% CI 1.01, 1.17; i.e. the
EMRR comparing low to high-income people was estimated to increase by 9% per decade, on
average pooled across all cancer sites). There was no clear pattern of changing ethnic
differences in excess mortality over time.
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International comparisons of cancer survival data
Comparing New Zealand data to other countries was not a specific research objective of this
present study. However, it is useful to consider how studies that systematically assess cancer
survival differences between countries might add to the interpretation of findings presented in
this thesis and how such studies could be useful for future attempts to compare ethnic and
socioeconomic inequalities in cancer survival, and trends in those inequalities, across
countries.
High-quality data from a series of studies comparing cancer survival between countries have
been primarily published in the last ten to twenty years.(8, 58, 93, 152, 153) The three main
study series are EUROCARE, CONCORD and the International Cancer Benchmarking
Partnership studies. These studies have applied standard data quality control and analytical
approaches, making it possible to more confidently interpret any differences in survival
between countries. None of these studies have included data from New Zealand. International
agencies, such as the Organisation for Economic Co-operation and Development (OECD)
(154-156) and the Commonwealth Fund (157), have published data from a number of
countries on cancer survival. These data do include information from New Zealand, but it is
uncertain whether the same high-level of focus has been placed on standard data quality and
analytical procedures in these reports as with the other large studies described above.
Further, to my knowledge no studies have been published that have systematically assessed
how ethnic and socioeconomic differences in cancer survival within countries might vary
internationally, including whether inequalities are tending to narrow or widen over time. This is
a substantive gap in the literature.

Comparing cancer survival across countries
There is increasing evidence that international variation exists in cancer survival outcomes,
with these data suggesting substantial inequalities in cancer survival across countries. For
example, EUROCARE-5 investigators recently published data on more than 10 million people
diagnosed with cancer from 1999 to 2007 in 29 European countries.(158) These data
demonstrated substantial variation in cancer survival outcomes across the European region,
even after applying uniform data quality control and analytical procedures. For instance for
cancers with good or moderate prognosis, survival outcomes were lower in Eastern Europe
than the European mean survival.
The CONCORD study analysed data on 2 million people from 31 countries diagnosed with
breast, bowel or prostate cancers from 1990-1994.(58) This study reported wide variation in
cancer survival. Possible explanations for the international cancer survival variation reported in
the CONCORD study include differences between countries in: how specific malignancies are
diagnosed, for instance colorectal cancer; the standard of health care; and access to effective
treatments. To date, New Zealand data has not yet been included in these studies, but New
Zealand is participating in the next round of the CONCORD study with the first round of results
expected to be published in 2014 (Personal communication, Professor Michel Coleman,
London School of Hygiene and Tropical Medicine, October 2014). CONCORD-2 will include
data on 10 common cancers for people diagnosed 1995 to 2009 in over 60 countries with data
on up to 30 million people able to be analysed. This will provide important evidence on how
New Zealand’s cancer survival outcomes compare internationally.
The International Cancer Benchmarking Partnership (ICBP) study assessed data on 2.4
million people diagnosed with primary breast, colorectal, lung and ovarian cancers in Australia,
Canada, Denmark, Norway, Sweden, and the United Kingdom.(8) A key strength of the ICBP
cancer survival study was the ability to measure changes over time in cancer survival
(discussed in Chapter 4) Briefly, trends in survival were shown for all cancer sites in each
jurisdiction, with greater survival advantages seen in Australia, Canada, and Sweden. In this
study, it was suggested that international variation in cancer survival outcome between
countries was most likely explained by differences between countries in stage at diagnosis
and access to treatment.
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Despite the strengths of the design and presentation of findings in the EUROCARE,
CONCORD and ICBP studies, the interpretation of international cancer survival comparison
findings is sometimes criticised (159, 160) and questions arise as to whether the estimates
represent the ‘true’ cancer survival in a particular country.(58, 151) One approach in overcome
some of these limitations is to undertake high-resolution studies (152, 153) which involve
obtaining additional clinical data from original medical records for a large sample of people
included in the study. However, this type of study requires substantial financial and practical
resources.

Comparing ethnic and socioeconomic inequalities in cancer survival across
countries
To my knowledge, the only high-quality international cancer survival comparison study that
has measured ethnic differences in cancer survival is the CONCORD study reported by
Coleman and colleagues in 2008.(58) As noted above, this study assessed cancer survival for
people diagnosed 1990-1994. In the CONCORD study, cancer registration and life table data
by ethnic group were also collected from 16 US states and 6 metropolitan areas. The study
investigators reported that in the US there were substantial – and systematic – differences in
5-year relative survival by ethnic group. Specifically, the black population group experienced
poorer survival compared to the white groups, even after accounting for ethnic- and
(geographic) state-specific differences in background mortality. Due to the limited data
available, this study was not able to investigate whether ethnic gaps in cancer survival were
widening or narrowing over time in the United States.
EUROCARE is the only international cancer survival comparison study that has investigated
how differences in cancer survival across countries might be explained by socioeconomic
position. European data on macroeconomic position, measured as total national expenditure
on health, and health care resources, measured as the availability of cancer diagnostic and
treatment technology, was collected and analysed using EUROCARE data.(161) These
analyses suggest that survival was higher in countries with higher levels of national health
expenditure and where more health care resources were available compared with countries
with lower levels of national health expenditure and lower levels of cancer diagnosis and
treatment technology available. To my knowledge, no international cancer survival comparison
study has been collected, analysed or published data on more individual-specific measures of
socioeconomic position such as income that was a key focus of this present study.

Comparing trends over time in cancer survival inequalities across countries
No international cancer survival comparison data has yet been published enabling
interpretation of changes over time in ethnic or socioeconomic inequalities in cancer survival.
It may be possible to assess ethnic inequalities in cancer survival using data being collected
for the CONCORD-2 program. CONCORD-2, unlike the first round of this study, includes data
from New Zealand. Cancer registration and life table data by race or ethnicity are being
collected for a number of countries. Information about the data included in final analyses have
not yet been reported by the CONCORD-2 investigators, but it is possible that analyses of
ethnic inequalities in cancer survival across countries could be undertaken including
investigation of trends over time in those ethnic cancer survival inequalities. However, such
analyses would need to be carefully considered to avoid potential criticism. Based on the New
Zealand experience, such criticisms could include: the ways in which ethnicity and race are
theoretically defined (162); the ways in which approval has been sought from indigenous or
minority populations for the use of cancer registration data that identifies racial or ethnic
identify (163-166); the completeness and quality of ethnicity data collected (167); and the
ways in which data are handled if people are recorded as belonging to more than one ethnic
group (168).
To my knowledge, no data have been published, or being collected, to investigate variation
between countries in the changes over time in socioeconomic inequalities in cancer survival.
Country-specific analyses from countries such as New Zealand, England, Wales and Scotland
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remain the primary source of evidence regarding changes over time in socioeconomic cancer
survival inequalities.
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Interpreting findings from this study
Interpreting ethnic and socioeconomic inequalities in cancer survival
In this present study, there was evidence for ethnic and inequalities in cancer survival. These
inequalities exist despite New Zealand having a nominally universal health care system and
even after adjusting for factors associated with cancer survival, such as age, follow-up time
and calendar period and ethnic variation in background mortality risk. Similarly, there was also
evidence that patients in the lowest socioeconomic groups experience poorer cancer survival
compared to patients in the highest socioeconomic groups in New Zealand, even after
adjustment for potential explanatory factors, including ethnicity.
Factors associated with ethnic and socioeconomic inequalities in cancer survival
As discussed in Chapter 4, evidence is available from a number of countries that ethnicity and
socioeconomic position are important factors associated with cancer survival, with generally
more disadvantaged populations having poorer survival outcomes compared to the least
disadvantaged populations. Several factors are likely to contribute to these ethnic and
socioeconomic inequalities in cancer survival ranging from health system-level factors to more
individual-level mechanisms. Two reviews have been published using international data on the
reasons for socioeconomic inequalities in cancer survival.(112, 169) To my knowledge, no
similar review has been published for ethnic differences in cancer survival but a number of
individual studies provide useful information about the possible explanations for ethnic cancer
survival inequalities.
Ethnic inequalities in cancer survival
A number of studies have been published in New Zealand that have systematically
investigated ethnic differences in cancer survival with these studies suggesting ethnic
differences in treatment, stage diagnosis, co-morbidities, and possible tumour biology as
determinants of differential survival outcomes by ethnic group. One publication has highlighted
the importance of unequal treatment as a key reason for ethnic cancer survival inequalities in
New Zealand.(82) Building on published empirical data (54, 170), Hill and colleagues have
described a framework for factors affecting equity of cancer treatments by ethnic group. The
three domains of the framework include: structural and system-level factors such as the
location and resourcing of health services and health services funding; health-care processes
that are often complex and multi-stepped processes; and patient factors such as comorbidities, stage at diagnosis and patient preferences. An important contribution to the
understanding of ethnic inequalities in cancer survival is that subtle differences by ethnic
group occur at each point in the cancer treatment process such that the cumulative effect is
one where Māori are disadvantaged in the receipt and quality of cancer treatment processes.
Although patient factors are important, such as Māori having greater levels of co-morbidity
compared to non-Māori, Hill and colleagues argue these factors do not fully explain ethnic
differences in receipt of cancer treatment and outcomes. Recent New Zealand evidence (48,
53-55) suggests that even after adjusting for co-morbidity, Māori were less likely to receive
curative cancer treatment compared to non-Māori. In the CONCORD study that systematically
assessed ethnic differences in 5-year relative survival in the United States including
adjustment of ethnic group differences in background mortality, the investigators noted that
poorer survival outcomes for black people diagnosed with cancer were due to ethnic group
differences in access to health care, treatment compliance, stage at diagnosis and tumour
biology.(58) However, the investigators were unable to further investigate these explanatory
factors in their study.
Socioeconomic inequalities in cancer survival
Building on the work of Kogevinas and Porta (1997) (169), a review published by Woods et al.
(2005) assessed the possible explanations for socioeconomic differences in cancer survival
using published data from 1995.(112) The investigators concluded that there is strong
evidence for socioeconomic position as an important prognostic factor in cancer survival. They
also reported that inequalities between socioeconomic groups in cancer survival are most
likely explained by a combination of health care system, tumour and patient factors. A key
finding from this review of published data is that there is increasing evidence of differences by
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socioeconomic group in the receipt of cancer treatment, with people in higher socioeconomic
groups more likely to have greater receipt of cancer treatment and processes than lower
socioeconomic groups. This review did not discuss whether socioeconomic differences at
each point of cancer treatment are subtle leading to an overall disadvantage in cancer
treatment processes. However as with ethnic differences in treatment receipt described above,
this explanation also seems plausible for socioeconomic differences in cancer care. Woods
and colleagues also highlighted stage at diagnosis as an important determinant of cancer
survival and cancer survival inequalities, but with stage unlikely to fully explain socioeconomic
gaps in cancer survival (a finding similar for ethnic gaps in cancer survival). The role of comorbidity in relative survival studies warrants further investigation as it is known from studies
that do not adjust for overall background mortality that co-morbidity plays an important role in
differential treatment and outcomes. The interaction of co-morbidity and receipt of treatment
also needs to be further considered in population-based cancer survival studies. The exact
contribution each health care, tumour and patient factors in explaining socioeconomic
inequalities in cancer survival is still unclear. However, differences by socioeconomic group in
the receipt of cancer care and in stage at diagnosis continue to be important determinants in
socioeconomic inequalities in cancer survival.
As presented in Chapters 6 and 7, ethnicity and, to a lesser extent, socioeconomic position is
associated with cancer survival, with variations in these inequalities in survival by cancer site.
It is likely that differential access to and quality of cancer processes and treatment by ethnic
and socioeconomic group is an important explanation for these inequalities. These differences
in treatment are likely to be subtle at each point of interaction with the health system but lead
to more substantive, overall disadvantaged by ethnic and socioeconomic group. Differential
stage at diagnosis is likely to explain some but not all of the ethnic and socioeconomic
inequalities in cancer survival shown in this study, as published data indicate that inequalities
remain in treatment and survival outcomes even after adjusting for stage at diagnosis.
Differential co-morbidity levels by ethnic and socioeconomic group is an additional explanatory
factor that warrants further investigation in population-based relative survival studies.
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Interpreting trends in cancer survival
In this present study, pooled across cancers there was evidence of significant reductions in
excess mortality rates, with an approximate 3% per-annum reduction in excess mortality. A
number of international studies have presented changes over time in 5-year relative survival.
This is the first New Zealand study to systematically assess changes over time in cancer
survival. To my knowledge, no other country has assessed trends in cancer survival measured
as per-decade reductions in excess mortality rates making it difficult to directly interpret the
findings from this present study on cancer survival trends. However, it is possible to consider
the reasons for these reductions in excess mortality for people diagnosed with cancer.
‘True’ improvements in cancer survival are likely to be explained by earlier diagnosis for some
cancers through improvements in cancer detection and screening and/or improvements in
cancer survival. One or more of these factors may be associated with trends in survival due to
therapeutic progress for example childhood leukaemia, trends in survival arising due to a
number of factors such as breast cancer where advances have been made in early detection
and treatment, or where trends have occurred without any substantive change in survival
outcomes for example prostate cancer.(9)
Breast and cervical cancers as well as melanoma are examples where earlier diagnosis can
lead to improved survival. Melanoma awareness results in earlier detection, when cure is more
likely. Breast cancer screening programmes are quite likely to have led to improved survival,
particularly from the late 1990s, when New Zealand’s mammogram screening programme was
introduced. However, screening for cervical cancer may have a different impact on survival
rates. The aim of cervical cancer screening is to prevent the occurrence of cancer. In
situations where there is very high coverage in the cervical screening programme and in the
absence of treatment improvements over time, the remaining cases are women with advanced
disease, and so survival may even decrease.(171) Improved cancer diagnostic techniques
may contribute to better survival outcomes over time if cancer is detected earlier. Improved
diagnosis may lead to either ‘apparent’ survival improvements where the date of cancer
diagnosis is brought forward or to ‘actual’ survival improvements where the date of death was
extended. Stomach cancer is a good example where improvements in cancer diagnosis have
led to improvements in survival. For example, the increased use of endoscopic
ultrasonography has been credited with improving diagnostic accuracy and consequent
survival benefits for stomach cancer patients in England and Wales during the late
1990s.(172)
However, some care is required in interpreting trends over time in cancer survival as these
apparent improvements over time can be inflated due to three types of potential bias. First,
and more relevant to screening-specific cancers, is lead-time bias that occurs when a disease
is diagnosed earlier but there was little change in the time of death. Second, length-time bias
(a type of selection bias) can also occur and happens when more slower-growing tumours
compared to faster-growing tumours are identified in cancer screening giving the impression
that screening of cancers leads to less dangerous cancer (and better survival outcomes). In
reality however, less dangerous cancers are more likely to be identified in cancer screening
processes due to the time intervals used in screening processes. Third, overdiagnosis bias is
possible and occurs when subclinical disease is diagnosed and where this subclinical disease
would not have been identified prior to the person of dying from another causes. Changes
over time in prostate cancer survival is a good example of where identification of subclinical
disease through prostate-specific antigen testing has led to apparent but actually artefactual
improvements in cancer survival. There is considerable controversy as to whether screening
for prostate cancer decreases prostate cancer mortality, but without doubt the large increase
in diagnosed cases greatly improves the observed survival.
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One way of overcoming the interpretation of artefactual population-based cancer survival
trend data is to simultaneously assess clinical survival rates for that specific cancer. A
study from the US on breast cancer survival assessed the performance of relative- and
cause-specific survival along with additional clinical trial data.(173) The investigators of
this study found that after accounting for age, tumour size, non-cancer mortality, and
clinical factors relative survival accurately estimated breast cancer survival in women
who were at higher risk of breast cancer due to age and tumour size. They also found
that survival calculated by using death certificate information may be preferable when
calculating survival for women at lower risk of breast cancer who were older in age and
had smaller tumour sizes. However, an important consideration from such comparisons
is the way in which non-cancer deaths are accounted for in clinical or population-based
cancer survival analysis and whether the same interpretation can be made from these
data.(173-175) Comparison of population- and clinically-based cancer survival analysis
is out of the scope of this thesis but warrants further investigation.
Evidence from countries other than New Zealand
The majority of international studies that have been published which have provided data on
improvements over time in cancer survival have primarily presented this information as
changes in 5-year relative survival for the total population group. In this present study, I
measured changes over time in 5-year relative survival separately for each ethnic and
socioeconomic group making it difficult to directly compare the findings from this study to
evidence from other countries. The only study to my knowledge that has used excess mortality
rate modelling to estimate trends in survival is that published by Yu et al., 2006 using data
from New South Wales, Australia.(89) The excess mortality rate ratio reported by Yu and
colleagues represents the change over time in excess mortality for people diagnosed in 19931996 compared to people diagnosed in 1980-1984, an approximate 10-year change over time.
Yu et al. found that across all cancer sites studied excess mortality reduced by 25% (an
EMRR of 0.75 (95% CI 0.74, 0.76) between the two time periods, a similar figure to the data I
have reported in this present study. The CONCORD-2 study involving population-based
cancer registry data from over 60 countries provides an opportunity to systematically and
comprehensively compare cancer survival trends across a large number of countries,
including New Zealand.
Advances in cancer treatment in New Zealand
In undertaking this present study, I identified a series of papers published in 1999 that
provided an overview of major advances in cancer treatment, cancer surgery radiotherapy,
and immunotherapy over the last 25 years.(176-179) I considered that this information was
important for interpreting key trends in cancer survival as shown in Chapters 6. However, I
was unable to find similar documentation of changes over time in cancer detection, diagnosis
and treatment in New Zealand, particularly during the period of the data used (1991-2004). To
overcome this problem, I have collected as much information as possible on changes over
time in treatment for breast, colorectal and lung cancer as well as drawing upon international
literature in an attempt to get a coherent impression of the changes over time in cancer
survival for these three cancer sites. While a systematic approach to capturing changes over
time in cancer processes and treatment would be the gold standard, there is little other data
available in New Zealand to assist with such interpretation. Further, care is warranted as these
data presented below do not necessarily represent the nation-wide diffusion of new treatment
advances, for example the introduction of a new chemotherapy agent does not necessarily
translate into nation-wide access to that treatment.
Three simple methods were used to synthesise information about the introduction of new
breast, colorectal and lung cancer interventions in New Zealand. The first method was to
review articles relating to breast, colorectal and lung cancers published in the New Zealand
Medical Journal, with data about the introduction of a new cancer intervention or a change in
cancer treatment practice extracted and included in the summaries presented below. The
second method was to search the key terms for combinations of “cancer treatment”, “breast
cancer”, “colorectal cancer”, “bowel cancer”, “colon cancer”, “lung cancer”, “funding”, and
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“approval” on the www.google.co.nz website as well as the www.scoop.co.nz site, a site that
stores media releases from a wide range of agencies. Once the first two methods were
completed, the third method was to discuss the findings with the Ministry of Health’s national
clinical director of cancer services (Dr John Childs) in January 2012 to identify any gaps. Dr
Childs did not identify any substantial gaps in the findings presented below, but suggested that
there were a number of incremental changes in cancer treatment practice not detailed. An
attempt was made to discuss the findings with the New Zealand Association of Cancer
Specialists, but this was not successful. As was shown in Chapter 7 of this thesis, there was a
large decrease in cancer excess mortality for patients diagnosed with haematological cancers
in New Zealand. I also made attempts to contact the Leukaemia Foundation and Cancer New
Zealand to identify major changes in haematological cancer treatment over time, but again
with little success. The results for breast, colorectal and lung cancers are shown below.
Breast cancer
A formal mammographic screening programme was introduced in New Zealand in 1998 in
which publicly-funded screening was made available for women between 50 and 64 years of
age. The age range for the mammographic screening programme was extended in 2004 to
women between 45 and 69 years of age.(180) For diagnostic advances, there was an
increase from the mid 2000s in the use of mammographic imaging technology for diagnosis
and staging of breast cancer (personal communication, John Childs, Ministry of Health, 2012).
During the 1970s and 1980s, there was a change in chemotherapeutic practice with a decline
with adjuvant chemotherapy and an increase in adjuvant endocrine therapy.(181) This change
in practice was recorded for Auckland Hospital, but probably reflects subsequent nation-wide
changes. There was little published about the changes in breast cancer treatment from the
1980s to the mid 2000s. Changes in female breast cancer treatment in the mid 2000s included
funding for anastrozole (Arimidex)(182) and letrozole (Femara)(183). A recent development in
the treatment of female breast cancer has been the approval and funding of trastuzumab
(Herceptin) for women with early stage breast cancer. Based on a review of evidence at the
time, Herceptin was funded initially for nine-weeks of concurrent treatment. Following a period
of judicial review, public consultation, a review of new evidence, and the decision of the
centre-right government elected in 2008, Herceptin funding was approved for a twelve-month
treatment period. Evidence-based guidelines were also released on the surgical management
of breast cancer and the management of early breast cancer in 2004 and 2009
respectively.(184, 185) There were likely to be other advances in breast cancer treatment
such as improvements in surgical techniques and radiotherapy practice. However, these
changes were not found in the research for this thesis.
Breast cancer survival has also improved in other countries, with advances in cancer
treatment explaining some but not all of these improvements in survival. In England and
Wales, the extent to which the introduction of a national mammographic screening
programme, increased public awareness about breast self-examination and the advances in
management for early and metastatic cancer have improved survival over time is difficult to
ascertain.(186) Improvements in localised breast cancer survival, but not for advanced-stage
disease, in Germany were found to be due to screening and to improvements in
treatment.(187)
Colorectal cancer
Advances in colorectal cancer management have likely to have led to improved colorectal
cancer survival in New Zealand, particularly the advances in chemotherapy for colon cancer
and improved surgical approaches for rectal cancer.
There has been an increase in public awareness about the need for earlier detection of
colorectal cancer. This has led to some patients seeking earlier detection procedures, either
through public or private health care (personal communication Elizabeth Dennet, colorectal
surgeon, University of Otago, 2011). A pilot site for a formalised colorectal cancer screening
programme was introduced in 2011 and is currently being evaluated.(188) There were
improvements over time, most likely between the years 1996 to 2003, in the increased use of
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colonoscopy for the diagnosis and clinical staging of colon cancer patients. There were
differences in the advances in the treatment for colon and rectal cancers with improvements in
chemotherapeutic regimes (189-191) and surgical technique improvements (192-195)
respectively. For instance, there was evidence for survival benefits for stage III colon cancer
patients, even for those patients with high levels of co-morbidity from increasing use of
adjuvant chemotherapy.(196) More recently, combination chemotherapy was shown to have
survival benefits for patients with metastatic colon cancer.(190) However, rectal cancer
patients have benefitted more from advances in surgical practice such as shown with
laproscopically-assisted colectomy introduced in several hospitals in the early to mid
2000s.(197) Evidence-based guidelines were also released on the management of early
colorectal cancer in 2011.(198)
Improvements in the management of colorectal cancer are also associated with improvements
in cancer survival in other countries. Studies have found that survival has improved for
colorectal cancer combined (199-203) as well as colon and rectal cancers separately. In the
Netherlands, improvements in the management and survival of colon cancer for patients
diagnosed 1989 to 1996 have been reported by van Steenbergen et al., (2010). In particular,
this study from the Netherlands has shown that the improvements in survival were particularly
evident for patients with stage III cancer with the increased administration of adjuvant
chemotherapy.(204) Implementation of new or improved surgical techniques, such as the
introduction and diffusion of total mesorectal excision, as well as an increase in pre-operative
radiotherapy and an increase in chemotherapy for younger and older patients have also been
cited as a likely explanation for improvements over time in rectal cancer survival.(2, 205, 206)
Lung cancer
In New Zealand as observed in other countries, this thesis has presented evidence for little
improvement over time in lung cancer survival. However, there have been small improvements
over time in lung cancer management in New Zealand. There were few advances over the
period of this study in lung cancer screening or diagnosis, with the exception of increased use
in the last few years of positron emission tomography (PET) scanning for better disease
staging for lung cancer patients. Changes over time in treatment for lung cancer patients has
included both advances in chemotherapy (207-212) and radiotherapy (213-215) with little
change documented in surgical practice. Standards for the lung cancer patient service
provision were released in 2011.(216)
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Interpreting trends in ethnic and socioeconomic inequalities in cancer survival
In this present study, there was evidence of widening income inequalities in cancer survival.
Only a small number of countries have systematically assessed trends in socioeconomic
inequalities in cancer survival. In this study, I have also presented data suggesting that there
has been little change over time in ethnic inequalities in cancer survival. To my knowledge, no
other country has systematically assessed trends in ethnic inequalities in cancer survival using
relative survival or excess mortality analyses. The lack of published data limits the
interpretation of the findings from this present study on trends in ethnic and socioeconomic
inequalities in cancer survival in the context of published international data.
The most plausible explanation of the findings from this study on trends in cancer survival
inequalities is that diffusion of access to improved treatments has been fairly constant (and
inequitable) by ethnicity over time, but that higher income groups (either directly through
private services, or as a marker of social position) have been afforded a greater advantage in
access to treatments over time despite the largely universal nature of the New Zealand health
system. This explanation is based on the inverse equity hypothesis published by Victora et al.
(2002) where it was suggested that a new intervention would initially benefit more socially
advantaged groups compared to less socially advantaged groups.(33) In describing the
inverse equity hypothesis, Victora et al. suggested that the combined effect of multiple
interventions is most likely to explain improvements in health, and as they keep occurring over
time it is difficult to separate out the impact of a number of individual interventions. This idea
equally applies to trends in cancer survival inequalities as well as it is difficult to investigate the
impact of single cancer detection, diagnosis and treatment interventions on these changes
over time in ethnic or social gaps in cancer survival.
Evidence from New Zealand
To my knowledge, no other published study has investigated trends in ethnic inequalities in
cancer survival measured using relative survival or excess mortality rate analyses. This
present study therefore makes an important contribution to the literature in this area. However
using cause-specific methods, changes over time in ethnic inequalities in cancer survival have
been measured in New Zealand for women diagnosed with cervical cancer.(49) This study
examined ethnic differences in cervical cancer incidence, mortality and cause-specific survival
for women diagnosed 1996 to 2006. The investigators found evidence for reducing ethnic
inequalities in cervical cancer survival, with Māori survival improving faster over time
compared to non-Māori. In this present study, the direction of the ethnicity-calendar period
EMRR interaction term suggested that non-Māori experienced greater reductions in excess
mortality over time compared to Māori with a widening of the ethnic inequality in excess
mortality, a different finding to that reported by McLeod et al. in 2006. No similar studies have
been published in New Zealand that has investigated trends in socioeconomic inequalities in
cancer survival.
Evidence from countries other than New Zealand
To my knowledge, the United States is the only country that has published data from which it
is possible to consider whether inequalities between ethnic groups (black compared to white
groups) were changing over time. It was difficult from these data to identify an overall pattern
of trends in ethnic cancer survival inequalities. However, there was evidence for increasing
inequalities for breast, anal and lung cancers and decreasing inequalities for prostate cancer.
These conclusions are derived from studies that were not specifically designed to investigate
trends in cancer survival inequalities; the results should be interpreted with care. Further, none
of these studies discussed findings for changes over time in ethnic inequalities in cancer
survival in the context of the inverse equity hypothesis, or any other theoretical framework for
this type of trends.
Victora’s inverse equity hypothesis was investigated in a study by Lyratzopolous et al., (2010)
examining changes over time in socioeconomic inequalities in 5-year relative survival for
women with breast cancer and men with rectal cancer diagnosed in England and Wales,
1973-2004.(37) The authors found that socioeconomic inequalities in breast cancer survival,
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measured as absolute differences in 5-year relative survival, narrowed steadily during the
study period, from -10% to -6% (see Figure 1). They also found that socioeconomic
inequalities in male rectal cancer survival, again expressed as the absolute differences in 5year relative survival, widened over the study period. The investigators considered whether
the socioeconomic inequalities in female breast and male rectal cancer reduced or widened
over time due to the different speeds at which socioeconomic groups accessed new cancer
interventions. They concluded that the sequential introduction of new treatments partially
explained the decrease in the socioeconomic inequality in breast cancer survival over time,
but not the widening of the socioeconomic gap in rectal cancer survival.
To my knowledge, the most robust findings trends in socioeconomic inequalities in cancer
survival are found in a series of published data and clinical commentary that were published in
2008 using data from England and Wales for people diagnosed 1986 and 1999 comparing 5year relative survival between the most and least deprived groups, and any changes over time
in those deprivation gaps.(91, 217-220) For brevity, I have focused on the main findings for
breast, colon, rectal and lung cancers. Between 1986 and 1999, the most deprived group had
poorer survival outcomes for breast, colon, rectal and lung cancers compared to the least
deprived group. The differences varied by cancer site with percentage differences of
-5.6 and -5.8 % for breast cancer, -4.7% and -9.4% for men with rectal cancer, -2.2% and
5.7% for men with colon cancer, -3.3% and -7.3% for women with colon cancer, -3.7% and 8.3% for women with rectal cancer, and -0.7% to -1.2% for lung cancer. There was a widening
of the socioeconomic gap in 5-year relative survival colon and rectal cancer, a widening of
approximately 2% every five years. However, there was little change over time in the
socioeconomic inequalities in 5-year relative survival for breast and lung cancers.
The most plausible explanation for changes over time in cancer survival inequalities is
differential uptake of cancer detection, diagnosis and treatment services for the most and least
disadvantaged group. In this light, these England and Wales data can also be interpreted as 5year relative survival rising over time for the most and least deprived groups, with both groups
having the same improvement in survival over time for breast and lung cancers, while the
absolute deprivation gap for these two cancers remained constant over time. However,
survival improved faster over time for the least deprived group with colorectal cancer such that
the deprivation gap widened over time. Another possible explanation of trends in cancer
survival inequalities is the presence of different co-morbidity levels between the most and least
deprived groups. However, for cancer survival inequalities to narrow or widen over time there
would need to be sufficient change over time in socioeconomic differences in co-morbidities
leading to a change over time in the utilisation of health care services (Rachet et al) and
consequent faster or slower reductions in excess mortality for the most and least advantaged
groups. This was not directly ‘tested’ in this present study as it was not possible to measure
co-morbidity.
In summary, this study found little change in ethnic inequalities in cancer survival and a
widening over time in socioeconomic inequalities in cancer survival. In the light of the evidence
from England and Wales, the most plausible explanation for these trends is that pooled across
all cancer sites (a) Māori and non-Māori had similar uptake of advances in cancer detection,
diagnosis and treatment and consequently experienced reductions in excess mortality with the
relative difference in excess mortality remaining fairly constant over time; and (b) the highincome group had faster uptake of cancer detection, diagnosis, and treatment advances such
that the high-income group had faster reductions in excess mortality rate over time with the
relative gap in excess mortality between the lowest- and highest-income groups widening over
time.
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Implications of study findings for health care systems
Health systems have a large role in improving cancer survival outcomes, including reducing
cancer survival inequalities between ethnic and socioeconomic groups, through the way in
which people have access to high-quality cancer detection, diagnosis and treatment services.
Systematic approaches to improving cancer services in New Zealand have been implemented
since the early 2000s through a national cancer control plan. The increase in the number of
people newly diagnosed with cancer in New Zealand also highlights the need to provide
optimal treatment for New Zealand’s cancer population.
Increasing burden of cancer in New Zealand
There is evidence that, at the population level, cancer has a large impact in New Zealand. In
2010, about 21,200 people were diagnosed with cancer, and 8,593 were recorded as having
died from cancer in the same year.(221) Published New Zealand predictions using 2004-2006
incidence data suggest that the burden of cancer – measured as count data – is projected to
increase by 29% for males and 12% for females in the 2006-2016 period.(222) This increase
in the burden of cancer in this period is due to demographic trends, namely an increase size of
the New Zealand population and the increase in the older age groups. Notably, the risk of
cancer – measured as the age-standardised incidence rate – is expected to stabilise for males
and decrease by 11% for females. However, the evidence suggests that the number of people
newly diagnosed with cancer needing optimal cancer diagnosis and treatment services in New
Zealand’s health care system will increase up to 2016 and possibly longer given the
underlying driver being demographic trends.
Further, more recent evidence had been published that assessed the gap between the New
Zealand population’s current state of health and that of an ideal population in which people live
free from ill health or diseases, with this gap referred to as the ‘health loss’.(223) When
stratified by condition type, cancer was equal to vascular and blood disorders as the leading
causes of health loss, with Māori experiencing greater health loss when compared to nonMāori, a finding reflective of the results from this present study.
Considering these factors together, it is clear to see that the health sector will continue to face
the challenge of an increasing burden of cancer, of the ‘health loss’ associated with cancer,
and the differential burden of cancer experienced by Māori. In regards to cancer survival, it will
be important that policy initiatives are developed to respond to these issues to ensure that all
people diagnosed with cancer receive optimal treatment and that ethnic inequalities in cancer
survival inequalities narrow over time and the trend in income inequalities in cancer survival
shown in this thesis is reversed.
Cancer control and inequalities in cancer outcomes
Since 2003, successive New Zealand governments have invested in cancer control and
reduction of ethnic and socioeconomic outcomes in cancer control. This investment has
included the development of a national cancer control strategy (22), organisation of cancer
services into regional cancer networks (224), tumour-specific initiatives such as piloting of a
colorectal cancer screening programme (225) and a national campaign to raise awareness
about the benefits of earlier prostate cancer detection and diagnosis (226), and most recently
the development of standards for the diagnosis and treatment of a number of malignancies
(for example (216, 227, 228)).
These tumour-specific standards describe the optimal treatment that a person with cancer
should have access to. The standards are not compulsory but it is expected that over time
district health boards will use the standards to review and improve cancer services. A key
strength of these standards is that they outline the steps from detection to diagnosis and
treatment and provide the optimal timing for each step. Reducing ethnic inequalities in cancer
survival is an important component of each set of service provision standards. Using colorectal
cancer as an example, the standards have recommended that cancer treatment services
improve access to diagnostic and treatment services for all patients including Māori, collect
and analyse ethnic-specific performance indicator data to identify and address disparities,
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reduce the number of did-not-attend appointments, improve health literacy and cultural
competency training for personnel involved in patient care, and health service auditing by
ethnicity. However, a potential limitation of these tumour-specific standards is that although
the importance of the New Zealand Cancer Registry is highlighted, specific details on the
types of analysis – such as population-based cancer survival analysis – appear not be
included as important research outputs of the Registry.
High-quality information on trends in cancer survival has potentially a large role in focusing
political, public and clinician debate on improving cancer survival outcomes for the total
population and for narrowing ethnic or income group differences in those outcomes.(151)
Information about reductions in excess mortality for people diagnosed with cancer can offer
insights into where the health care system has successfully improved outcomes for people
following a cancer diagnosis. Data on ethnic or socioeconomic inequalities can illuminate the
mere fact that these inequalities exist, despite New Zealand having a universal health care
system, and provide impetus for health services and research to continue investigation into the
specific underlying mechanism for these cancer survival inequalities. More importantly, these
and other data on inequalities in health service utilisation can make and important contribution
to the development of evidence-based interventions that can be implemented to achieve
effective and sustained reductions in these inequalities.
Ongoing and high-quality monitoring of trends in cancer survival by ethnic and socioeconomic
group in New Zealand will contribute to a more systematic assessment of the burden of cancer
in New Zealand and the overall effectiveness of health care systems for people diagnosed
with cancer. Monitoring of these trends will allow for best estimation of how fast excess
mortality is reducing for people diagnosed with cancer in more recent periods and whether
these reductions differ by ethnicity or socioeconomic position leading to a narrowing or
widening of ethnic and socioeconomic inequalities in cancer survival. Information from such
monitoring should continue to inform rational and informed debate from people diagnosed with
cancer and their families, the public, clinicians, and health service decision-makers on the
need for optimal treatment for all people diagnosed with cancer, regardless of their ethnicity or
socioeconomic position.
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Strengths and limitations of this study
This section discusses the main strengths and limitations of the study data and methods,
including the potential for systematic and random error in the estimation of ethnic and
socioeconomic inequalities in cancer survival.

Strengths and limitations of cancer and non-cancer population data
A key strength of this study was that high-quality anonymised individual tumour records were
linked to New Zealand Census records (the total New Zealand population) allowing for
ascertainment of Census-ethnicity and Census-income data for each individual record at the
time of diagnosis. Use of Census-ethnicity is an important strength of this study as ethnicity
information held on the New Zealand Cancer Registry is accurate at the time of the data
extraction process rather than at the time of diagnosis. The availability of Census-income is
also an important strength of this study as published New Zealand evidence on socioeconomic
inequalities in cancer survival have primarily used area-based, rather than individual,
measures of socioeconomic position.
Another main strength of the data used in this thesis was the ability to create datasets for the
cancer and non-cancer populations that were comparable over time with regard to survival
and mortality by ethnicity and socioeconomic position. Specifically it was possible to reliably
and simultaneously measure (a) survival and mortality by ethnic and socioeconomic group
over time in the cancer population, by using linked Census, cancer and mortality records; and
(b) survival and mortality by ethnic and socioeconomic position over time in the non-cancer
population by, among other things, using linked Census and mortality records.
A key limitation of cancer registration and mortality was the suppression in the linked datasets
of dates of cancer diagnosis and dates of death. This suppression, however, was unavoidable
in order to protect the privacy and confidentiality of Census records. Approximate dates of
diagnosis and death were instead calculated (see Chapter 5). Incomplete dates of diagnosis
and death can lead to biased survival estimates, as shown by Woods et al. 2012.(229)
However in this study, it was important to balance the risk of this potential bias against the
benefits of using linked Census-cancer data to accurately estimate trends in cancer survival by
ethnic and socioeconomic group. Other limitations of the cancer registration data include that
tumour morphology data were only available for a small number of cancers, resulting in the
inability to complete standard cancer survival data quality control procedures.(117-120)
Clinical stage at diagnosis was also not available, leading to possible residual confounding (an
issue discussed further below). Categorisation of cancer sites according ICD-10 codes may
have also masked sub-site differences in cancer survival trends and inequalities.
There were also limitations arising from the use of linked Census and mortality data to
estimate survival and mortality in the non-cancer population. First, the smoothing across
multiple Census periods may not reflect the true year-by-year changes in mortality rates,
particularly for ethnic-specific mortality rates. Second, data in the New Zealand Census
Mortality study does not include deaths beyond the age of 77 prior to 2001. Therefore an
underlying assumption is that mortality rate ratios tended to 1.0 for those aged 80 years and
above. Third, it was possible to compare the data for the ethnic-specific life tables by
comparing the estimates to official New Zealand life tables published by Statistics New
Zealand. Similar comparison was not possible for the income-specific and combined ethnicand income-specific estimates.

Potential sources of systematic and random error in the estimation of the
ethnicity- and income-cancer survival association
Systematic (validity) and random (precision) errors are potentially present in most
epidemiological studies. Through effective study design and implementation, it is possible to
minimise the impact of these errors. However, in some cases systematic or random error is
unavoidable. The three main types of systematic error were considered to be noncomparability bias, selection bias, and confounding. Statistical imprecision (random error) was
also a factor in this study.
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Non-comparability bias
A main type of systematic error that is potentially present in studies assessing sub-population
group differences in relative survival and excess mortality is non-comparability bias.(5) Noncomparability occurs when data on observed and expected mortality are not comparable and
can occur due to differences in the way in which ethnicity and income, for instance, are
classified in the observed and expected data. Non-comparability bias can also occur when
mortality and survival in the non-cancer population is not comparable to the mortality and
survival in the cancer population. Mismeasurement of relative survival in a particular subpopulation group can occur when sub-population group variations in background mortality are
not accounted for. For instance, the use of total population background mortality rates for the
estimation of Māori-specific relative survival values. To minimise non-comparability bias in this
study, survival and mortality data by ethnicity and income were similarly categorised in the
cancer and non-cancer populations and variations in background mortality by ethnicity and
income were also accounted for by combining official life table data with ethnic- and incomespecific mortality estimates from linked Census and mortality records.
Selection bias
One issue with individual unit records contained within New Zealand Census datasets is that
information can be missing. This is particularly problematic if data are not missing at random,
and by varying degrees across censuses. Standard statistical methodology usually means that
records missing any information on any variables will be excluded from the analysis model
(complete-case analysis). Restriction of survival analysis to only complete records may have
potentially resulted in exposure-outcome associations that were substantively different to the
associations that would have been observed if all data were used, i.e. there was potential for
selection bias in this study.
In this present study, survival analysis was conducted on data that had been restricted in two
ways. First, up to 20% of tumour records in each Census-cancer cohort had missing income
data. Only people with complete income data were included in relative survival and excess
mortality rate analyses (complete-case analysis). One approach to overcoming missing values
is to replace the missing value with a substitute value. A common method for substituting
these missing values in relative survival analysis is multiple imputation.(81), where other
sources of information about the individual may be able to (accurately) predict his or her
characteristics on the variable that is missing data. Typically, logistic regression is used to
calculate the likelihood of an individual falling into a certain category of the variable with
missing data. This predicted value is then substituted into the dataset, which can then be
analysed using standard statistical methods.
This study that examined trends in cancer survival by ethnic and socioeconomic group used
cancer population drawn from linked Census-cancer records, referred to as the Cancer Trends
study. The Cancer Trends study investigators had used multiple imputation to impute missing
income, education and ethnicity data, with the aim of reducing possible selection bias in
analyses.
Unfortunately, after close scrutiny of the imputed values for lung cancer it became apparent
the imputation was considered unsatisfactory. To assess the plausibility of the imputed income
values, lung cancer incidence rates by ethnicity and income group were estimated. The
imputed income values were considered implausible as the estimated rates of lung cancer
among those with imputed low-income were lower than plausible, and conversely the rates of
lung cancer among those with high-income were higher than plausible. This pattern was more
so among males, and among Māori. Second, rate ratios comparing lung cancer incidence
among low- to high-income groups using imputed data were almost certainly biased down in
many cohorts. The investigators identified that the age- and ethnicity-standardised rates of
lung cancer by income were more affected than age-only standardised, because the age- and
ethnicity-standardisation ‘weighted up’ the spurious imputation among high income Māori.
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There are two possible reasons for the imputation giving rise to implausible income data for
lung cancer, and presumably other cancers too. First the imputation procedure did not use all
available data. For example, investigators should have used cancer outcome in the
imputation. Second, the imputation procedure did not allow for interactions in the multiple
imputation regressions. For example, given the same level of socioeconomic position, Māori
will still have a lower income than non-Maori. By not allowing for this interaction of ethnicity
with socioeconomic position as a predictor of income, investigators may have biased the
imputation to overestimate the number of Maori with high education.
The overall recommendation from the Cancer Trends investigators was that cohort analyses
on these linked Census-cancer data use complete data only. Based on this recommendation
and that fact that the unsuccessful multiple imputation procedures consumed considerable
resources to undertake given the large file sizes, I instead created empirical and simulated
datasets with specified parameter values to assess the impact of excluding people with
missing income values for breast, colorectal and lung cancers (last section of Chapter 6).
These sensitivity analyses suggested that there was for potential selection bias when the
income-cancer survival association in the excluded population was two- to three- times greater
than the income-cancer survival association in the included population. Selection bias was
also possible when the income-cancer survival association in the excluded population was the
reverse of the included population, e.g. high-income people in the excluded population had
poorer survival compared to low-income people. Ethnicity was missing in less than 1% of all
unit record data, a much less likely scenario for selection bias to effect the ethnicity-cancer
survival associations observed in this present study.
The second way in which data were restricted in this study was through exclusion of people
who were not linked to linked Census-cancer records, i.e. selection bias from excluding people
newly diagnosed with cancer who were not linked to Census records was also possible. The
issue of selection bias from incomplete linkage was not specifically analysed in this present
study, but has been discussed in published cancer incidence studies published by Cancer
Trends investigators.(113, 230-232) Briefly, these published data suggest that the proportion
of individuals excluded from the analysis can rise to levels where such selection bias becomes
more likely, as seen in the examples in Chapter 6. Approximately 20% of people newly
diagnosed with cancer in each Census period were unable to be probabilistically linked to
Census records. In other words, the ethnicity- and income-cancer associations in this study
were estimated with 80% of all data contained in the New Zealand Cancer Registry. It is
possible to assume that the findings from the sensitivity analyses undertaken for missing
income records could also apply to the exclusion of people who were unable to be linked to
Census records. For example, selection bias from incomplete Census-cancer linkage would
be possible if people not linked to Census records had a two- or three-fold greater ethnic or
income gap compared to those people linked to Census records, or if the ethnic- or incomeassociation was reversed in people not linked to Census records. Although not quantified, it is
possible in this study that excluding cancer records not linked to Census data may have led to
selection bias. Moreover, for selection bias to affect analyses of changes over time in ethnic
and socioeconomic inequalities in survival would require varying amounts of selection bias
over time, which seems again unlikely.
Confounding
In this present, the main objective was to determine best estimates of the ethnicity- and
income-cancer survival association, and any change over time in ethnic and socioeconomic
inequalities in cancer survival. Relative survival was first used to assess ethnic and income
gaps in cancer survival. A common approach when estimating the difference between two
groups in relative survival is to control for potential confounders using direct standardisation
techniques.(143) However, a main limitation of this approach is that the estimates derived
from direct standardisation become unstable with sparse data, such as the data used in this
study.(5) For example, it was difficult to apply known relative survival age-standardisation
techniques to the datasets in this study, as discussed in Chapter 5. An alternative approach to
control for confounding in estimating differences between groups in cancer survival is to model
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excess mortality rates, where adjustment for multiple covariates is possible. In this study,
estimation of ethnic and income excess mortality rate ratios were adjusted for sex, age group,
ethnicity (in the case of income cancer survival differences), calendar period, follow-up time,
interaction and age group and follow-up time.
It was possible that bias may have been introduced into the estimation of the ethnic and
income excess mortality rate ratios through residual confounding. Clinical stage at diagnosis is
one such unmeasured confounder in this present study. As noted earlier in this section, data
on extent of disease contained on the New Zealand Cancer Registry was unreliable for the
period of this study. A key disadvantage of the New Zealand Cancer Registry is that there is
poor data quality on clinical stage of disease or extent of disease, one of the significant
predictors of cancer survival. Prior to 1994, there were substantial problems with stage at
diagnosis data on the New Zealand Cancer Registry due to the lack of requirement for
laboratories to report these data (personal communication, Chris Lewis, Ministry of Health, 1
February 2012). According to the Ministry of Health in 1997, 66.6% of cancers (excluding
haematological cancers where stage is not relevant) had data on stage at cancer diagnosis.
This had increased to 69.2% by 2009. There is also large variation by cancer site in how much
stage at diagnosis is recorded on the New Zealand Cancer Registry. This is due to the large
variation in the quality of data for stage at cancer diagnosis sent to the Registry from
laboratories. From 1997, the stage at diagnosis data across cancers is more reliable (personal
communication, Chris Lewis, Ministry of Health, 1 February 2012). It is possible that the ethnic
and income excess mortality rate ratios are biased upwards by not including extent of disease
as a covariate in the excess mortality rate modelling. However, recent evidence reports that
differential health service utilisation is a more important factor in explaining ethnic inequalities
in cancer survival (29, 48, 54, 55, 233), suggesting that the bias introduced from residual
confounding from stage at diagnosis would be minimal.
Random error
A main limitation of this study in regards to random error was sparse data when grouped by
cancer site and subsequently stratified by ethnic and income group. This made it difficult in
many instances to detect statistically significant differences for individual cancers between
ethnic and income groups in 5-year relative survival and, to a lesser extent, excess mortality
rate ratios. Household income groups were more evenly distributed due to categorisation in
tertiles making sparse data less of a limitation of income-specific analysis. To overcome the
problem of sparse data after stratifying by ethnic or income group, I used inverse variance
weighting to estimate an excess mortality rate ratio that was interpreted as a weighted
average across all 21 cancers for ethnic and income inequalities in cancer survival, trends in
cancer survival, and any change over time in ethnic and income cancer survival inequalities.
Considering the strengths and limitations of the data and analysis used in this thesis and the
potential sources of systematic and random error in this thesis, it was considered that the
overall findings for trends in cancer survival by ethnic and socioeconomic group shown in this
thesis are likely to be valid.
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Areas for future investigation
This present study focused on three specific research objectives relating to trends in cancer
survival by ethnic and socioeconomic group. Given the large number of results presented in
this thesis, it was not possible to investigate a number of other possible research objectives
that arose during the research process. However, some of these possible research objectives
are discussed below.

Quantitative analyses
There are a number of priorities for research using quantitative methods evolving from the
work presented in this thesis. First, this thesis presented trends and inequalities in cancer
survival over a thirteen-year period. Detecting statistically significant changes in ethnic and
socioeconomic differences in cancer survival requires large populations analysed over a long
period. As a result, interpretation of statistically significant trends and inequalities in cancer
survival was limited. There are two possible data sources that could be used to extend the
time period analyses in this study. First, ethnic trends in cancer survival can probably be
ascertained reasonably accurately without linkage to the Census, so long as health data sets
continue to collect ethnicity in a manner that accords with Census collections. Second, the
income group analyses could be redone once 2004–2011 cancer registrations are linked to
Census data.
Second, a limitation of the excess mortality rate analyses presented here is that clinical stage
or extent of disease data was not reliably measured on the NZCR during the cancer
registration period examined in this study, and consequently not included as a covariate in the
excess mortality rate models in this thesis. Since the early 2000s, the quality of extent of
disease data on the NZCR has improved (personal communication, Chris Lewis, Ministry of
Health, 2012). If more up-to-date relative survival and excess mortality analyses were
undertaken, extent of disease data would be more accurately recorded and therefore could be
included as a covariate in the excess mortality rate modelling. This would improve the
interpretation of these study findings, particularly those in relation to ethnic and income
inequalities in cancer survival including the ability to assess the contribution of stage at
diagnosis to those inequalities. Improvements over time in clinical staging and extent of
disease data would also make the quantification of lead-time bias in cancer survival trend data
possible. However, it would be important to also consider the limitations in the quality of the
extent of disease data and the degree to which they accurately represent ‘true’ clinical stage at
diagnosis.
Third, this thesis presented analyses from simulated data developed considering the impact of
absolute and relative effect measures (Chapter 2) and the potential of non-comparability bias
when estimating trends in cancer survival by social group (Chapter 3). These simulated data
and simple analyses were sufficient for demonstrating the underlying conceptual issues
relevant to this thesis. Further, biases in cross-sectional work are now relatively well
understood.(5, 43, 45, 234) However, little has been published in the literature using cancer
registry data to assess the impact of absolute and relative differences in net cancer survival
and the impact of the non-comparability bias when measuring trends in cancer survival
inequalities. The observed and expected survival and mortality data assembled for this thesis
provides an important opportunity for undertaking further analyses to quantify the bias
resulting from using general population compared to social group-specific life tables when
measuring ethnic and socioeconomic trends in cancer survival. The results of these bias
analyses would be a valuable contribution to the field of relative survival methodology.
Fourth, more generic epidemiological methods could be used to investigate how the increases
or decreases in excess mortality rates could be quantified and communicated in terms of an
increase or decrease in the risk of mortality following a cancer diagnosis. For instance, this
study reported that there was a 26% reduction in the excess mortality rate for patients
diagnosed in 2001 compared to patients diagnosed in 1991, but what is the equivalent value
of the reduction in risk of mortality following a cancer diagnosis?
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Qualitative methodologies
There are also a number of possible research topics using qualitative methods evolving from
the work presented in this thesis. First, little is understood about when improved early
detection, screening, diagnostic and treatment technologies were introduced in New Zealand.
This is a large gap in knowledge. Accurately capturing treatment principles for cancer in New
Zealand – including any changes over time in treatment principles – was not able to be
systematically or comprehensively undertaken in this thesis. However, substantial efforts were
made to collect relevant data for breast, colorectal and lung cancers. Interpretation of changes
over time in cancer survival and the changes over time in cancer survival inequalities would be
improved if the introduction and diffusion over time of different cancer technologies were
systematically and comprehensively documented.
Second, little is also understood about how policy makers, health sector agencies, cancer care
clinicians and cancer patients interpret and utilise population-based cancer survival data.
Given that cancer survival is an important indicator of cancer treatment services, and that
relative survival estimates (including total population, ethnic group, and socioeconomic group
analyses) have been widely available since the mid 2000s, and that allocation of resources to
improve cancer services remains a high priority (235), it is important to understand the extent
to how cancer survival data is being utilised and interpreted for policy making. A number of
questions could be asked of policy makers and clinicians including what are the uses made of
current data, the benefits of having relative survival and excess mortality data, their
understanding of the strengths and limitations of the underlying methods, and what are the
barriers that could be addressed to ensure that cancer survival research is a core output
considered in cancer policy decision-making processes.

Combined methodologies
The initial conception at the start of this thesis was to combine quantitative and qualitative
methods to answer questions about ethnic and socioeconomic trends in cancer survival (using
quantitative methods) and about how policy makers and cancer clinicians interpret these trend
data and the implications for decision-making processes in health policy (using qualitative
methods). The scope of this thesis was reduced to focus on the quantitative aspect. However,
I propose that combining quantitative and qualitative methods in research design to investigate
the relationship between epidemiological evidence and policy will become increasingly
relevant. There would be benefits to both researchers and policy makers. For instance, a
combined quantitative and qualitative approach would increase policy makers’ understanding
of the cancer survival research methods (and the limitations of these methods), therefore
increasing their ability to accurately inform the decision-making process so that they are aware
of the quality of evidence and implications for health system resource allocation. Combined
quantitative and qualitative methodologies could also be used to further investigate reasons
why ethnic and socioeconomic inequalities in cancer survival exist in New Zealand, even after
taking into account relevant prognostic factors.
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Conclusion
Improving outcomes for people newly diagnosed with cancer is an important challenge for the
public health community. Unlike cancer incidence or mortality estimates, cancer survival data
provides important information about whether health services are performing optimally for
people diagnosed with cancer. In New Zealand, the evidence for ethnic and socioeconomic
inequalities in cancer survival is well established; specifically that Māori and low
socioeconomic position groups have poorer survival compared to non-Māori and high
socioeconomic position groups respectively. Less has been understood about whether cancer
survival is improving over time and whether ethnic and socioeconomic inequalities in cancer
survival are narrowing or widening over time.
In this present study, I utilised de-identified individual tumour record records that were linked
to New Zealand census data over time to investigate trends in cancer survival by ethnic and
socioeconomic group. This enabled analyses of cancer survival trends using individual-level
data on ethnicity and income from Census records, an approach not used to date in New
Zealand studies of cancer survival. In addition, linked Census and mortality records and official
life table data were combined to estimate survival and mortality for the non-cancer population
matched by age, sex, calendar period, ethnicity and/or income. I applied established statistical
analytical approaches, such as estimation of 5-year relative survival and modelling of excess
mortality rates, to investigate these trends in cancer survival. However to my knowledge, no
other study in New Zealand or internationally has simultaneously assess trends in cancer
survival by ethnic and socioeconomic group, measured as absolute and relative differences on
the relative survival or excess mortality rate scales.
The methods, data and analytical approaches utilised in this thesis provide novel ways in New
Zealand of measuring trends in cancer survival by ethnic and socioeconomic group. First, it
was possible to use linked Census-cancer records to ascertain individual-level data on
ethnicity and equivalised household income. Previous New Zealand studies have used
ethnicity as recorded on the New Zealand Cancer Registry and the New Zealand Deprivation
Index, an area-based measure for socioeconomic position. Second, linked Census-mortality
data enabled the construction of data for the non-cancer population that were comparable to
cancer population, in particular accounting for ethnic and socioeconomic variation in
background mortality rates. Third, was the use of absolute and relative effect measures to
investigate trends in cancer survival by ethnic and socioeconomic group. This was particularly
important as different interpretations of the change over time in cancer inequalities can be
made depending on whether absolute or relative measures are calculated. Fourth, recognising
the limitations of the bounded relative survival scale, this study also measured trends in
cancer survival by ethnic and income group on the excess mortality rate scale. Fifth, it was
possible to apply inverse variance weighting methods to estimate trends in cancer survival by
ethnic and socioeconomic group pooled across cancer sites.
There were three main findings from this present study. First, pooled across cancers there
was evidence for ethnic and, to a lesser extent, socioeconomic inequalities in cancer survival
up to 5 years following a cancer diagnosis. These inequalities are likely to stem from
differences between ethnic and income groups in timing and quality of treatment, comorbidities, stage at diagnosis, and possibly tumour biology.
Unlike data from countries other than New Zealand, there was little evidence in this study for
ethnic and income inequalities in cancer survival being greater shortly after diagnosis or for
cancer survival inequalities diminishing at later follow-up periods. Second, cancer survival
improved over time when measured for all ethnic and income groups combined. These
improvements are likely to be explained by earlier diagnosis for some cancers through
improvements in cancer detection and screening as well as improvements in cancer
treatment. Third, pooled across cancers there was evidence for a widening over time of
relative differences in excess mortality comparing the lowest- to the highest-income groups.
Trends in cancer survival inequalities most likely reflect different speeds at which the most and
least advantaged cancer populations access health and cancer treatment services. In this
Trends in Cancer Survival by Ethnic and Socioeconomic Group

258

study, the highest-income group had faster reductions in excess mortality over time such that
the income difference increased over time, possibly due to the highest-income group having
faster access to and uptake of processes and treatments that benefit cancer survival.
The results of this study address an important gap in knowledge about trends in cancer
survival by ethnic and socioeconomic group. However, these empirical results do not fully
explore the reasons for these inequalities, the improvements in cancer survival over time, or
the changes over time in cancer survival inequalities. While published and emerging New
Zealand data provides useful data on explanations for ethnic and income inequalities in cancer
survival, less is understood about the specific mechanisms underlying changes over time in
cancer survival or the changes over time in cancer survival inequalities. Published evidence
from countries other than New Zealand offer insights as to the mechanisms for these trends.
However, these assumptions are yet to be tested on New Zealand data.
In conclusion, there is sufficient evidence from this present study regarding ethnic and
socioeconomic inequalities in cancer survival – and trends in those inequalities – to
recommend constant vigilance and action by the health system to ensure that all ethnic and
income groups receive optimal cancer diagnosis and treatment services such that the ethnic
and socioeconomic inequalities in cancer survival narrow over time.
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Appendix 1: Statistical appendix
The main parameter values used in the sensitivity analyses to test the effect of selection bias
on the income-cancer survival association presented in this thesis were shown in the last
section of Chapter 6. This statistical appendix details the formula used to calculate 5-year
relative survival and equivalent excess mortality rate values for the high-and low-income
groups in the unobserved and total population groups. The formulae to calculate percentage
bias are also shown in this statistical appendix.

5-year relative survival by income group in the unobserved population group
It was possible to model the 5-year relative survival values for each income group in the
unobserved population group. These values were calculated using the 5-year relative survival
values by income group in the observed population, and the 5-year relative survival in the total
population, and the population distribution of the observed and unobserved population groups,
and the set parameter for the absolute income gap in the unobserved population group (see
Table A1.1),
Table A1.1:

5-year relative survival values for breast cancer in the observed and the total
population groups (empirical data) and the income gap in the unobserved
population group
5-year relative survival

Total population group
Observed population group *
Highest-income group
Lowest-income group
Unobserved population group **

0.83
0.84
0.83
Data not available

Absolute gap in 5-year relative
survival
Data not available
-0.01
-0.01 ***

* The observed population group makes up 80% of the population.
** The unobserved population group makes up 20% of the population
** Where the RSRD in the unobserved population group is set at -0.01 (the same as in the observed population group) and there
was no difference between income groups whether income values were missing.

5-year relative survival for the lowest-income group in the unobserved population
group
An approximate 5-year relative survival was estimated for the lowest-income group in the
unobserved population group using the formula:
(𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑅𝑆𝑅 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 × % 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )
− (𝑅𝑆𝑅𝐷 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 × % ℎ𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )
𝐿𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑅𝑆𝑅 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 =
(% 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )

where, for example using the data in Table A1.1, the 5-year relative survival in the lowestincome group in the total “true” population would be calculated as
0.795 = (0.800 x 20%) - (0.01 x 10%) / (20%).
5-year relative survival for the highest-income group in the unobserved population
group
An approximate 5-year relative survival was estimated for the highest-income group in the
unobserved population group using the formula:
𝐻𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝑅𝑆𝑅

𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

= 𝐿𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑅𝑆𝑅 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 + 𝑅𝑆𝑅𝐷 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

where, for example using the data in Table A1.1, the 5-year relative survival in the highestincome group in the unobserved population group would be calculated as
0.805 = 0.795 + 0.01, where the RSRD was converted to a positive value such that the RSRD
was added to – rather than subtracted from - the 5-year relative survival for the lowest-income
group in the unobserved population group.
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5-year relative survival by income group in the total “true” population group
Using the 5-year relative survival values by income group in the observed and unobserved
population groups (see example from breast cancer in Table A1.2), it was possible to model
the 5-year relative survival values for each income group in the total “true” population group.
Table A1.2:

5-year relative
survival

5-year relative survival values by income group for breast cancer in the
observed (empirical data) and unobserved (modelled) population groups
Observed population group *
Highest-income
Lowest-income
group
group
0.84 (40% of
0.83 (40% of
population)
population)

Unobserved population group **
Highest-income
Lowest-income
group
group
0.805 (10% of
0.795 (10% of
population)
population)

* The observed population group makes up 80% of the population.
** The unobserved population group makes up 20% of the population

5-year relative survival for the lowest-income group in the “true” population group
An approximate 5-year relative survival was estimated for the lowest-income group in the total
“true” population using the formula:

𝐿𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑅𝑆𝑅

𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

(𝐿𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑅𝑆𝑅 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 × % 𝑙𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )
+ (𝐿𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑅𝑆𝑅 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 × % 𝑙𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )
=
(% 𝑙𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 + % 𝑙𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )

where, for example using the data in Table A1.2, the 5-year relative survival in the lowestincome group in the total “true” population would be calculated as
0.823 = (0.830 x 40%) + (0.795 x 10%) / (40% + 10%).
5-year relative survival for the highest-income group in the “true” population group
Similarly, an approximate 5-year relative survival was estimated for the highest-income group
in the total “true” population using the formula:

𝐻𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝑅𝑆𝑅

𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

(𝐻𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝑅𝑆𝑅 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 × % ℎ𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )
+ (𝐻𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝑅𝑆𝑅 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 × % ℎ𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )
=
(% ℎ𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 + % ℎ𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )

where, for example using the data in Table A1.2, the 5-year relative survival in the highestincome group in the total “true” population would be calculated as
0.833 = (0.840 x 40%) + (0.8055 x 10%) / (40% + 10%).
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Equivalent excess mortality rates by income group in the observed, unobserved
and total “true” population groups
All 5-year relative survival values by income group in the observed and unobserved population
groups were converted to their equivalent excess mortality rates using the formula, -ln(5-year
relative survival). Notably this rate is per 5 years rather than the average annual excess
mortality rate. The primary interest from this sensitivity analyses was on the relative difference
between low- and high-income groups in excess mortality rates calculated from the observed
and “true” population groups. It was considered that – in this case – conversion to the average
annual excess mortality rate was not necessary for the purpose of the sensitivity analyses.
Using the values estimated for excess mortality rates by income group in the observed and
unobserved population groups (see example from breast cancer in Table A1.3), it was
possible to model the excess mortality rates for each income group in the total “true”
population group.
Table A1.3:

Equivalent
excess mortality
rate

Estimated excess mortality rate values by income group for breast cancer in the
observed and unobserved population groups
Observed population group *
Highest-income
Lowest-income
group
group
0.174 (40% of
0.186 (40% of
population)
population)

Unobserved population group **
Highest-income
Lowest-income
group
group
0.217 (10% of
0.229 (10% of
population)
population)

* Where the observed population group makes up 80% of the total population and the unobserved population group makes up the
remaining 20% of the total population.
** Where the RSRD in the unobserved population group is set at -0.01 (the same as in the observed population group) and there
was no difference between income groups whether income values were missing.

Excess mortality rates for the lowest-income group in the “true” population group
An approximate excess mortality rate up to 5 years after diagnosis was estimated for the
lowest-income group in the total “true” population using the formula:

𝐿𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝐸𝑀𝑅 𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

(𝐿𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝐸𝑀𝑅 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 × % 𝑙𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )
+ (𝐿𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝐸𝑀𝑅 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 × % 𝑙𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )
=
(% 𝑙𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 + % 𝑙𝑜𝑤 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )

where, for example using the data in Table A1.3, the excess mortality rate in the lowestincome group in the total “true” population would be calculated as
0.196 = (0.186 x 40%) + (0.229 x 10%) / (40% + 10%).
Excess mortality rates for the highest-income group in the “true” population group
An approximate excess mortality rate up to 5 years after diagnosis was estimated for the
highest-income group in the total “true” population using the formula:

𝐻𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝐸𝑀𝑅 𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

(𝐻𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝐸𝑀𝑅 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 × % ℎ𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )
+(𝐻𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝐸𝑀𝑅 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 × % ℎ𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝 𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )
=
(% ℎ𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 + % ℎ𝑖𝑔ℎ 𝑖𝑛𝑐𝑜𝑚𝑒 𝑔𝑟𝑜𝑢𝑝𝑢𝑛𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )

where, for example, using the data in Table A1.3, the excess mortality rate in the highestincome group in the total “true” population would be calculated as
0.183 = (0.174 x 40%) + (0.217 x 10%) / (40% + 10%).
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Absolute and relative effect measures on the relative survival and excess
mortality rate scales
Two sets of data on the income-cancer survival association were calculated (Table A1.3).
The first set of data was the income-cancer survival association from empirical observed
population group data, where the RSRD and EMRR values were calculated. These RSRD
values provided the ‘baseline’ of the income-cancer survival association to compare against
the modelled estimates.
The second set of data was the RSRD and EMRR values calculated from the total “true”
population group data. RSRD and EMRR values were calculated for each combination of the
parameter values set for the RSRD in the unobserved population group and the differences in
the degree of missingness between income groups. For example for breast cancer, one set of
RSRD and EMRR values was calculated where the RSRD in the unobserved population group
was the same in the observed group (-0.01) and where there were no differences between
income groups in whether income data were missing (rate ratio of 1.00). The RSRD and
EMRR values were repeatedly calculated for each change in one or both of these parameters.
Table A1.3:

Absolute and relative effect measures using to calculate the difference between
observed and “true” population group data for the income-cancer survival
association
Absolute effect measure:

Relative
survival scale

RSRD* in
observed
population group
data
Calculated using
empirical data

Relative effect measure

RSRD* in total
“true”
population group
data
Calculated for
each parameter
combination of
RSRD in the
unobserved
population group
AND the
differences in the
degree of
missingness of
data by income
group

Excess
mortality rate
scale

EMRR** in
observed
population group
data
Calculated using
empirical data

EMRR** in total
“true”
population group
data
Calculated for
each parameter
combination of
RSRD in the
unobserved
population group
AND the
differences in the
degree of
missingness of
data by income
group

* Relative survival ratio difference (RSRD). ** Excess mortality rate ratio (EMRR)
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Percentage bias
The primary interest from the sensitivity analyses was to compare the absolute and relative
effect measures for the income-cancer survival association calculated using the empirical
observed population group data (approximately 80% of the population) and the modelled total
“true” population group data. This comparison was measured as a percentage bias.
The percentage bias for the absolute difference in 5-year relative survival (the RSRD) was
calculated using the formula
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑏𝑖𝑎𝑠 =

(𝑅𝑆𝑅𝐷𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )
(𝑅𝑆𝑅𝐷 "𝑡𝑟𝑢𝑒" 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 )

− 100%

where, for example, if the RSRD in the observed population group was -0.030 and the RSRD
in the “true” population group was -0.028, then the percentage bias would be 7%= (-0.030 / 0.028) - 100%, or the observed population group data over-estimated the “true” absolute gap
in 5-year relative survival by 7%.
A minor adjustment was made to this formula to account for the fact that unity equals 1.00 in
the relative difference in excess mortality rates (the EMRR), with the formula

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑏𝑖𝑎𝑠 =

(𝐸𝑀𝑅𝑅𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 − 1)
(𝐸𝑀𝑅𝑅 "𝑡𝑟𝑢𝑒" 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 − 1)

− 100%

where, for example, if the EMRR in the observed population group was 1.35 and the EMRR in
the “true” population group was 1.375, then the percentage bias would be
-7% = (1.35 – 1.00) / (1.375 – 1.00) – 100%, or the observed population group data underestimated the “true” relative gap in the excess mortality rate by -7%.
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Appendix 2: Number of people included in relative survival analyses by ethnic and
income group
Table A2.1:

Number of people included in relative survival analyses by ethnic group (1991-1996, 1996-2001, 2001-2004)

Cancer site

Calendar period of diagnosis
1991–1996
Non-Māori

Bladder
Brain
Breast (female)
Cervix
Colorectum
Head, neck and larynx
Hodgkin’s lymphoma
Kidney, ureter and urethra
Leukaemia
Liver
Lung, trachea and bronchus
Melanoma
Non-Hodgkin’s lymphoma
Oesophagus
Ovary
Pancreas
Prostate
Stomach
Testis
Thyroid gland
Uterus

1680
678
5910
626
8223
1263
162
837
1179
237
4563
4539
1425
663
837
864
5817
1089
279
285
801

1996–2001
Māori

Non-Māori
45
36
528
164
237
84
18
60
102
54
564
69
69
42
72
57
189
135
69
36
75

2001–2004
Māori

2007
729
7374
584
9009
1326
186
999
1596
300
4464
5757
1944
705
912
912
9486
1206
288
480
978
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Non-Māori
63
36
810
161
360
108
24
69
102
78
729
123
141
48
102
90
435
180
99
93
114

1713
633
6750
368
7656
1002
201
894
1638
303
3681
5505
1671
630
723
735
7605
909
309
405
852

Māori
63
51
531
84
315
111
24
69
126
75
648
99
108
51
63
72
429
159
72
69
108
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Table A2.2:

Number of people included in relative survival analyses by income group (1991-1996, 1996-2001, 2001-2004)

Cancer site

Calendar period of diagnosis
1991–1996
High-income

Bladder
Brain
Breast (female)
Cervix
Colorectum
Head, neck and larynx
Hodgkin’s lymphoma
Kidney, ureter and urethra
Leukaemia
Liver
Lung, trachea and bronchus
Melanoma
Non-Hodgkin’s lymphoma
Oesophagus
Ovary
Pancreas
Prostate
Stomach
Testis
Thyroid gland
Uterus

420
192
1560
127
2133
273
51
219
309
63
969
1413
402
150
243
204
1779
267
90
69
192

Mediumincome
780
234
2313
223
3513
510
57
360
522
108
2151
1704
567
285
318
384
2715
519
108
120
321

1996–2001
Low-income
336
195
1698
288
1938
390
39
204
276
75
1389
948
351
189
234
216
939
282
81
87
246

Highincome
480
225
2142
140
2406
285
63
258
444
66
897
1818
540
156
240
201
3036
279
105
147
249

Mediumincome

2001–2004
Lowincome

774
234
2577
210
3444
465
57
354
606
117
1812
1962
726
288
336
351
3381
507
90
147
336
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549
198
2199
256
2349
426
54
297
408
117
1704
1347
501
207
288
279
2271
369
120
150
303

High-income
459
219
2220
111
2100
243
75
264
456
63
861
2007
504
150
180
192
2631
243
123
123
225

Mediumincome
582
174
2007
110
2394
282
57
288
537
114
1227
1611
504
201
216
249
2460
330
99
132
246

Lowincome
510
171
2076
129
2334
369
57
270
501
117
1494
1254
498
210
258
252
1950
306
96
129
312
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Appendix 3: 1-year and 5-year relative survival by
ethnic and income group, 1991-2004
Cancer of the bladder (ICD code 67)

Figure A3.1:

1-year and 5-year relative survival for people diagnosed with
bladder cancer, 1991-2004 with follow-up to 2006, by ethnic and
income group

1-year relative survival, by ethnic group

1-year relative survival, by income group

1.00

1.00

0.90

0.90

0.80

0.80

0.70

0.70

0.60

0.60

Relative
0.50
survival ratio
0.40

Relative
0.50
survival ratio

0.30

0.30

0.40

0.20

0.20

0.10

0.10

0.00
Patients diagnosedPatients diagnosedPatients diagnosed
1991–1996
1996–2001
2001–2004

Non-Māori

Māori

5-year relative survival, by ethnic group

0.00
Patients diagnosedPatients diagnosedPatients diagnosed
1991–1996
1996–2001
2001–2004
High-income group

Low-income group

5-year relative survival, by income group

1.00

1.00

0.90

0.90

0.80

0.80

0.70

0.70

0.60

0.60

Relative
0.50
survival ratio

Relative
0.50
survival ratio

0.40

0.40

0.30

0.30

0.20

0.20

0.10

0.10

0.00

Medium-income group

0.00
Patients diagnosedPatients diagnosedPatients diagnosed
1991–1996
1996–2001
2001–2004

Non-Māori

Māori

Trends in Cancer Survival by Ethnic and Socioeconomic Group

Patients diagnosedPatients diagnosedPatients diagnosed
1991–1996
1996–2001
2001–2004
High-income group

Medium-income group

Low-income group

275

Table A3.1:

1-year and 5-year relative survival for people diagnosed with bladder
cancer, 1991-2004 with follow-up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.84 (0.82,0.86)

0.86 (0.84,0.88)

0.87 (0.85,0.88)

Māori

0.78 (0.61,0.90)

0.87 (0.74,0.95)

0.82 (0.69,0.91)

Non-Māori

0.67 (0.64,0.70)

0.72 (0.69,0.75)

0.72 (0.68,0.75)

Māori

0.76 (0.54,0.93)

0.72 (0.55,0.87)

0.82 (0.64,0.96)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

1-year

-0.06

0.01

-0.05

5-years

0.09

0.00

0.10

Socioeconomic trends
in relative survival
1 year

5 year

Income gap

High-income

0.85 (0.81,0.89)

0.87 (0.83,0.90)

0.89 (0.86,0.92)

Medium-income

0.85 (0.82,0.88)

0.85 (0.82,0.88)

0.88 (0.85,0.91)

Low-income

0.83 (0.78,0.87)

0.87 (0.84,0.90)

0.85 (0.81,0.88)

High-income

0.68 (0.62,0.74)

0.74 (0.69,0.79)

0.75 (0.69,0.81)

Medium-income

0.68 (0.63,0.73)

0.73 (0.68,0.78)

0.81 (0.74,0.87)

Low-income

0.72 (0.65,0.79)

0.75 (0.69,0.80)

0.66 (0.59,0.73)

1-year

-0.02

0.00

-0.04

5-year

0.04

0.01

-0.09

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.

Trends in Cancer Survival by Ethnic and Socioeconomic Group

276

Cancer of the brain (ICD code 71)

Figure A3.2:

2

1-year and 5-year relative survival for people diagnosed with
brain cancer, 1991-2004 with follow up to 2006, by ethnic and
income group
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Only malignant brain tumours were included in the brain cancer survival analyses. This may differ from international
estimates of brain cancer survival as benign brain tumours are generally included in survival analyses; this may be
explored in future analyses from this study.

Trends in Cancer Survival by Ethnic and Socioeconomic Group

277

Table A3.2:

1-year and 5-year relative survival for people diagnosed with brain
cancer, 1991-2004 with follow up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.30 (0.27,0.33)

0.31 (0.28,0.35)

0.33 (0.29,0.37)

Māori

0.47 (0.30,0.62)

0.50 (0.32,0.66)

0.35 (0.23,0.48)

Non-Māori

0.14 (0.11,0.17)

0.15 (0.12,0.17)

0.13 (0.10,0.17)

Māori

0.28 (0.15,0.43)

0.39 (0.23,0.55)

0.13 (0.06,0.25)

1-year

0.17

0.19

0.02

5-year

0.14

0.24

0.00

High-income

0.27 (0.21,0.34)

0.35 (0.29,0.42)

0.39 (0.32,0.45)

Medium-income

0.28 (0.22,0.34)

0.26 (0.20,0.32)

0.28 (0.22,0.35)

Low-income

0.33 (0.26,0.40)

0.31 (0.25,0.38)

0.31 (0.24,0.38)

High-income

0.13 (0.09,0.19)

0.14 (0.10,0.19)

0.14 (0.09,0.20)

Medium-income

0.12 (0.08,0.17)

0.11 (0.08,0.16)

0.11 (0.06,0.18)

Low-income

0.17 (0.12,0.22)

0.15 (0.10,0.20)

0.09 (0.05,0.16)

1-year

0.06

-0.04

-0.08

5-year

0.04

0.01

-0.05

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the breast (ICD code 50)

Figure A3.3: 1-year and 5-year relative survival for women diagnosed with breast
cancer, 1991-2004 with follow up to 2006, by ethnic and income group
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Table A3.3:

1-year and 5-year relative survival for women diagnosed with breast
cancer, 1991-2004 with follow up to 2006, by ethnic and income group

Survival time since cancer
diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.93 (0.93,0.94)

0.96 (0.95,0.96)

0.97 (0.97,0.98)

Māori

0.93 (0.90,0.95)

0.96 (0.94,0.97)

0.97 (0.95,0.98)

Non-Māori

0.76 (0.75,0.77)

0.83 (0.82,0.84)

0.87 (0.85,0.88)

Māori

0.70 (0.65,0.74)

0.78 (0.75,0.82)

0.83 (0.78,0.87)

Ethnic trends in relative survival
1-year

5-year

Ethnic gap

1-year

0.00

0.00

0.00

5-year

-0.06

-0.05

-0.04

Socioeconomic trends in relative survival
1-year

5-year

Income gap

High-income

0.94 (0.93,0.95)

0.97 (0.96,0.98)

0.98 (0.97,0.99)

Medium-income

0.94 (0.93,0.95)

0.96 (0.95,0.97)

0.98 (0.97,0.98)

Low-income

0.92 (0.91,0.94)

0.96 (0.95,0.97)

0.97 (0.96,0.98)

High-income

0.77 (0.74,0.79)

0.84 (0.83,0.86)

0.88 (0.86,0.90)

Medium-income

0.77 (0.75,0.80)

0.83 (0.81,0.85)

0.86 (0.83,0.88)

Low-income

0.75 (0.72,0.77)

0.83 (0.81,0.85)

0.87 (0.84,0.90)

1-year

-0.02

-0.01

-0.01

5-year

-0.02

-0.01

-0.01

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the cervix (ICD code C53)

Figure A3.4: 1-year and 5-year relative survival for women diagnosed with cervical
cancer, 1991-2004 with follow up to 2006, by ethnic and income group
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Table A3.4:

1-year and 5-year relative survival for women diagnosed with cervical
cancer, 1991-2004 with follow up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.88 (0.85,0.90)

0.91 (0.88,0.93)

0.89 (0.85,0.92)

Māori

0.84 (0.78,0.89)

0.84 (0.77,0.89)

0.83 (0.73,0.90)

Non-Māori

0.67 (0.63,0.70)

0.75 (0.71,0.79)

0.75 (0.70,0.80)

Māori

0.64 (0.56,0.72)

0.68 (0.60,0.75)

0.68 (0.54,0.79)

1-year

-0.04

-0.07

-0.06

5-year

-0.03

-0.07

-0.07

High-income

0.88 (0.81,0.93)

0.87 (0.80,0.92)

0.91 (0.84,0.95)

Medium-income

0.89 (0.84,0.93)

0.92 (0.87,0.95)

0.87 (0.79,0.93)

Low-income

0.88 (0.83,0.91)

0.91 (0.87,0.94)

0.87 (0.80,0.92)

High-income

0.71 (0.62,0.79)

0.77 (0.69,0.84)

0.83 (0.74,0.89)

Medium-income

0.66 (0.59,0.72)

0.76 (0.69,0.82)

0.71 (0.61,0.80)

Low-income

0.65 (0.59,0.71)

0.74 (0.68,0.80)

0.72 (0.62,0.80)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

1-year

0.00

0.04

-0.04

5-year

-0.06

-0.03

-0.11

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.

Trends in Cancer Survival by Ethnic and Socioeconomic Group

282

Cancer of the colon, rectum and anus (ICD codes C18–21)

Figure A3.5: 1-year and 5-year relative survival for people diagnosed with colorectal
cancer, 1991-2004 with follow up to 2006, by ethnic and income group
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Table A3.5:

1-year and 5-year relative survival for people diagnosed with colorectal
cancer, 1991-2004 with follow up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.78 (0.77,0.79)

0.80 (0.79,0.81)

0.81 (0.80,0.82)

Māori

0.70 (0.63,0.75)

0.79 (0.74,0.83)

0.74 (0.69,0.79)

Non-Māori

0.56 (0.55,0.57)

0.62 (0.61,0.63)

0.64 (0.62,0.66)

Māori

0.38 (0.31,0.46)

0.54 (0.47,0.60)

0.55 (0.47,0.62)

1-year

-0.08

-0.01

-0.07

5-year

-0.18

-0.08

-0.09

High-income

0.77 (0.75,0.78)

0.83 (0.81,0.84)

0.84 (0.82,0.86)

Medium-income

0.77 (0.75,0.78)

0.80 (0.78,0.81)

0.81 (0.79,0.82)

Low-income

0.79 (0.77,0.81)

0.77 (0.76,0.79)

0.82 (0.80,0.83)

High-income

0.57 (0.55,0.60)

0.66 (0.63,0.68)

0.66 (0.63,0.69)

Medium-income

0.56 (0.54,0.58)

0.63 (0.61,0.65)

0.64 (0.61,0.67)

Low-income

0.56 (0.53,0.59)

0.58 (0.56,0.61)

0.65 (0.62,0.68)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

1-year

0.02

-0.06

-0.02

5-year

-0.01

-0.08

-0.01

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the head, neck and larynx (ICD codes C01–14, C30)

Figure A3.6: 1-year and 5-year relative survival for people diagnosed with head and
neck cancer, 1991-2004 with follow up to 2006, by ethnic and income
group
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Table A3.6:

1-year and 5-year relative survival for people diagnosed with head and
neck cancer, 1991-2004 with follow up to 2006, by ethnic and income
group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.81 (0.79,0.84)

0.83 (0.81,0.85)

0.82 (0.80,0.85)

Māori

0.73 (0.62,0.82)

0.78 (0.68,0.85)

0.85 (0.76,0.91)

Non-Māori

0.63 (0.59,0.66)

0.62 (0.59,0.65)

0.64 (0.60,0.68)

Māori

0.46 (0.34,0.57)

0.52 (0.41,0.63)

0.64 (0.52,0.75)

1-year

-0.08

-0.05

0.03

5-year

-0.17

-0.10

0.00

High-income

0.85 (0.80,0.89)

0.87 (0.82,0.90)

0.84 (0.79,0.88)

Medium-income

0.83 (0.79,0.86)

0.82 (0.78,0.86)

0.85 (0.80,0.89)

Low-income

0.80 (0.76,0.84)

0.82 (0.77,0.85)

0.83 (0.78,0.87)

High-income

0.62 (0.55,0.69)

0.63 (0.57,0.70)

0.67 (0.58,0.74)

Medium-income

0.69 (0.63,0.74)

0.61 (0.55,0.66)

0.71 (0.62,0.79)

Low-income

0.58 (0.52,0.63)

0.65 (0.59,0.70)

0.64 (0.57,0.71)

1-year

-0.05

-0.05

-0.02

5-year

-0.04

0.02

-0.03

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Hodgkin’s lymphoma (ICD code C81)

Figure A3.7: 1-year and 5-year relative survival for people diagnosed with Hodgkin’s
lymphoma, 1991-2004 with follow up to 2006, by ethnic and income
group
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Table A3.7:

1-year and 5-year relative survival for people diagnosed with Hodgkin’s
lymphoma, 1991-2004 with follow up to 2006, by ethnic and income
group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.90 (0.83,0.94)

0.89 (0.83,0.93)

0.89 (0.83,0.93)

Māori

1.01 (1.01,1.01)

1.00 (1.00,1.00)

1.01 (1.01,1.01)

Non-Māori

0.77 (0.69,0.84)

0.76 (0.69,0.82)

0.79 (0.71,0.86)

Māori

0.89 (0.61,1.01)

1.02 (1.02,1.02)

0.87 (0.47,1.00)

1-year

0.11

0.11

0.12

5-year

0.12

0.26

0.08

High-income

0.73 (0.65,0.80)

0.79 (0.72,0.84)

0.86 (0.78,0.91)

Medium-income

0.72 (0.66,0.78)

0.74 (0.67,0.79)

0.76 (0.67,0.83)

Low-income

0.76 (0.69,0.83)

0.76 (0.70,0.82)

0.84 (0.78,0.90)

High-income

0.67 (0.60,0.73)

0.67 (0.61,0.73)

0.70 (0.62,0.76)

Medium-income

0.72 (0.67,0.78)

0.63 (0.58,0.69)

0.72 (0.65,0.79)

Low-income

0.60 (0.54,0.65)

0.65 (0.59,0.70)

0.69 (0.63,0.74)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

1-year

0.03

-0.03

-0.02

5-year

-0.07

-0.02

-0.01

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the kidney, ureter and urethra (ICD codes C64–66, C68)

Figure A3.8: 1-year and 5-year relative survival for people diagnosed with kidney
cancer, 1991-2004 with follow up to 2006, by ethnic and income group
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Table A3.8:

1-year and 5-year relative survival for people diagnosed with kidney
cancer, 1991-2004 with follow up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.67 (0.64,0.70)

0.71 (0.68,0.74)

0.76 (0.73,0.79)

Māori

0.71 (0.58,0.81)

0.68 (0.55,0.78)

0.67 (0.54,0.77)

Non-Māori

0.52 (0.48,0.56)

0.56 (0.53,0.60)

0.61 (0.57,0.66)

Māori

0.51 (0.37,0.65)

0.52 (0.38,0.64)

0.49 (0.35,0.63)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

1-year

0.04

-0.03

-0.09

5-year

-0.01

-0.04

-0.12

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

High-income

0.60 (0.53,0.67)

0.72 (0.66,0.77)

0.78 (0.73,0.83)

Medium-income

0.70 (0.65,0.75)

0.70 (0.65,0.75)

0.76 (0.71,0.81)

Low-income

0.72 (0.65,0.78)

0.72 (0.67,0.77)

0.74 (0.68,0.79)

High-income

0.47 (0.39,0.54)

0.58 (0.51,0.65)

0.65 (0.57,0.72)

Medium-income

0.56 (0.49,0.62)

0.53 (0.46,0.59)

0.64 (0.56,0.71)

Low-income

0.56 (0.47,0.63)

0.59 (0.53,0.66)

0.58 (0.49,0.66)

1-year

0.12

0.00

-0.04

5-year

0.09

0.01

-0.07

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Leukaemia – all forms (ICD codes C91–C93)

Figure A3.9: 1-year and 5-year relative survival for people diagnosed with leukaemia,
1991-2004 with follow up to 2006, by ethnic and income group
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Table A3.9:

1-year and 5-year relative survival for people diagnosed with leukaemia,
1991-2004 with follow up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.60 (0.57,0.63)

0.71 (0.69,0.74)

0.78 (0.76,0.80)

Māori

0.59 (0.48,0.68)

0.73 (0.62,0.81)

0.78 (0.69,0.85)

Non-Māori

0.37 (0.34,0.40)

0.52 (0.49,0.55)

0.64 (0.60,0.67)

Māori

0.28 (0.20,0.38)

0.48 (0.37,0.59)

0.61 (0.48,0.73)

1-year

-0.01

0.02

0.00

5-year

-0.09

-0.04

-0.03

High-income

0.62 (0.56,0.68)

0.74 (0.69,0.78)

0.82 (0.78,0.86)

Medium-income

0.60 (0.55,0.64)

0.72 (0.68,0.76)

0.78 (0.74,0.82)

Low-income

0.57 (0.51,0.63)

0.68 (0.63,0.72)

0.79 (0.74,0.82)

High-income

0.40 (0.34,0.46)

0.55 (0.50,0.60)

0.67 (0.61,0.73)

Medium-income

0.36 (0.31,0.42)

0.52 (0.47,0.57)

0.64 (0.57,0.70)

Low-income

0.35 (0.29,0.41)

0.49 (0.43,0.55)

0.64 (0.57,0.70)

1-year

-0.05

-0.06

-0.03

5-year

-0.05

-0.06

-0.03

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the liver and intrahepatic bile ducts (ICD code C22)

Figure A3.10: 1-year and 5-year relative survival for people diagnosed with liver
cancer, 1991-2004 with follow up to 2006, by ethnic and income group
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Table A3.10: 1-year and 5-year relative survival for people diagnosed with liver
cancer, 1991-2004 with follow up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.20 (0.15,0.25)

0.29 (0.24,0.34)

0.33 (0.28,0.38)

Māori

0.23 (0.13,0.35)

0.26 (0.17,0.36)

0.31 (0.21,0.42)

Non-Māori

0.08 (0.05,0.13)

0.12 (0.09,0.17)

0.15 (0.11,0.21)

Māori

0.02 (0.00,0.09)

0.11 (0.05,0.20)

0.19 (0.09,0.32)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

1-year

0.03

-0.03

-0.02

5-year

-0.06

-0.01

0.04

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

High-income

0.18 (0.10,0.29)

0.31 (0.20,0.43)

0.30 (0.20,0.42)

Medium-income

0.20 (0.13,0.29)

0.28 (0.20,0.36)

0.30 (0.21,0.38)

Low-income

0.21 (0.12,0.31)

0.27 (0.19,0.35)

0.29 (0.21,0.38)

High-income

0.07 (0.02,0.15)

0.15 (0.07,0.25)

0.15 (0.05,0.30)

Medium-income

0.07 (0.03,0.13)

0.11 (0.06,0.18)

0.13 (0.07,0.21)

Low-income

0.10 (0.04,0.19)

0.12 (0.06,0.19)

0.17 (0.10,0.25)

1-year

0.03

-0.04

-0.01

5-year

0.03

-0.03

0.02

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the lung, trachea and bronchus (ICD codes C33–34)

Figure A3.11: 1-year and 5-year relative survival for people diagnosed with lung
cancer, 1991-2004 with follow up to 2006, by ethnic and income group
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Table A3.11: 1-year and 5-year relative survival for people diagnosed with lung
cancer, 1991-2004 with follow up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.30 (0.28,0.31)

0.32 (0.31,0.34)

0.33 (0.32,0.35)

Māori

0.29 (0.25,0.33)

0.26 (0.23,0.30)

0.30 (0.26,0.33)

Non-Māori

0.10 (0.09,0.11)

0.11 (0.10,0.12)

0.12 (0.11,0.14)

Māori

0.07 (0.05,0.10)

0.06 (0.04,0.08)

0.09 (0.07,0.12)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

1-year

-0.01

-0.06

-0.03

5-year

-0.03

-0.05

-0.03

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

High-income

0.31 (0.28,0.34)

0.34 (0.31,0.37)

0.37 (0.34,0.40)

Medium-income

0.28 (0.26,0.30)

0.31 (0.29,0.33)

0.32 (0.29,0.35)

Low-income

0.29 (0.26,0.31)

0.32 (0.30,0.35)

0.31 (0.29,0.34)

High-income

0.12 (0.10,0.14)

0.11 (0.09,0.14)

0.13 (0.10,0.16)

Medium-income

0.08 (0.07,0.10)

0.09 (0.08,0.11)

0.13 (0.10,0.15)

Low-income

0.09 (0.07,0.11)

0.11 (0.10,0.13)

0.11 (0.09,0.13)

1-year

-0.02

-0.02

-0.06

5-year

-0.03

0.00

-0.02

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Melanoma of the skin (ICD code C43)

Figure A3.13:

1-year and 5-year relative survival for people diagnosed with
melanoma, 1991-2004 with follow up to 2006, by ethnic and
income group
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Table A3.12: 1-year and 5-year relative survival for people diagnosed with melanoma,
1991-2004 with follow up to 2006, by ethnic and income group
Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.96 (0.96,0.97)

0.98 (0.97,0.98)

0.97 (0.96,0.97)

Māori

0.95 (0.86,0.99)

0.99 (0.93,1.01)

0.93 (0.85,0.97)

Non-Māori

0.88 (0.87,0.89)

0.91 (0.90,0.92)

0.90 (0.89,0.92)

Māori

0.88 (0.75,0.96)

0.94 (0.86,1.00)

0.87 (0.77,0.95)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

1-year

-0.01

0.01

-0.04

5-year

0.00

0.03

-0.03

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

High-income

0.96 (0.95,0.97)

0.98 (0.97,0.99)

0.98 (0.97,0.99)

Medium-income

0.97 (0.96,0.98)

0.99 (0.98,1.00)

0.97 (0.96,0.98)

Low-income

0.96 (0.94,0.97)

0.98 (0.96,0.99)

0.96 (0.94,0.97)

High-income

0.87 (0.85,0.90)

0.91 (0.89,0.92)

0.93 (0.90,0.95)

Medium-income

0.90 (0.87,0.92)

0.94 (0.91,0.96)

0.91 (0.88,0.94)

Low-income

0.87 (0.84,0.90)

0.93 (0.91,0.96)

0.92 (0.88,0.95)

1-year

0.00

0.00

-0.02

5-year

0.00

0.02

-0.01

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Non-Hodgkin’s lymphoma (ICD codes C82–85, C96)

Figure A3.13:

1-year and 5-year relative survival for people diagnosed with
Non-Hodgkin’s lymphoma, 1991-2004 with follow up to 2006, by
ethnic and income group
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Table A3.13: 1-year and 5-year relative survival for people diagnosed with NonHodgkin’s lymphoma, 1991-2004 with follow up to 2006, by ethnic and
income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.67 (0.65,0.70)

0.72 (0.70,0.75)

0.78 (0.76,0.80)

Māori

0.72 (0.59,0.81)

0.75 (0.67,0.82)

0.73 (0.63,0.80)

Non-Māori

0.44 (0.41,0.47)

0.52 (0.50,0.55)

0.60 (0.57,0.64)

Māori

0.51 (0.38,0.64)

0.55 (0.45,0.64)

0.58 (0.44,0.70)

1-year

0.05

0.03

-0.05

5-year

0.07

0.03

-0.02

High-income

0.66 (0.61,0.70)

0.77 (0.73,0.80)

0.82 (0.78,0.85)

Medium-income

0.67 (0.63,0.71)

0.71 (0.67,0.74)

0.77 (0.73,0.81)

Low-income

0.72 (0.67,0.77)

0.71 (0.67,0.75)

0.76 (0.72,0.80)

High-income

0.43 (0.38,0.49)

0.58 (0.53,0.63)

0.63 (0.57.0.68)

Medium-income

0.42 (0.37,0.47)

0.50 (0.46,0.55)

0.65 (0.58.0.70)

Low-income

0.47 (0.41,0.52)

0.52 (0.47,0.57)

0.57 (0.50,0.64)

1-year

0.06

-0.06

-0.06

5-year

0.04

-0.06

-0.06

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the oesophagus (ICD code C15)

Figure A3.14:

1-year and 5-year relative survival for people diagnosed with
oesophageal cancer, 1991-2004 with follow up to 2006, by ethnic
and income group
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Table A3.14: 1-year and 5-year relative survival for people diagnosed with
oesophageal cancer, 1991-2004 with follow up to 2006, by ethnic and
income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.31 (0.27,0.35)

0.30 (0.27,0.34)

0.35 (0.31,0.39)

Māori

0.10 (0.03,0.21)

0.12 (0.04,0.23)

0.23 (0.12,0.36)

Non-Māori

0.10 (0.08,0.13)

0.11 (0.08,0.13)

0.11 (0.09,0.15)

Māori

Missing

0.03 (0.00,0.12)

0.02 (0.00,0.15)

1-year

-0.21

-0.18

-0.12

5-year

Missing

-0.08

-0.09

High-income

0.28 (0.21,0.36)

0.36 (0.28,0.44)

0.39 (0.31,0.47)

Medium-income

0.28 (0.22,0.33)

0.27 (0.22,0.33)

0.36 (0.30,0.43)

Low-income

0.33 (0.26,0.40)

0.28 (0.22,0.35)

0.31 (0.25,0.38)

High-income

0.05 (0.02,0.10)

0.16 (0.10,0.22)

0.13 (0.08,0.20)

Medium-income

0.08 (0.05,0.12)

0.08 (0.05,0.12)

0.09 (0.04,0.15)

Low-income

0.14 (0.09,0.20)

0.11 (0.07,0.16)

0.08 (0.04,0.15)

1-year

0.05

-0.08

-0.08

5-year

0.09

-0.05

-0.05

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the ovary (ICD code C56)
Figure A3.15:

1-year and 5-year relative survival for women diagnosed with
ovarian cancer, 1991-2004 with follow up to 2006, by ethnic and
income group
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Table A3.15: 1-year and 5-year relative survival for women diagnosed with ovarian
cancer, 1991-2004 with follow up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.60 (0.57,0.63)

0.70 (0.67,0.73)

0.73 (0.69,0.76)

Māori

0.68 (0.56,0.78)

0.79 (0.69,0.86)

0.65 (0.52,0.76)

Non-Māori

0.32 (0.28,0.35)

0.42 (0.39,0.46)

0.43 (0.39,0.48)

Māori

0.42 (0.30,0.54)

0.53 (0.42,0.63)

0.48 (0.33,0.61)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

1-year

0.08

0.09

-0.08

5-year

0.10

0.11

0.05

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

High-income

0.63 (0.56,0.69)

0.74 (0.67,0.79)

0.81 (0.74,0.86)

Medium-income

0.58 (0.52,0.63)

0.67 (0.61,0.72)

0.74 (0.67,0.79)

Low-income

0.63 (0.57,0.69)

0.73 (0.67,0.78)

0.71 (0.64,0.76)

High-income

0.33 (0.27,0.39)

0.45 (0.38,0.51)

0.41 (0.33,0.50)

Medium-income

0.30 (0.25,0.36)

0.41 (0.36,0.47)

0.46 (0.37,0.54)

Low-income

0.34 (0.28,0.41)

0.47 (0.40,0.53)

0.45 (0.38,0.53)

1-year

0.00

-0.01

-0.10

5-year

0.01

0.02

0.04

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the pancreas (ICD code C25)

Figure A3.16:

1-year and 5-year relative survival for people diagnosed with
pancreatic cancer, 1991-2004 with follow up to 2006, by ethnic
and income group
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Table A3.16: 1-year and 5-year relative survival for people diagnosed with pancreatic
cancer, 1991-2004 with follow up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.15 (0.13,0.18)

0.17 (0.15,0.20)

0.18 (0.15,0.21)

Māori

0.23 (0.13,0.35)

0.14 (0.08,0.23)

0.13 (0.07,0.22)

Non-Māori

0.04 (0.03,0.06)

0.05 (0.04,0.07)

0.06 (0.04,0.08)

Māori

0.17 (0.08,0.28)

0.12 (0.06,0.20)

0.06 (0.01,0.13)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

1-year

0.08

-0.03

-0.05

5-year

0.13

0.07

0.00

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

High-income

0.24 (0.19,0.30)

0.23 (0.17,0.29)

0.17 (0.12,0.23)

Medium-income

0.13 (0.09,0.16)

0.18 (0.14,0.22)

0.17 (0.13,0.22)

Low-income

0.12 (0.08,0.17)

0.16 (0.12,0.21)

0.19 (0.14,0.24)

High-income

0.10 (0.06,0.15)

0.10 (0.06,0.15)

0.04 (0.01,0.08)

Medium-income

0.03 (0.01,0.05)

0.05 (0.03,0.08)

0.06 (0.03,0.10)

Low-income

0.04 (0.02,0.08)

0.05 (0.02,0.08)

0.07 (0.04,0.12)

1-year

-0.12

-0.07

0.02

5-year

-0.06

-0.05

0.03

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the prostate (ICD code C61)

Figure A3.17:

1-year and 5-year relative survival for men diagnosed with
prostate cancer, 1991-2004 with follow up to 2006, by ethnic and
income group
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Table A3.17: 1-year and 5-year relative survival for men diagnosed with prostate
cancer, 1991-2004 with follow up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.89 (0.88,0.90)

0.95 (0.94,0.95)

0.97 (0.97,0.98)

Māori

0.85 (0.78,0.90)

0.93 (0.89,0.96)

0.96 (0.92,0.98)

Non-Māori

0.71 (0.69,0.91)

0.85 (0.84,0.87)

0.92 (0.91,0.94)

Māori

0.66 (0.55,0.72)

0.83 (0.76,0.90)

0.95 (0.88,1.01)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

1-year

-0.04

-0.02

-0.01

5-year

-0.05

-0.02

0.03

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

High-income

0.88 (0.87,0.90)

0.96 (0.95,0.97)

0.98 (0.97,0.99)

Medium-income

0.90 (0.89,0.92)

0.94 (0.93,0.95)

0.97 (0.96,0.98)

Low-income

0.90 (0.87,0.92)

0.94 (0.92,0.95)

0.98 (0.96,0.99)

High-income

0.70 (0.67,0.73)

0.84 (0.83,0.86)

0.95 (0.93,0.97)

Medium-income

0.73 (0.70,0.76)

0.88 (0.85,0.90)

0.92 (0.89,0.95)

Low-income

0.69 (0.65,0.74)

0.86 (0.83,0.89)

0.94 (0.90,0.97)

1-year

0.02

-0.02

0.00

5-year

-0.01

0.02

-0.01

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the stomach (ICD code C16)

Figure A3.18:

1-year and 5-year relative survival for people diagnosed with
stomach cancer, 1991-2004 with follow up to 2006, by ethnic and
income group
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Table A3.18: 1-year and 5-year relative survival for people diagnosed with stomach
cancer, 1991-2004 with follow up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.37 (0.34,0.40)

0.41 (0.38,0.44)

0.42 (0.39,0.45)

Māori

0.34 (0.26,0.42)

0.34 (0.27,0.41)

0.45 (0.37,0.53)

Non-Māori

0.18 (0.15,0.20)

0.19 (0.16,0.21)

0.26 (0.22,0.29)

Māori

0.19 (0.12,0.27)

0.21 (0.15,0.28)

0.31 (0.23,0.40)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

1-year

-0.03

-0.07

0.03

5-year

0.01

0.02

0.05

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

High-income

0.41 (0.35,0.47)

0.49 (0.42,0.54)

0.44 (0.38,0.50)

Medium-income

0.35 (0.31,0.39)

0.36 (0.32,0.40)

0.41 (0.36,0.47)

Low-income

0.37 (0.31,0.43)

0.39 (0.34,0.44)

0.40 (0.34,0.45)

High-income

0.18 (0.13,0.23)

0.24 (0.19,0.30)

0.26 (0.19,0.32)

Medium-income

0.16 (0.12,0.20)

0.15 (0.12,0.19)

0.24 (0.18,0.31)

Low-income

0.19 (0.14,0.25)

0.22 (0.17,0.27)

0.26 (0.20,0.32)

1-year

-0.04

-0.10

-0.04

5-year

0.01

-0.02

0.00

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the testis (ICD code C62)

Figure A3.19:

1-year and 5-year relative survival for men diagnosed with
testicular cancer, 1991-2004 with follow up to 2006, by ethnic
and income group
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Table A3.19: 1-year and 5-year relative survival for men diagnosed with testicular
cancer, 1991-2004 with follow up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.98 (0.95,0.99)

0.98 (0.95,0.99)

0.97 (0.95,0.99)

Māori

0.96 (0.87,0.99)

0.97 (0.91,0.99)

0.92 (0.82,0.96)

Non-Māori

0.95 (0.92,0.98)

0.97 (0.93,0.99)

0.97 (0.94,0.99)

Māori

0.93 (0.83,0.98)

0.94 (0.86,0.98)

0.92 (0.82,0.97)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

1-year

-0.02

-0.01

-0.05

5-year

-0.02

-0.03

-0.05

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

High-income

0.96 (0.89,0.99)

0.99 (0.94,1.00)

0.98 (0.93,0.99)

Medium-income

1.00 (0.94,1.00)

0.97 (0.90,0.99)

0.98 (0.93,1.00)

Low-income

0.96 (0.88,0.99)

0.96 (0.91,0.99)

0.96 (0.89,0.99)

High-income

0.94 (0.86,0.98)

0.97 (0.90,0.99)

0.98 (0.92,1.00)

Medium-income

0.98 (0.92,1.01)

0.97 (0.90,1.00)

1.00 (0.94,1.01)

Low-income

0.93 (0.84,0.98)

0.94 (0.88,0.98)

0.94 (0.85,0.98)

1-year

0.00

-0.03

-0.02

5-year

-0.01

-0.03

-0.04

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the thyroid gland (ICD code C73)

Figure A3.20: 1-year and 5-year relative survival for people diagnosed with thyroid
gland cancer, 1991-2004 with follow up to 2006, by ethnic and income
group
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Table A3.20: 1-year and 5-year relative survival for people diagnosed with thyroid
gland cancer, 1991-2004 with follow up to 2006, by ethnic and income
group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.91 (0.86,0.94)

0.95 (0.92,0.97)

0.93 (0.90,0.96)

Māori

0.93 (0.79,0.99)

0.95 (0.87,0.98)

0.95 (0.87,0.99)

Non-Māori

0.83 (0.78,0.88)

0.93 (0.90,0.96)

0.92 (0.88,0.95)

Māori

0.94 (0.76,1.01)

0.95 (0.87,1.00)

0.91 (0.78,0.99)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

1-year

0.02

0.00

0.02

5-year

0.09

0.02

-0.01

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

High-income

0.90 (0.79,0.95)

0.95 (0.90,0.98)

0.95 (0.89,0.98)

Medium-income

0.90 (0.82,0.95)

0.92 (0.86,0.96)

0.93 (0.87,0.97)

Low-income

0.93 (0.85,0.97)

0.95 (0.90,0.98)

0.93 (0.86,0.97)

High-income

0.83 (0.70,0.91)

0.94 (0.88,0.98)

0.93 (0.84,0.97)

Medium-income

0.83 (0.73,0.91)

0.90 (0.82,0.95)

0.89 (0.81,0.95)

Low-income

0.89 (0.78,0.95)

0.93 (0.87,0.98)

0.93 (0.84,0.98)

1-year

0.03

0.00

-0.02

5-year

0.06

-0.01

0.00

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Cancer of the uterus (ICD code C56)

Figure A3.21:

1-year and 5-year relative survival for women diagnosed with
uterine cancer, 1991-2004 with follow up to 2006, by ethnic and
income group
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Table A3.21: 1-year and 5-year relative survival for women diagnosed with uterine
cancer, 1991-2004 with follow up to 2006, by ethnic and income group

Survival time since
cancer diagnosis

Exposure
category

Calendar period of diagnosis
People
diagnosed
1
1991–1996

People
diagnosed
1
1996–2001

People
diagnosed
2
2001–2004

Non-Māori

0.85 (0.82,0.87)

0.89 (0.86,0.91)

0.90 (0.88,0.92)

Māori

0.86 (0.76,0.93)

0.85 (0.77,0.91)

0.87 (0.79,0.92)

Non-Māori

0.72 (0.69,0.76)

0.76 (0.73,0.79)

0.81 (0.77,0.84)

Māori

0.76 (0.63,0.87)

0.73 (0.62,0.82)

0.76 (0.66,0.85)

Ethnic trends in relative
survival
1-year

5-year

Ethnic gap

1-year

0.01

-0.04

-0.03

5-year

0.04

-0.03

-0.05

Socioeconomic trends
in relative survival
1-year

5-year

Income gap

High-income

0.85 (0.79,0.90)

0.88 (0.83,0.92)

0.95 (0.91,0.98)

Medium-income

0.84 (0.79,0.88)

0.88 (0.83,0.91)

0.88 (0.83,0.92)

Low-income

0.87 (0.82,0.91)

0.92 (0.87,0.95)

0.89 (0.84,0.92)

High-income

0.73 (0.65,0.80)

0.79 (0.72,0.84)

0.86 (0.78,0.91)

Medium-income

0.72 (0.66,0.78)

0.74 (0.67,0.79)

0.76 (0.67,0.83)

Low-income

0.76 (0.69,0.83)

0.76 (0.70,0.82)

0.84 (0.78,0.90)

1-year

0.02

0.04

-0.06

5-year

0.03

-0.03

-0.02

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Appendix 4: Excess mortality rate models censored at 5-years of follow-up, 19912004 with follow-up to 2006
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BLADDER CANCER
Table A4.1:

EMRRs censored at 5 years for people diagnosed with bladder cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

1.46 (1.27,1.68)

1.46 (1.27,1.68)

1.44 (1.25,1.66)

1.44 (1.245,1.66)

1

1

1

1

1.02 (0.63,1.64)

0.83 (0.28,2.50)

1.00 (0.62,1.60)

1.00 (0.62,1.60)

1

1

1.15 (0.93,1.41)

0.85 (0.57,1.29)

0.79 (0.66,0.94)

0.64 (0.47,0.87)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.79 (0.66,0.94)

0.59 (0.15,2.29)

2

Ethnicity × calendar decade of diagnosis

1.33 (0.36,4.94)

Income quintiles × calendar decade of diagnosis

1.56 (0.92,2.64)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.79 (0.55,1.12)

0.79 (0.55,1.12)

0.79 (0.55,1.13)

0.79 (0.55,1.13)

3 years since diagnosis

0.38 (0.25,0.60)

0.38 (0.25,0.60)

0.37 (0.24,0.58)

0.37 (0.24,0.58)

4 years since diagnosis

0.23 (0.14,0.38)

0.23 (0.14,0.38)

0.23 (0.14,0.38)

0.23 (0.14,0.38)

5 years since diagnosis

0.21 (0.12,0.37)

0.21 (0.12,0.37)

0.21 (0.12,0.37)

0.21 (0.12,0.37)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

1.56 (1.12,2.18)

1.56 (1.12,2.18)

1.53 (1.09,2.14)

1.54 (1.10,2.16)

Aged 65–74

1.93 (1.17,3.18)

1.93 (1.17,3.18)

1.94 (1.18,3.21)

1.96 (1.19,3.24)

2.87 (1.72,4.78)

2.86 (1.72,4.77)

3.03 (1.84,5.02)

3.03 (1.83,5.01)

65–74 years, 1 year since diagnosis

1.01 (0.59,1.72)

1.01 (0.59,1.72)

0.99 (0.58,1.69)

0.98 (0.58,1.67)

75+, 1 year since diagnosis

1.43 (0.85,2.42)

1.44 (0.85,2.43)

1.34 (0.80,2.26)

1.34 (0.80,2.26)

65–74 years, 2 years since diagnosis

0.99 (0.56,1.76)

1.00 (0.56,1.76)

0.96 (0.54,1.71)

0.96 (0.54,1.70)

75+, 2 years since diagnosis

0.74 (0.41,1.33)

0.74 (0.41,1.33)

0.70 (0.39,1.25)

0.70 (0.39,1.25)

1

1

1

1

818

818

2902

2902

AIC (Akaike information criterion)

2018.2

2020

4857

4856.3

BIC (Bayesian information criteria)

2088.8

2095.3

4952.6

4957.8

Scaled dispersion

0.921

0.922

0.808

0.807

739.324

739.147

413.848

417.281

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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BRAIN CANCER
Table A4.2:

EMRRs censored at 5 years for people diagnosed with brain cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

0.93 (0.84,1.03)

0.93 (0.84,1.03)

0.93 (0.84,1.03)

0.94 (0.85,1.04)

1

1

1

1

0.97 (0.75,1.25)

0.75 (0.43,1.33)

0.96 (0.74,1.24)

0.96 (0.74,1.24)

1

1

1.04 (0.90,1.20)

0.92 (0.69,1.21)

0.94 (0.83,1.07)

0.86 (0.70,1.07)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.94 (0.83,1.07)

0.68 (0.35,1.31)

2

Ethnicity × calendar decade of diagnosis

1.37 (0.73,2.58)

Income quintiles × calendar decade of diagnosis

1.21 (0.84,1.72)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.87 (0.74,1.04)

0.88 (0.74,1.04)

0.87 (0.73,1.04)

0.87 (0.74,1.04)

3 years since diagnosis

0.27 (0.20,0.37)

0.27 (0.20,0.37)

0.27 (0.19,0.37)

0.27 (0.20,0.37)

4 years since diagnosis

0.22 (0.15,0.33)

0.22 (0.15,0.33)

0.22 (0.15,0.33)

0.22 (0.15,0.33)

5 years since diagnosis

0.19 (0.12,0.31)

0.19 (0.12,0.31)

0.19 (0.12,0.31)

0.19 (0.12,0.31)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

2.67 (2.31,3.09)

2.66 (2.30,3.08)

2.67 (2.30,3.09)

2.66 (2.30,3.08)

Aged 65–74

1.79 (0.83,3.90)

1.78 (0.82,3.88)

1.79 (0.82,3.90)

1.81 (0.83,3.94)

1.29 (0.23,7.08)

1.27 (0.23,7.03)

1.30 (0.24,7.15)

1.27 (0.23,7.10)

65–74 years, 1 year since diagnosis

2.68 (1.22,5.90)

2.69 (1.22,5.92)

2.68 (1.22,5.90)

2.66 (1.21,5.85)

75+, 1 year since diagnosis

5.10 (0.92,28.25)

5.15 (0.93,28.66)

5.04 (0.92,27.84)

5.18 (0.92,29.19)

65–74 years, 2 years since diagnosis

0.99 (0.40,2.46)

0.98 (0.39,2.451

0.99 (0.40,2.47)

0.99 (0.40,2.46)

75+, 2 years since diagnosis

1.27 (0.20,8.17)

1.28 (0.20,8.261)

1.29 (0.20,8.25)

1.32 (0.20,8.56)

1

1

1

1

494

494

1336

1336

AIC (Akaike information criterion)

1524.9

1525.9

3437.5

3438.5

BIC (Bayesian information criteria)

1587.9

1593.1

3520.7

3526.8

Scaled dispersion

1.234

1.235

1.145

1.145

591.291

590.288

1231.726

1232.372

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.

Trends in Cancer Survival by Ethnic and Socioeconomic Group

321

BREAST CANCER
Table A4.3:

EMRRs censored at 5 years for women diagnosed with breast cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

1.37 (1.12,1.56)

1.57 (1.22,2.01)

1.32 (1.15,1.51)

1.32 (1.15,1.51)

1

1

1.28 (1.14,1.44)

1.14 (0.92,1.42)

0.49 (0.44,0.55)

0.45 (0.37,0.54)

EMRRs for ethnic and income cancer survival trends
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.48 (0.43,0.54)

0.62 (0.41,0.93)

2

Ethnicity × calendar decade of diagnosis

0.80 (0.56,1.14)

Income quintiles × calendar decade of diagnosis

1.21 (0.89,1.64)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

1.63 (1.40,1.89)

1.63 (1.40,1.89)

1.63 (1.40,1.89)

1.63 (1.40,1.89)

3 years since diagnosis

1.51 (1.30,1.76)

1.51 (1.30,1.76)

1.51 (1.30,1.76)

1.51 (1.30,1.76)

4 years since diagnosis

1.30 (1.10,1.52)

1.30 (1.10,1.52)

1.30 (1.11,1.53)

1.30 (1.11,1.53)

5 years since diagnosis

1.05 (0.88,1.25)

1.05 (0.88,1.25)

1.05 (0.88,1.25)

1.05 (0.88,1.25)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

0.81 (0.72,0.90)

0.81 (0.72,0.90)

0.80 (0.71,0.89)

0.80 (0.72,0.89)

Aged 65–74

0.78 (0.66,0.93)

0.79 (0.66,0.93)

0.78 (0.65,0.92)

0.78 (0.65,0.92)

Aged 75+

0.68 (0.50,0.91)

0.68 (0.50,0.91)

0.69 (0.51,0.92)

0.69 (0.51,0.92)

65–74 years, 1 year since diagnosis

1.82 (1.38,2.39)

1.82 (1.38,2.39)

1.82 (1.38,2.39)

1.81 (1.38,2.38)

75+, 1 year since diagnosis

3.70 (2.58,5.31)

3.70 (2.58,5.30)

3.65 (2.56,5.12)

3.63 (2.55,5.12)

65–74 years, 2 years since diagnosis

1.17 (0.89,1.52)

1.17 (0.89,1.52)

1.17 (0.90,1.53)

1.17 (0.90,1.52)

75+, 2 years since diagnosis

1.28 (0.84,1.95)

1.28 (0.84,1.94)

1.24 (0.82,1.88)

1.24 (0.82,1.87)

1

1

1

1

533

533

2462

2462

AIC (Akaike information criterion)

2307.3

2307.7

6770.9

6771.4

BIC (Bayesian information criteria)

2367.2

2371.9

6858.1

6864.4

Scaled dispersion

1.197

1.197

1.052

1.052

621.381

619.851

353.283

350.626

Age group

1

Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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CERVICAL CANCER
Table A4.4:

EMRRs censored at 5 years for women diagnosed with cervical cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

1.61 (1.25,2.07)

1.54 (1.00,2.35)

1.56 (1.21,2.01)

1.56 (1.21,2.01)

1

1

1.25 (0.92,1.68)

1.25 (0.74,2.12)

0.76 (0.58,0.99)

0.76 (0.45,1.29)

EMRRs for ethnic and income cancer survival trends
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.75 (0.58,0.97)

0.67 (0.23,1.52)

2

Ethnicity × calendar decade of diagnosis

1.09 (0.58,2.07)

Income quintiles × calendar decade of diagnosis

0.99 (0.47,2.20)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

1.01 (0.76,1.36)

1.01 (0.76,1.35)

1.01 (0.76,1.35)

1.01 (0.76,1.35)

3 years since diagnosis

0.48 (0.34,0.69)

0.48 (0.34,0.69)

0.48 (0.33,0.69)

0.48 (0.33,0.69)

4 years since diagnosis

0.40 (0.27,0.60)

0.40 (0.27,0.60)

0.40 (0.27,0.59)

0.40 (0.27,0.59)

5 years since diagnosis

0.23 (0.14,0.38)

0.23 (0.14,0.38)

0.23 (0.14,0.38)

0.23 (0.14,0.38)

Aged 15–54

1

1

1

1

Aged 55–64

1.73 (1.31,2.28)

1.73 (1.31,2.28)

1.70 (1.29,2.25)

1.70 (1.29,2.25)

Aged 65–74

2.59 (1.58,4.25)

2.59 (1.58,4.24)

2.56 (1.56,4.21)

2.56 (1.56,4.21)

Age group

1
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

4.41 (2.30,8.45)

4.40 (2.30,8.44)

4.42 (2.31,8.49)

4.43 (2.31,8.49)

65–74 years, 1 year since diagnosis

0.84 (0.44,1.60)

0.84 (0.44,1.60)

0.85 (0.45,1.62)

0.85 (0.45,1.62)

75+, 1 year since diagnosis

1.18 (0.55,2.52)

1.18 (0.55,2.52)

1.17 (0.54,2.50)

1.17 (0.54,2.50)

65–74 years, 2 years since diagnosis

0.75 (0.38,1.48)

0.75 (0.38,1.48)

0.75 (0.38,1.49)

0.75 (0.38,1.49)

75+, 2 years since diagnosis

0.81 (0.34,1.89)

0.81 (0.34,1.89)

0.80 (0.34,1.88)

0.80 (0.34,1.88)

1

1

1

1

439

439

1566

1566

AIC (Akaike information criterion)

1092.9

1094.8

2155.2

2157.2

BIC (Bayesian information criteria)

1150.1

1156.1

2235.6

2242.9

Scaled dispersion

1.135

1.138

0.831

0.831

482.535

482.46

199.61

199.618

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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COLORECTAL CANCER
Table A4.5:

EMRRs censored at 5 years for people diagnosed with colorectal cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

0.93 (0.89,0.98)

0.93 (0.89,0.98)

0.92 (0.88,0.97)

0.92 (0.88,0.97)

1

1

1

1

1.36 (1.20,1.54)

1.58 (1.23,2.03)

1.34 (1.18,1.52)

1.34 (1.19,1.52)

1

1

1.13 (1.05,1.21)

1.06 (0.93,1.21)

0.73 (0.69,0.78)

0.70 (0.63,0.78)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.73 (0.69,0.78)

0.92 (0.65,1.30)

2

Ethnicity × calendar decade of diagnosis

0.80 (0.58,1.11)

Income quintiles × calendar decade of diagnosis

1.10 (0.93,1.32)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.64 (0.58,0.71)

0.64 (0.58,0.71)

0.64 (0.58,0.71)

0.64 (0.58,0.71)

3 years since diagnosis

0.44 (0.39,0.49)

0.44 (0.39,0.48)

0.43 (0.39,0.49)

0.43 (0.39,0.48)

4 years since diagnosis

0.29 (0.26,0.33)

0.29 (0.26,0.33)

0.29 (0.26,0.33)

0.29 (0.26,0.33)

5 years since diagnosis

0.19 (0.16,0.23)

0.19 (0.16,0.23)

0.19 (0.17,0.23)

0.19 (0.17,0.23)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

0.97 (0.89,1.05)

0.97 (0.89,1.05)

0.97 (0.89,1.05)

0.97 (0.89,1.05)

Aged 65–74

0.97 (0.85,1.10)

0.97 (0.85,1.10)

0.97 (0.85,1.10)

0.97 (0.85,1.10)

0.56 (0.45,0.69)

0.56 (0.45,0.69)

0.57 (0.47,0.71)

0.57 (0.47,0.71)

65–74 years, 1 year since diagnosis

1.17 (1.01,1.34)

1.16 (1.01,1.34)

1.16 (1.01,1.34)

1.16 (1.01,1.34)

75+, 1 year since diagnosis

2.42 (1.94,3.01)

2.42 (1.94,3.02)

2.36 (1.90,2.92)

2.36 (1.90,2.92)

65–74 years, 2 years since diagnosis

0.99 (0.84,1.17)

0.99 (0.84,1.17)

0.99 (0.84,1.17)

0.99 (0.84,1.17)

75+, 2 years since diagnosis

1.38 (1.08,1.78)

1.39 (1.08,1.78)

1.35 (1.05,1.72)

1.34 (1.05,1.72)

1

1

1

1

1037

1037

4054

4054

AIC (Akaike information criterion)

3991.7

3991.9

11812.6

11813.4

BIC (Bayesian information criteria)

4065.8

4071

11913.5

11920.6

Scaled dispersion

1.048

1.048

1.05

1.05

1071.338

1069.548

1969.882

1969.957

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

Deviance
1
2

EMRRs averaged over the study period.
Change in the EMRR for every 10 years of cancer diagnosis.
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HEAD AND NECK CANCER
Table A4.6:

EMRRs censored at 5 years for people diagnosed with head and neck cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

0.82 (0.71,0.96)

0.82 (0.70,0.95)

0.81 (0.70,0.94)

0.81 (0.70,0.94)

1

1

1

1

1.37 (1.07,1.77)

1.88 (1.16,3.04)

1.32 (1.03,1.70)

1.33 (1.03,1.71)

1

1

1.28 (1.05,1.56)

1.56 (1.07,2.28)

0.96 (0.81,1.12)

1.14 (0.82,1.57)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.95 (0.80,1.12)

1.51 (0.76,3.00)

2

Ethnicity × calendar decade of diagnosis

0.65 (0.35,1.20)

Income quintiles × calendar decade of diagnosis

0.74 (0.46,1.20)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.91 (0.72,1.16)

0.91 (0.72,1.15)

0.91 (0.72,1.16)

0.91 (0.72,1.16)

3 years since diagnosis

0.47 (0.35,0.63)

0.47 (0.35,0.63)

0.47 (0.35,0.64)

0.47 (0.35,0.63)

4 years since diagnosis

0.33 (0.24,0.47)

0.33 (0.24,0.47)

0.33 (0.24,0.47)

0.33 (0.23,0.47)

5 years since diagnosis

0.32 (0.22,0.47)

0.32 (0.22,0.47)

0.33 (0.23,0.48)

0.33 (0.23,0.48)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

1.58 (1.28,1.94)

1.58 (1.29,1.95)

1.57 (1.28,1.93)

1.57 (1.27,1.93)

Aged 65–74

1.84 (1.32,2.58)

1.85 (1.32,2.59)

1.83 (1.31,2.56)

1.84 (1.31,2.57)

1.47 (0.89,2.45)

1.48 (0.89,2.46)

1.55 (0.95,2.51)

1.54 (0.94,2.50)

65–74 years, 1 year since diagnosis

1.32 (0.90,1.94)

1.32 (0.90,1.94)

1.32 (0.90,1.93)

1.31 (0.90,1.93)

75+, 1 year since diagnosis

1.95 (1.13,3.36)

1.94 (1.12,3.35)

1.86 (1.10,3.15)

1.88 (1.11,3.18)

65–74 years, 2 years since diagnosis

0.73 (0.47,1.13)

0.73 (0.47,1.13)

0.73 (0.47,1.13)

0.73 (0.47,1.13)

75+, 2 years since diagnosis

1.05 (0.57,1.94)

1.05 (0.57,1.94)

1.02 (0.57,1.84)

1.03 (0.57,1.86)

1

1

1

1

872

872

3090

3090

AIC (Akaike information criterion)

2223.6

2223.7

4853

4853.5

BIC (Bayesian information criteria)

2295.1

2300

4949.6

4956.2

Scaled dispersion

1.042

1.041

0.871

0.871

Deviance

892.77

890.862

308.065

309.347

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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HODGKIN’S LYMPHOMA
Table A4.7:

EMRRs censored at 5 years for people diagnosed with Hodgkin’s lymphoma, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

1.16 (0.75,1.77)

1.16 (0.76,1.78)

1.14 (0.74,1.76)

1.16 (0.75,1.79)

1

1

1

1

0.22 (0.02,3.06)

0.36 (0.02,8.17)

0.23 (0.02,3.11)

0.22 (0.01,3.44)

1

1

0.98 (0.53,1.82)

0.52 (0.15,1.78)

0.70 (0.41,1.18)

0.48 (0.21,1.08)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.70 (0.41,1.19)

1.77 (0.01,395.28)

2

Ethnicity × calendar decade of diagnosis

0.40 (0.00,83.07)

Income quintiles × calendar decade of diagnosis

2.42 (0.56,10.43)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

1.03 (0.44,2.41)

1.03 (0.44,2.41)

1.04 (0.44,2.44)

1.04 (0.44,2.46)

3 years since diagnosis

0.43 (0.15,1.21)

0.44 (0.16,1.22)

0.42 (0.15,1.21)

0.42 (0.14,1.20)

4 years since diagnosis

0.86 (0.36,2.04)

0.86 (0.36,2.05)

0.88 (0.37,2.09)

0.88 (0.37,2.10)

5 years since diagnosis

0.36 (0.11,1.22)

0.36 (0.11,1.22)

0.36 (0.10,1.23)

0.36 (0.10,1.23)

Trends in Cancer Survival by Ethnic and Socioeconomic Group

330

Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

2.69 (1.32,5.51)

2.70 (1.32,5.52)

2.68 (1.30,5.54)

2.78 (1.34,5.76)

Aged 65–74

5.03 (1.88,13.50)

5.00 (1.87,13.40)

5.15 (1.94,13.66)

5.11 (1.93,13.55)

16.78 (5.65,49.86)

16.64 (5.60,49.45)

16.81 (5.63,50.21)

16.88 (5.64,50.53)

65–74 years, 1 year since diagnosis

1.60 (0.46,5.66)

1.61 (0.46,5.67)

1.60 (0.46,5.58)

1.59 (0.45,5.56)

75+, 1 year since diagnosis

1.62 (0.45,5.88)

1.63 (0.45,5.91)

1.63 (0.45,5.96)

1.64 (0.45,6.00)

65–74 years, 2 years since diagnosis

1.02 (0.26,4.10)

1.00 (0.25,4.04)

0.98 (0.24,3.93)

0.98 (0.25,3.93)

75+, 2 years since diagnosis

0.33 (0.06,2.01)

0.34 (0.06,2.02)

0.32 (0.05,2.01)

0.32 (0.05,2.05)

1

1

1

1

554

554

1242

1242

AIC (Akaike information criterion)

641.4

643.3

899.2

899.8

BIC (Bayesian information criteria)

706.2

712.3

981.2

986.9

Scaled dispersion

0.719

0.72

0.512

0.511

387.651

387.528

155.298

156.273

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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KIDNEY CANCER
Table A4.8:

EMRRs censored at 5 years for people diagnosed with kidney cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

0.92 (0.80,1.05)

0.92 (0.80,1.05)

0.92 (0.80,1.06)

0.93 (0.81,1.06)

1

1

1

1

1.52 (1.16,2.00)

1.16 (0.69,2.00)

1.54 (1.17,2.02)

1.55 (1.18,2.03)

1

1

0.95 (0.78,1.15)

0.56 (0.38,0.83)

0.71 (0.60,0.84)

0.49 (0.36,0.65)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.71 (0.60,0.84)

0.46 (0.23,0.94)

2

Ethnicity × calendar decade of diagnosis

1.49 (0.79,2.83)

Income quintiles × calendar decade of diagnosis

2.16 (1.32,3.54)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.36 (0.27,0.47)

0.36 (0.27,0.47)

0.36 (0.27,0.48)

0.36 (0.27,0.48)

3 years since diagnosis

0.19 (0.14,0.28)

0.20 (0.14,0.28)

0.20 (0.14,0.28)

0.20 (0.14,0.28)

4 years since diagnosis

0.11 (0.07,0.18)

0.11 (0.07,0.18)

0.11 (0.07,0.18)

0.12 (0.07,0.18)

5 years since diagnosis

0.19 (0.13,0.28)

0.19 (0.13,0.28)

0.18 (0.12,0.27)

0.18 (0.12,0.27)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

1.57 (1.27,1.94)

1.58 (1.28,1.95)

1.57 (1.27,1.94)

1.57 (1.27,1.94)

Aged 65–74

1.44 (0.92,2.24)

1.42 (0.91,2.22)

1.41 (0.90,2.22)

1.43 (0.91,2.24)

1.89 (1.10,3.23)

1.88 (1.09,3.22)

1.95 (1.16,3.29)

1.90 (1.12,3.23)

65–74 years, 1 year since diagnosis

1.16 (0.72,1.85)

1.17 (0.73,1.87)

1.18 (0.73,1.90)

1.16 (0.72,1.87)

75+, 1 year since diagnosis

1.44 (0.82,2.52)

1.45 (0.83,2.54)

1.39 (0.81,2.39)

1.41 (0.82,2.44)

65–74 years, 2 years since diagnosis

1.12 (0.63,1.98)

1.13 (0.63,2.00)

1.13 (0.63,2.02)

1.11 (0.62,1.98)

75+, 2 years since diagnosis

0.57 (0.26,1.27)

0.58 (0.26,1.28)

0.59 (0.27,1.26)

0.60 (0.28,1.28)

1

1

1

1

787

787

2742

2742

AIC (Akaike information criterion)

1983.4

1983.9

4283.6

4276.3

BIC (Bayesian information criteria)

2053.4

2058.5

4378.2

4376.9

Scaled dispersion

1.084

1.084

0.886

0.883

Deviance

837.13

835.607

595.61

605.838

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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LEUKAEMIA
Table A4.9:

EMRRs censored at 5 years for people diagnosed with leukaemia, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

0.90 (0.81,1.00)

0.90 (0.81,1.00)

0.90 (0.81,0.99)

0.90 (0.81,0.99)

1

1

1

1

1.25 (1.01,1.54)

1.26 (0.88,1.80)

1.23 (1.00,1.53)

1.23 (1.00,1.53)

1

1

1.12 (0.96,1.30)

1.17 (0.89,1.55)

0.40 (0.36,0.46)

0.42 (0.34,0.52)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.40 (0.35,0.46)

0.41 (0.24,0.71)

2

Ethnicity × calendar decade of diagnosis

0.99 (0.60,1.63)

Income quintiles × calendar decade of diagnosis

0.93 (0.64,1.35)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.52 (0.42,0.65)

0.52 (0.42,0.65)

0.53 (0.42,0.65)

0.53 (0.42,0.65)

3 years since diagnosis

0.23 (0.17,0.23)

0.23 (0.17,0.30)

0.23 (0.17,0.30)

0.23 (0.17,0.30)

4 years since diagnosis

0.22 (0.16,0.29)

0.22 (0.16,0.29)

0.22 (0.16,0.29)

0.22 (0.16,0.29)

5 years since diagnosis

0.20 (0.15,0.28)

0.20 (0.15,0.28)

0.20 (0.15,0.28)

0.20 (0.15,0.28)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

1.15 (0.96,1.37)

1.15 (0.96,1.37)

1.15 (0.96,1.37)

1.14 (0.96,1.37)

Aged 65–74

1.55 (1.14,2.12)

1.55 (1.14,2.12)

1.56 (1.15,2.13)

1.56 (1.15,2.13)

1.93 (1.41,2.65)

1.93 (1.41,2.65)

1.89 (1.37,2.60)

1.89 (1.37,2.60)

65–74 years, 1 year since diagnosis

1.09 (0.78,1.54)

1.09 (0.78,1.54)

1.08 (0.77,1.52)

1.08 (0.77,1.52)

75+, 1 year since diagnosis

1.10 (0.78,1.55)

1.10 (0.78,1.55)

1.13 (0.80,1.60)

1.13 (0.80,1.60)

65–74 years, 2 years since diagnosis

0.64 (0.42,0.98)

0.64 (0.42,0.98)

0.63 (0.41,0.97)

0.63 (0.41,0.97)

75+, 2 years since diagnosis

0.40 (0.24,0.64)

0.40 (0.24,0.64)

0.41 (0.25,0.67)

0.41 (0.25,0.67)

1

1

1

1

Observations

869

869

3020

3020

AIC (Akaike information criterion)

2507

2509

5944.1

5946

BIC (Bayesian information criteria)

2578.5

2585.3

6040.3

6048.2

Scaled dispersion

1.135

1.136

1.046

1.046

968.912

968.908

975.135

975.56

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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LIVER CANCER
Table A4.10: EMRRs censored at 5 years for people diagnosed with liver cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income
main effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

0.78 (0.66,0.92)

0.78 (0.66,0.92)

0.78 (0.66,0.92)

0.78 (0.66,0.91)

1

1

1

1

1.28 (1.04,1.57)

1.39 (0.93,2.07)

1.28 (1.04,1.58)

1.28 (1.04,1.57)

1

1

1.01 (0.81,1.26)

1.15 (0.72,1.81)

0.68 (0.56,0.82)

0.74 (0.52,1.05)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.68 (0.56,0.82)

0.78 (0.42,1.44)

2

Ethnicity × calendar decade of diagnosis

0.89 (0.54,1.47)

Income quintiles × calendar decade of diagnosis

0.84 (0.48,1.47)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.21 (0.14,0.31)

0.21 (0.14,0.31)

0.21 (0.14,0.31)

0.21 (0.14,0.31)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income
main effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

3 years since diagnosis

0.15 (0.09,0.25)

0.15 (0.09,0.25)

0.15 (0.09,0.25)

0.15 (0.09,0.25)

4 years since diagnosis

0.05 (0.02,0.12)

0.05 (0.02,0.13)

0.05 (0.02,0.12)

0.05 (0.02,0.12)

5 years since diagnosis

0.04 (0.01,0.12)

0.04 (0.01,0.12)

0.04 (0.01,0.12)

0.04 (0.01,0.12)

Aged 15–54

1

1

1

1

Aged 55–64

0.94 (0.74,1.20)

0.94 (0.74,1.20)

0.94 (0.74,1.20)

0.95 (0.74,1.20)

Aged 65–74

2.40 (1.16,4.97)

2.39 (1.16,4.95)

2.39 (1.16,4.93)

2.39 (1.16,4.94)

2.02 (0.71,5.71)

2.01 (0.17,5.68)

2.00 (0.71,5.68)

2.02 (0.71,5.75)

65–74 years, 1 year since diagnosis

0.49 (0.23,1.04)

0.49 (0.24,1.04)

0.49 (0.24,1.04)

0.49 (0.24,1.04)

75+, 1 year since diagnosis

0.83 (0.29,2.37)

0.83 (0.29,2.39)

0.83 (0.29,2.39)

0.83 (0.29,2.38)

65–74 years, 2 years since diagnosis

0.97 (0.39,2.39)

0.97 (0.39,2.39)

0.97 (0.39,2.39)

0.97 (0.39,2.39)

75+, 2 years since diagnosis

1.41 (0.42,4.73)

1.41 (0.42,4.74)

1.44 (0.43,4.82)

1.43 (0.43,4.79)

1

1

1

1

523

523

936

936

AIC (Akaike information criterion)

1368.6

1370.4

2407.6

2409.2

BIC (Bayesian information criteria)

1432.5

1438.5

2485.1

2491.5

Scaled dispersion

1.279

1.281

1.369

1.37

649.625

649.41

286.099

286.483

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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LUNG CANCER
Table A4.11: EMRRs censored at 5 years for people diagnosed with lung cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

0.93 (0.89,0.97)

0.93 (0.89,0.97)

0.93 (0.89,0.96)

0.93 (0.89,0.96)

1

1

1

1

1.26 (1.18,1.34)

1.19 (1.06,1.35)

1.24 (1.17,1.32)

1.24 (1.17,1.32)

1

1

1.10 (1.03,1.16)

1.07 (0.95,1.12)

0.89 (0.85,0.94)

0.88 (0.80,0.96)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.89 (0.85,0.94)

0.82 (0.69,0.98)

2

Ethnicity × calendar decade of diagnosis

1.08 (0.93,1.25)

Income quintiles × calendar decade of diagnosis

1.04 (0.90,1.20)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.51 (0.47,0.56)

0.51 (0.47,0.56)

0.51 (0.47,0.56)

0.51 (0.47,0.56)

3 years since diagnosis

0.24 (0.21,0.27)

0.24 (0.21,0.27)

0.24 (0.21,0.28)

0.24 (0.21,0.28)

4 years since diagnosis

0.15 (0.13,0.18)

0.15 (0.13,0.18)

0.15 (0.13,0.18)

0.15 (0.13,0.18)

5 years since diagnosis

0.09 (0.07,0.11)

0.09 (0.07,0.11)

0.09 (0.07,0.11)

0.09 (0.07,0.11)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

1.06 (0.98,1.14)

1.06 (0.98,1.14)

1.05 (0.98,1.13)

1.05 (0.98,1.14)

Aged 65–74

1.19 (0.99,1.43)

1.19 (0.99,1.43)

1.18 (0.99,1.42)

1.18 (0.99,1.42)

1.50 (1.21,1.85)

1.50 (1.21,1.85)

1.50 (1.21,1.85)

1.50 (1.21,1.85)

65–74 years, 1 year since diagnosis

1.02 (0.85,1.22)

1.02 (0.85,1.22)

1.02 (0.85,1.22)

1.02 (0.85,1.22)

75+, 1 year since diagnosis

0.96 (0.78,1.19)

0.96 (0.78,1.19)

0.96 (0.78,1.19)

0.96 (0.78,1.19)

65–74 years, 2 years since diagnosis

0.97 (0.78,1.19)

0.97 (0.78,1.19)

0.97 (0.79,1.20)

0.97 (0.78,1.20)

75+, 2 years since diagnosis

0.95 (0.75,1.21)

0.95 (0.75,1.21)

0.95 (0.74,1.21)

0.95 (0.74,1.21)

1

1

1

1

922

922

3396

3396

AIC (Akaike information criterion)

3755.3

3756.3

10,579.6

10,581.3

BIC (Bayesian information criteria)

3827.7

3833.6

10,677.7

10,685.5

Scaled dispersion

1.216

1.216

1.227

1.227

1103.022

1102.04

2494.623

2494.654

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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MELANOMA
Table A4.12: EMRRs censored at 5 years for people diagnosed with melanoma, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

0.51 (0.43,0.60)

0.51 (0.43,0.60)

0.50 (0.42,0.59)

0.50 (0.43,0.59)

1

1

1

1

1.39 (0.81,2.39)

1.82 (0.61,5.45)

1.31 (0.75,2.28)

1.31 (0.75,2.29)

1

1

1.18 (0.94,1.49)

0.96 (0.61,1.51)

0.62 (0.50,0.76)

0.54 (0.38,0.75)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.61 (0.49,0.75)

0.95 (0.17,5.49)

2

Ethnicity × calendar decade of diagnosis

0.64 (0.12,3.53)

Income quintiles × calendar decade of diagnosis

1.39 (0.75,2.58)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.78 (0.60,1.01)

0.78 (0.60,1.01)

0.77 (0.59,1.00)

0.77 (0.59,1.00)

3 years since diagnosis

0.60 (0.46,0.79)

0.60 (0.46,0.79)

0.61 (0.46,0.80)

0.60 (0.46,0.79)

4 years since diagnosis

0.63 (0.48,0.83)

0.63 (0.48,0.84)

0.65 (0.49,0.85)

0.65 (0.49,0.85)

5 years since diagnosis

0.54 (0.40,0.74)

0.54 (0.40,0.74)

0.55 (0.41,0.75)

0.55 (0.40,0.75)

Trends in Cancer Survival by Ethnic and Socioeconomic Group

340

Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

1.44 (1.17,1.76)

1.44 (1.18,1.76)

1.44 (1.18,1.76)

1.44 (1.18,1.76)

Aged 65–74

1.47 (1.06,2.03)

1.47 (1.06,2.04)

1.46 (1.05,2.01)

1.46 (1.06,2.02)

2.14 (1.44,3.18)

2.14 (1.44,3.18)

2.15 (1.46,3.17)

2.14 (1.46,3.16)

65–74 years, 1 year since diagnosis

1.13 (0.73,1.75)

1.13 (0.73,1.75)

1.12 (0.73,1.74)

1.13 (0.73,1.74)

75+, 1 year since diagnosis

0.72 (0.40,1.29)

0.72 (0.40,1.28)

0.70 (0.40,1.25)

0.71 (0.40,1.25)

65–74 years, 2 years since diagnosis

1.06 (0.64,1.74)

1.06 (0.64,1.74)

1.07 (0.65,1.76)

1.06 (0.65,1.75)

75+, 2 years since diagnosis

1.02 (0.57,1.84)

1.02 (0.57,1.84)

1.05 (0.59,1.87)

1.04 (0.59,1.86)

1

1

1

1

863

863

3381

3381

AIC (Akaike information criterion)

2543.4

2545.2

6653.9

6654.8

BIC (Bayesian information criteria)

2614.8

2621.3

6751.9

6758.9

Scaled dispersion

0.935

0.936

0.924

0.924

793.271

792.993

172.156

172.917

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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NON-HODGKIN’S LYMPHOMA
Table A4.13: EMRRs censored at 5 years for people diagnosed with Non-Hodgkin’s lymphoma, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

0.96 (0.88,1.06)

0.96 (0.88,1.06)

0.96 (0.88,1.06)

0.96 (0.88,1.06)

1

1

1

1

1.28 (1.03,1.57)

0.94 (0.57,1.55)

1.26 (1.02,1.56)

1.27 (1.03,1.57)

1

1

1.07 (0.94,1.23)

0.91 (0.70,1.19)

0.56 (0.50,0.63)

0.50 (0.40,0.61)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.56 (0.49,0.63)

0.36 (0.19,0.68)

2

Ethnicity × calendar decade of diagnosis

1.52 (0.83,2.76)

Income quintiles × calendar decade of diagnosis

1.28 (0.91,1.82)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.58 (0.48,0.70)

0.58 (0.48,0.70)

0.58 (0.48,0.70)

0.58 (0.48,0.70)

3 years since diagnosis

0.34 (0.27,0.42)

0.34 (0.27,0.42)

0.34 (0.27,0.43)

0.34 (0.27,0.42)

4 years since diagnosis

0.25 (0.19,0.32)

0.25 (0.19,0.32)

0.25 (0.19,0.32)

0.25 (0.19,0.32)

5 years since diagnosis

0.22 (0.16,0.29)

0.22 (0.16,0.29)

0.22 (0.16,0.29)

0.22 (0.16,0.29)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

1.52 (1.29,1.78)

1.52 (1.30,1.78)

1.51 (1.29,1.77)

1.52 (1.29,1.78)

Aged 65–74

1.94 (1.49,2.53)

1.94 (1.49,2.52)

1.92 (1.48,2.50)

1.93 (1.48,2.51)

2.73 (2.05,3.63)

2.71 (2.04,3.62)

2.74 (2.06,3.64)

2.73 (2.06,3.63)

65–74 years, 1 year since diagnosis

1.07 (0.80,1.43)

1.07 (0.80,1.44)

1.07 (0.80,1.45)

1.07 (0.80,1.44)

75+, 1 year since diagnosis

1.34 (0.99,1.83)

1.35 (0.99,1.84)

1.34 (0.98,1.82)

1.34 (0.98,1.82)

65–74 years, 2 years since diagnosis

0.70 (0.48,1.01)

0.70 (0.48,1.01)

0.70 (0.45,1.01)

0.70 (0.49,1.01)

75+, 2 years since diagnosis

0.60 (0.40,0.90)

0.60 (0.40,0.91)

0.60 (0.40,0.90)

0.60 (0.40,0.90)

1

1

1

1

908

908

3208

3208

AIC (Akaike information criterion)

2651.4

2651.5

6294.1

6294.2

BIC (Bayesian information criteria)

2723.6

2728.5

6391.3

6397.4

1.11

1.109

0.999

0.999

991.546

989.652

1113.901

1114.603

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

Scaled dispersion
Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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OESOPHAGEAL CANCER
Table A4.14: EMRRs censored at 5 years for people diagnosed with oesophageal cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

0.80 (0.72,0.89)

0.80 (0.72,0.89)

0.80 (0.72,0.89)

0.80 (0.71,0.89)

1

1

1

1

1.68 (1.35,2.10)

1.79 (1.17,2.75)

1.66 (1.33,2.08)

1.66 (1.32,2.07)

1

1

1.10 (0.95,1.27)

0.94 (0.70,1.25)

0.90 (0.79,1.02)

0.80 (0.63,1.00)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.90 (0.79,1.02)

0.99 (0.56,1.78)

2

Ethnicity × calendar decade of diagnosis

0.91 (0.53,1.56)

Income quintiles × calendar decade of diagnosis

1.26 (0.88,1.80)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.59 (0.45,0.78)

0.60 (0.46,0.78)

0.60 (0.46,0.78)

0.60 (0.46,0.78)

3 years since diagnosis

0.38 (0.27,0.53)

0.38 (0.27,0.54)

0.38 (0.27,0.53)

0.38 (0.27,0.53)

4 years since diagnosis

0.25 (0.16,0.39)

0.25 (0.16,0.39)

0.25 (0.16,0.39)

0.25 (0.16,0.39)

5 years since diagnosis

0.10 (0.05,0.21)

0.10 (0.05,0.21)

0.11 (0.05,0.22)

0.11 (0.05,0.22)

Trends in Cancer Survival by Ethnic and Socioeconomic Group

344

Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

0.94 (0.75,1.17)

0.94 (0.75,1.70)

0.94 (0.75,1.17)

0.94 (0.75,1.17)

Aged 65–74

1.02 (0.65,1.59)

1.02 (0.65,1.59)

1.01 (0.65,1.57)

1.01 (0.65,1.58)

1.50 (0.93,2.41)

1.50 (0.93,2.41)

1.51 (0.94,2.43)

1.51 (0.94,2.44)

65–74 years, 1 year since diagnosis

1.22 (0.78,1.92)

1.22 (0.78,1.92)

1.23 (0.78,1.93)

1.23 (0.78,1.92)

75+, 1 year since diagnosis

1.19 (0.74,1.92)

1.19 (0.74,1.92)

1.19 (0.74,1.91)

1.18 (0.73,1.90)

65–74 years, 2 years since diagnosis

1.04 (0.61,1.77)

1.04 (0.61,1.77)

1.04 (0.61,1.78)

1.04 (0.61,1.78)

75+, 2 years since diagnosis

1.00 (0.57,1.74)

1.00 (0.57,1.74)

0.99 (0.57,1.74)

0.99 (0.57,1.73)

1

1

1

1

Observations

546

546

1391

1391

AIC (Akaike information criterion)

1672

1673.9

3734

3734.3

BIC (Bayesian information criteria)

1736.6

1742.7

3817.8

3823.4

Scaled dispersion

1.164

1.166

1.298

1.298

618.094

617.976

404.156

406.044

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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OVARIAN CANCER
Table A4.15: EMRRs censored at 5 years for women diagnosed with ovarian cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

1.05 (0.83,1.33)

0.87 (0.55,1.38)

1.06 (0.84,1.35)

1.06 (0.84,1.35)

1

1

0.94 (0.80,1.10)

0.94 (0.70,1.28)

0.61 (0.52,0.70)

0.61 (0.47,0.79)

EMRRs for ethnic and income cancer survival trends
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.61 (0.52,0.70)

0.44 (0.22,0.85)

2

Ethnicity × calendar decade of diagnosis

1.36 (0.73,2.53)

Income quintiles × calendar decade of diagnosis

0.99 (0.66,1.49)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.95 (0.77,1.16)

0.95 (0.77,1.16)

0.95 (0.77,1.16)

0.95 (0.77,1.16)

3 years since diagnosis

0.57 (0.45,0.73)

0.57 (0.45,0.73)

0.57 (0.45,0.73)

0.57 (0.45,0.73)

4 years since diagnosis

0.37 (0.27,0.49)

0.37 (0.27,0.49)

0.37 (0.28,0.50)

0.37 (0.28,0.50)

5 years since diagnosis

0.33 (0.24,0.46)

0.33 (0.24,0.46)

0.33 (0.24,0.46)

0.33 (0.24,0.46)

Aged 15–54

1

1

1

1

Aged 55–64

2.03 (1.71,2.41)

2.03 (1.71,2.41)

2.04 (1.72,2.42)

2.04 (1.72,2.42)

Aged 65–74

2.57 (1.91,3.45)

2.56 (1.91,3.44)

2.58 (1.92,3.46)

2.58 (1.92,3.46)

Age group

1
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1.70 (1.04,2.78)

1.71 (1.05,2.79)

1.75 (1.09,2.82)

1.75 (1.09,2.82)

65–74 years, 1 year since diagnosis

1.13 (0.80,1.60)

1.13 (0.80,1.60)

1.13 (0.80,1.60)

1.13 (0.80,1.60)

75+, 1 year since diagnosis

3.84 (2.30,6.44)

3.83 (2.29,6.41)

3.73 (2.26,6.15)

3.73 (2.26,6.15)

65–74 years, 2 years since diagnosis

1.02 (0.70,1.50)

1.02 (0.70,1.49)

1.02 (0.70,1.49)

1.02 (0.70,1.49)

75+, 2 years since diagnosis

1.50 (0.83,2.67)

1.49 (0.84,2.66)

1.43 (0.81,2.53)

1.43 (0.81,2.53)

1

1

1

1

446

446

1604

1604

AIC (Akaike information criterion)

1421.4

1422.4

3501.5

3503.5

BIC (Bayesian information criteria)

1478.8

1484

3582.2

3589.5

Scaled dispersion

1.115

1.115

1.074

1.075

481.568

480.614

835.086

835.067

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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PANCREATIC CANCER
Table A4.16: EMRRs censored at 5 years for people diagnosed with pancreatic cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

1.00 (0.92,1.09)

1.01 (0.92,1.10)

0.99 (0.91,1.08)

0.99 (0.91,1.08)

1

1

1

1

1.13 (0.95,1.35)

0.78 (0.54,1.14)

1.10 (0.92,1.31)

1.10 (0.92,1.31)

1

1

1.28 (1.13,1.45)

1.79 (1.39,2.31)

0.97 (0.87,1.08)

1.25 (1.03,1.52)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.98 (0.88,1.09)

0.57 (0.35,0.92)

2

Ethnicity × calendar decade of diagnosis

1.66 (1.07,2.57)

Income quintiles × calendar decade of diagnosis

0.61 (0.45,0.84)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.45 (0.35,0.58)

0.45 (0.35,0.58)

0.46 (0.36,0.58)

0.46 (0.36,0.59)

3 years since diagnosis

0.13 (0.08,0.22)

0.13 (0.08,0.22)

0.13 (0.08,0.22)

0.13 (0.08,0.23)

4 years since diagnosis

0.04 (0.02,0.09)

0.04 (0.02,0.10)

0.04 (0.02,0.09)

0.04 (0.02,0.09)

5 years since diagnosis

0.02 (0.01,0.07)

0.03 (0.01,0.07)

0.02 (0.01,0.07)

0.03 (0.01,0.07)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

1.28 (1.08,1.52)

1.29 (1.09,1.53)

1.28 (1.07,1.51)

1.27 (1.07,1.51)

Aged 65–74

2.50 (1.30,4.80)

2.52 (1.31,4.85)

2.48 (1.28,4.79)

2.47 (1.23,4.78)

2.69 (1.30,5.55)

2.67 (1.29,5.52)

2.64 (1.27,5.49)

2.63 (1.27,5.49)

65–74 years, 1 year since diagnosis

0.62 (0.32,1.19)

0.61 (0.32,1.19)

0.62 (0.32,1.20)

0.62 (0.32,1.20)

75+, 1 year since diagnosis

0.66 (0.32,1.36)

0.66 (0.32,1.38)

0.68 (0.32,1.41)

0.68 (0.33,1.42)

65–74 years, 2 years since diagnosis

0.56 (0.27,1.16)

0.56 (0.27,1.16)

0.56 (0.27,1.17)

0.56 (0.27,1.17)

75+, 2 years since diagnosis

0.62 (0.28,1.38)

0.63 (0.28,1.39)

0.64 (0.29,1.43)

0.65 (0.29,1.44)

1

1

1

1

Observations

565

565

1276

1276

AIC (Akaike information criterion)

1679

1675.6

3762.3

3755.1

BIC (Bayesian information criteria)

1744

1745

3844.8

3842.7

Scaled dispersion

1.121

1.113

1.242

1.235

616.303

610.995

428.439

436.934

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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PROSTATE CANCER
Table A4.17: EMRRs censored at 5 years for men diagnosed with prostate cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income
main effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

1.38 (1.05,1.81)

1.12 (0.69,1.81)

1.37 (1.05,1.80)

1.37 (1.04,1.80)

1

1

1.06 (0.90,1.25)

0.87 (0.66,1.14)

0.13 (0.11,0.16)

0.11 (0.08,0.15)

EMRRs for ethnic and income cancer survival trends
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.13 (0.11,0.16)

0.08 (0.04,0.19)

2

Ethnicity × calendar decade of diagnosis

1.58 (0.72,3.45)

Income quintiles × calendar decade of diagnosis

1.59 (0.96,2.65)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

1.23 (0.91,1.68)

1.24 (0.91,1.68)

1.24 (0.91,1.68)

1.24 (0.91,1.69)

3 years since diagnosis

0.70 (0.50,0.96)

0.70 (0.50,0.97)

0.68 (0.49,0.95)

0.68 (0.49,0.95)

4 years since diagnosis

0.63 (0.45,0.89)

0.64 (0.45,0.89)

0.65 (0.46,0.90)

0.64 (0.46,0.90)

5 years since diagnosis

0.64 (0.45,0.90)

0.64 (0.45,0.90)

0.64 (0.45,0.90)

0.64 (0.46,0.90)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income
main effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

0.73 (0.54,0.98)

0.73 (0.55,0.98)

0.72 (0.54,0.96)

0.72 (0.54,0.97)

Aged 65–74

0.81 (0.57,1.14)

0.81 (0.58,1.14)

0.81 (0.58,1.15)

0.80 (0.57,1.13)

1.49 (1.05,2.10)

1.49 (1.06,2.10)

1.54 (1.10,2.17)

1.52 (1.08,2.13)

65–74 years, 1 year since diagnosis

1.16 (0.80,1.69)

1.16 (0.80,1.69)

1.14 (0.78,1.66)

1.14 (0.79,1.66)

75+, 1 year since diagnosis

1.55 (1.08,2.21)

1.55 (1.08,2.21)

1.48 (1.04,2.12)

1.49 (1.05,2.13)

65–74 years, 2 years since diagnosis

0.88 (0.61,1.28)

0.88 (0.60,1.27)

0.87 (0.60,1.27)

0.87 (0.60,1.27)

75+, 2 years since diagnosis

0.72 (0.50,1.05)

0.72 (0.50,1.04)

0.69 (0.48,1.01)

0.70 (0.48,1.01)

1

1

1

1

521

521

2298

2298

AIC (Akaike information criterion)

2168.2

2169

6116.8

6115.6

BIC (Bayesian information criteria)

2227.8

2232.8

6202.9

6207.4

Scaled dispersion

1.391

1.391

1.029

1.028

705.189

703.962

1104.448

1100.668

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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STOMACH CANCER
Table A4.18: EMRRs censored at 5 years for people diagnosed with people with stomach cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income
main effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

0.91 (0.83,0.99)

0.91 (0.84,1.00)

0.91 (0.83,0.99)

0.91 (0.83,0.99)

1

1

1

1

1.25 (1.09,1.43)

1.42 (1.08,1.86)

1.22 (1.06,1.40)

1.22 (1.06,1.40)

1

1

1.15 (1.01,1.30)

1.11 (0.87,1.40)

0.87 (0.78,0.96)

0.84 (0.69,1.02)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.86 (0.78,0.96)

1.06 (0.71,1.56)

2

Ethnicity × calendar decade of diagnosis

0.84 (0.60,1.17)

Income quintiles × calendar decade of diagnosis

1.06 (0.78,1.44)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.45 (0.36,0.55)

0.45 (0.36,0.55)

0.45 (0.36,0.55)

0.45 (0.36,0.55)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income
main effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

3 years since diagnosis

0.23 (0.17,0.31)

0.23 (0.17,0.31)

0.23 (0.17,0.31)

0.23 (0.17,0.31)

4 years since diagnosis

0.13 (0.09,0.18)

0.13 (0.09,0.18)

0.13 (0.09,0.18)

0.13 (0.09,0.18)

5 years since diagnosis

0.10 (0.06,0.15)

0.10 (0.06,0.15)

0.10 (0.06,0.18)

0.10 (0.06,0.16)

Aged 15–54

1

1

1

1

Aged 55–64

1.14 (0.98,1.34)

1.14 (0.98,1.33)

1.14 (0.98,1.33)

1.15 (0.98,1.34)

Aged 65–74

1.20 (0.85,1.70)

1.20 (0.84,1.70)

1.20 (0.84,1.70)

1.20 (0.84,1.70)

1.02 (0.67,1.55)

1.02 (0.67,1.55)

1.05 (0.70,1.58)

1.05 (0.70,1.58)

65–74 years, 1 year since diagnosis

1.04 (0.72,1.49)

1.04 (0.72,1.49)

1.04 (0.72,1.49)

1.04 (0.72,1.48)

75+, 1 year since diagnosis

1.57 (1.02,2.39)

1.57 (1.03,2.40)

1.52 (1.01,2.31)

1.52 (1.01,2.32)

65–74 years, 2 years since diagnosis

0.88 (0.57,1.35)

0.88 (0.57,1.35)

0.88 (0.57,1.35)

0.88 (0.57,1.35)

75+, 2 years since diagnosis

0.95 (0.58,1.57)

0.95 (0.58,1.57)

0.93 (0.57,1.53)

0.93 (0.57,1.54)

1

1

1

1

827

827

2372

2372

AIC (Akaike information criterion)

2456.2

2457.2

5658.4

5660.3

BIC (Bayesian information criteria)

2527

2532.6

5750.8

5758.4

1.2

1.2

1.21

1.21

974.053

972.98

842.406

842.653

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

Scaled dispersion
Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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TESTICULAR CANCER
Table A4.19: EMRRs censored at 5 years for men diagnosed with testicular cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

1.64 (0.71,3.80)

0.97 (0.17,5.48)

1.67 (0.71,3.95)

1.68 (0.71,3.96)

1

1

1.36 (0.42,4.45)

0.55 (0.05,6.44)

0.70 (0.26,1.87)

0.34 (0.05,2.44)

EMRRs for ethnic and income cancer survival trends
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.72 (0.29,1.79)

0.27 (0.02,4.43)

2

Ethnicity × calendar decade of diagnosis

2.18 (0.26,18.25)

Income quintiles × calendar decade of diagnosis

4.00 (0.16,98.97)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.33 (0.13,0.84)

0.33 (0.13,0.84)

0.35 (0.14,0.93)

0.37 (0.14,0.95)

3 years since diagnosis

0.15 (0.03,0.64)

0.15 (0.03,0.69)

0.18 (0.04,0.76)

0.18 (0.04,0.81)

4 years since diagnosis

0.07 (0.01,1.04)

0.07 (0.01,1.02)

0.09 (0.01,1.13)

0.08 (0.00,1.44)

Aged 15–24

1

1

1

1

Aged 25–44

0.71 (0.24,2.10)

0.71 (0.24,2.13)

0.70 (0.24,2.05)

0.73 (0.24,2.18)

Aged 45–64

1.19 (0.35,4.01)

1.19 (0.35,4.03)

0.80 (0.21,3.11)

0.80 (0.20,3.19)

Aged 65+

1.70 (1.04,2.78)

1.71 (1.05,2.79)

2.44 (0.22,27.08)

2.12 (0.12,38.20)

Age group

1
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

446

446

1095

1095

AIC (Akaike information criterion)

1421.4

1422.4

412.5

413.8

BIC (Bayesian information criteria)

1478.8

1484

462.5

468.7

Scaled dispersion

1.115

1.115

0.271

0.27

481.568

480.614

16.85

16.241

Diagnostic criteria for regression models
Observations

Deviance
1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis.
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THYROID CANCER
Table A4.20: EMRRs censored at 5 years for people diagnosed with thyroid cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

0.83 (0.52,1.32)

0.82 (0.52,1.32)

0.81 (0.51,1.31)

0.81 (0.50,1.30)

1

1

1

1

0.68 (0.24,1.92)

0.94 (0.14,6.31)

0.59 (0.20,1.75)

0.60 (0.21,1.75)

1

1

1.56 (0.81,3.02)

1.14 (0.30,4.25)

0.56 (0.32,1.00)

0.43 (0.14,1.30)

EMRRs for ethnic and income cancer survival trends
1

Sex

Male
Female
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.54 (0.31,0.95)

0.89 (0.06,14.33)

2

Ethnicity × calendar decade of diagnosis

0.62 (0.05,8.25)

Income quintiles × calendar decade of diagnosis

1.60 (0.29,8.76)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.20 (0.10,0.41)

0.20 (0.10,0.41)

0.20 (0.10,0.40)

0.19 (0.09,0.40)

3 years since diagnosis

0.20 (0.09,0.45)

0.20 (0.09,0.45)

0.20 (0.09,0.45)

0.20 (0.09,0.44)

4 years since diagnosis

0.09 (0.02,0.36)

0.08 (0.03,0.37)

0.11 (0.04,0.35)

0.11 (0.04,0.35)

5 years since diagnosis

0.03 (0.00,1.12)

0.03 (0.00,1.16)

0.05 (0.01,0.49)

0.05 (0.01,0.49)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income main
effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–24

1

1

1

1

Aged 25–44

2.20 (1.03,4.72)

2.21 (1.03,4.73)

2.20 (1.03,4.69)

2.22 (1.04,4.74)

10.22 (5.14,20.34)

10.28 (5.16,20.50)

10.09 (5.08,20.05)

10.11 (5.08,20.09)

649

649

2029

2029

AIC (Akaike information criterion)

648.8

650.7

1097.8

1099.5

BIC (Bayesian information criteria)

693.6

699.9

1159.6

1166.9

Scaled dispersion

0.61

0.611

0.387

0.387

122.01

121.373

126.418

126.38

Age group

1

Aged 45–64 **
Diagnostic criteria for regression models
Observations

Deviance
1

EMRRs averaged over the study period.

2 Change in the EMRR for every 10 years of cancer diagnosis.
* People aged 45-64 years of age were set as the oldest age group because of the much younger age group distribution for this cancer site compared to other sites.
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UTERINE CANCER
Table A4.21: EMRRs censored at 5 years for people diagnosed with uterine cancer, 1991-2004 with follow-up to 2006
Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income
main effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

1

1

1

1

1.56 (1.12,2.16)

1.07 (0.53,2.20)

1.55 (1.11,2.16)

1.55 (1.12,2.16)

1

1

1.06 (0.80,1.41)

0.77 (0.45,1.34)

0.71 (0.56,0.91)

0.55 (0.35,0.86)

EMRRs for ethnic and income cancer survival trends
1

Ethnicity

Non-Māori
Māori
Income quintiles

1

Highest income quintile
Lowest income quintile
Calendar period of cancer diagnosis

2

Change every 10 years of cancer diagnosis
Change in inequalities over time

0.71 (0.55,0.91)

0.40 (0.15,1.04)

2

Ethnicity × calendar decade of diagnosis

1.69 (0.72,3.95)

Income quintiles × calendar decade of diagnosis

1.61 (0.80,3.25)

EMRRs for other covariates in regression models
1

Follow-up since cancer diagnosis
1 year since diagnosis

1

1

1

1

2 years since diagnosis

0.39 (0.26,0.60)

0.40 (0.26,0.60)

0.39 (0.26,0.60)

0.40 (0.26,0.60)

3 years since diagnosis

0.38 (0.26,0.57)

0.39 (0.26,0.58)

0.39 (0.26,0.58)

0.39 (0.26,0.57)

4 years since diagnosis

0.16 (0.09,0.29)

0.16 (0.09,0.29)

0.16 (0.09,0.29)

0.16 (0.09,0.29)

5 years since diagnosis

0.13 (0.06,0.26)

0.13 (0.06,0.26)

0.13 (0.07,0.26)

0.13 (0.07,0.26)
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Ethnic trends in survival

Income trends in survival

Model 1 (ethnicity
main effects model)
EMRR (95% CI)

Model 2 (ethnicity and calendar
period interaction model)
EMRR (95% CI)

Model 3 (income
main effects model)
EMRR (95% CI)

Model 4 (income and calendar
period interaction model)
EMRR (95% CI)

Aged 15–54

1

1

1

1

Aged 55–64

1.08 (0.79,1.48)

1.10 (0.80,1.51)

1.08 (0.79,1.48)

1.08 (0.79,1.49)

Aged 65–74

1.62 (0.96,2.73)

1.63 (0.96,2.75)

1.61 (0.96,2.71)

1.60 (0.95,2.69)

2.09 (1.10,3.96)

2.10 (1.11,3.98)

2.21 (1.12,4.08)

2.19 (1.19,4.05)

65–74 years, 1 year since diagnosis

0.87 (0.48,1.55)

0.87 (0.49,1.56)

0.87 (0.49,1.55)

0.87 (0.49,1.56)

75+, 1 year since diagnosis

1.19 (0.60,2.35)

1.19 (0.60,2.35)

1.12 (0.58,2.16)

1.13 (0.58,2.17)

65–74 years, 2 years since diagnosis

1.37 (0.69,2.75)

1.37 (0.69,2.74)

1.38 (0.69,2.75)

1.38 (0.69,2.75)

75+, 2 years since diagnosis

1.68 (0.76,3.73)

1.68 (0.76,3.73)

1.56 (0.72,3.39)

1.55 (0.71,3.38)

1

1

1

1

492

492

1829

1829

AIC (Akaike information criterion)

1254.4

1254.8

2643.9

2644.2

BIC (Bayesian information criteria)

1313.1

1317.8

2726.6

2732.4

Scaled dispersion

1.133

1.133

0.829

0.828

Deviance

541.75

540.23

198.036

199.3

Age group

1

Aged 75+
Interaction, follow-up and age group

1

All other combinations of follow-up and age group
Diagnostic criteria for regression models
Observations

1

EMRRs averaged over the study period.

2

Change in the EMRR for every 10 years of cancer diagnosis
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Appendix 5: Age-standardised 1-year and 5-year relative survival estimates for
breast, colorectal and lung cancers, 1991-2004

Table A5.1:

Number of women diagnosed with breast cancer, 1991 and 2004, by age group, ethnic group and calendar period

Age group

15–54
55–64
65–74
75+
Total

People diagnosed 1991–1996
Non-Māori *
Māori *
Total
2064 (35%)
309 (58%)
2373 (35%)
1209 (20%)
132 (25%)
1341 (23%)
1320 (22%)
60 (11%)
1380 (20%)
1320 (22%)
30 (6%)
1350 (22%)
5910
531
6444

Calendar period of diagnosis
People diagnosed 1996–2001
Non-Māori *
Māori *
Total
2553
465 (57%)
3015
1689
192 (24%)
1884
1473
111 (14%)
1584
1656
42 (5%)
1701
7374
810
8184

People diagnosed 2001–2004
Non-Māori *
Māori *
Total
2868
2463 (36%)
405 (55%)
1947
1767 (26%)
177 (24%)
1323
1215 (18%)
111 (15%)
1359
1311 (19%)
45 (6%)
6753
741
7494

* Percentages calculated to describe differences in age-group distributions between ethnic groups.

Table A5.2:

Number of women diagnosed with breast cancer, 1991 and 2004, by age group, income group and calendar period

Age group

15–54
55–64
65–74
75+
Total

Highincome
672
315
315
261
1563

People diagnosed 1991–1996
MediumLowincome
income
624
633
378
489
660
294
651
285
2313
1701

Total
1929
1179
1266
1200
5577

Highincome
951
528
348
315
2142

Calendar period of diagnosis
People diagnosed 1996–2001
MediumLowincome
income
759
795
495
579
525
525
798
300
2577
2199

Total
2502
1602
1398
1413
6918

Highincome
993
660
351
216
2220
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People diagnosed 2001–2004
MediumLowincome
income
657
714
498
510
420
390
435
462
2010
2076

Total
2367
1665
1161
1110
6303

360

Table A5.3:

Age-standardised (Brenner method) 1-year and 5-year relative survival for breast cancer, 1991-2004, by ethnic and income group

Survival time since cancer diagnosis
Ethnic trends in relative survival
1-year
5-year
Ethnic gap
Socioeconomic trends in relative survival
1-year

5-year

Income gap

Exposure category

People diagnosed 1991–1996

Calendar period of diagnosis
1
People diagnosed 1996–2001

People diagnosed 2001–2004

Non-Māori
Māori
Non-Māori
Māori
1-year
5-year

0.93 (0.93, 0.94)
0.92 (0.89, 0.94)
0.76 (0.75, 0.77)
0.71 (0.66, 0.76)
-0.01
-0.05

0.96 (0.95, 0.96)
0.94 (0.91, 0.96)
0.83 (0.82, 0.84)
0.79 (0.75, 0.82)
-0.02
-0.04

0.97 (0.97, 0.98)
0.97 (0.94, 0.98)
0.86 (0.85, 0.88)
0.85 (0.80, 0.90)
-0.01
-0.01

High-income
Medium-income
Low-income
High-income
Medium-income
Low-income
1-year
5-year

0.94 (0.92, 0.95)
0.95 (0.94, 0.96)
0.92 (0.90, 0.93)
0.76 (0.74, 0.79)
0.77 (0.75, 0.79)
0.75 (0.72, 0.77)
-0.02
-0.01

0.96 (0.95, 0.97)
0.96 (0.95, 0.97)
0.97 (0.95, 0.97)
0.84 (0.82, 0.86)
0.83 (0.82, 0.85)
0.83 (0.81, 0.85)
0.01
-0.01

0.98 (0.97, 0.98)
0.98 (0.97, 0.98)
0.97 (0.96, 0.98)
0.88 (0.85, 0.90)
0.85 (0.83, 0.88)
0.87 (0.85, 0.90)
-0.01
-0.01

1

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Table A5.4:

Number of people diagnosed with colorectal cancer, 1991 and 2004, by age group, ethnic group and calendar period

Age group

15–54
55–64
65–74
75+
Total

People diagnosed 1991–1996
Non-Māori
Māori
864 (11%)
72 (30%)
1770 (22%)
81 (34%)
2763 (34%)
54 (23%)
2829 (34%)
33 (14%)
8223
237

Total
936
1851
2817
2859
8463

Calendar period of diagnosis
People diagnosed 1996–2001
Non-Māori
Māori
894 (10%)
93 (26%)
1788 (20%)
108 (30%)
3027 (34%)
111 (31%)
3300 (37%)
54 (15%)
9009
360

Total
984
1896
3138
3354
9372

People diagnosed 2001–2004
Non-Māori
Māori
747 (10%)
87 (28%)
1404 (18%)
99 (32%)
2349 (31%)
96 (31%)
3156 (41%)
30 (10%)
7659
312

Total
834
1500
2448
3192
7974

* Percentages calculated to describe differences in age-group distributions between ethnic groups.

Table A5.5:

Number of people diagnosed with colorectal cancer, 1991 and 2004, by age group, ethnic group and calendar period

Age group

15–54
55–64
65–74
75+
Total

Highincome
276
498
726
636
2136

People diagnosed 1991–1996
MediumLowincome
income
249
258
543
603
1278
594
1443
480
3513
1938

Total
783
1647
2598
2559
7587

Highincome
312
621
795
675
2406

Calendar period of diagnosis
People diagnosed 1996–2001
MediumLowincome
income
258
255
516
483
1086
927
1584
681
3444
2346

Total
825
1623
2808
2943
8199

Highincome
294
528
678
603
2103
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People diagnosed 2001–2004
MediumLowincome
income
180
216
384
381
744
762
1083
981
2397
2334

Total
690
1293
2181
2667
6834

362

Table A5.6:

Age-standardised (Brenner method) 1-year and 5-year relative survival for colorectal cancer, 1991-2004, by ethnic and income group

Survival time since cancer diagnosis
Ethnic trends in relative survival
1-year
5-years
Ethnic gap
Socioeconomic trends in relative survival
1-year

5-year

Income gap

Exposure category

People diagnosed 1991–1996

Calendar period of diagnosis
1
People diagnosed 1996–2001

People diagnosed 2001–2004

Non-Māori
Māori
Non-Māori
Māori
1-year
5-year

0.78 (0.77, 0.78)
0.71 (0.64, 0.77)
0.56 (0.55, 0.57)
0.45 (0.37, 0.53)
-0.07
-0.11

0.80 (0.79, 0.81)
0.79 (0.74, 0.84)
0.62 (0.61, 0.63)
0.56 (0.49, 0.63)
-0.01
-0.06

0.82 (0.81, 0.83)
0.75 (0.70, 0.80)
0.64 (0.62, 0.65)
0.56 (0.47, 0.65)
-0.07
-0.08

High-income
Medium-income
Low-income
High-income
Medium-income
Low-income
1-year
5-year

0.76 (0.74, 0.78)
0.77 (0.75, 0.78)
0.79 (0.77, 0.81)
0.57 (0.55, 0.60)
0.56 (0.53, 0.58)
0.56 (0.53, 0.59)
0.03
-0.01

0.82 (0.80, 0.84)
0.81 (0.79, 0.82)
0.78 (0.76, 0.80)
0.65 (0.63, 0.68)
0.63 (0.61, 0.65)
0.59 (0.56, 0.61)
-0.04
-0.06

0.84 (0.82, 0.85)
0.81 (0.79, 0.83)
0.82 (0.80, 0.84)
0.66 (0.63, 0.69)
0.64 (0.61, 0.67)
0.65 (0.62, 0.68)
-0.02
-0.01

1

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Table A5.7:

Number of people diagnosed with lung cancer, 1991 and 2004, by age group, ethnic group and calendar period

Age group

15–54
55–64
65–74
75+
Total

People diagnosed 1991–1996
Non-Māori
Māori
Total
363 (8%)
126 (22%)
489
906 (20%)
216 (38%)
1122
1878 (41%)
168 (30%)
2046
1416 (21%)
54 (10%)
1470
4560
564
5127

Calendar period of diagnosis
People diagnosed 1996–2001
Non-Māori
Māori
Total
405 (9%)
162 (22%)
570
789 (18%)
252 (34%)
1041
1707 (38%)
234 (32%)
1941
1560 (35%)
84 (11%)
1647
4467
732
5196

People diagnosed 2001–2004
Non-Māori
Māori
Total
468
333 (9%)
138 (21%)
969
753 (20%)
219 (34%)
1434
1215 (33%)
219 (34%)
1458
1383 (38%)
72 (11%)
3684
648
4332

* Percentages calculated to describe differences in age-group distributions between ethnic groups.

Table A5.8:

Number of people diagnosed with lung cancer, 1991 and 2004, by age group, income group and calendar period

Age group

15–54
55–64
65–74
75+
Total

Highincome
93
195
387
294
966

People diagnosed 1991–1996
MediumLowincome
income
126
159
306
474
945
498
777
258
2151
1386

Total
378
975
1827
1329
4506

Highincome
102
204
309
285
897

Calendar period of diagnosis
People diagnosed 1996–2001
MediumLowincome
income
141
198
285
372
654
723
732
411
1812
1704

Total
441
858
1686
1431
4416

Highincome
117
228
273
240
861
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People diagnosed 2001–2004
MediumLowincome
income
99
144
225
327
402
516
501
510
1230
1494

Total
363
777
1191
1254
3585

364

Table A5.9:

Age-standardised (Brenner method) 1-year and 5-year relative survival for lung cancer, 1991-2004, by ethnic and income group

Survival time since cancer diagnosis
Ethnic trends in relative survival
1-year
5-year
Ethnic gap
Socioeconomic trends in relative survival
1-year

5-year

Income gap

Exposure category

People diagnosed 1991–1996

Calendar period of diagnosis
1
People diagnosed 1996–2001

People diagnosed 2001–2004

Non-Māori
Māori
Non-Māori
Māori
1-year
5-years

0.29 (0.28, 0.31)
0.27 (0.24, 0.41)
0.10 (0.09, 0.11)
0.06 (0.04, 0.08)
-0.02
-0.04

0.33 (0.31, 0.34)
0.25 (0.22, 0.29)
0.11 (0.10, 0.12)
0.06 (0.04, 0.08)
-0.08
-0.05

0.34 (0.32, 0.35)
0.28 (0.24, 0.31)
0.12 (0.11, 0.14)
0.08 (0.06, 0.11)
-0.06
-0.04

High-income
Medium-income
Low-income
High-income
Medium-income
Low-income
1-year
5-year

0.30 (0.27, 0.33)
0.29 (0.27, 0.31)
0.28 (0.26, 0.30)
0.12 (0.10, 0.14)
0.09 (0.08, 0.10)
0.08 (0.07, 0.10)
-0.02
-0.04

0.34 (0.31, 0.37)
0.31 (0.29, 0.34)
0.32 (0.30, 0.35)
0.11 (0.09, 0.14)
0.09 (0.08, 0.11)
0.11 (0.09, 0.13)
-0.02
0.00

0.36 (0.33, 0.40)
0.33 (0.30, 0.35)
0.31 (0.29, 0.34)
0.13 (0.10, 0.16)
0.13 (0.11, 0.15)
0.11 (0.09, 0.13)
-0.05
-0.02

1

1

Relative survival calculated using the cohort approach, with follow-up to 31 December 2006.

2

Relative survival calculated using the complete approach, with follow-up to 31 December 2006.
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Appendix 6: Interaction EMRR terms to assess whether ethnic and income
inequalities in excess mortality varied by follow-up time
Table A6.1:

Estimates of ethnic trends in breast cancer survival from the excess mortality rate modelling where time-dependent interaction terms
for follow-up time since diagnosis were included (with the EMRRs in bold discussed in Chapter 6)
Model 1 (main effects model)

Model 2 (ethnic trends in cancer survival
model)
No follow-up
Ethnicity* follow-up
interaction terms
interaction term and
added
interaction term for
calendar period*follow-up
time added
EMRR (95% CI)
EMRR (95% CI)

No follow-up
interaction terms
added

Ethnicity* follow-up
interaction term added

EMRR (95% CI)

EMRR (95% CI)

1.00
1.37 (1.12, 1.56)
0.48 (0.43, 0.54)

1.00
1.47 (1.22, 1.76)
0.48 (0.43, 0.54)

1.00
1.57 (1.22, 2.01)
0.56 (0.35, 0.88)
0.80 (0.56,1.14)

1.00
1.63 (1.40, 1.89)
1.51 (1.30, 1.76)
1.30 (1.10, 1.52)
1.05 (0.88, 1.25)

1.00
1.65 (1.40, 1.93)
1.49 [1.27, 1.75)
1.28 (1.08, 1.51)
1.04 (0.87, 1.24)

---

0.91 (0.64, 1.30)
0.84 (0.61, 1.15)
1.00

Model 2 (ethnic trends in cancer survival model)
No follow-up interaction
terms added

3-way interaction term of
ethnicity*followup*calendar period added
to the model

EMRR (95% CI)

EMRR (95% CI)

1.00
1.67 (1.27, 2.21)
0.55 (0.35, 0.87)
0.80 (0.50,1.14)

1.00
1.56 (1.21, 2.00)
0.72 (0.38, 1.38)
0.63 (0.36,1.09)

1.00
1.57 (1.14, 2.18)
0.72 (0.32, 1.63)
0.63 (0.31, 1.29)

1.00
1.58 (1.35, 1.86)
1.43 (1.19, 1.72)
1.20 (0.96, 1.50)
0.95 (0.73, 1.24)

1.00
1.60 (1.35, 1.89)
1.41 (1.17, 1.71)
1.18 (0.94, 1.49)
0.94 (0.72, 1.23)

1.00
1.58 (1.35, 1.86)
1.43 (1.18, 1.72)
1.19 (0.95, 1.49)
0.95 (0.73, 1.23)

1.00
1.61 (1.36, 1.91)
1.44 (1.18, 1.75)
1.20 (0.95, 1.51)
0.95 [0.73, 1.25)

---

0.91 (0.64, 1.30)
0.84 (0.61, 1.16)
1.00
1.05 [0.96, 1.14)

--0.95 (0.78, 1.15)

1.05 (0.63, 1.77)
0.92 (0.62, 1.39)
1.00
0.95 (0.72, 1.25)

1.10 (0.94, 1.28)

1.10 (0.87, 1.39)

Ethnicity
Non-Māori
Māori
Change per decade in excess morality
Ethnicity × calendar decade of diagnosis
Follow-up time since cancer diagnosis
1 year since diagnosis
2 years since diagnosis
3 years since diagnosis
4 years since diagnosis
5 years since diagnosis
Time-dependent hazard interaction terms
Māori in the first year since diagnosis
Māori in the second year since diagnosis
All other combinations of ethnicity and follow-up time
Change per decade in excess mortality x follow-up time
Change per decade in ethnicity x follow-up time (3-way
interaction term)

1.05 (0.96, 1.14)

Age group
Aged 15–54
Aged 55–64
Aged 65–74
Aged 75+

1.00
0.81 (0.72, 0.90)
0.78 (0.66, 0.93)
0.68 (0.50, 0.91)

1.00
0.81 (0.72, 0.90)
0.79 [0.66, 0.94)
0.68 (0.50, 0.92)

1.00
0.81 (0.72, 0.90)
0.79 [0.66, 0.94)
0.68 (0.51, 0.92)

1.00
0.81 (0.72, 0.90)
0.79 (0.67, 0.94)
0.69 (0.51, 0.93)

1.00
0.80 (0.72, 0.90)
0.79 (0.67, 0.94)
0.69 (0.51, 0.92)

1.00
0.80 (0.72, 0.90)
0.79 (0.67, 0.94)
0.69 (0.51, 0.39)

Interaction, follow-up time and age group
65–74 years, 1 year since diagnosis
75+, 1 year since diagnosis
65–74 years, 2 years since diagnosis
75+, 2 years since diagnosis
All other combinations of follow-up and age group

1.82 (1.38, 2.40)
3.70 (2.58, 5.32)
1.17 (0.89, 1.52)
1.28 (0.84, 1.95)
1.00

1.81 (1.37, 2.38)
3.67 (2.55, 5.28)
1.15 (0.88, 1.50)
1.26 (0.83, 1.92)
1.00

1.80 (1.37, 2.37)
3.66 (2.55, 5.24)
1.16 (0.89, 1.51)
1.27 (0.83, 1.93)
1.00

1.79 (1.36, 2.36)
3.62 (2.52, 5.21)
1.15 (0.88, 1.50)
1.25 [0.82, 1.90)
1.00

1.78 (1.35, 2.35)
3.61 [2.51, 5.18)
1.15 (0.88, 1.50)
1.26 (0.83, 1.91)
1.00

1.79 (1.36, 2.36)
3.63 (2.53, 5.21)
1.15 (0.88, 1.50)
1.25 (0.82, 1.90)
1.00
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Table A6.2:

Estimates of ethnic trends in colorectal cancer survival from the excess mortality rate modelling where time-dependent interaction
terms for follow-up time since diagnosis were included (with the EMRRs in bold discussed in Chapter 6)
Model 1 (main effects model)

Model 2 (ethnic trends in cancer survival
model)
No follow-up
Ethnicity* follow-up
interaction terms
interaction term and
added
interaction term for
calendar period*follow-up
time added
EMRR (95% CI)
EMRR (95% CI)

No follow-up
interaction terms
added

Ethnicity* follow-up
interaction term added

EMRR (95% CI)

EMRR (95% CI)

Male
Female

1.00
0.93 (0.89, 0.98)

1.00
0.93 (0.89, 0.98)

1.00
0.93 (0.89, 0.98)

Non-Māori
Māori

1.00
1.36 (1.20, 1.54)
0.73 (0.69, 0.78)

1.00
1.42 (1.08, 1.86)
0.73 (0.69, 0.78)

1.00
0.64 (0.58, 0.71)
0.44 (0.39, 0.49)
0.29 (0.26, 0.33)
0.19 (0.16, 0.23)

Model 2 (ethnic trends in cancer survival model)
No follow-up interaction
terms added

3-way interaction term of
ethnicity*followup*calendar period added
to the model

EMRR (95% CI)

EMRR (95% CI)

1.00
0.93 (0.89, 0.98)

1.00
0.93 (0.89, 0.98)

1.00
0.93 (0.89, 0.98)

1.00
1.58 (1.23, 2.03)
0.97 (0.68, 1.38)
0.80 (0.58, 1.11)

1.00
1.66 (1.18, 2.33)
0.97 (0.68, 1.38)
0.80 (0.58, 1.11)

1.00
1.58 (1.23, 2.04)
0.91 (0.5788, 1.44)
0.85 (0.56, 1.2920

1.00
1.92 (1.20, 3.05)
0.77 (0.41, 1.45)
1.00 (0.55, 1.82)

1.00
0.64 (0.58, 0.71)
0.43 (0.39, 0.49)
0.29 (0.26, 0.33)
0.19 (0.16, 0.23)

1.00
0.65 (0.59, 0.73)
0.452 (0.40, 0.52)
0.30 (0.26, 0.37)
0.21 (0.17, 0.26)

1.00
0.66 (0.59, 0.73)
0.45 (0.39, 0.52)
0.31 (0.26, 0.37)
0.21 (0.17, 0.26)

1.00
0.65 (0.59, 0.73)
0.45 (0.40, 0.52)
0.31 (0.26, 0.37)
0.21 (0.17, 0.26)

1.00
0.66 (0.59, 0.73)
0.45 (0.39, 0.51)
0.31 (0.26, 0.36)
0.21 (0.17, 0.26)

0.97 (0.71, 1.34)
0.88 (0.60, 1.28)
1.00

---

0.97 (0.71, 1.33)
0.88 (0.60, 1.28)
1.00
0.97 (0.91, 1.03)

--1.00 (0.83, 1.21)

0.79 (0.45, 1.39)
0.79 (0.49, 1.24)
1.00
1.11 (0.81, 1.52)

0.97 (0.82, 1.14)

0.88 (0.65, 1.18)

Sex

Ethnicity

Change per decade in excess morality
Ethnicity × calendar decade of diagnosis
Follow-up time since cancer diagnosis
1 year since diagnosis
2 years since diagnosis
3 years since diagnosis
4 years since diagnosis
5 years since diagnosis
Time-dependent hazard interaction terms
Māori in the first year since diagnosis
Māori in the second year since diagnosis
All other combinations of ethnicity and follow-up time
Change per decade in excess mortality x follow-up time

0.97 (0.91, 1.03)

Change per decade in ethnicity x follow-up time (3-way
interaction term)

Age group
Aged 15–54
Aged 55–64
Aged 65–74
Aged 75+

1.00
0.97 (0.89, 1.05)
0.97 (0.85, 1.10)
0.56 (0.45, 0.69)

1.00
0.97 (0.89, 1.05)
0.97 [0.85, 1.10)
0.56 (0.453, 0.69)

1.00
0.97 (0.89, 1.05)
0.97 (0.85, 1.10)
0.56 (0.45, 0.69)

1.00
0.97 (0.89, 1.05)
0.97 (0.85, 1.11)
0.56 (0.45, 0.70)

1.00
0.97 (0.89, 1.05)
0.97 (0.85, 1.10)
0.56 (0.45, 0.69)

1.00
0.97 (0.89, 1.05)
0.97 (0.85, 1.11)
0.56 (0.45, 0.69)

Interaction, follow-up time and age group
65–74 years, 1 year since diagnosis
75+, 1 year since diagnosis
65–74 years, 2 years since diagnosis
75+, 2 years since diagnosis
All other combinations of follow-up and age group

1.17 (1.01, 1.34)
2.42 (1.94, 3.01)
0.99 (0.84, 1.17)
1.38 (1.08, 1.78)
1.00

1.16 (1.01, 1.34)
2.41 (1.93, 3.01)
0.99 (0.84, 1.17)
1.38 [1.07, 1.77)
1.00

1.16 (1.01, 1.34)
2.41 (1.93, 3.00)
0.99 (0.84, 1.17)
1.38 (1.07, 1.78)
1.00

1.16 (1.01, 1.34)
2.41 (1.93, 3.00)
0.99 (0.84, 1.16)
1.37 (1.07, 1.77)
1.00

1.17 (1.01, 1.34)
2.42 (1.94, 3.01)
0.99 (0.84, 1.17)
1.38 (1.08, 1.78)
1.00

1.16 (1.01, 1.34)
2.41 (1.93, 3.01)
0.99 (0.84, 1.16)
1.38 (1.07, 1.77)
1.00
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Table A6.3:

Estimates of ethnic trends in lung cancer survival from the excess mortality rate modelling where time-dependent interaction terms for
follow-up time since diagnosis were included (with the EMRRs in bold discussed in Chapter 6)
Model 1 (main effects model)

Model 2 (ethnic trends in cancer survival
model)
No follow-up
Ethnicity* follow-up
interaction terms
interaction term and
added
interaction term for
calendar period*follow-up
time added
EMRR (95% CI)
EMRR (95% CI)

No follow-up
interaction terms
added

Ethnicity* follow-up
interaction term added

EMRR (95% CI)

EMRR (95% CI)

Male
Female

1.00
0.93 (0.89, 0.97)

1.00
0.93 (0.89, 0.97)

1.00
0.93 (0.89, 0.97)

Non-Māori
Māori

1.00
1.26 (1.18,1.34)
0.89 (0.85, 0.94)

1.00
1.529 (1.18, 1.98)
0.89 (0.85, 0.94)

1.00
0.51 (0.47, 0.56)
0.24 (0.21, 0.27)
0.15 (0.17, 0.18)
0.09 (0.07, 0.11)

Model 2 (ethnic trends in cancer survival model)
No follow-up interaction
terms added

3-way interaction term of
ethnicity*followup*calendar period added
to the model

EMRR (95% CI)

EMRR (95% CI)

1.00
0.93 (0.89,0.97)

1.00
0.93 (0.89,0.97)

1.00
0.93 (0.89,0.97)

1.00
1.19 (1.06, 1.35)
0.82 (0.67, 1.00)
1.08 (0.93, 1.25)

1.00
1.45 (1.10, 1.92)
0.82 (0.67, 1.00)
1.08 (0.93, 1.25)

1.00
1.19 (1.06,1. 35)
0.94 (0.72, 1.22)
0.96 (0.77, 1.18)

1.00
1.66 (1.12, 2.47)
0.71 (0.49, 1.03)
1.23 (0.89, 1.70)

1.00
0.49 (0.45, 0.55)
0.28 (0.20, 0.27)
0.15 (0.12, 0.18)
0.08 (0.06, 0.11)

1.00
0.51 [0.46, 0.57)
0.24 (0.20, 0.28)
0.15 (0.12, 0.19)
0.08 (0.06, 0.12)

1.00
0.49 (0.44, 0.551)
0.227 (0.19, 0.27)
0.14 (0.12, 0.18)
0.08 (0.06, 0.11)

1.00
0.51 (0.46, 0.57)
0.23 (0.20, 0.28)
0.15 (0.12, 0.19)
0.08 [0.06, 0.12)

1.00
0.489 (0.44, 0.55)
0.22 (0.19, 0.27)
0.14 (0.11, 0.18)
0.08 (0.06, 0.11)

0.79 (0.60, 1.03)

--

0.79 (0.60, 1.03)

--

0.68 (0.44, 1.04)

0.95 (0.70, 1.28)
1.00

--

0.94 (0.70, 1.28)
1.00

--

0.87 (0.61, 1.23)
1.00

1.01 (0.93, 1.08)

1.00 (0.93, 1.08)

0.90 (0.77, 1.06)

1.12 (0.87, 1.45)

1.10 (0.98, 1.24)

0.91 (0.73, 1.13)

Sex

Ethnicity

Change per decade in excess morality
Ethnicity × calendar decade of diagnosis
Follow-up since cancer diagnosis
1 year since diagnosis
2 years since diagnosis
3 years since diagnosis
4 years since diagnosis
5 years since diagnosis
Time-dependent hazard interaction terms
Māori in the first year since diagnosis
Māori in the second year since diagnosis

--

All other combinations of ethnicity and follow-up time
Change per decade in excess mortality x follow-up time
Change per decade in ethnicity x follow-up time
(3-way interaction term)

Age group
Aged 15–54
Aged 55–64
Aged 65–74
Aged 75+

1.06 (0.98, 1.14)
1.19 (0.99, 1.43)
1.50 (1.21, 1.85)
1.06 (0.98, 1.14)

1.06 (0.99, 1.14)
1.21 (1.01, 1.46)
1.53 (1.24, 1.90)
1.06 (0.98, 1.14)

1.06 (0.98, 1.14)
1.19 (0.99, 1.43)
1.50 (1.21, 1.85)
1.06 (0.98, 1.14)

1.06 (0.98, 1.14)
1.21 (1.01, 1.46)
1.54 (1.24, 1.90)
1.06 (0.98, 1.14)

1.06 (0.98, 1.14)
1.20 (1.00, 1.45)
1.53 (1.23, 1.89)
1.06 (0.98, 1.14)

1.06 (0.98, 1.14)
1.22 (1.01, 1.46)
1.53 (1.24, 1.90)
1.06 (0.98, 1.14)

Interaction, follow-up time and age group
65–74 years, 1 year since diagnosis
75+, 1 year since diagnosis
65–74 years, 2 years since diagnosis
75+, 2 years since diagnosis
All other combinations of follow-up and age group

1.02 (0.85, 1.22)
0.96 (0.78, 1.19)
0.97 (0.78, 1.19)
0.95 (0.75, 1.21)
1.00

0.99 (0.82, 1.19)
0.93 (0.75, 1.15)
0.96 (0.77, 1.19)
0.95 (0.74, 1.21)
1.00

1.01 (0.85, 1.22)
0.96 (0.78, 1.19)
0.96 (0.78, 1.19)
0.95 (0.75, 1.21)
1.00

0.99 (0.82, 1.19)
0.923 (0.75, 1.15)
0.96 (0.77, 1.19)
0.95 [0.74, 1.21)
1.00

1.00 (0.83, 1.20)
0.94 (0.76, 1.17)
0.96 (0.77, 1.18)
0.94 (0.74, 1.20)
1.00

0.99 (0.82, 1.19)
0.93 (0.75, 1.16)
0.96 (0.77, 1.19)
0.95 (0.74, 1.21)
1.00
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Table A6.4:

Estimates of income trends in breast cancer survival from the excess mortality rate modelling where time-dependent interaction terms
for follow-up time since diagnosis were included (with the EMRRs in bold discussed in Chapter 6)
Model 1 (main effects model)
No follow-up
Ethnicity* follow-up interaction
interaction terms
term added
added
EMRR (95% CI)

EMRR (95% CI)

Model 2 (ethnic trends in cancer survival model)
No follow-up
Ethnicity* follow-up
interaction terms
interaction term and
added
interaction term for calendar
period*follow-up time added
EMRR (95% CI)
EMRR (95% CI)

1.00
1.32 (1.15, 1.51)

1.00
1.32 (1.15, 1.51)

1.00
1.32 (1.15, 1.51)

1.28 (1.14, 1.44)
0.49 (0.44, 0.55)

1.25 (1.07, 1.46)
0.49 (0.44, 0.55)

1.00
1.63 (1.40, 1.89)
1.51 (1.30, 1.76)
1.30 (1.11, 1.53)
1.05 (0.88, 1.25)
------

Model 2 (ethnic trends in cancer survival model)
No follow-up interaction
3-way interaction term of
terms added
ethnicity*follow-up*calendar
period added to the model
EMRR (95% CI)

EMRR (95% CI)

1.00
1.32 (1.15, 1.51)

1.00
1.32 (1.15, 1.51)

1.00
1.32 (1.15, 1.51)

1.14 (0.92, 1.42)
0.40 (0.30, 0.53)
1.21 (0.89, 1.64)

1.12 (0.88, 1.42)
0.40 (0.30, 0.53)
1.21 (0.89, 1.64)

1.15 (0.92, 1.42)
0.39 (0.28, 0.54)
1.26 (0.81, 1.96)

1.10 (0.86, 1.42)
0.41 (0.28, 0.59)
1.14 (0.68, 1.91)

1.00
1.70 (1.41, 2.03)
1.56 (1.31, 1.86)
1.35 (1.122 1.62)
1.09 (0.89, 1.32)

1.00
1.58 (1.35, 1.86)
1.43 (1.19, 1.72)
1.20 (0.96, 1.50)
0.95 (0.73, 1.24)

1.00
1.65 (1.37, 2.00)
1.48 (1.21, 1.81)
1.24 (0.98, 1.58)
0.98 (0.74, 1.29)

1.00
1.58 (1.35, 1.85)
1.43 (1.19, 1.72)
1.20 (0.96, 1.50)
0.95 (0.73, 1.23)

1.00
1.67 (1.38, 2.01)
1.50 (1.21, 1.86)
1.26 (0.98, 1.61)
0.99 (0.75, 1.32)

1.13 (0.89, 1.43)
1.02 (0.81, 1.29)
0.97 (0.77, 1.23)
1.00 (0.80, 1.25)
1.00

-----1.05 (0.96, 1.14)

1.13 (0.892 1.43)
1.03 (0.82, 1.29)
0.97 (0.77, 1.22)
1.00 (0.80, 1.24)
1.00
1.05 (0.96, 1.14)

-----1.05 (0.94, 1.18)

1.17 (0.87, 1.57)
1.06 (0.82, 1.37)
0.98 (0.76, 1.26)
1.01 (0.81, 1.27)
1.00
1.03 (0.91, 1.17)

0.99 (0.86, 1.13)

1.03 (0.87, 1.22)

Ethnicity
Non-Māori
Māori
Income
Highest-income quintile
Lowest-income quintile
Change per decade in excess morality
Income × calendar decade of diagnosis
Follow-up time since cancer diagnosis
1 year since diagnosis
2 years since diagnosis
3 years since diagnosis
4 years since diagnosis
5 years since diagnosis
Time-dependent hazard interaction terms
Lowest-income group in the 1st year since diagnosis
2nd lowest-income group in the 1st year since diagnosis
Lowest-income group in the 2nd year since diagnosis
2nd lowest-income group in the 2nd year since diagnosis
All other combinations of income and follow-up time
Change per decade in excess mortality x follow-up time
Change per decade in Income x follow-up time
(3-way interaction term)

Age group
Aged 15–54
Aged 55–64
Aged 65–74
Aged 75+

1.00
0.80 (0.71, 0.89)
0.78 (0.65, 0.92)
0.69 (0.51, 0.92)

1.00
0.80 (0.71, 0.89)
0.78 (0.65, 0.92)
0.69 (0.51, 0.92)

1.00
0.80 (0.72, 0.89)
0.78 (0.66, 0.93)
0.69 (0.52, 0.92)

1.00
0.80 (0.72, 0.89)
0.80 (0.66, 0.93)
0.69 (0.52, 0.93)

1.00
0.80 (0.72, 0.89)
0.77 (0.65, 0.92)
0.72 (0.54, 0.95)

1.00
0.80 (0.72, 0.89)
0.77 (0.65, 0.92)
0.72 (0.54, 0.95)

Interaction, follow-up time and age group
65–74 years, 1 year since diagnosis
75+, 1 year since diagnosis
65–74 years, 2 years since diagnosis
75+, 2 years since diagnosis
All other combinations of follow-up and age group

1.82 (1.38, 2.39)
3.65 (2.56, 5.20)
1.17 (0.90, 1.53)
1.24 (0.82, 1.88)
1.00

1.82 (1.39, 2.40)
3.61 (2.57, 5.22)
1.17 (0.90, 1.53)
8)
1.00

1.80 (1.37, 2.36)
3.59 (2.52, 5.11)
1.16 (0.89, 1.51)
1.23 (0.81, 1.86)
1.00

1.81 (1.37, 2.38)
3.61 (2.54, 5.14)
1.16 (0.89, 1.51)
1.22 (0.81, 1.85)
1.00

1.81 [1.38, 2.38)
3.35 (2.38, 4.73)
1.16 (0.89, 1.52)
1.20 (0.80, 1.78)
1.00

1.82 (1.38, 2.39)
3.38 (2.39, 4.77)
1.16 (0.89, 1.52)
1.20 (0.801, 1.78)
1.00
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Table A6.5:

Estimates of income trends in colorectal cancer survival from the excess mortality rate modelling where time-dependent interaction
terms for follow-up time since diagnosis were included (with the EMRRs in bold discussed in Chapter 6)
Model 1 (main effects model)
No follow-up
Ethnicity* follow-up interaction
interaction terms
term added
added
EMRR (95% CI)

EMRR (95% CI)

Model 2 (ethnic trends in cancer survival model)
No follow-up
Ethnicity* follow-up
interaction terms
interaction term and
added
interaction term for calendar
period*follow-up time added
EMRR (95% CI)
EMRR (95% CI)

Male
Female

1.00
0.92 (0.88, 0.97)

1.00
0.92 (0.88, 0.97)

1.00
0.92 (0.88, 0.97)

Non-Māori
Māori

1.00
1.34 (1.18, 1.52)

1.00
1.34 (1.19, 1.52)

Highest-income quintile
Lowest-income quintile
Change per decade in excess morality
Income × calendar decade of diagnosis
Follow-up time since cancer diagnosis
1 year since diagnosis
2 years since diagnosis
3 years since diagnosis
4 years since diagnosis
5 years since diagnosis
Time-dependent hazard interaction terms

1.00
1.13 (1.05, 1.21)
0.73 (0.69, 0.78)

Model 2 (ethnic trends in cancer survival model)
No follow-up interaction
3-way interaction term of
terms added
ethnicity*follow-up*calendar
period added to the model
EMRR (95% CI)

EMRR (95% CI)

1.00
0.92 (0.88, 0.97)

1.00
0.92 (0.88, 0.97)

1.00
0.92 (0.88, 0.97)

1.00
1.34 (1.19, 1.52)

1.00
1.34 (1.19, 1.52)

1.00
1.34 (1.19, 1.52)

1.00
1.35 (1.19, 1.52)

1.00
1.19 (1.06, 1.33)
0.73 (0.69, 0.78)

1.00
1.06 (0.93, 1.21)
0.73 (0.63, 0.85)
1.10 (0.93, 1.32)

1.00
1.11 (0.95, 1.31)
0.73 (0.63, 0.85)
1.11 (0.93, 1.32)

1.00
1.06 (0.93, 1.21)
0.71 (0.60, 0.84)
1.15 (0.91, 1.44)

1.00
1.15 (0.97, 1.37)
0.69 (0.58, 0.82)
1.25 (0.97, 1.62)

1.00
0.64 (0.58,0.71)
0.43 (0.39, 0.49)
0.29 (0.26, 0.33)
0.19 (0.17, 0.23)

1.00
0.63 (0.57, 0.71)
0.42 (0.38, 0.478)
0.29 (0.250, 0.33)
0.19 (0.16, 0.23)

1.00
0.65 (0.59, 0.73)
0.45 (0.39, 0.52)
0.31 (0.26, 0.36)
0.21 (0.17, 0.26)

1.00
0.644 (0.57, 0.72)
0.44 (0.38, 0.51)
0.30 (0.25, 0.36)
0.20 (0.16, 0.25)

1.00
0.65 (0.59, 0.72)
0.45 (0.39, 0.51)
0.31 (0.26, 0.36)
0.21 (0.17, 0.26)

1.00
0.64 (0.57, 0.72)
0.43 (0.37, 0.50)
0.29 (0.25, 0.35)
0.20 (0.16, 0.25)

---

0.95 (0.84, 1.07)
0.94 (0.85, 1.04)
0.91 (0.77, 1.07)
1.05 (0.91, 1.21)
1.00

-----0.97 (0.91, 1.03)

0.95 (0.84, 1.07)
0.94 (0.85, 1.04)
0.91 (0.77, 1.07)
1.05 (0.91, 1.21)
1.00
0.97 (0.91, 1.03)

-----0.98 (0.91, 1.06)

0.90 (0.78, 1.04)
0.91 (0.81, 1.01)
0.90 (0.76, 1.06)
1.04 [0.90, 1.20)
1.00
1.01 (0.93, 1.10)

0.98 (0.89,1.08)

0.93 (0.83, 1.04)

Sex

Ethnicity

Income

Lowest-income group in the 1st year since diagnosis
2nd lowest-income group in the 1st year since diagnosis
Lowest-income group in the 2nd year since diagnosis
2nd lowest-income group in the 2nd year since diagnosis
All other combinations of income and follow-up time
Change per decade in excess mortality x follow-up time
Change per decade in Income x follow-up time (3-way
interaction term)

--

Age group
Aged 15–54
Aged 55–64
Aged 65–74
Aged 75+

1.00
0.97 (0.89, 1.05)
0.97 (0.85, 1.10)
0.57 (0.47, 0.71)

1.00
0.97 (0.89, 1.05)
0.97 (0.85, 1.10)
0.57 (0.47, 0.71)

1.00
0.97 (0.89, 1.05)
0.97 (0.85, 1.10)
0.58 (0.47, 0.71)

1.00
0.97 (0.89, 1.05)
0.97 (0.85, 1.10)
0.58 (0.47, 0.71)

1.00
0.97 (0.89, 1.05)
0.97 (0.85, 1.11)
0.60 (0.49, 0.73)

1.00
0.97 (0.89, 1.05)
0.97 (0.86, 1.11)
0.60 (0.49, 0.73)

Interaction, follow-up time and age group
65–74 years, 1 year since diagnosis
75+, 1 year since diagnosis
65–74 years, 2 years since diagnosis
75+, 2 years since diagnosis
All other combinations of follow-up and age group

1.16 (1.01, 1.34)
2.36 (1.90, 2.92)
0.99 (0.84, 1.17)
1.35 (1.05, 1.72)
1.00

1.16 (1.01, 1.34)
2.35 (1.90, 2.9)
0.99 (0.84, 1.16)
1.34 (1.04, 1.71)
1.00

1.16 (1.01, 1.34)
2.35 (1.89, 2.91)
0.99 (0.84, 1.17)
1.34 (1.05, 1.72)
1.00

1.16 (1.01, 1.34)
2.34 (1.89, 2.91)
0.99 (0.84, 1.16)
1.33 (1.04, 1.71)
1.00

1.15 (1.00, 1.33)
2.24 (1.82, 2.76)
0.98 (0.83, 1.16)
1.30 (1.02, 1.65)
1.00

1.15 [1.00, 1.33)
2.23 [1.81, 2.75)
0.98 (0.83, 1.15)
1.29 (1.01, 1.64)
1.00
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Table A6.6:

Estimates of income trends in lung cancer survival from the excess mortality rate modelling where time-dependent interaction terms for
follow-up time since diagnosis were included (with the EMRRs in bold discussed in Chapter 6)
Model 1 (main effects model)
No follow-up
Ethnicity* follow-up interaction
interaction terms
term added
added
EMRR (95% CI)

EMRR (95% CI)

Model 2 (ethnic trends in cancer survival model)
No follow-up
Ethnicity* follow-up
interaction terms
interaction term and
added
interaction term for calendar
period*follow-up time added
EMRR (95% CI)
EMRR (95% CI)

Male
Female

1.00
0.93 (0.89, 0.96)

1.00
0.93 (0.89, 0.96)

1.00
0.93 (0.89, 0.96)

Non-Māori
Māori

1.00
1.24 (1.17, 1.32)

1.00
1.24 (1.17, 1.32)

Highest-income quintile
Lowest-income quintile
Change per decade in excess morality
Income × calendar decade of diagnosis
Follow-up time since cancer diagnosis
1 year since diagnosis
2 years since diagnosis
3 years since diagnosis
4 years since diagnosis
5 years since diagnosis
Time-dependent hazard interaction terms

1.00
1.10 (1.03, 1.16)
0.89 (0.85, 0.94)

Model 2 (ethnic trends in cancer survival model)
No follow-up interaction
3-way interaction term of
terms added
ethnicity*follow-up*calendar
period added to the model
EMRR (95% CI)

EMRR (95% CI)

1.00
0.93 (0.89, 0.96)

1.00
0.93 (0.89, 0.96)

1.00
0.93 (0.89, 0.96)

1.00
1.24 (1.17, 1.32)

1.00
1.24 (1.17, 1.32)

1.00
1.24 (1.17, 1.32)

1.00
1.24 (1.17, 1.32)

1.00
1.13 (1.01, 1.28)
0.89 (0.85, 0.94)

1.00
1.07 (0.95, 1.20)
0.87 (0.76, 1.00)
1.04 (0.90, 1.20)

1.00
1.11 (0.95, 1.29)
0.87 (0.76, 1.00)
1.04 (0.90, 1.20)

1.00
1.07 (0.96, 1.20)
0.85 (0.73, 0.99)
1.09 (0.89, 1.33)

1.00
1.15 (0.98, 1.34)
0.81 (0.69, 0.95)
1.18 (0.95, 1.48)

1.00
0.51 (0.47, 0.56)
0.24 (0.21, 0.28)
0.15 (0.17, 0.18)
0.09 (0.07, 0.11)

1.00
0.50 (0.44, 0.55)
0.23 (0.20, 0.27)
0.15 (0.12, 0.18)
0.08 (0.07, 0.11)

1.00
0.51 (0.46, 0.57)
0.24 (0.20, 0.28)
0.15 (0.12, 0.188)
0.08 (0.06, 0.12)

1.00
0.49 (0.44, 0.56)
0.23 (0.19, 0.28)
0.15 (0.12, 0.18)
0.08 (0.06, 0.11)

1.00
0.51 (0.46, 0.57)
0.24 (0.20, 0.28)
0.15 (0.12, 0.19)
0.09 (0.06, 0.12)

1.00
0.48 (0.43, 0.55)
0.23 (0.19, 0.27)
0.15 (0.12, 0.18)
0.08 (0.06, 0.11)

------

0.97 (0.89, 1.07)
0.95 (0.88, 1.02)
1.00 (0.86, 1.17)
1.06 (0.93, 1.22)
1.00

-----1.01 (0.93, 1.08)

0.97 (0.88, 1.07)
0.95 (0.88, 1.02)
1.00 (0.86, 1.17)
1.06 (0.93, 1.22)
1.00
1.01 (0.93, 1.08)

-----1.03 (0.93, 1.13)

0.93 (0.84, 1.04)
0.92 (0.85, 1.00)
1.02 (0.89, 1.18)
1.07 (0.94, 1.22)
1.00
1.06 (0.96, 1.18)

0.96 (0.86, 1.08)

0.90 (0.79, 1.03)

Sex

Ethnicity

Income

Lowest-income group in the 1st year since diagnosis
2nd lowest-income group in the 1st year since diagnosis
Lowest-income group in the 2nd year since diagnosis
2nd lowest-income group in the 2nd year since diagnosis
All other combinations of income and follow-up time
Change per decade in excess mortality x follow-up time
Change per decade in Income x follow-up time (3-way
interaction term)

Age group
Aged 15–54
Aged 55–64
Aged 65–74
Aged 75+

1.00
1.054 (0.98,1.14)
1.18 (0.99, 1.42)
1.50 (1.21,1.85)

1.00
1.05 (0.98, 1.14)
1.18 (0.98, 1.42)
1.50 (1.22, 1.86)

1.00
1.05 (0.98, 1.14)
1.18 (0.99, 1.42)
1.50 (1.21, 1.85)

1.00
1.05 (0.98, 1.14)
1.18 (0.99, 1.42)
1.50 (1.22, 1.86)

1.00
1.05 (0.98, 1.14)
1.19 (0.99, 1.42)
1.48 (1.20, 1.83)

1.00
1.05 (0.98, 1.14)
1.18 (0.99, 1.42)
1.48 (1.20, 1.83)

Interaction, follow-up time and age group
65–74 years, 1 year since diagnosis
75+, 1 year since diagnosis
65–74 years, 2 years since diagnosis
75+, 2 years since diagnosis
All other combinations of follow-up and age group

1.02 (0.85, 1.22)
0.96 (0.78, 1.19)
0.97 (0.79, 1.20)
0.95 (0.74, 1.21)
1.00

1.02 (0.85, 1.23)
0.96 (0.77, 1.19)
0.97 (0.78, 1.19)
0.95 (0.74, 1.21)
1.00

1.02 (0.85, 1.22)
0.91 (0.78, 1.19)
0.97 (0.78, 1.20)
0.95 (0.75, 1.21)
1.00

1.02 (0.85, 1.23)
0.96 (0.78, 1.19)
0.97 (0.78, 1.19)
0.95 (0.74, 1.21)
1.00

1.02 (0.85, 1.22)
0.97 (0.78, 1.20)
0.97 (0.78, 1.19)
0.96 (0.75, 1.22)
1.00

1.02 (0.85, 1.22)
0.97 (0.78, 1.20)
0.96 (0.78, 1.19)
0.96 (0.75, 1.22)
1.00
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Appendix 7: 5-year relative and equivalent excess mortality rates in the observed,
unobserved, and eligible “true” populations for breast, cancer and lung cancers
Table A7.1:

Sensitivity analyses results for breast cancer

RSRD in the
unobserved
population
group

5-year relative survival by income group
Equivalent excess mortality rates
Observed population
Unobserved
Eligible “true”
Observed population
Unobserved
Eligible “true”
group (empirical data)
population group
population group
group (empirical data)
population group
population group
(estimated data)
(estimated data)
(estimated data)
(estimated data)
HighLowHighLowHighLowHighLowHighLowHighLowincome
income
income
income
income
income
income
income
income
income
income
income
group
group
group
group
group
group
group
group
group
group
group
group
No difference between the low- and high-income groups whether income values were missing
-0.01
0.840
0.830
0.835
0.825
0.839
0.829
0.174
0.186
0.180
0.192
0.176
0.188
-0.02
0.840
0.830
0.840
0.820
0.840
0.828
0.174
0.186
0.174
0.198
0.174
0.189
-0.03
0.840
0.830
0.845
0.815
0.841
0.827
0.174
0.186
0.168
0.205
0.173
0.190
0.01
0.840
0.830
0.825
0.835
0.837
0.831
0.174
0.186
0.192
0.180
0.178
0.185
0.02
0.840
0.830
0.820
0.840
0.836
0.832
0.174
0.186
0.198
0.174
0.179
0.184
Two-fold difference between the low- and high-income groups whether income values were missing, with the low-income more likely to not to report income
-0.01
0.840
0.830
0.837
0.827
0.840
0.829
0.174
0.186
0.178
0.190
0.174
0.187
-0.02
0.840
0.830
0.843
0.823
0.840
0.828
0.174
0.186
0.170
0.194
0.174
0.189
-0.03
0.840
0.830
0.850
0.820
0.841
0.827
0.174
0.186
0.163
0.198
0.173
0.190
0.01
0.840
0.830
0.823
0.833
0.838
0.831
0.174
0.186
0.194
0.182
0.177
0.185
0.02
0.840
0.830
0.817
0.837
0.837
0.832
0.174
0.186
0.202
0.178
0.178
0.184
Three-fold difference between the low- and high-income groups whether income values were missing, with the low-income more likely to not to report income
-0.01
0.840
0.830
0.838
0.828
0.840
0.829
0.174
0.186
0.177
0.189
0.175
0.187
-0.02
0.840
0.830
0.845
0.825
0.841
0.829
0.174
0.186
0.168
0.192
0.173
0.188
-0.03
0.840
0.830
0.853
0.823
0.841
0.828
0.174
0.186
0.160
0.195
0.172
0.189
0.01
0.840
0.830
0.823
0.833
0.838
0.831
0.174
0.186
0.195
0.183
0.176
0.185
0.02
0.840
0.830
0.815
0.835
0.838
0.832
0.174
0.186
0.205
0.180
0.177
0.185

Trends in Cancer Survival by Ethnic and Socioeconomic Group

372

Table A7.2:

Sensitivity analyses results for colorectal cancer

RSRD in the
unobserved
population
group

5-year relative survival by income group
Equivalent excess mortality rates
Observed population
Unobserved population
Eligible “true”
Observed population
Unobserved population
Eligible “true”
group (empirical data)
group (estimated data)
population group
group (empirical data)
group (estimated data)
population group
(estimated data)
(estimated data)
HighLowHighLowHighLowHighLowHighLowHighLowincome
income
income
income
income
income
income
income
income
income
income
income
group
group
group
group
group
group
group
group
group
group
group
group
No difference between the low- and high-income groups whether income values were missing
-0.08
0.660
0.580
0.670
0.590
0.662
0.582
0.416
0.545
0.400
0.428
0.413
0.541
-0.12
0.660
0.580
0.690
0.570
0.660
0.578
0.416
0.545
0.371
0.562
0.407
0.548
-0.16
0.660
0.580
0.710
0.550
0.670
0.574
0.416
0.545
0.342
0.598
0.401
0.555
0.04
0.660
0.580
0.610
0.650
0.650
0.594
0.416
0.545
0.494
0.431
0.431
0.522
0.08
0.660
0.580
0.590
0.670
0.646
0.598
0.416
0.545
0.528
0.400
0.438
0.516
Two-fold difference between the low- and high-income groups whether income values were missing, with the low-income more likely to not to report income
-0.08
0.660
0.580
0.681
0.603
0.663
0.586
0.416
0.545
0.381
0.505
0.411
0.534
-0.12
0.660
0.580
0.710
0.590
0.667
0.583
0.416
0.545
0.342
0.528
0.406
0.540
-0.16
0.660
0.580
0.737
0.577
0.670
0.579
0.416
0.545
0.306
0.550
0.401
0.546
0.04
0.660
0.580
0.603
0.643
0.652
0.597
0.416
0.545
0.505
0.441
0.427
0.517
0.08
0.660
0.580
0.577
0.657
0.649
0.600
0.416
0.545
0.550
0.421
0.434
0.512
Three-fold difference between the low- and high-income groups whether income values were missing, with the low-income more likely to not to report income
-0.08
0.660
0.580
0.690
0.160
0.663
0.416
0.545
0.371
0.494
0.411
0.530
0.416
-0.12
0.660
0.580
0.720
0.600
0.666
0.416
0.545
0.329
0.511
0.407
0.535
0.416
-0.16
0.660
0.580
0.750
0.590
0.669
0.416
0.545
0.288
0.528
0.403
0.540
0.416
0.04
0.660
0.580
0.600
0.640
0.654
0.416
0.545
0.511
0.446
0.425
0.515
0.416
0.08
0.660
0.580
0.570
0.650
0.651
0.416
0.545
0.562
0.431
0.430
0.511
0.416
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Table A7.2:

Sensitivity analyses results for lung cancer

RSRD in the
unobserved
population
group

5-year relative survival by income group
Equivalent excess mortality rates
Observed population
Unobserved
Eligible “true”
Observed population
Unobserved
Eligible “true”
group (empirical data)
population group
population group
group (empirical data)
population group
population group
(estimated data)
(estimated data)
(estimated data)
(estimated data)
HighLowHighLowHighLowHighLowHighLowHighLowincome
income
income
income
income
income
income
income
income
income
income
income
group
group
group
group
group
group
group
group
group
group
group
group
No difference between the low- and high-income groups whether income values were missing
-0.03
0.120
0.090
0.129
0.095
0.121
0.091
2.120
2.400
2.079
2.354
2.112
2.397
-0.06
0.120
0.090
0.140
0.080
0.124
0.088
2.120
2.400
1.966
2.526
2.089
2.432
-0.09
0.120
0.090
0.155
0.065
0.127
0.085
2.120
2.400
1.864
2.733
2.069
2.473
0.03
0.120
0.090
0.095
0.125
0.115
0.097
2.120
2.400
2.354
2.079
2.167
2.342
0.06
0.120
0.090
0.080
0.140
0.112
0.100
2.120
2.400
2.526
1.966
2.201
2.320
Two-fold difference between the low- and high-income groups whether income values were missing, with the low-income more likely to not to report income
-0.03
0.120
0.090
0.130
0.100
0.121
0.093
2.120
2.400
2.040
2.303
2.100
2.380
-0.06
0.120
0.090
0.150
0.090
0.124
0.090
2.120
2.400
1.897
2.408
2.091
2.408
-0.09
0.120
0.090
0.170
0.080
0.127
0.087
2.120
2.400
1.772
2.526
2.074
2.439
0.03
0.120
0.090
0.090
0.120
0.116
0.098
2.120
2.400
2.408
2.120
2.159
2.331
0.06
0.120
0.090
0.070
0.130
0.113
0.101
2.120
2.400
2.659
2.040
2.192
2.310
Three-fold difference between the low- and high-income groups whether income values were missing, with the low-income more likely to not to report income
-0.03
0.120
0.090
0.133
0.103
0.121
0.094
2.120
2.400
2.021
2.278
2.110
2.369
-0.06
0.120
0.090
0.155
0.095
0.124
0.092
2.120
2.400
1.864
2.354
2.095
2.392
-0.09
0.120
0.090
0.178
0.088
0.126
0.089
2.120
2.400
1.729
2.436
2.081
2.416
0.03
0.120
0.090
0.088
0.118
0.117
0.096
2.120
2.400
2.436
2.141
2.152
2.328
0.06
0.120
0.090
0.065
0.125
0.115
0.101
2.120
2.400
2.733
2.079
2.182
2.309
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