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1.0:

INTRODUCTION:

Two main factors have intensified interest in skin cancer. Firstly, there have been significant
long term increases in the incidence of melanoma, and positive trends in the incidence of non
melanoma skin cancer, in Western countries. Secondly, there has been increasing concern
about the possible influence of stratospheric ozone depletion on global ecosystems generally,
and human health in particular. Because stratospheric ozone is the main atmospheric filter
of ultraviolet radiation [UVR], ozone depletion is expected to result in increased UV
irradiance at the Earth's surface [IARC, 1992]. Skin cancer is one of the best understood
health consequences of exposure to UVR, and so is a logical area for further research.

1.1:

SCOPE AND STRUCTURE OF THE REVIEW:

This review will be limited to basal cell carcinoma [BCC], and squamous cell carcinoma
[SCC], which together make up the great majority of non melanoma skin cancers. The
abbreviation NMSC will be used to refer to BCC and SCC together. Epidemiological and
experimental studies of humans or human tissues, but not animal studies, will be considered.

Descriptive studies relating to the incidence of NMSC will be reviewed first, [section 1],
followed by analytical studies [section 2]. Section 3 deals with the estimation of the effect
of ozone depletion on surface UV irradiance and the incidence of NMSC. The immunological
effects of UVR [section 4], and evidence from molecular biology, [section 5], are covered
next. Evidence relating to NMSC in New Zealand is reviewed in section 6, whilst
implications for future research are discussed in section 7.
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1.2:

INCIDENCE OF NON MELANOMA SKIN CANCER:

Accurate estimation of the incidence of NMSC is difficult. Most cancer registries do not
collect relevant incidence data, partly because of the large number of cases that would be
involved. In New Zealand, registration was abandoned in 1957 as too incomplete to be useful
[Freeman, 1982].

Typically, NMSC lesions are insidious and slow growing. It is not easy to determine
accurately how long a particular lesion has been present, and at any one time, there will be
a variable proportion of lesions in the population that have not come to medical attention.
Thus the number of cases of NMSC treated cannot, by itself, be used to estimate the
incidence in a given population: some measure of the proportion of untreated cases is also
required.

Because NMSC lesions may not come to medical attention, or may be treated without biopsy,
studies including only histologically confirmed lesions are likely to greatly underestimate the
true incidence [Muir, 1987; Stenbeck, 1990]. An unknown proportion of clinically diagnosed
lesions are not in fact NMSC: so including lesions without histological confirmation leads
to bias, which is difficult to quantify. Histological diagnosis is not always easy for SCC.
These difficulties are magnified when attempting to compare data between different countries.
Incidence rates are often age-standardised to different populations.

Additional problems arise because of the different ways in which multiple or recurrent lesions
are dealt with in different studies. For example, incidence may be based on the number of
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lesions, or the number of persons with at least one lesion. Recurrent or further primary
lesions in the same subjects are sometimes excluded, sometimes not; patients with both BCC
and SCC are sometimes counted separately in rates for each histological type and sometimes
in only one group.

Mortality data cannot be used to reliably estimate incidence, as case fatality rates are very
low. In addition, certification of NMSC deaths is often inaccurate, [Weinstock, 1992]. Thus,
in many countries, the resources required to routinely collect reliable data have not been
considered justified.

Estimates of NMSC incidence based on registry data are shown in table 1. Where it is
possible to compare estimates of NMSC incidence based on registry data with those based
on special surveys, the registries are found to greatly underestimate the true incidence.
Estimates of NMSC incidence based on special surveys are shown in table 2. Estimated age
specific rates, for men 55-64 years old, are shown in table 3. The published evidence relating
to the incidence of NMSC will now be reviewed.

Lynch et al [1970] conducted a survey of skin cancer treated in Minnesota in 1963.
Dermatologists, radiotherapists and pathologists in Minnesota and four neighbouring towns
were asked to provide details of patients newly diagnosed between 1/1/63 and 31112/63. In
addition, questionnaires were mailed to a sample of general practitioners, [G.P.s], in order
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to estimate the proportion of cases of skin cancer treated by them without referral or biopsy.
It is difficult to assess how accurately the replies to this questionnaire reflect the true

management of skin cancers by G.P.s.

The choice of sampling method was not explained in detail. One in 16 G.P.s in large cities,
and one in 4 elsewhere, were asked to complete the questionnaire. This difference was not
explained. No estimate was given of the accuracy of the clinical diagnosis of skin cancer by
G.P.s. Of the 283 questionnaires mailed, 170 were returned. It is possible that the groups
of G.P.s returning and not returning questionnaires were substantially different with respect
to their management of skin cancer. It was estimated that 10% of cases treated by G.P.s
were neither referred or biopsied. Some of these lesions will in fact have beert benign
lesions; however this will be offset by unrecognised skin cancers treated as benign lesions
without biopsy.

A total of 2,568 patients first diagnosed in 1963 were reported by specialists. This included
a proportion of eligible patients attending for treatment outside Minnesota. Two hundred and
ten patients were excluded because they were not first seen in 1963, not residents of
Minnesota, or not diagnosed as having primary skin cancer. Of2,358 remaining cases, 1033
had seen a G.P., and 613 were reported only by pathologists; it was assumed that the latter
patients had been biopsied by G.P.s without referral to a specialist. Applying the results of
the G. P. survey, it was estimated that a further 70 patients would have been clinically
diagnosed as having skin cancer, but not biopsied or referred. The size of the study
population was estimated from census data. Rates of NMSC were age standardised to the
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1950 U.S. population. There were 70 cases per 100,000 person-years in men, and 44.9 per
100,000 person-years in women.

Weaknesses of this study were that the proportion of cases not coming to medical attention
was unknown, and the proportion of lesions which were histologically confirmed was not
stated.

Possible biases introduced by incomplete ascertainment, over-ascertainment, and incorrect
clinical or pathological diagnosis, are impossible to quantify. The size of the study population
could only be estimated, leading to possible errors. A strength of this study is that many of
the eligible patients seeking treatment outside the study area were able to be included. Also,
allowance was made for patients who were treated without biopsy.

As part of the Third National Cancer Survey, data was collected on the incidence of NMSC
treated in four areas in the United States during a 6-month survey period in 1971-2 [Scotto
et al, 1974]. All specialists thought likely to see and treat skin cancer, and some, but not all
G.P.s, surgeons and ophthalmologists, were asked to participate.

To be eligible, patients had to be resident within a defined study area, and have a new lesion
diagnosed within the study period. Clinically diagnosed lesions were included; histological
diagnosis was made in over 95% of cases, but verification was limited to ensuring that a
laboratory could be identified for each lesion. Multiple lesions were accepted if "anatomically
and/or histologically distinct".

7

For the analysis, of 8,937 patients identified, 176 were excluded as non-caucasian or of
unknown race. Of 10,007 lesions identified, 99 lesions classified as basosquamous
carcinomas were allocated to the BCC group. An unstated, but presumably small, number
of other lesions not diagnosed as BCC or SCC were excluded. Caucasian population numbers
for the study areas were based on 1970 census data.

Incidence rates of NMSC were age standardised to the 1970 U.S. population. In Dallas-Forth
worth, the rate was highest at 379 per 100,000 person-years. San Francisco-Oakland had a
rate of 184 per 100,000 person-years, whilst the lowest rate was found in Iowa at 124 per
100,000 person-years. Minneapolis-St. Paul had a rate of 151 per 100,000 person-years,
which was over twice the estimate from the study by Lynch et al, carried out 9 years earlier
[Lynch et al, 1970]. Scotto et al. speculate that part of the difference may be related to better
case finding in the urban area included in their study, and "... the advent of Medicare,
encouraging those over 65 years of age to obtain more complete medical care. " In addition,
';<41

the results were standardised to different populations. In the time between the two studies,
there may have been changes in clinical management which could account for some of the
apparent increase in incidence.

The survey was repeated in Minneapolis-St. Paul and San Francisco-Oakland, in 1977-8,
using the same methodology as the 1972-2 study [Scotto et al, 1980]. Results of this survey
are discussed in the section on trends in NMSC incidence, below.

A further survey was carried out in New Hampshire and Vermont between 1/6179 and
31/5/80, using similar methods to the 1972-2 and 1977-8 studies [Serrano et al, 1991]. Of
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2103 persons with at least one NMSC, 65 were excluded because of incomplete information.
Incidence rates were standardised to the 1970 U.S. population. The incidence of BCC was
159 per 100,000 person-years in men and 87 per 100,000 person-years in women. For SCC,
the incidence was 32 per 100,000 person-years in men and 8 per 100,000 person-years in
women.

In Rochester, Minnesota, an Epidemiology Program codes and records data on all diagnoses
and procedures independently of hospitalization. This made it possible to accurately assess
the incidence of treated NMSC [Chuang et al. 1990a; 1990b].

"Patients were required to have had at least a 1 year history of residency in
the city (to exclude patients who move near the Mayo Clinic to obtain medical
care) and a pathologically confirmed first diagnosis of [NMSC] during the
study period [1/1176 to 31112/84] ... Rochester residents, who had lived within
the city limits for 1 year or more, were considered to be at risk in the
determination of incidence rates."

Clinical and demographic details were obtained from patient records. The size of the study
population was estimated using census data. Incidence rates were age standardised to the
1980 U.S. white population. For SCC, the rate was 63 per 100,000 person-years in men and
22.5 per 100,000 person-years in women. For BCC, the rate was 175 per 100,000 personyears in men and 124 per 100,000 person-years in women.
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The true incidence in the population will have been underestimated, as only the first
diagnosis of histologically confirmed NMSC was included. Lesions not coming to medical
attention or not biopsied, and recurrent or subsequent lesions were not included. However,
the method used removed the problem of deciding whether a lesion was newly incident or
recurrent.

In British Colombia, Canada, registry data on NMSC have been published [Gallagher et al,

1990]. ·In this registry, data are coded according to the International Classification of
Diseases for Oncology [ICD-0].

"Each newly incident skin cancer is coded to the appropriate four digit ICD
site rubric (category 173) and histology. If more than on~ primary skin cancer
of the same histology is diagnosed on a patient at the same fourth digit
anatomic site, the new skin cancer is coded to site ICD 173.8."

Records were extracted for incident skin cancers for the 15 year period 1973-1987. Incidence
rates were age standardised to the 1971 Canadian population. Rates were given per 100,000
person-years. For BCC, incidence rates increased from 70.7 to 120.4 in men, and from 61.6
to 92.2 in women. For SCC, rates increased from 16.6 to 31.2 in men, and from 9.4 to 16.9
in women.
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AUSTRALIA:

In Maryborough, Victoria, a population based prospective study was carried out between
1982-1986 [Marks et al, 1989]. Eligible subjects were people aged 40 years and over, and
on the electoral roll with a Maryborough address. Head and neck, forearms and hands only
were examined by researchers. Examinations were repeated during one week in the spring
of each of the five years of the study. Of 3300 eligible persons, 2669 attended at least once,
and 1981 at least twice. There were 6288 person-years of follow up.

"All lesions that were suggestive of malignancy were seen by all members of
the survey team. In subsequent examinations, all participants were questioned
on whether they had undergone treatment for any lesions in the interval
between the examinations."

In cases where a clinical diagnosis of skin cancer was made by the survey team, histological
confirmation was obtained. Where a participant had undergone treatment for a skin lesion
between surveys, confirmation was sought from the person treating the lesion. It is not clear
whether all clinically diagnosed lesions, or only histologically confirmed lesions were
included, in such cases.

World standardised incidence rates were estimated for the participant population, assuming
that no lesions occurred in persons under age 40 or on sites not examined. The incidence
rates were 672 per 100,000 person-years for BCC and 201 per 100,000 person-years for

sec.
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The main weaknesses of this study are that only part of the body was examined, so lesions
elsewhere were missed, and that a relatively small proportion of the eligible population
attended on at least two occasions. The participant population was unlikely to be
representative of the study population, as persons with a lesion were probably more likely
to attend: this would tend to bias the incidence estimate upwards.

The incidence of NMSC in Queensland was estimated in 1984 in a survey of a random
sample of G.P.s and hospital outpatient departments [Stenbeck et al,1990]. Participating
medical staff were asked to report all cases of NMSC during a six month period. Of 192
G.P.s invited, 152 participated in the study. All invited outpatient departments participated.

The world standardised incidence rates for the number of persons with NMSC, based on the
"1983 estimated resident populations" were 1372 per 100,000 person-years in menand 702
per 100,000 person-years in women. In this estimate, persons with more than one incident
lesion are counted only once. It was estimated that there were an average of 1.4 cancers per
person affected.

Limitations of this study are that only treated lesions were included, histological diagnosis
was available in only 66% of cases, and the representativeness of the sample of medical staff
participating is uncertain. It is unclear how the size of the study population was estimated.

In a population based study in 1985, a "representative" sample of Australians over age 14
were asked about past treatment for skin cancer [Giles et al, 1988]. Of nearly 31,000 people
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interviewed, 1,179 claimed to have been treated for skin cancer at some time. Of these, it
was possible to obtain clinical details for 795 (67%). Only 245 of these were found to have
had a skin cancer treated in the 12 months prior to interview. Histological confirmation was
available in 70% of these cases. Cases of multiple SCC or BCC were counted only once;
cases with both types were included in the results for each type .

. World standardised incidence rates of NMSC were estimated to be 555 per 100,000 personyears; [443 for BCC and 112 for SCC]. After adjustment for the proportion of respondents
for whom follow up was not possible, the rates were 823, 657 and 166 respectively.

Weaknesses of this study are that only treated cancers recalled by patients were included, the
number of cancers found was small, the proportion of cancers confirmed histologically was
relatively low, and the histology was not reviewed.

In 1986, a survey of NMSC in Nambour, Queensland, was carried out [Green et al,1988].
Letters were sent to 3,000 people aged 20-69, chosen at random from the electoral roll. Of
these people, 2,045 attended for interview and examination by a dermatologist. In 90% of
these, examination was limited to head and neck, forearms and hands; in the other 10%, all
areas not covered by underwear were examined. Lesions clinically diagnosed as NMSC were
biopsied.

People not responding to the initial invitation were followed up. Of these, 562 were thought
to be living in Nambour and able to attend. A further invitation was sent to a random sample
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of 100 of these people. Fifty attended for interview and examination; overall 2095, [70%]
of the original 3,000 people were seen.

In December 1987, one year after the initial survey, participants were sent a follow up
questionnaire by mail, in which details of treatment for skin cancer in the preceding 2 years
were requested [Green et al,1990]. Of the 2095 original participants, 1,770, [85.5%],
responded; treating doctors were then contacted for clinical or histological diagnosis.
Incidence estimates were calculated after excluding all prevalent lesions found during the
initial survey; multiple cancers were counted only once. Rates were given standardised to the
age distribution of the world population aged 20-69. The rates for BCC were 1,773 per
100,000 person-years in men, and 1,610 per 100,000 person-years in women. For SCC, the
rates were 600 per 100,000 person-years in men and 298 per 100,000 person-years in
women.

Weaknesses of this study are that only treated incident lesions, recalled by the participants,
were included, and that the clinical examination was limited in most patients. There was no
information given on the proportion of cases histologically confirmed, and the histology was
not reviewed.

A similar study was carried out in Geraldton, Western Australia, in 1987 [Kricker et al,
1990]. Of 5475 people on the electoral roll who were invited to participate, 5075 were
thought to be both alive and in the town during the study period. Of these, 4176 [82 %],
attended for interview and clinical examination.
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II

All skin areas, apart from those covered by underwear or hair, were

examined by one of nine dermatologists, who recorded the presence of
clinically suspected skin cancers ... Subjects thought to have skin cancer were
requested to attend their general practitioners for definitive diagnosis and
treatment.

II

"Subjects who reported diagnosis and treatment of skin cancers in the two
years before the survey were asked to name the treating practitioners and give
permission for them to be contacted for diagnostic information ... Only those
lesions treated in the 12 months before the survey were included in the
analysis. Histopathological sections were obtained for review wherever
possible."

In a separate study, 116 participants and 102 of the original non-respondents were
interviewed separately, in an effort to assess response bias. Non-respondents tended to be
older, male, have less formal education, more outdoor work, and skin which tanned more
easily than respondents. These differences were said to be small, and the authors concluded
that the participants were representative of the source population. ·

Of the 630 subjects reporting treatment for skin cancer in the two years before the survey,
records confirming treatment for NMSC in the 12 months before the survey were found for
92 people. The incidence rates were estimated for the people attending the survey, aged 4064, after exclusion of prevalent lesions. Multiple lesions were counted only once. The rates
for BCC were 1335 per 100,000 person-years in men, and 817 per 100,000 person-years in
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women. For SCC, the rates were 890 per 100,000 person-years in men, and 289 per 100,000
person-years in women.

In the review of histological diagnoses, data were not presented separately for prevalent and
incident lesions. Agreement was found to be high for BCC, with the reviewer diagnosing 357
lesions, the original pathologist 368, and both agreeing for 348 lesions. For SCC, the
corresponding figures were 40, 38 and 25.

Particular strengths of this study are the high proportion of eligible subjects that participated,
the use of specialist medical staff for clinical examinations, verification of histological
diagnoses, and assessment of respondent bias.

The main weakness of this study is the need to rely on recall of treated lesions by
participants. In order to improve the incidence estimate, the original survey population has
been followed up with mail surveys in 1989 and 1991, and a further prevalence survey in
1992. Further results have not yet been published.

EUROPE:

In the Nordic countries, data on skin cancer incidence, based on registry data for the 1980s,
have recently been reviewed [Magnus, 1991]. Magnus comments that

"The registration of BCC ... may be incomplete because some of the cases, in
contrast to those of sec, are not histologically verified."
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Lack of histological verification of lesions clinically diagnosed as BCCs will also result in
some under-ascertainment of SCC, since some of these lesions will in fact be SCCs. In one
study, 16% of lesions clinically diagnosed as BCCs by dermatologists, were in fact SCCs
[Presser, 1987]. The registries of Iceland and Sweden do not collect data on BCC. Where
reported, rates of NMSC were similar in all the Nordic countries. Reported rates of BCC,
standardised to the world population, ranged from 23.7 per 100,000 person-years in women
[Denmark], to 43.7 per 100,000 person-years in men [Finland]. For SCC, the lowest rate
was 2.5 per 100,000 person-years in women [Denmark], and the highest was 10.2 per
100,000 person-years in men [Sweden].

A recent study of histologically confirmed BCC in Malmo, Sweden, between 1970 and 1986,
gave much higher estimates [Dahl, 1992]. In this study, data were collected from the two
pathology laboratories which together service the region.

"Patients with the diagnosis ofBCC during four 2-year periods [1970-1, 19756, 1980-1 and 1985-6] were studied. Patients living outside Malmo were
excluded. Recurrences after previously treated BCC were registered
separately."

Patient records for the years 1970 and 1980 were reviewed, and clinical data extracted.
Histological slides for these patients were reviewed by two pathologists. Estimates of
incidence rates were standardised to the 1970 U.S. population. The study population was
defined using a computer-based town population registry. During the 15-year period of the
study, the rate of BCC in men increased progressively from 78 to 163 per 100,000 person-
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years. In women, the rate increased from 63 to 121 per 100,000 person-years. The
proportion of tumours less than 10mm in size was 51.8% in 1970 and 53.8% in 1980. This
suggests that patterns of treatment of BCC did not change greatly during the study period.

The main weakness of this study is the inability to account for cases that have not come to
medical attention, or have been treated without biopsy. Strengths include the fact that all
lesions were histologically verified, the histology was reviewed, and data on lesion size was
collected. Little information is given about the computerised population registry used. It is
not possible to assess, for example, whether patients travelling to Malmo for treatment might
have been included, thus biasing the estimate of incidence.

A survey of NMSC treated in Wales, U.K., was carried out over a 6-month period,. in 1988
[Roberts,1990]. Specialists were asked to register patients with NMSC newly diagnosed
during the study period. Patients treated by G.P.s were included only if biopsied. An
unstated proportion of lesions diagnosed clinically by specialists, but not biopsied, were
included. In estimating incidence, multiple lesions were counted only once. The size of the
study population was presumably estimated from census figures, although this was not stated.
World standardised incidence rates of BCC were 112 per 100,000 person-years in men and
54 per 100,000 person-years in women. For SCC, the rates were 32 per 100,000 personyears in men and 6 per 100,000 person-years in women. These figures are over twice those
estimated from registration rates at the Welsh Cancer Registry.
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This study has the same weaknesses as the U.S. surveys. Only treated lesions are included.
The authors suggest that

"very few, if any skin cancers are treated by local general practitioners, and
if any were treated, they would almost certainly be excised and sent for
histology ... "

However, no data are presented to substantiate this. The proportion of lesions included in this
study which were confirmed histologically is not stated, and the histology was not reviewed.
An unknown proportion of patients will have been missed because they were treated outside
the study area.

Summar:y: incidence of non melanoma skin cancer:

Registry data suggest that the incidence of NMSC varies from a few cases per 100,000
person-years in some Asian populations, to over 100 cases per 100,000 person-years in parts
of Canada and Australia. However where registry data can be compared with special surveys
of NMSC, the registry data are found to greatly underestimate the true incidence. Assessment
of NMSC incidence should therefore be based on data from special surveys where possible,
together with data from registries known to be relatively complete. The highest rates of
NMSC reported to date are found in the white populations of Australia and the United States.
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1.3:

ANATOMICAL DISTRIBUTION OF NMSC:

Interpretation of the available data on the anatomical distribution of NMSC is not
straightforward. In some studies, only sites normally not covered by clothes were examined.
In general, lesions on these sites are more likely to be noticed, and may also be more likely
to be biopsied, if clinical suspicion of malignancy is higher for exposed sites. NMSC lesions
are slow growing, and may regress spontaneously; a proportion of lesions may never come
to medical attention. Thus differences in ascertainment for different sites may introduce bias
even in studies where incident lesions are studied over relatively long periods. Also, the way
in which multiple or recurrent lesions are dealt with is not consistent between studies.

BCC:

The distribution of BCC by anatomical site, from published papers, is shown in table 4. In
general, about 60-80% of lesions are on the head and neck, and 10-30% on the trunk.

In the U.S.A., Wales, Denmark and Finland, about 80% of lesions are on the head and neck,
and 10-15% on the trunk. In Norway, Sweden and Australia, the proportion on the trunk is
greater and that on the head and neck correspondingly less. In British Colombia, a high
proportion of lesions are of unspecified site.

Sex differences appear fairly consistent across countries. Women have a greater proportion
of lesions on the head and neck and on the lower limb, whilst men have a higher proportion
of lesions on the trunk and on the upper limb.
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SCC:

The distribution of SCC by anatomical site is shown in table 5. In general, about 60-80% of
lesions occur on the head and neck, and 10-20% on the upper limb. The proportion of lesions
on the upper limb is generally greater than that on the trunk or lower limb. Again, the sex
differences seem reasonably consistent across countries, with a greater proportion of lesions
on the head and neck in men. The proportion of lesions on other sites, especially the limbs,
is greater in women.

Comparison of BCC and SCC:

The anatomical distribution of BCC is different from that of SCC. The head and neck is the
commonest site for both lesions. BCC occurs relatively more commonly on the trunk, whilst
SCC occurs relatively more commonly on the limbs. This difference is particularly striking
for the upper limb.

The proportion of lesions occurring at various anatomical sites differ between sexes. These
sex differences are not consistent for BCC and SCC. The proportion of BCCs occurring on
the head and neck is higher in women, whereas for

sec,

the proportion is higher in men.

The proportion of BCC occurring on the trunk and the upper limb is higher in men, whereas
for SCC, the proportion is higher in women. A higher proportion of both BCC and SCC
occur on the lower limb in women than in men.
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Summary: anatomical distribution:

Comparisons of sex differences in incidence and anatomical distribution appear reasonably
consistent across studies, within each histological type. However, such comparisons are not
consistent across histological types.

1.4:

TRENDS IN INCIDENCE:

Trends in incidence of NMSC from registry data are shown in table 6. Except for Spain, the
rates have all increased between 1979-1982 and 1983-1987. Average annual percentage
changes in incidence of NMSC, from registry data, are shown in table 7. For the years
shown, trends were positive except for Norway and Spain. In general, the trends in incidence
of NMSC derived from registry data are rather erratic, especially prior to about 1975
[IARC,1992]. Fairly consistent positive trends are seen for Canada and

Northern~'Europe

from 1975 to 1985.

As discussed earlier, estimates of trends in incidence from special studies are likely to give
a more accurate picture. Unfortunately, such data are sparse at present. Available data are
presented in table 8: trends are consistently positive in these studies. Part of this trend is
likely to be due to changes in patterns of treatment [Levi et al, 1988, Osterlind et al, 1988;
Roberts, 1990; Magnus, 1991; Coebergh et al, 1991]. Special surveys have been carried out
in areas where there was particular interest in NMSC, which may mean that these areas are
more prone to this type of bias. However, the magnitude of the trends is reasonably
consistent across countries.
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Trends in incidence of NMSC by anatomical site:

Site specific data on trends in incidence of BCC are shown in table 9. Increases are fairly
consistent across countries. However, the magnitude of the increases is not consistent across
anatomical site or sex categories; this may simply represent random variation. The positive
trend appears most marked for sites other than head and neck.

Corresponding data for SCC are shown in table 10. Here the pattern is less consistent than
for BCC, but the trend is generally positive across countries. Again the largest increases are
mostly in sites other than head and neck, and the magnitude of the increase is not consistent
between sexes.
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1.5:

SUMMARY OF DESCRIPTIVE STUDIES:

There are positive trends in the incidence of NMSC in registry data from Tasmania, Canada
and Northern Europe, and study data from America and Sweden. These trends are likely to
be due, in part, to changes in patterns of treatment of NMSC. The trends are present for both
BCC and SCC, in both sexes. Within countries, the magnitude of the increase is very similar
for BCC and SCC, but not consistent between sexes or anatomical sites.

The fact that the trends in incidence of NMSC are not uniform across anatomical site. and sex
categories could be taken as evidence for a true effect, rather than artefact due to increased
ascertainment, [Coebergh, 1991]. On the other hand, changes in treatment patterns might
produce apparent site specific increases. In one study, nearly 50% of prevalent lesions were
on the trunk [Kricker et al, 1990]. Increased ascertainment in a population such as this would
result in an apparent increase in incident lesions on the trunk, unless prevalent lesions were
rigorously excluded. Such exclusion was not possible in any of the studies in tables 9 and 10.
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2.0:

ETIOLOGY OF NON MELANOMA SKIN CANCER:

2.1:

INTRODUCTION:

Methodological weaknesses limit the usefulness of many older analytical studies of NMSC.
This review will therefore concentrate on studies published after 1989.

2.2:

PROSPECTIVE STUDIES OF NON MELANOMA SKIN CANCER IN RELATION

TO UV EXPOSURE:

MARKS ET AL. 1989:

A prospective study of NMSC in Maryborough, Australia, [Marks et al, 1989], has been
described above [section 1. 2].

"At the initial interviews, data on age, sex, country of birth, occupation and
[skin] response to sunlight were recorded."

Age adjusted rate ratios were estimated using a Poisson regression model. For BCC and for
SCC, factors associated with increased risk were male sex, outdoor occupation and tendency
to burn rather than tan. Rate ratios were significantly elevated, [p < 0.05], except for the
association between SCC and outdoor occupation, [p=O.ll]. In the final model, significant
independent risk factors for NMSC were age, sex and skin reaction to sunlight. The results
are summarised in tables 20, 21 and 29.

25
ASSESSMENT:

The main limitations of this study are as follows. In the clinical examinations, only part of
the body was examined. Estimates of UV exposure and sensitivity were relatively crude.
Occupational history was used to divide participants into three groups: those who worked
both indoors and outdoors, mainly indoors; and mainly outdoors. Sun sensitivity was assessed
according to

" ... the effect of first exposure to strong sunlight, when unprotected, at the
beginning of summer. There were three categories of response- always burn
and never tan; burn first and then tan; and always tan and never burn. "

With regard to internal validity, the prospective design reduces the problem of response bias,
[although not entirely, as responses may have been biased by risk factors; for example
greater proportion of cases than controls would be expected to have had prior NMSC].
Although self-reported treatment of NMSC was followed up, it is not clear what proportion
of cases were histologically verified. Other self reported data were not validated. The
accuracy of clinical diagnoses of NMSC was not reported, although suspected malignant
lesions were seen by all members of the research team. Presumably, participants who had
lesions on sites other than head and neck and upper limbs treated during the course of the
survey, were excluded from the analysis.

Control of confounding was achieved using a Poisson regression model. A single measure
of sensitivity to the effects of UV light was used, and there may have been residual
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confounding by sensitivity. Estimation of UV exposure was limited to occupational
exposures, and confounding may have affected the results if, for example, persons with low
occupational exposure tended to have high recreational exposure. In summary, although
serious bias is unlikely in this study, confounding may have affected the results.

The external validity of this study is limited by the fact that only lesions on head and neck
and upper limbs were considered. The original sample was population based, and the
response rate was reasonable [60% of participants were seen at least twice], thus the results
may be assumed to be applicable to lesions occurring in the general population, on the
anatomical sites studied.

HUNTER ET AL. 1990:

A prospective study of BCC was carried out in a cohort of female American nurses .between
1980 and 1984 [Hunter et al, 1990]. An original cohort of 121,700 women had been followed
up by questionnaire since 1976, as part of a more general study of major diseases. Data on
risk factors for BCC were collected in two questionnaires, in 1980 and 1982.

"In 1980, the following question was asked about time spent outdoors in
summer and sunscreen habit: Do you regularly spend time outdoors in the
summer [at least 8 hours per week]? Response:
-Yes, usually use sunscreen
-Yes, little or no protection
-No
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Questions on the 1982 questionnaire inquired about hair colour ... tendency to
sunburn and tendency to tan, and lifetime number of severe and painful
sunburns ... "

Of 98,462 women completing the 1980 questionnaire, 20,992 [21 %], were excluded because
of incomplete information.

"Women reporting a diagnosis of cancer [including non melanoma skin
cancer] on the 1980 or a previous questionnaire were excluded, leaving
73,366 women."

Ascertainment of incident BCCs was by self report on follow up questionnaires in 1982 and
1984. The medical notes of a sample of women reporting a new BCC were checked, to
I

verify the validity of self report. Of 36 women, 29 gave permission for medical notes to be
searched, notes were available for 28, and confirmation of the diagnosis was obtained for 27
of these.

"For all women, person-months were allocated according to the exposure
variables reported on the most recent questionnaire [1980 or 1982], until death
or BCC occurred, or until June 1, 1984, whichever came first."

A total of 771 women reported a first diagnosis of BCC in the follow up period. Proportional
hazards models were used to estimate relative risks [RR], adjusted for the effects of host and
exposure variables.
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In addition, the effect of sunburn history on age adjusted risk of BCC was examined
separately, in women with different hair colour and those with different skin reaction to sun
exposure. Lighter hair colour was associated with increased risk of BCC within each category
of sunburn history. Similarly, tendency to burn was associated with increased risk, within
each such category. The authors concluded that the best fitting model with the least possible
number of variables was one that included

" ... region, time spent outdoors in summer, hair colour, childhood tendency
to sunburn, and number of severe and painful sunburns on the face and arms,
but not childhood tendency to tan. "

After adjustment in this model, increased risk of BCC was associated with residence in
southern and western states, light hair colour, increased childhood tendency to sunburn,
greater number of severe and painful sunburns, and spending at least 8 hours per week
outdoors in summer, with use of sunscreen.

Of women who reported spending at least 8 hours per week outdoors in summer, those not
using sunscreen were at significantly reduced risk, compared to those usually using it
[adjusted RR 0.70, 95% confidence interval, CI, 0.60-0.82].

Age adjusted risk ofBCC in past smokers was 1.19 [CI 1.01-1.40], but risk ofBCC was not
significantly different from unity in past or current smokers, when adjusted for other
variables. The results are summarised in tables 22 and 29.
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ASSESSMENT:

With regard to internal validity, the main uncertainty in this study is the accuracy of the self
reported data. Reporting bias is unlikely to have been a problem, as most data were collected
prospectively, [data on childhood reaction to sunlight, and history of sunburns were obtained
from the 1982 questionnaire, but differences in RRs derived from data before and after 1982
were said to be small]. Validation of reported diagnoses was based on a rather small sample.
One of the lesions most likely to be confused with BCC is SCC, a relatively rare cancer. Self
reporting of a proportion of SCC as BCC could have been missed in a sample of only 28
cases. The main effect of this would be a reduction in the power of the study to distinguish
between risk factors for SCC and BCC.

As the authors noted, responses to questions on reaction to sunlight may not correlate well
with individual minimal erythema dose. The exposure data cannot readily be v3!11idated.
However, the reproducibility of responses in a separate study of the same original cohort was
said to be high.

Adjustment for confounding was quite comprehensive, all significant risk factors being
included in the final model. The authors recognised that the RRs may have been
underestimated due to overadjustment. However, in contrast, it was concluded that the
apparent effect of sunscreen use on risk of BCC was likely to have been due to residual
confounding, because people using sunscreen tended to be more sensitive to sunlight. It was
suggested that, of those who reported spending over 8 hours per week outdoors, people using
sunscreen may have had greater overall sun exposure.
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An alternative interpretation, consistent with the results of this study is that sunscreen use
increases the risk of BCC.

External validity:

The participants in this study were selected for willingness to complete several
questionnaires, and were free from previous cancers, and so were not entirely representative
of the eligible population. The eligible population were also selected for willingness to
complete questionnaires, and may therefore have differed from the source population.

The source population consisted of registered female nurses, who may be more healthy than
the general population. This is probably the main limitation on the external validity of the
study. It would be interesting to know if there were any detectable trends in exposure history
in different age cohorts.

KARAGAS ET AL. 1992:

In a prospective study of participants in a randomised trial of betacarotene, risk of NMSC
was studied in relation to host and environmental factors [Karagas et al, 1992]. The source
population for this study were patients with at least one prior NMSC diagnosed between
January 1980 and February 1986, at one of four centres in the USA. Patients with xeroderma
pigmentosum, basal cell naevus syndrome, known arsenic exposure, or vegan diet were
excluded, as were persons thought unable or unwilling to follow the study regimen, [in
particular, persons aged over 85, women 11 of childbearing potential 11 , and persons too unwell
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to participate]. The source population consisted of 5232 people; of these, only 1805 [34%],
participated.

Occupational and recreational UV exposure data were obtained using a brief questionnaire:

"

subjects were asked to record the occupations they worked at longest

between the ages of 20-39, 40-59, and 60-79, and for each of these jobs, how
often they worked outdoors exposed to the sun [... less than one third of the
time, one third to two thirds of the time, and more than two thirds of the
time]. Frequency of sunbathing or sunlamp use [ ... never, up to 5 times per
year, 6-20 times per year, and more than 20 times per year], was obtained for
four age periods [up to 19 years, 20-39 years, 40-59 years, and 60 years and
over]."

Participants were also seen by a dermatologist, who assessed skin type using responses to
questions about skin reaction to sunlight; assessed extent of UV damage visually; verified
past history of NMSC where possible; and ensured that no lesions were present at entry to
the study.

Follow up was by questionnaire and annual dermatologic examination, and lasted for 5 years,
or until the end of the treatment phase of the study. Histological confirmation was required
for all diagnoses of NMSC. In addition, for over 98% of lesions, histological slides were
reviewed. Agreement with the original diagnosis was high [96%].
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The cumulative probability of developing a new NMSC lesion was determined for each study
year. Rate ratios and 95% confidence intervals were calculated using a proportional hazards
model.

About 4% of the participants were lost to follow up each year. The cumulative probability
of developing one or more new NMSC lesions was 17% at one year, 35% at 3 years and
50% at 5 years [locally recurrent lesions were excluded; the probability of local recurrence
was not stated]. Participants developing a new lesion tended to develop a lesion of the same
type as the prior lesion.

Statistically significant demographic and clinical risk factors were similar for both types of
lesion. Factors associated with increased risk were increasing age, male sex, residence in
California, number of previous lesions, extent of UV damage, and skin type.

After adjustment for these factors, there was a significant risk of BCC associated with
recreational sun exposure, and a significant trend for risk of sec associated with lighter hair
colour. However, eye colour, Celtic parental origin, residence below 40 degrees latitude and
occupational exposure were not significantly associated with BCC or SCC.

Risk of SCC, adjusted for demographic and clinical risk factors, was significantly elevated
in current and previous smokers. In addition, there was a positive trend for risk of SCC
associated with number of cigarettes currently smoked, and duration of smoking. For BCC,
risk [similarly adjusted], was reduced in former smokers, and this was just significant at the
5% level. There was also a significant trend for reduced risk associated with increasing
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number of cigarettes currently smoked. However risk of BCC was not associated with
duration of smoking. In former smokers, there was a significant trend of decreasing risk with
increasing time since giving up. The results are summarised in tables 23, 24 and 29.

ASSESSMENT:

The negative association between recreational exposure and risk of SCC was seen only for
occasional exposure, this may have been a chance finding, given the large number of tests
applied to the data.

A major strength of this study is the prospective design, which eliminates the problem of bias
in the collection of data on risk factors. In addition, diagnosis was confirmed histologically
for all lesions, and this diagnosis was verified for 95% of lesions. It is not possible to
measure the completeness of ascertainment of new lesions in this study, however it seems
likely to have been high. It was not stated whether or not histological diagnosis and review
were blind. It may be concluded that observation bias is not likely to have greatly affected
the results.

The estimation of sun exposure was "relatively crude", as the authors comment, and this may
explain the lack of association of NMSC with latitude or occupational exposure. The authors
felt that the significant trend for risk of sec associated with lighter hair colour may have
been due to residual confounding with skin type. This may be the reason why hair colour was
not included in their basic proportional hazards model. In general, there must be some doubt
as to whether some of the results may have been due to confounding, as not all significant
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risk factors were included in the proportional hazards model. Equally, it can be argued that
including the number of previous skin cancers and the extent of UV skin damage in the
model represents overadjustment, as these characteristics are closely related to the outcomes
of interest.

The associations observed between BCC and smoking were likely to have been affected by
confounding. The authors comment that they found "no clear relationship" between smoking
and BCC. However, the associations and trends for BCC and smoking were all in the
opposite direction to those for SCC and smoking. Participants with prior SCC were much
less likely to develop a BCC than those with prior BCC. The authors comment that excluding
participants with prior SCC did not affect the results for SCC. Thus current or former
smokers with prior BCC were also at significantly increased risk of subsequent SCC. Since
smoking was positively associated with SCC, the apparent associations between BCC and
smoking could all be due to confounding. People who smoked were at increased risk of
developing SCC, and for this reason were relatively less likely to develop subsequent BCC.

Rate ratios for BCC in relation to smoking were adjusted for clinical and demographic

variables, but not for other host and environmental factors. As recreational UV exposure was
a significant risk factor for BCC, it would have been preferable to adjust for this as well.
The associations between smoking and BCC may have been affected by confounding with
recreational UV exposure, if such exposure was different for smokers and non smokers.
Whilst the study design facilitated case-finding, the use of participants with prior NMSC
makes interpretation of the results relatively difficult.
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External validity:

The external validity of this study is low, because the participation rate was low, and
participants were selected for willingness to follow the study regimen, and were therefore
unlikely to be representative of the eligible population. The eligibility criteria were
restrictive, so the eligible population was unlikely to be representative of the source
population. The source population consisted of persons with prior NMSC, who were
therefore unlikely to be representative of a normal population.

2.3: CROSS SECTIONAL STUDIES:

VITASA ET AL. 1990:

In a study of watermen in Maryland, USA, Vitasa et al. [1990], studied the relationship
between risk of NMSC and cumulative solar UV exposure. To be eligible, subjects were
required to be licensed watermen, [commercial fishermen], aged over 30, and not
institutionalized. Eligible subjects were invited for interview and clinical examination.

"Each subject underwent a full skin examination by a dermatologist in which
the natural hair colour, eye colour, assessment of facial actinic skin damage
or elastosis, presence of [skin lesions] and previous removal of lesions were
recorded."
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At interview, demographic details and data on potential risk factors for NMSC were
recorded. A UV exposure history was recorded for each year of life since age 16. Annual
solar UV exposure of the facial skin of each participant was estimated using these exposure
histories, published estimates of ambient UV irradiance, and field studies.

"The fraction of the ambient dose to which skin was exposed during each
working activity was measured for time of day and season using polysulfone
film dosimeters supplemented with mannequin studies. The ambient exposure
ratio, defined as the average fraction of ambient exposure that reached the
bridge of the nose, was determined using field investigations using volunteers
performing jobs over water and land."

Cumulative UV exposures were derived from the estimated annual exposures.

Of 1205 eligible watermen, 838, [70%], were examined between March 1985 and January
1986. Black participants, and participants for whom complete data were not available, were
excluded, leaving 808 watermen in the sample. A random sample of 41 non-responders were
said to have similar characteristics to responders, although data were not shown. In total, 33
subjects with current or previous BCC were identified, and 35 with SCC. Of the lesions
present at the time of the study, [14 BCCs and 20 SCCs], histological verification was
available for 75% of the BCCs and 25% of the SCCs. Of the previously treated lesions, [19
BCCs and 15 SCCs], 95% were verified histologically. Data on the accuracy of clinical
diagnosis were not given; it was not stated whether or not histological specimens were
reviewed.
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Cumulative incidence of NMSC was plotted against age [Vitasa et al, figure 1]. The curves
for BCC and SCC were similar, each with a slope of about 1% per year between ages 55 and
75. From this graph, the approximate cumulative incidence at age 75 was 20% for BCC and
20% for sec.

In the logistic regression analysis, significant risk factors for both BCC and SCC were older
age, childhood freckling, and blue eye colour. Skin reaction to sunlight was also a risk
factor, but this was significant only for BCC.

The relationship between NMSC and UV exposure was examined in two ways:

Firstly, for each year of life, starting at age 16, annual UV exposure of cases was compared
with that of age matched controls. Participants with BCC had lower annual average UV
exposure than age-matched controls between the age range 30-60 years; participants with
sec had higher annual average exposures in this age range.

Secondly, the relationship between risk of NMSC and cumulative exposure was examined.
Comparing subjects with cumulative UV exposure above the median with those below, odds
ratios [OR] were 2.05 [95%ei 0.84-5.01] for sec and 0.69 [95%CI 0.31-1.53] for Bee.
Comparing subjects with cumulative UV exposure in the upper quartile with those in the
lower 3 quartiles, the odds ratios were 2.53 [1.18-5.40] for sec and 1.11 [0.50-2.44] for
BCC. The results are summarised in tables 20, 21 and 29.
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ASSESSMENT:

The main strength of this study is the attempt to accurately quantify individual exposures to
UVR. However, the validity of the method employed is uncertain. Three sources of data
were used. Firstly, published estimates of ambient UV, derived from measurements using
Robertson-Berger meters, were used. Secondly, the fraction of the ambient dose reaching the
skin of the nose was estimated from field studies. Thirdly, subjects were asked about past
exposure at interview. Although few details were given, there is no reason to suppose that
any inaccuracies in the first two sources of data would affect cases and controls differently.
However, there is the potential for respondent bias in the data from the interviews, since half
of subjects with NMSC had already been treated at this stage [those with prior lesions]. Also,
some of the patients in whom NMSC was diagnosed at the dermatological examination would
have been aware of the lesion, and may have suspected the diagnosis. However, respondent
bias would not readily explain the differences in the results for BCC and SCC, since there
is no reason to suppose that there should be any difference between subjects with BCC or
SCC in this respect. It would be possible to examine the effect of excluding patients with
prior lesions from the analysis, to test for recall bias.

We are told that degree of actinic skin damage was assessed clinically, but no data were
presented. This variable may have been deliberately left out of the regression analysis to
avoid overadjustment in the model used. However, for the purpose of validating the exposure
estimates, it would be helpful to test for the expected relationship between exposure and
actinic damage.
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Patients with prior NMSC may have deliberately reduced their exposure to UV after being
told the diagnosis. This is a possible explanation for an apparent trend towards lower
exposure of cases compared with controls, with increasing age.

The logistic regression analysis allowed adjustment for individual differences in susceptibility
to UVR. Increased risk of SCC appeared to be associated with high cumulative UV exposure,
although this association was only statistically significant if the upper exposure quartile was
compared with the lower 3 quartiles. High cumulative UV exposure was associated with
reduced risk of BCC; this was not significant at the 5% level. However since participants
with BCC had lower cumulative UV exposure than controls, if risk of BCC and SCC are to
be assessed in the same way, the appropriate comparison would be risk of BCC in the lowest
exposure quartile compared to that in the highest three quartiles. This comparison was not
made by the authors.

The only risk factor identified apart from UV exposure which differed between BCC and

sec was skin reaction to sunlight. If watermen who tanned poorly tended to reduce their sun
exposure, this could produce an apparent protective effect of high cumulative UV exposure
on risk of BCC. However, the odds ratios associated with skin reaction to sunlight were
similar, [1.78, 95%CI 0.81-3.92 for SCC and 2.72, 95%CI 1.13-6.55 for BCC].

In summary, the odds ratios for cumulative UV exposure in this study may have been
affected by confounding, if subjects with NMSC tended to reduce their UV exposure in an
attempt to reduce the risk of subsequent skin cancer.
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The ratio of BCC to SCC was unusually low in this study, at about 1: 1. Although
ascertainment was likely to be incomplete, since some reliance was placed on recall of prior
lesions by patients, this would not be expected to affect BCC and SCC differently. Moreover,
the ratio of BCC to SCC was similar for lesions diagnosed at the dermatological examination,
and previously treated lesions. A high proportion of prior lesions were verified histologically.
Thus biased diagnosis does not seem likely to have greatly affected the results, although this
could be stated with greater confidence if data were given on the accuracy of clinical and
histological diagnoses.

The authors suggested that the low BCC:SCC ratio may have been due to "saturation" of
BCC at the high UV doses to which the watermen were exposed. However, this does not
seem plausible, since the cumulative incidence of BCC in the watermen was not particularly
high in comparison with other studies. For example, in a Queensland, [Australia] population,
the cumulative incidence of NMSC was also about 40% at age 75, but with a BCC:SCC ratio
of 3:1 [Stenbeck et al, 1990].

In watermen, the BCC:SCC ratio appears close to 1:1 in all age groups up to age 75, [Vitasa
et al, 1990; figure 1]. This is not consistent with a simple saturation effect, which, in
contrast, would be expected to result in "normal" BCC:SCC ratios in younger age groups,
and a fall in the BCC:SCC ratio with increasing age.

The low BCC:SCC ratio is consistent with the other results of the study without the need to
postulate a "saturation effect". If, in fact, UV exposure is causally linked to SCC but not
BCC, then the BCC:SCC ratio would be expected to fall with increasing exposure.
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External validity:

The analysis was limited to white participants, and so the results apply directly only to them.
The participants were likely to be representative of the eligible population, since the response
rate was reasonably high, respondents and non-respondents were said to be comparable, and
there were few exclusions.

The eligible population was likely to be representative of the source population, as only
institutionalised watermen were excluded, and these were presumably few in number.
However, the source population may not have been representative of the general population
in terms of susceptibility to skin cancer. If people who tan poorly were under-repres'ented in
the source population, this would be expected to result in a lower incidence of NMSC. The
source population was unlikely to be representative of the general population in terms of
exposure. Their occupational exposure was high, and this may limit the external validity of
study if the dose-response curve for UV induced NMSC is non linear.
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GREEN ET AL. 1988:

In Queensland, Australia, risk factors for NMSC were investigated in a population-based
sample of 2095 people [Green et al, 1988]. The sampling method has been described above
[section 1.2]. At interview, participants were asked about occupational and recreational sun
exposure, skin reaction to sunlight, personal and family history of skin cancer, and history
of painful sunburn.

"Dermatologists recorded skin colour, hair and eye colour; number of nevi. ..
solar lentigines, facial telangiectasia, and actinic elastosis of the neck; and
number and distribution of skin cancers and solar keratoses."

Skin colour was assessed at an unexposed site. Logistic regression analysis was used to
estimate prevalence odds ratios [PORs], and 95% confidence intervals. A total of 42 persons
were identified with at least one histologically confirmed NMSC and complete interview
information. PORs suggested that lighter skin colour, tendency to burn then tan, outdoor
occupation, past history of more than one painful sunburn, and past history of skin cancer
were associated with increased risk of NMSC. Confidence intervals were wide, and excluded
one only for light skin colour [POR 8.2, 95 %CI 1.05-64.20]. The power of this study was
very limited due to the small number of cases.
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GREEN ET AL. 1990:

In December 1987, one year after the initial survey, participants were sent a follow up
questionnaire in which details of treatment for skin cancer in the previous 2 years were
requested [Green et al, 1990]. Confirmation of clinical or histological diagnosis was sought
from treating doctors. Lesions identified at the survey examination were excluded from the
analysis. Relative risks for BCC and SCC were estimated using logistic regression analysis.
Of participants in the original survey, the response rate was 85 % [this represents 60% of the
population originally invited to participate]. A total of 87 new cases of NMSC were
identified. These had been diagnosed between December 1, 1985 and November 30, 1987.

Results for pigmentary and exposure variables:

In the text, the authors describe these results as being adjusted for age, sex, skin c9lpur and
past history of NMSC, whereas in the relevant table, results are described as being adjusted
only for age and sex. It will be assumed that all results were adjusted for age and sex only.

For BCC, elevated RRs were associated with light skin colour, light hair colour, and outdoor
occupational exposure. Outdoor recreational exposure was associated with reduced risk. The
95% confidence intervals excluded one only for blonde/light brown and red/auburn hair
colour. For SCC, elevated RRs were associated with light skin colour, light hair colour, and
both outdoor occupational exposure and outdoor leisure exposure. The confidence limits were
wide, and excluded one only for outdoor occupational exposure.
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Results for variables likely to be affected by both UV exposure and individual susceptibility:

Number of solar keratoses on the face, and elastosis of the neck were associated with
significantly elevated RRs for both BCC and SCC. Number of telangiectasia on the face and
number of solar lentigines on the hands were associated with significantly elevated risk of
BCC. A history of more than one painful sunburns was associated with increased risk of

sec,

although this was not significant at the 5% level.

Effect of skin colour:

The interaction of skin colour with other risk factors was examined by estimating RRs for
various risk factors separately within two categories of skin colour. RRs were not calculated
for participants with olive skin because there were few cases in this category. RRs were
calculated separately for subjects with fair skin and subjects with medium skin. Even within
these categories, there were rather few cases, and the results are open to interpretation.

For BCC, RRs associated with increasing number of painful sunburns were all close to unity,
and there were no convincing trends in risk for either category of skin colour. Outdoor
occupational exposure was associated with increased risk only in those with medium skin
colour.

For SCC, increasing number of painful sunburns was associated with reduced risk in subjects
with medium skin, but increased risk in those with fair skin. Outdoor occupational exposure
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was associated with increased risk within both categories of skin colour. RRs were highest
in those with fair skin.

Summary of results:

In general, increased risks of both BCC and SCC were associated with light pigmentation,
and clinical signs of skin damage.

History of painful sunburn was not shown to be associated with risk of BCC. Indeed, point
estimates of the RRs were below one for two of three categories. For SCC, sunburn appeared
to be associated with increased risk only in those with fair skin.

Outdoor occupational exposure was associated with increased risk of both BCC and SCC, but
this was statistically significant only for SCC. Higher occupational exposure

appear~d
., .. .)I,

to be

a particularly strong risk factor for SCC in people with fair skin. In contrast, for BCC,
increased occupational exposure appeared to be a risk factor only in those with medium skin
colour. History of leisure exposure was associated with reduced risk for BCC, and increased
risk for SCC. These associations were not statistically significant. The results are summarised
in tables 20, 21 and 29.

ASSESSMENT:

The main limitations affecting the internal validity of this study are the small number of cases
and the potential for bias in the estimation of UV exposures. About half of the cases included
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in the analysis were incident in the year prior to the interview at which data on exposure
history were collected. Exposure data may be subject to recall bias for these participants.
Also, cases are more likely to have had prior lesions treated than controls [since past history
of skin cancer is a risk factor for NMSC]. Participants that have had prior lesions may have
altered their subsequent exposure as a result; recall bias may therefore also be a problem in
these people.

In the follow up study, solar lentigines were said to be more frequent in participants than
non-participants, and this difference was significant at the 5% level. There were said to be
no other "significant" differences; however, such differences would not need to be
statistically significant to have an important effect on the results. Thus, response bias is a
potential problem. However, the response rate for the follow up questionnaire was 85%, so
the participants were probably reasonably representative of the eligible population.

Some of the incident lesions were not confirmed histologically, and the histological diagnoses
were not reviewed. Not all prevalent lesions would have been identified at clinical
examination, as only head and neck and arms were examined in 90% of participants.
However these problems do- not seem likely to have greatly affected the results.

It is not clear which variables were included in the regression model used. Relative risks do
not appear to have been adjusted for hair colour or skin reaction to sunlight. In the
prevalence survey, PORs were elevated for tendency to burn then tan, whilst for incident
cases, light hair colour was associated with increased risk, which was still present within skin
colour strata. In view of this, the results may have been affected by confounding. However,
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the results for BCC are clearly different to those for SCC. This cannot readily be explained
by any of the sources of bias or confounding outlined, as these would be expected to have
very similar effects on both.

Response bias could be assessed by calculating RRs for cases incident before and after the
collection of exposure data. A greater number of cases could be obtained with the same
sample size by excluding people below age 40. This would also be likely to improve the
response rate.

External validity:

At the initial survey, clinical examination was limited, for most participants, to head and
neck and arms. For the analysis, participants with prevalent lesions at the time of the survey
were excluded. Thus the results are only directly applicable to the participants who did not
have prevalent lesions identified at the survey [these will mainly have been participants with
lesions on the head and neck and arms].

For the initial survey, and the follow up, response rates were high, and the participants are
likely to have been representative of the eligible population. Eligibility criteria were broad,
so the eligible population is likely to have been representative of the source population. The
source population was community based.

The main limitation on the external validity of the study is the exclusion of participants with
prevalent lesions from the analysis.
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KRICKER ET AL. 1990:

A survey of NMSC in Geraldton, Western Australia, carried out in 1987 [Kricker et al,
1990], has been described above [section 1.2]. Participant.s in this survey were eligible for
inclusion in a case-control study [Kricker et al, 1991]. Cases were participants with
histologically confirmed BCC or SCC, either prevalent lesions diagnosed at the survey, or
incident lesions treated within the preceding 12 months.

Considerable care was taken to make controls as representative as possible of the population
from which the cases were identified. Cases of BCC were divided into three strata as
follows: women aged 40-64; men aged 40-54 and men aged 55-64. For each stratum, four
times as many controls were selected as there were cases.

"In the statistical analyses, cases were divided into two groups: subjects with
one or more BCCs and those with one or more SCCs.
Two control groups were defined to correspond to the two case groups."

Subjects with possible skin cancer were those with a clinical diagnosis of NMSC,
keratoacanthoma or intraepidermal carcinoma, in whom histological confirmation was not
available.
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Eligible subjects for the BCC control group were those survey participants without
histologically proven BCC or possible skin cancer [as defined above]. Thus in addition to
participants known to be free of skin cancer, those with histologically proven

sec [only]

were also eligible as BCC controls. The sampling fraction used to select the controls with
SCC was the same as that for the cancer-free controls, in each of the three strata.

For SCC controls, the same group of cancer-free controls was used, together with a sample
of subjects with BCC only, selected in an analogous manner to the BCC controls.

Cases and controls were asked by mail to consent to interview. Interviewers were recruited
and trained locally.

"... the interview covered constitutional factors ... history of skin conditions .. .
and history of exposure to the sun and other possibly relevant agents .. .
Subjects were asked about their place of birth and year of arrival in Australia,
if born overseas. They were questioned as to the ethnic origin [and] country
of birth of each grandparent."

Participants were asked to get a friend or relative to count the number of moles of 5mm or
more in diameter on their backs. Patterns of freckling, and skin reaction to sunlight, both
acute [tendency to burn], and chronic [ability to tan], were also assessed by the subject at
interview.
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At the prevalence survey, indicators of skin damage, including solar keratoses, solar elastosis
of the neck, facial telangiectasia and facial lentigines, were assessed by a dermatologist.
Measurements of hair and eye colour, skin reflectance, forearm freckling, and skin damage
on the dorsum of the right hand [by cutaneous microtopography, CMT], were recorded by
other researchers. These measurements were repeated by different researchers in 10% of
subjects.

Lifetime sun exposure histories were obtained using a detailed questionnaire, covering places
of residence, employment and schooling [Kricker, 1992]. Participants were asked to identify
periods in which activities involving sun exposure did not change greatly. For each such
period, participants were asked to recall the number of hours spent in the sun on working and
non-working days in a typical week, in both warmer and cooler months of the year.
Participants were also asked about which parts of the body were exposed during the activities
identified. Holiday exposures were estimated in a similar manner.

Logistic regression analysis and exact analysis were used to determine which variables were
independently associated with risk of BCC or SCC. [Data from the sun exposure histories
was not presented or analysed in this paper]. Analyses were performed separately for the two
histological types of NMSC.

"... each variable was examined first in a model which included only that
variable and age and sex, migrant status and ethnicity ... and then in a model
including all similar variables."
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Similar variables were those of the same class. Variables with significant independent effects
within each class were then included in a single model. Variables that still had significant
independent effects in this model were included in the final model. Solar keratoses were not
included in the models as they were considered too closely related to the outcomes of
interest.

Of279 cases identified, 248, [89%] were interviewed. Of those interviewed, there were 226
subjects with at least one BCC [21 with incident lesions only], and 45 subjects with at least
one SCC [18 with incident lesions only]. There were 23 subjects with both types of NMSC.

Of 3723 subjects eligible as cancer-free controls, 1146 were selected for interview; of these,
interviews were completed with 1015, [89% of those selected, or 27% of cancer-free
subjects]. For BCC controls, an additional 6 subjects with SCC only were selected, -and for
SCC controls, an additional 49 subjects with BCC only were selected.

"Marital status, age at leaving school and qualifications attained and a
summary of their interest, ease of recall and disposition towards the interview
showed no major differences between interviewed cases and controls."

The authors divided the variables into five classes: birthplace and ethnic origin; pigmentary
traits and sensitivity to sunlight; variables combining pigmentary traits, sun sensitivity and
sun exposure; indicators of cutaneous sun damage; and other cutaneous variables [history of
benign skin disease].
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Age, sex, ethnic origin and age at arrival in Australia were controlled in the analyses of all
other variables. In the following discussion of the results of the study, the same notation as
the authors will be used:

"[-] indicates falling ORs with presence or increasing amount of characteristic,
[ +]

indicates rising ORs with presence or increasing amount of

characteristic."

Variables associated with risk of BCC in the final model were: age at arrival in Australia [-],
Southern European ethnic origin [-], ability to tan [ + ], moles over Smm diameter on the
back [ +], solar elastosis of the neck [ +], history of acne [-], and history of warts [-].
variables associated with risk of sec in the final model were: permanent colour difference
between skin of the neck and adjacent protected areas [ +], solar elastosis of the neck [ +],
and history of acne [-]. The results are summarised in table 29.

ASSESSMENT:

Participation rates were high for both the initial prevalence survey [82%] and the follow up
interviews [89% for both cases and controls]. At each of these stages, samples of participants
and non participants were said to show no major differences. Of the cases interviewed, 91%
of those with BCC and 60% of those with SCC had been treated in the 12 months prior to
interview. Cases with incident lesions are also more likely than controls to have had previous
NMSC [as NMSC is a risk factor for subsequent lesions]. Thus there is the potential for
response bias for the majority of cases. This may have affected the assessment of patterns
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of freckling, skin reaction to sunlight, difference in colour between the skin of the neck and
adjacent areas, and number of moles on the back. Subjects were not told the study
hypotheses, but many participants may have believed skin cancer to be related to sun
exposure.

The behaviour of participants with previous NMSC may have been altered as a result of the
diagnosis. This may have affected the assessment of skin reflectance and forearm freckling
in particular. Observation bias was minimised by not disclosing the case-control status of
participants to dermatologists and other researchers, and the use of relatively objective
measurement techniques such as skin reflectance meters. Duplicate measurements suggested
that the methods used gave reproducible results.

Control of confounding factors was achieved by use of logistic regression analysis. Estimates
of sun exposure were not included in the models. Variables with significant independent
effects were identified by grouping variables into classes. The authors distinguished between
classes of variable indicating sensitivity, exposure, and both sensitivity and exposure.
However, such distinctions are not clear cut. Exposure influences sensitivity, at least in the
short term [for example, tanning protects against subsequent sunburn]. Similarly, it cannot
be assumed that measures of skin damage such as solar elastosis reflect only cumulative UV
exposure, unaffected by sensitivity to UV damage. The association between age at arrival in
Australia and risk of BCC may be related to exposures other than UVR.
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More direct measures of UV exposure were not included in the analysis, making
interpretation of the results difficult. The observed associations may have been affected by
confounding by exposure status.

External validity:

The external validity of the study is high. Participation rates were high, and the participants
were said to be representative of the eligible population. Eligibility criteria were broad,
although non-Caucasian participants were excluded from the analysis. The eligible population
was likely to be representative of the source population. Since the source population was
community based, the results are likely to be widely applicable, although as with the study
of Maryland Watermen, the average sun exposures were high.

KRICKER. 1992: Risk of NMSC in relation to sun exposure:

An analysis of the relationship between NMSC and participants' sun exposure, estimated
from data recorded at the interviews, has been published separately [Kricker, 1992]. Several
measures of exposure were calculated from these data, including two summary measures
intended to represent potential for exposure [mean hours of bright sunshine and mean global
radiance], measures of occupational exposure [reported sun exposure on working days],
recreational exposure [reported sun exposure on non-working days], total lifetime exposure
[total reported exposures], and intermittent pattern of exposure, determined by calculating
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the proportion of total exposure that was received on non-working days, in a specified
interval:

"Intervals of time were included in this calculation only if there were 2 or less
non-working days a week during the interval; each subject was assigned the
maximum intermittency observed at any period within an age or time
interval."

ORs were adjusted for age, sex and ability to tan. The results are summarised in tables 25
and 26.

Results for BCC:

There was no significant association of risk of BCC with either of the summary measures of
potential for exposure. However, there was a significant trend of increased risk with
increasing mean global radiance in the warmer months [weighted according to place of
residence].

There was no significant association between risk of BCC and reported total lifetime
exposure. Higher total exposure in the first two decades of life was associated with
significantly reduced risk ofBCC. This effect appeared to be confined to subjects who tanned
poorly; in those who tanned well, risk of BCC increased with increasing exposure.
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There was no significant association between risk of BCC and total lifetime occupational
exposure. Higher levels of occupational exposure appeared to be associated with reduced
risk. This effect was only statistically significant for exposure in the warmer months, in the
period 0-10 years before diagnosis. Again, there was an interaction with ability to tan: risk
of BCC was reduced in those who tanned poorly and increased in those who tanned well.

Recreational sun exposure was associated with significantly increased risk of BCC. There
was no significant interaction with ability to tan. Intermittent exposure showed "a suggestion"
of a similar pattern of risk to that associated with recreational exposure. Increased
intermittent pattern of exposure was associated with increased risk only in those who tanned
poorly.

Higher exposure of the head and neck was associated with reduced risk of BCC at this site;
this was statistically significant for total hours of sun exposure in the interval 0-10 years
before diagnosis, and for lifetime total exposure on working days.

Higher exposure of the trunk was associated with increased risk of BCC at this site; this was
statistically significant for lifetime total hours of sun exposure, and exposure on working
days. For both of these measures of exposure, the effect was greatest between ages 15-19
years, and in the interval 21-30 years before diagnosis. Exposure of the limbs was not
significantly associated with risk of BCC on the limbs.

Sunscreen use was associated with increased risk of BCC [adjusted for sun exposure]; use
of high [10+] sun protection factor sunscreen was associated with "strongly increased" risk.
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The increased risk was confined to use of sunscreen after age 25 years. Use of sunscreen in
the interval 0-10 years before diagnosis was also associated with increased risk.

Results for SCC:

For SCC, there were insufficient cases to test for any interaction with ability to tan. There
was a significant trend of increased risk of sec with increased potential for sun exposure
[as measured by weighted daily hours of bright sunshine in the warmer months]. This effect
was strongest between ages 0-14. There were no significant associations with other measures
of potential for exposure.

There was no significant association between risk of SCC and reported lifetime total
exposure. Higher exposure between 0-14 years of age was associated with significantly
increased risk. Higher exposure in the interval 0-10 years before diagnosis was ass.ociated
with significantly reduced risk.

There was no significant association between risk of SCC and lifetime total occupational
exposure. Higher exposure in the interval 0-10 years before diagnosis was again associated
with significantly reduced risk.

Recreational exposure was associated with significantly increased risk of SCC. This
association was particularly strong for exposure between 20-39 years of age, and in the
interval 21-30 years before diagnosis. Intermittent pattern of exposure between ages 20-24
was also associated with increased risk of sec.
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There were insufficient cases of SCC to draw definite conclusions about site-specific
exposures. Sunscreen use was associated with "strongly increased" risk ofSCC [adjusted for
sun exposure]; this effect appeared to be confined to use of sunscreen after the age of 20
years. The results are summarised in tables 23 and 24.

ASSESSMENT:

The results for sun exposure variables are in general subject to the same strengths and
weaknesses as the part of the study concerning pigmentary characteristics. In addition,
several points are of particular importance with respect to the sun exposure data.

Exposure data were separated into multiple categories, including estimated exposures in the
warmer and cooler months of the year, with and without weighting for mean global radiance;
estimated exposures in five year age groups, and exposures in ten year intervals before
diagnosis of NMSC. Multiple testing of the data will have increased the probability of some
statistically significant associations arising by chance.

Sun exposure data were not assessed for validity or reproducibility. Testing for
reproducibility would be possible, and although reported exposure history would be difficult
to validate, potential for exposure could be validated at least in some cases. Random error
in the estimation of any of the measures of exposure would tend to diminish any true
association with NMSC. Associations may have been detected in some cases, because the
estimation of the exposure measure was relatively error-free, whilst in other cases, a true
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association may have been missed. A substantial proportion of the case group had knowledge
of the diagnosis at the time of the interview. Response bias in these participants might have
affected the results.

Age, sex and ability to tan were controlled for in the analyses. There may have been residual
confounding by sensitivity to the effects of exposure, since in the earlier analysis of
sensitivity variables [discussed above], other variables were found to be significant
independent risk factors. For example, number of moles on the back was a significant
independent risk factor for BCC, in a model which included ability to tan.

If sun exposure is in fact a risk factor for NMSC, and subjects who were less sensitive

tended to have higher exposure, then inadequate control for sensitivity could result in an
apparent protective effect of higher exposure. This is a possible explanation Jor the
associations between reduced risk of NMSC and higher exposure in the decada:, before
diagnosis.

Conversely, participants who considered themselves to be at high risk of skin cancer, [for
example, because of previous sun exposure, or a past diagnosis or family history of NMSC],
may have tended to reduce their exposure in later life, for example by changing to a job
which involved less occupational exposure. This could produce an apparent protective effect
of higher occupational exposure. There may be other factors which are associated both with
higher exposure and with reduced risk of NMSC, that would result in a healthy worker
effect. Persons healthy enough to have an outdoor job may be at reduced risk of NMSC for
reasons other than low sensitivity to the effects of sunlight.
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Further, some diseases [or more subtle aspects of general health], may be associated both
with increased risk of NMSC, and lower sun exposure. Acquired immune deficiency
syndrome is an example. This type of confounding could explain the apparent protective
effect of higher exposure in the decade prior to diagnosis.

In subjects who tanned well, there was evidence of increased risk of BCC associated with
both increasing total exposure, and increasing occupational exposure. Contrary to
expectation, in subjects who tanned poorly there was evidence of reduced risk of BCC
associated with higher total exposure between ages 0-19. This result is not easily explained
on the basis of chance [because of consistently low p-values across three age bands], or bias
[as response bias would be expected to produce the opposite effect]. Residual confounding
by sensitivity is a possible explanation, if, among subjects who tanned poorly, those with
higher exposure tended to be less sensitive.

For SCC, there was evidence of increased risk associated with higher total exposure at ages
0-14. This is unlikely to have been due to chance, and whilst response bias cannot be ruled
out, this would not be expected to selectively affect reporting of exposures at younger ages.
Confounding by sensitivity would not be expected to produce a positive association, so this
effect seems more likely to be causal.

Increased risks of both BCC and SCC were associated with increased potential for exposure,
recreational exposure, intermittent exposure, and use of sunscreens [adjusted for total
exposure]. All of these measures are likely to be substantially intercorrelated, and it is not
possible to state with confidence, from the data presented, which might be the most important
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predictors of increased risk. This could be tested by including measures of mean global
radiance, recreational and intermittent exposure and sunscreen use in a logistic regression
model, with appropriate adjustment for age, sex and sensitivity.

The estimates of intermittent exposure depended on use of data on recreational exposures.
However, the intermittent exposure measure was not shown convincingly to be a better
predictor of risk of NMSC than the measure of recreational exposure. The validity of the
measure of intermittent exposure could be tested by personal dosimetry monitoring over short
periods of time. It would also be reasonable to test the effect of defining intermittent
exposure differently [for example, by defining only exposures that are over a certain
threshold, and separated by a minimum period, as "intermittent"].

It was concluded that sunscreen use may have been associated with increased risk of NMSC
because of residual confounding by sun exposure or sun sensitivity. The risk associated with
sunscreen use was adjusted for age, sex, ability to tan and total lifetime exposure. Whilst this
adjustment could be improved, [as suggested above], it is nevertheless difficult to dismiss the
observed association as due entirely to confounding. It is not hard to imagine that use of
sunscreen could increase intermittent exposure, particularly if the sunscreen is not used
consistently. That risk of NMSC was associated with sunscreen use after age 20 would be
consistent with the action of a tumour promoter.
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SUMMARY:

For both BCC and SCC, there was evidence of increased risk associated with potential for
sun exposure and recreational exposure. These results may have been affected by response
bias. There was no good evidence that risk of either BCC or SCC was associated with total
lifetime exposure or total occupational exposure.

For BCC, there was evidence of reduced risk associated with higher total exposure at ages
0-19 in subjects who tan poorly. This may have been due to confounding. For SCC, there
was evidence of increased risk associated with higher total exposure at ages 0-14. This seems
likely to be causal. There was an association between use of sunscreens and risk of both BCC
and

sec. Whilst this may have been due to confounding, the possibility that the association

is causal cannot be excluded.

SCHMIEDER ET AL. 1992:

A recent study compared estimated cumulative exposure to sunlight in subjects with a history
of NMSC and in normal control subjects [Schmieder et al, 1992]. Nine men and two women
with histologically proven past NMSC were enrolled from a hospital outpatient clinic in
Miami, Florida, USA. The method of enrollment of control subjects was not explained. The
9 controls were approximately matched for age and sex, and were free from malignancies
and skin diseases.
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All participants were interviewed by a single investigator. Information was sought on the
duration of residence in a geographical region, and number of hours per week spent in the
sun. This information was used to estimate cumulative sun exposure. In addition, subjects
were asked about intake of photosensitizing medication, use of sunscreens, phototherapy, use
of solaria, and skin reaction to sunlight.

For each region in which a subject had lived, individual estimates of UV exposure were
weighted according to the duration of residence, published estimates of ambient UVB
exposure, and the number of hours spent in the sun per week. For each subject, cumulative
exposure was obtained by summation of the estimated exposure for each region of residence.

The estimated UV exposure of cases and controls was not significantly different. The average
duration of residence in Florida was 23.7 years for cases and 23.4 years for controls. Cases
reported a mean sun exposure of 14.7 [SE ± 2.7] hours per week, whilst controls reported
a mean exposure of 10.2 [SE ± 3.0] hours per week. Cumulative exposure was 59,778 [SE

± 8,838] units in the cases and 54,556 [SE ± 10,942] units in the controls; this difference
was not significant at the 5 % level.

ASSESSMENT:

It is difficult to assess the representativeness of the control subjects in this study as little

information was given as to how they were selected. Although data on potential risk factors
other than exposure to sunlight were collected, the results were not presented. The numbers
of subjects in each group were small, limiting the power of the study to detect an effect. The
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data from the interviews were subject to potential bias, as participants were aware of their
disease status. The interviewer may also have known which subjects were cases and which
were controls. However, any bias from these sources would be expected to result in the sun
exposure of the cases being overestimated.

It is possible that subjects deliberately reduced their sun exposure after being treated for

NMSC. The subjects with prior NMSC consisted of 10 patients with at least one BCC, [three
of which had both types of NMSC], and one with a single SCC. Of the 11 cases, 6 had
multiple lesions.

N<? allowance was made for multiple lesions, [presumably including some new primary
lesions], in the analysis. Thus if some of the subjects reduced their sun exposure after
treatment for an initial lesion, for these subjects the etiologically relevant exposure [UV
exposure prior to diagnosis], would be confounded by etiologically irrelevant exposure [UV
exposure subsequent to diagnosis]. This possibility could best be investigated by comparing
the cumulative exposure of cases up to the time of di~gnosis with the exposure of matched
controls up until the same date.

In summary, the results of this study are likely to have been affected by bias and
confounding. In particular, it is not clear that the controls were chosen appropriately, and
for this reason the study is of very limited value.
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2.4:

SUMMARY OF RESULTS FOR ALL STUDIES:

Particular weight should be given to the results of two studies: Vitasa et al, [1990] and
Kricker, [1992], as very detailed assessment of UV exposure was made in these studies.

The results for BCC are summarised in table 27. There is limited evidence for a negative
association between occupational exposure and risk of BCC. This was statistically significant
in only one study, in which the association may have been due to confounding. There is
reasonably consistent evidence for a positive association between risk of BCC and
recreational exposure. A significant positive association was found in three out of four studies
with relevant results.

The results for

sec are summarised

in table 28. There is limited evidence for a 'POSitive

association between occupational exposure and risk of SCC. In four out of five studies with
relevant results, there was a positive association, although this was statistically significant
only in two studies. The negative association in the other study may have been due to
confounding. There is limited evidence for a positive association between recreational
exposure and risk of SCC. In two out of three studies, a positive association was seen. In the
strongest study, this association was statistically significant. In one study, an apparently
significant negative association was seen, however this result may have been due to chance,
[due to multiple comparisons]; the external validity of this study is also limited.
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Taken together, there is reasonably consistent evidence from these studies of a positive
association between recreational exposure and NMSC, and limited evidence of a positive
association between occupational exposure and

sec.
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3.0:

ULTRAVIOLET RADIATION AND OZONE DEPLETION:

Because of its geographical location and relatively unpolluted skies, New Zealand is likely
to be one of the first countries to be affected by increased ultraviolet radiation [UVR] as a
result of stratospheric ozone depletion. The biological effect of UVR depends on several
factors, but in particular the wavelength. The ultraviolet spectrum may be divided on the
basis of wavelength into UVC [100-280nm], UVB [280-320nm], and UVA [320-400nmr.
Action spectra are used to help predict the effects of a given exposure. An action spectrum
is defined as the measurement of a biological effect as a function of wavelength [Coohill,
1992].

SOLAR UVR IN THE ENVIRONMENT:

3.1:

In public health terms, the sun is the most important source of human exposure to UVR.
Although such exposure is almost universal, there are few quantitative data available on
individual UV doses from occupational or recreational exposure to the sun. In Northern
Europe, doses from solar UVR have been estimated to be about 100 minimal erythema dose
[MED], per year for indoor workers and 250 MED per year for outdoor workers. A 1 month
holiday in Southern Europe might increase annual exposure by up to 100 MED [Schothorst,
1987]. Historically, a major factor influencing population exposure to UVR has been
migration of European populations to areas with high sun exposure such as Australasia and
North America.

1

315nm is also used by some authors as the wavelength separating UVA and UVB.
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Solar UV irradiance at the earth's surface is influenced by many variables, including [IARC,
1993]:

(a)

Output of UVR by the sun [influenced by the solar cycle].

(b)

The distance between the sun and the earth [influenced by the earth's orbit].

(c)

The path length in the atmosphere [influenced by altitude, solar zenith angle].

(d)

The amount and distribution of ozone in the atmosphere. It has been shown that

increased tropospheric2 ozone in some polluted industrialised countries is likely to have
reduced biologically effective UVR despite a decline in stratospheric ozone [Bruehl and
Crutzen, 1989]. Surface based measurements of UVR are more sensitive to the effect of
tropospheric ozone pollution than satellite based measurements.
(e)

Cloud cover. Changes in cloud cover from year to year may explain a large part of

the short term variation in surface UV irradiance. There is insufficient information to
determine whether long term trends in cloud cover have occurred [Frederick and
Weatherhead, 1992]. Cloud cover typically reduces the surface UV irradiance by
approximately 20-40% [Frederick and Snell, 1990].
Atmospheric aerosols3 • Increases in atmospheric pollution, especially sulphur-

(f)

containing aerosols, since the industrial revolution may have caused a reduction in surface
UV irradiance by nearly 20% in some areas [Liu et al, 1991].

2

The troposphere is that part of the atmosphere which lies between the surface and the
stratosphere, in which weather activity occurs, and the temperature falls with increasing
height. The stratosphere is characterised by generally stable conditions, and rising
temperature with increasing height. The boundary between troposphere and stratosphere is
termed the tropopause, and is marked by the change in the temperature gradient.
3

An aerosol is a suspension of very fine solid particles or liquid droplets in a gas.

69
Ground albedo4 • Irradiance is increased by environments with high reflectance, such

(g)

as snow, surface water, [or cloud, in some circumstances].

In New Zealand, UVR levels are higher than those at comparable latitudes in the northern
hemisphere, because the earth-sun distance is at its shortest in the southern hemisphere
summer, the atmosphere is less polluted and the total amount of ozone is lower [McKenzie,
1991; McKenzie and Elwood, 1990]. In 1990-1991, biologically weighted summer UV
irradiance was found to be nearly twice as high in New Zealand at 45°S as in Germany at
48°N, [Seckmeyer and McKenzie, 1992].

It has been estimated that peak [maximum] UV irradiance may be only about 50% lower in

New Zealand than in the tropics. Peak UV irradiance is about 10% higher in Auckland
[35°S], than in Lauder, Central Otago [45°S]. In comparison, in mid summer in Lau.der, the
UV irradiance increases by about an order of magnitude from morning to aMernoon
[McKenzie and Elwood, 1990].

Figure 1 shows how the calculated ground level UV irradiance varies by season and by hour
of the day, at Lauder [from McKenzie and Elwood, 1990]. There is at present insufficient
information from ground based measurements of UVR to describe long term global trends
in surface UV irradiance. The factors which are likely to be significant in influencing such
trends are changes in cloudiness, atmospheric turbidity and column ozone. Of these,
comprehensive data are available only for ozone.

4

The albedo is the fraction of light which is reflected by a surface.
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Because ozone is the main atmospheric filter of UVR, depletion of stratospheric ozone is
expected to result in increased irradiance at the earth's surface. Loss of stratospheric ozone,
due to release of ozone depleting chemicals such as chlorofluorocarbons [CFCs], is predicted
to continue to increase well into the next century [IARC, 1993].

Stolarski et al., [1992], have used Total Ozone Mapping Spectrometer [TOMS], satellite data
to estimate global trends in ozone depletion. Between 1978 and 1991, the global average
trend was about -4% per decade. Madronich, [1992], has estimated trends in global UV
irradiance based on TOMS data and a model describing the transfer of UVR through the
atmosphere. Figure 2 shows recent global trends in effective UV dose [from Madronich,
1992, using an action spectrum for DNA damage]. Lloyd and Edwards [1993], combined a
radiation field model with ozone climatology data for 40°S to 50°N to estimate cumulative
UVB doses. For ozone depletion of greater than 5%, cumulative biologically effective UV
was reported to increase exponentially with increasing ozone depletion.

In New Zealand, recent ground-based measurements of column ozone at Lauder suggest
depletion of about 10% has occurred in the past decade; this is about twice the rate estimated
from satellite data [McKenzie and Elwood, 1990]. Measurements of UVR from a RobertsonBerger [RB] meter at Invercargill show a statistically significant increase in UV irradiance
of 6% per decade up to 1990, [RB meter action spectrum], consistent with the increase
predicted by TOMS data [Zheng and Basher, 1993].
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3.2:

MODELS RELATING NMSC AND OZONE DEPLETION:

The approach that has been used to predict the influence of ozone depletion on skin cancer
incidence is firstly, to calculate the expected effect of ozone depletion on UV irradiance, and
secondly, to correlate measurements of UV irradiance with estimates of the incidence of skin
cancer. The amplification factor, AF, which is the percentage increase in incidence of skin
cancer predicted to result from a 1% decline in stratospheric ozone, may be represented
mathematically as:

Where:
AF 0 is the optical amplification factor, and
AFh is the biological amplification factor.

OPTICAL AMPLIFICATION FACTOR:

The optical or radiative amplification factor is the ratio of the increment in biologically
effective UV irradiance to the increment in column ozone, [for a given change in column
ozone], and is given by:
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AF _ dD/D
dOJ03

o

Where:
D is biologically effective UV irradiance, and
0 3 is the amount of ozone.

BIOLOGICAL AMPLIFICATION FACTOR:

The biological amplification factor is the ratio of the increment in skin cancer incidence to
the increment in biologically effective UV irradiance, [for a given change in irradiance], and
is given by:

AF- dl/1
b

dD/D

Where:
I is the incidence of skin cancer, and
D is the biologically effective UV irradiance.

Some estimates of AFb are shown in table 30. The approach used in these studies was to
correlate estimates of the incidence of NMSC with measurements of the surface UV
irradiance in several areas, [a geographical correlation approach, IARC, 1993].
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Fears et al. [1976], used data on NMSC incidence in four areas of the United States from
the Third National Cancer Survey [Scotto et al, 1974]. The correlation between age adjusted
NMSC incidence and latitude was not statistically significant. Surface UV irradiance was
calculated from a model based on ozone distribution. Effective UV dose was then estimated
by weighting the calculated UV doses using an erythemal action spectrum. The biological
amplification factor [for men at 48°N], was estimated to be 1.8%, but the 95% confidence
limits were wide, [-0.8 to +5.2].

Scotto et al, [1983], used NMSC incidence data from the 1977-1978 US survey, and UV
irradiance measurements from R-B meters. Adjustment for confounding by sun sensitivity
and sun related behaviour was not done, although appropriate data were collected atthe time
of the survey [IARC, 1993].

Moan et al, [1989], used cancer registry data for Norway from 1976-1985. The country was
divided into six population zones, the least populated having about 200,000 people and the
most populated having nearly 700,000. The area containing the capital city, Oslo, was
excluded [this was because reporting of NMSC was thought to be systematically different in
this area. The age-adjusted incidence rate of BCC, [but not SCC], was relatively high in the
Oslo region, [Magnus, 1991]; it is difficult to explain this on the basis of observation bias.
It seems unlikely that reporting differences could affect BCC more than SCC.

Average surface UV irradiance was estimated from a "standard" atmosphere, and this was
weighted according to the number of hours of sunshine per year, the average cloud cover,
and each of two action spectra; the CIE erythema spectrum [McKinlay and Diffey, 1987],
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and a mutation action spectrum based on several published studies. Mathematically, the
authors defined the biologically effective irradiance, Ec as

where
E is the surface irradiance,
4>c is the action spectrum, and
A is the wavelength.

The annual biologically effective exposure, D, was estimated using the expression:

Where:
T is the time, At is 1 hour,
A is the wavelength, AA is 1 run, and
4> is the action spectrum.

The value of D was estimated for three different time periods, total exposure, exposure
between 0800h and 2000h, and exposure between 1000h and 1400h.
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The relative tumour densities, R [defined as the average annual incidence of BCC and SCC
per unit skin area] were calculated for various anatomical sites, for both men and women.
Regression curves for lnR against lnD were plotted, and AFb estimated from the slope of the
curves. Values of AFb were slightly greater for BCC than for SCC. AFb was lower when D
was calculated for shorter time periods. Similar values were obtained using the two different
action spectra. Similar values for AFb were obtained for the head, and the limbs [for some
reason, AFb for the trunk was not estimated]. As the head and the limbs were assumed to
receive different doses of UVR, this was interpreted as supporting a power relationship
between incidence of NMSC and exposure to UVR.

Although some possible sources of error in the estimation of AFb were discussed, and found
to be minor, there are a number of assumptions implicit in the method used which could lead
to inaccuracies. These assumptions are common to each of the studies reviewed, and will be
discussed together.
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3.3:

Assumptions implicit in the geographical correlation approach:

This sub-section is adapted and extended from a recent review: [IARC, 1993; p9-12].
Use of a geographical correlation approach is dependent on the following assumptions:

-the estimates of the incidence of NMSC are accurate. This is unlikely to be the case for any
of the studies completed to date.

-the estimates of surface UV irradiance are accurate. Use of recent measurements assumes
that surface UV irradiance has not changed substantially.

-confounding by factors affecting sensitivity to UVR can be controlled for. The population
under study is unlikely to be homogeneous in terms of sensitivity to the effects of ,UVR. If
different sections of the population under study are different in terms of sensitivity this would
need to be controlled for.

-confounding by sun related behaviour can be controlled for. The extent to which
confounding by sun related behaviour should be controlled for is a difficult issue. Behaviour
that is influenced by UV irradiance will change as a result of ozone depletion [for example,
people may try to avoid getting sunburnt]. But sun related behaviour may be less influenced
by UV irradiance than by unrelated factors [such as social and climatic factors]. Sun related
behaviour may have changed during the lifetime of the study participants, and such changes
may not have occurred equally in all sections of the population.
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-confounding by non-UVR exposures can be controlled for, or ignored. To date, it has been
assumed that the effects of other exposures can be ignored.

-an action spectrum derived from experimental data can be extrapolated to a biological effect
in human populations. Action spectra derived from animal experimentation or in vitro studies
with human cells may not apply to the conditions of exposure in human populations.

-the relative biological effectiveness of UVR of a given wavelength is constant [that is,
biological effect is unaffected by other exposures]. This seems improbable. For example,
there may be important interactions between different wavelengths of UVR. Immunological
effects of UVR are likely to be important in skin carcinogenesis, but action spectra for
carcinogenesis have been based, simplistically, on skin erythema or DNA damage ..

-the statistical model used is correct. This will be particularly important if it is

nece~sary

to

make extrapolations beyond the range of the data.

In summary, the use of a geographical correlation approach for the prediction of the effects
of ozone depletion is dependent on a number of assumptions, some of which are likely to be
incorrect. Adequate control of confounding has not yet been achieved in any estimate of the
biological amplification factor, and may be difficult to achieve. Control of confounding may
be complicated by the presence of trends in populatioJ?, sensitivity [for example, due to
migration], or relevant exposures [for example, due to changes in sun related behaviour].
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It is not clear that present approaches to estimating biologically effective dose of UVR are

valid. The biological effect of UVR may be highly context dependent, and this may make
prediction very difficult. Some of the factors which may influence the biological effect of UV
exposure are summarised in the following sub-section.

3.4:

The influence of non-UV exposures on the biological effects of UVR:

It is generally accepted that the biological effects of UVR may be influenced by many

factors. These may be divided into three groups: host factors, UV exposure factors, and
other potentially relevant exposures. Epidemiological evidence, along with laboratory
evidence of the mechanisms of action of UVR in humans, suggests that the following factors
may be important:

[a]

-HOST FACTORS:
-age, sex
-ethnicity
-skin reaction to sunlight

[b]

-UV EXPOSURE FACTORS:
-dose, dose rate
-spectral distribution
-time relationship to other UV exposures
-time relationship to other [non-UV] exposures
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[c]

-OTHER POTENTIALLY RELEVANT EXPOSURES [with examples]:

-[i] affecting immunological status
-intercurrent disease
-renal failure
-human immunodeficiency virus
-immunosuppressive drugs
-dietary factors
- {3-carotene [Fuller, 1992; Meydani, 1993]
-xenobiotics
-urocanic acid in sunscreens [IARC, 1992]

-[ii] affecting antioxidant status
-dietary factors
-selenium [Combs et al., 1993; Reinhold, 1989]
-iron [Stevens and Kalkwarf, 1990]
-antioxidant vitamins [Block, 1993; Taylor, 1993]

-[iii] affecting the photochemistry of UVR

-sunscreens
-photosensitisers [Davies et al., 1990]
-psoralens
-benzo-a-pyrene [Kagan et al., 1989]
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-[iv] other carcinogens
-ionizing radiation exposures
-radon [ICRP, 1992]
-medical exposures
-nuclear industry
-arsenic [Chen and Wang, 1990]
-xenobiotics
-benzo-a-pyrene [Hattemer-Frey, 1991;
Lawrence and Benford, 1993].

Epidemiological studies have tended to focus on the relationships between host factors and
UVR exposures or other potentially relevant exposures, rather than on all three groups
together. As a result, the interactions between many of these factors are poorly understood.
However, it is likely that some interactions are important.

For example, immunosuppression by UVR may be prevented by {j-carotene supplementation.
In a double blind randomised controlled trial, delayed type hypersensitivity [DTH] responses
and plasma {j-carotene levels were measured in 24 healthy volunteers before and after
treatment with UV light [Fuller et al, 1992].

''Twenty four nonsmoking, healthy males ... were selected from a free-living
volunteer pool. .. Subjects were randomly assigned to receive 30mg {jcarotene/day or placebo ... Subjects consumed a single-menu, low carotenoid
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diet... DTH was measured using Multi test CMI kits [Merieux Institute,
Miami]."

Few details were given of the selection process or the number of exclusions. Of the original
24 subjects selected, two did not comply with the study protocol. Data were analysed for 11
subjects in each of the two groups. In both groups, UV induced suppression of DTH
response was found to be significantly correlated with plasma iS-carotene levels. DTH
responses were significantly suppressed in the placebo group, but not in the treatment group.
It was concluded that iS-carotene protects against UV induced suppression of immune

function.

Evidence relating to the relationship between ionizing radiation exposure and skin cancer has
recently been reviewed [ICRP, 1992]. Ionizing radiation and UVR exposures probably
interact in a synergistic manner: some current risk estimates for NMSC incidenc_e ar;e 0.5%
Sv-1 for UV shielded skin and 61% Sv-1 for UV exposed skin [ICRP, 1992]. These estimates
imply that a male radiation worker exposed to the occupational limit for skin exposure
[currently 500 mSv], each year from ages 20-60 would have a very high probability of
developing NMSC as a result. Using theoretical models to calculate the rate of deposition of
radon daughters5 on human skin, and the resulting dose to the basal layer of skin, Eatough
and Henshaw estimate that the skin receives an appreciable dose from natural radon [Eatough
and Henshaw, 1992].

5

radioactive decay products
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The site-specificity of trends in skin cancer incidence has been seen as evidence that the
increases are the result of increased exposure to UVR. But an increase in skin cancer
incidence related to exposures acting synergistically with UVR would be expected to occur
primarily on UV -exposed anatomical sites, thus the site specificity of the increases in skin
cancer incidence does not rule out exposures other than UVR as important contributors to
these trends. Some exposures, for example to chemical contaminants and ionizing radiation,
may have increased substantially in recent decades. Given that adequate historical data on
human exposures are not available for either UV or non-UV exposures, it would be prudent
to assume that both may be relevant in explaining trends in skin cancer incidence.
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4.0:

IMMUNOLOGICAL EFFECTS OF UVR IN HUMANS:

4.1:

INTRODUCTION:

Understanding of the immunological effects of UVR is in its infancy, and the significance
of many laboratory studies for human populations is unknown. However, it seems probable
that immunological effects are important in the pathogenesis of skin cancer.

4.2:

IMMUNOLOGICAL PARAMETERS AND UVR:

Effects of acute UV exposure:

UVR exposure has been shown to have measurable dose-dependent effects on human
immunity. Hersey et al. examined the effect of exposure to natural sunlight in Sydney,
Australia.

"Volunteers from among hospital staff were asked to participate... Test
subjects were asked to sunbathe wearing minimal clothing for half an hour on
each side of the body in the middle of the day on 12 days in 2 weeks. Control
subjects were studied concurrently and were requested to avoid sun exposure
over the study period [Hersey et al, 1983b]."

There were 15 test subjects and 13 controls. Sun exposed subjects were shown to have a
significant decrease in helper T cells [TJ, and an increase in suppressor T cells [T8] , relative
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to the comparison group. Significant suppression of antibody production in cultured white
blood cells, and a trend towards reduced natural killer [NK], cell activity were also noted.
NK cells are important in tumour immunity. In contrast to a previous study using UV
exposure in a solarium, [Hersey et al, 1983a], DTH responses were not significantly
affected. Differences in ,8-carotene status of the participants of these studies is a possible
explanation, since the suppress.ive effect of UV A irradiation of skin on DTH response can
be prevented by oral ,8-carotene supplements [Fuller et al, 1992; see above].

In subsequent studies, suppression of NK cell activity by UVR was confirmed. Normal
volunteers from the community were randomly assigned to one of three groups of 12 subjects
[Hersey et al, 1987]:

"The control group did not receive UVR exposure but they were requested to
apply sunscreen lotion each day for 12 days ... The other two groups received12 half hour [UVR] exposures on consecutive days."

Prior to UVR exposures, one group was treated with sunscreen lotion, sun protection factor
15, whilst the other was treated with base lotion [without the UV screening chemicals], only.
UV induced suppression of NK cell activity was not prevented by the sunscreen. In a
subsequent similar study, a Mylar filter [which removes essentially all UVB], was used
instead of sunscreen and found not to protect against suppression of NK cell activity [Hersey
et al, 1988]. These results suggest that UVA is the main etiologic agent for this effect. The
immunological changes observed in these studies persisted for 2-3 weeks in most subjects.
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In vitro, UVR has been shown to suppress NK cell activity, in doses thought to occur in the
dermal layers of the skin in vivo [Schacter et al, 1983; Hersey et al, 1993]. Hersey et al.
have suggested that whilst, in vitro, UVB is relatively more effective than UVA in
suppressing NK cell activity, UV A may be more effective in vivo because it penetrates much
more deeply into the skin than UVB.

In several other studies, UVB radiation has been shown to inhibit immunological responses
to antigens introduced via the skin. The primary allergic reaction [PAR], is a local
inflammatory response to a sensitising dose of an allergen applied to the skin, which appears
within 1-2 weeks. Once an individual becomes sensitised in this way, subsequent application
of very small doses of the allergen to any site results in an inflammatory response. This form
of delayed type hypersensitivity is termed contact hypersensitivity [CH].

Dinitrochlorobenzene, [DNCB], is has been widely used as a sensitising agent. Application
of 2mg of dinitrochlorobenzene to the skin will produce a primary allergic response in
normal subjects. After sufficient time is allowed for sensitisation to occur, subsequent
application of a 0.05mg challenge dose of dinitrochlorobenzene will produce a CH response.
Low dose UVB radiation administered prior to the sensitising dose has been shown to
suppress CH in some subjects, termed "UVB sensitive", but not in others, termed "UVB
resistant" [Yoshikawa et al, 1990].

In this study, the effect of UVB radiation on CH responses was determined 36 healthy
volunteers with no history of malignancy or skin disease, [controls], and 12 subjects with a
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history of histologically proven NMSC. Subjects with past NMSC were enrolled from the
outpatient clinic of a local hospital. Further details of selection methods were not given.

About 60% of controls, but less than 10% of people with past NMSC, were found to be
UVB resistant, suggesting that sensitivity to this effect of UVB may be a risk factor for skin
cancer. [Although, until prospective studies are performed, it is not possible to exclude the
possibility that skin cancer is a cause, rather than an effect, of UVB-sensitivity. The
suppression of CH was shown to be due to specific tolerance to dinitrochlorobenzene, rather
than non-specific immunological unresponsiveness, since subjects responded normally to a
second, non cross-reacting chemical].

UVB irradiation has also been shown to suppress primary allergic response, [Tseng et al,
1992]:

"[One hundred and fifteen] normal human volunteers were recruited into
panels of healthy caucasians, deeply pigmented [black people], and caucasians
with biopsy proven skin cancer [NMSC]... All subjects were exposed to
144mJ/cm2 [UVB] per day for 4 consecutive days."

UVB suppressed primary allergic response in all UVB sensitive caucasians, and some but not
all UVB sensitive black people. About 50% of both caucasians and black people were found
to be UVB resistant. Amongst the UVB resistant subjects, UVB suppressed primary allergic
response in 50% of the caucasians, but none of the black people. It is of interest that deeply
pigmented skin appeared to provide some protection against suppression of primary allergic
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response, but not suppression of CH. The results were interpreted as supporting a local
mechanism for UVB induced suppression of primary allergic response.

Cooper et al, [1992], confirmed and extended these results. One hundred normal healthy
volunteers were randomly assigned to receive either

" ... no UV radiation, or one of three localised exposure regimens."

There was evidence of dose dependent suppression of CH when a sensitising dose of
dinitrochlorobenzene was administered via irradiated skin. There was also evidence of
suppression of CH response to a non cross-reacting chemical administered concurrently via
a non UV-exposed site. Some subjects developed immune tolerance [suppression of
subsequent response to a sensitising dose of dinitrochlorobenzene], lasting up to 4 months.
UVB was shown to cause depletion of CD 1a +DR+ Langerhans cells and induction of CD 1aDR + macrophages in irradiated skin. Cooper et al. concluded that biologically relevant UV
exposures can suppress

"... T-cell mediated response to antigens introduced through irradiated skin."

Several possible mechanisms have been suggested for these findings, based mainly on animal
or in vitro studies [Gruner et al, 1992, Noonan and De Fabo, 1992]. Recently, Palaszynski
et al, [1992], have shown that urocanic acid [UCA] and histamine can affect levels of cyclic
adenosine monophosphate [cAMP] in cultured human fibroblasts. UV radiation is known to
have the effect of converting trans-UCA to cis-UCA; thus UCA may act as a photoreceptor
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for UVR in skin. Cis-UCA was found to suppress the induction of cAMP by trans-UCA and
histamine; this may be an important cellular event in the pathway leading to
immunosuppression following UV exposure.

There is relatively little knowledge of the effects of UVR on human cells other than skinderived fibroblasts. UVC has been the agent most commonly used in vitro. Munch-Petersen,
[1985], found that lymphocytes from patients with NMSC had a significantly lower tolerance
to UVC than those from normal controls.

Recently, human T cells have been found to be very much more sensitive than fibroblasts to
cell killing by UVB [Arlett et al, 1993]. In this study, T cells were also found to be
hypersensitive to induction of DNA strand breaks, induced by UVB or natural sunlight. The
mechanism for these effects was thought to be induction of an excisable non-dipyrimidine
photoproduct. Arlett et al. postulated that UVB may contribute to immunosuppression by a
direct effect on extracapillary T cells in the skin.

Effects of chronic UV exposure:

Since some of the effects of acute exposure to UVR may last from weeks to months, chronic
exposure would be expected to result in prolonged effects unless adaption occurs. There is
reason to suppose that any adaption may be limited: human subjects in the studies outlined
were generally not asked to avoid exposure to sunlight, and there is evidence that UVR has
systemic effects. If sensitivity to UVB induced immunosuppression is indeed causally linked
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to skin cancer, this implies that such suppression is important in the long term, and are
therefore probably not subject to significant adaptation.

Frentz et al, [1988], studied helper and suppressor T cell subsets, in three groups of people
[details of the selection procedure were not given]:

[a] 21 normal subjects; [b] 8 subjects with a history of exposure to ionizing radiation and
multiple NMSC; and [c] 7 subjects with a history of exposure to high levels of UVR and
multiple NMSC.

The number of Ts cells in group [c] was significantly higher than in groups [a] or [b]. The
authors suggested that high UV exposure may cause a permanent increase in Ts cells, and
that this may be associated with impaired immune response to NMSC. In support of this
suggestion, an association between UV exposure and long-term changes in T cell subsets has
been reported in a prospective study [Robinson and Rademaker, 1992].

Reduced numbers of Langerhans cells are found in sun exposed skin in older people, [IARC,
1993], but this may be related to aging and acute exposure rather than chronic exposure.

4.3:

RELEVANCE TO SKIN CANCER:

Immune responses to antigens in the skin may be of great importance in skin cancer. There
is good evidence that immunological factors generally are important. Transplant patients have
been shown to have a significantly increased risk of developing skin cancer [Hoover, 1977;
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Kinlen et al, 1979; Kinlen, 1992]. For SCC, at least, this seems to be a true increase· rather
than an artefact due to a high level of medical surveillance, since the ratio of SCC to BCC
was reversed in transplant recipients compared to the general population.

Studying renal transplant recipients, Bouwes Bavinck et al. have reported a protective effect
of HLA-All on skin cancer jncidence [Bouwes Bavinck et al, 1990], and a significant
association between SCC and HLA-B mismatch, which could not be explained by differences
in immunosuppressive treatment or exposure to sunlight [Bouwes Bavinck et al, 1991]. They
also found a [non-significant] association between sec and homozygosity of the recipient for
HLA-DR.

HLA-DR1, which may be associated with low immune responsiveness generally, has been
shown to be associated with multiple BCCs in otherwise normal people, [Myskowski et al,
1985; Cerimele et al, 1988; Czarnecki et al, 1991a], whilst multiple NMSC appear to be
associated with HLA-DR7, [Czarnecki et al, 1991b]. The immunological mechanisms
involved in the association with HLA-B mismatching depend on the donor alloantigen, and
must therefore be different from those involved in the association with HLA-DR, [Bouwes
Bavinck et al, 1992].

There is also evidence of an increased risk of SCC in patients who have been treated with
immunosuppressants for diseases such as rheumatoid arthritis [Kinlen, 1992]. In general, the
anatomical site distribution of the lesions appears to be similar in immunosuppressed and
non-immunosuppressed people. However, the pathogenesis of skin cancer may be different
in immunosuppressed people [Bouwes Bavinck et al, 1992]. Clinically detectable human
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papilloma virus [HPV] infection is rare on sites, such as the face, where NMSC is common.
HPV has only rarely been detected in NMSC of the general population, [ < 4% of patients
from three studies], but much more commonly in immunosuppressed patients [50% of
patients from 8 studies - studies cited in Pfister et al, 1992].

Kaposi sarcoma is very rare except in immunosuppressed people [Kinlen, 1992]. Little is
known about skin cancer in people infected with human immunodeficiency virus [HIV],
although risk factors for NMSC are probably similar to those in the general population [Lobo
et al, 1992]. There is some suggestion that NMSC may be more aggressive in HIV positive
people [Sitz et al, 1987].

4.4:

CONCLUSIONS:

In summary, UVR has been shown to have immunosuppressive effects in humans, illclU,ding
reduced NK cell activity, changes in T cell subsets, reduced antibody production, depletion
of Langerhans cells and induction of macrophages in skin, suppression of primary allergic
response, suppression of CH responses to antigens introduced via irradiated or shielded skin,
and induction of immune tolerance. Understanding of the immunological effects of UVR is
at an early stage, but such effects are likely to be important in the pathogenesis of skin
cancer. Epidemiological studies examining the relationship between long term UV exposure
and immunity in the general population are now needed.
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5.0:

UVR AND SKIN CANCER: EVIDENCE FROM MOLECULAR BIOLOGY:

5.1:

INTRODUCTION:

Whilst it has long been known that skin cancer is associated with sun exposure, some of the
most compelling evidence that. UVR is a causal factor in skin cancer has recently emerged
from molecular genetic studies. UVR is known to cause characteristic types of DNA damage,
such as the formation of pyrimidine dimers 6 • In turn, the capacity to repair this damage is
a factor influencing sensitivity to the effects of UVR. Genetic changes thought to be involved
in skin cancer include rearrangement and amplification of entire genes, and at the level of
individual base pairs, point mutations, deletions and translocations.

5.2:

DNA DAMAGE AND REPAIR:

Syndromes in which DNA repair is deficient:

Xeroderma pigmentosum [XP], is a rare7 autosomal recessive syndrome characterised by
marked sun sensitivity and greatly increased risk of skin cancer [Lee et al, 1992]. Other
features include

~wo adjacent DNA base pairs with a pyrimidine structure, [cytosine or thymine], can
form stable covalently bonded dimers in the presence of UVR. Pyrimidine dimers are one
of a number of possible UV photoproducts.
7

Frequency about 1 in 106
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"Erythema with oedema and blistering, freckles, pigmented and achromic
macules, telangiectasias, actinic keratoses [and] reduced natural killer cell
activity [Heim et al, 1992]."

In xeroderma pigmentosum, defective nucleotide excision repair [NER], results in an
increased frequency of UV-induced mutations [in variant xeroderma pigmentosum, defective
post-replication repair]. There are a number of other DNA repair deficiency syndromes with
some common features, and also sporadic associations between DNA repair deficiency and
sun sensitivity [Cleaver and Thomas, 1993].

In Cockayne syndrome, deficient nucleotide excision repair in genes that are being actively
transcribed is associated with UV sensitivity but not, apparently, increased risk of skin
cancer. In ataxia-telangiectasia, the defect is in repair of DNA double strand breaks, which
is associated with increased sensitivity to ionising radiation. There is an increased risk of
haematological malignancies, and also of some solid tumours, but not skin cancer [Cleaver
and Thomas, 1993; Hiem et al, 1992].

In Fanconi anaemia, there is deficient repair of DNA cross links. There is an increased risk
of skin cancer8 [and other cancers], and reduced NK cell function, but no clinical or
experimental evidence of unusual acute sensitivity to UVR. In Bloom syndrome, deficient
DNA repair is associated with increased sensitivity to both UV and ionizing radiation,
impaired immune function, and increased risk of cancer, including skin cancer [Cleaver and
Thomas, 1993; Hiem et al, 1992].

8

source was not specific about which type[s]
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Evidence is emerging that proteins involved in nucleotide excision repair are also important
in transcription [Bootsma and Hoeijmak:ers, 1993]. This may help to explain some of the
phenotypic differences between the syndromes and syndrome subtypes. There is evidence that
heterozygous carriers of genes involved in recessive DNA repair deficiency syndromes may
be phenotypically distinct from non carriers [Hiem et al, 1992]. For example, there is some
evidence of increased risk of NMSC in xeroderma pigmentosum heterozygotes [Swift and
Chase, 1979].

If it is possible to extrapolate the special case of DNA repair deficiency syndromes, on an

individual level, skin reaction to sunlight may correlate with ability to repair UV associated
DNA damage. This may not always be true however, since in some syndromes, risk of skin
cancer is increased whilst sun sensitivity is normal.

Studies on skin cancer patients:

Freeman et al, [1989], have determined an action spectrum for the formation of pyrimidine
dimers in DNA in human skin irradiated with UVR in vivo. The untanned skin of volunteers
was biopsied immediately after irradiation with 1 or 2 MED of UVR. Irradiation was carried
out using narrow bandwiths between 275 and 405nm. The most effective wavelength was
found to be near 300nm. The reduced effectiveness below this wavelength was attributed to
absorption by the upper layers of the skin. A possible extension of this experiment would be
to test whether the results obtained using narrow bandwidths accurately predict the
effectiveness of a simulated or actual solar radiation spectrum.
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Munch-Petersen et al. [1985], examined the effect of UVC irradiation on unscheduled DNA
synthesis [UDS], in peripheral blood lymphocytes of29 patients with NMSC and 25 controls.
In patients with BCC only, there was more inter-individual variation in unscheduled DNA
synthesis than in the controls, but mean unscheduled DNA synthesis values were not
significantly different. In patients with SCC or actinic keratosis in addition to BCC,
unscheduled DNA synthesis was significantly greater than in the controls. This was
unexpected, but seems likely to have been genuine. A possible explanation is that DNA
damage was increased in patients relative to controls, and that the effect of increased damage
outweighed any effect of reduced DNA repair synthesis in patients. There is evidence of
higher DNA lesion yield per photon in NMSC patients than controls.

Hatcham et al. [1991], determined pyrimidine dimer yield in the skin of volunteers exposed
to UVR and concluded that

"... in general, higher dimer yields are produced per incident photon in
volunteers with higher susceptibility to erythema induced by radiation of the
same wavelength."

As discussed by Hatcham et al, other evidence on this point is contradictory; Strickland et
al. [1990], were unable to demonstrate a significant association between dimer yield and
MED in a group of 19 volunteers.

96
Applegate et al. [1990], studied cell killing and pyrimidine dimer yield in UV irradiated
cultured skin fibroblasts from subjects with basal cell naevus syndrome [BCNS9"j, and normal
controls. Fibroblasts from subjects with basal cell naevus syndrome were found to be
hypersensitive to cell killing by UVB. This hypersensitivity did not appear to be related to
yield of pyrimidine dimers. The authors concluded that

II •••

there is an association between hypersensitivity of somatic cells to killing

by UVB radiation and the genetic predisposition to skin cancer in basal cell
naevus syndrome patients. In addition, these results suggest that DNA lesions
[and repair processes] other than the pyrimidine dimer are also involved in the
pathogenesis of sunlight-induced skin cancers in basal cell naevus syndrome
patients.

II

In studies of pyrimidine dimers [or other photoproducts], the yield may be influenced by
many factors unrelated to DNA repair capacity. Another approach is to measure DNA repair
capacity [DRC], more directly.

Alcalay et al. [1990], measured DRC in 22 subjects aged 31-84 with a past history of
histologically confirmed BCC, and 19 cancer free control subjects aged 25-61. The MED was
first determined for each participant. Participants were then irradiated with 1 MED of
simulated solar UVR on the lower back, and two biopsies were taken from the irradiated
sites, one immediately, and the other 6 hours after irradiation.

911

BCNS is an autosomal dominant genetic disorder in which the afflicted individuals are
extremely susceptible to sunlight induced skin cancers. [Applegate et al, 1990]
II

97
The average MED in the BCC group was significantly lower than in the control group.
Dimer yields determined immediately after irradiation were very similar in the two groups.
This implies a lower yield per photon in the control group, since the average dose was higher
in this group. DRC, as measured by percentage of pyrimidine dimers repaired at 6 hours,
was reduced in the BCC group compared to the control group, [although this difference was
not quite statistically significant, p = 0. 06].

Athas et al. [1991], have developed an assay for DNA repair in cultured peripheral blood
lymphocytes, which was used by Wei et al. [1993a], to compare DRC in 88 subjects with
a history of histologically confirmed BCC and 135 control subjects with benign skin disease.
Participants were asked to complete a questionnaire covering sun exposure history [including
history of sunburn], and medical and family history. Participants were examined by a
dermatologist, and control subjects found to have skin cancer were excluded.

DRC was found to be reduced in subjects with previous BCC compared to controls, but this
was not statistically significant [student's t-test, p=O.lO].

Odds ratios for BCC risk were estimated using logistic regression analysis. Subjects were
defined as having low DRC, if DRC was less than the median in the control group, or high
DRC, for DRC above the median, [the reference group].

In subjects with both low DRC, and a history of frequent severe sunburn, [those reporting
sunburn with blistering on at least 6 occasions], risk of BCC was significantly increased
[odds ratio 5.3; 95% CI 2.0-13.9]. This effect was particularly marked in women. In women
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with both low DRC and frequent sunburn, the odds ratio was 12.7, [95% CI 2.3-71.1]. In
men with low DRC and frequent sunburn, the odds ratio was 3.2 [said to be significant at
the 1% level, but 95% CI given as 0.97-10.7]. It has been suggested that this sex difference
may be related to hormonal influences on DRC [Wei et al, 1993b].

The authors concluded that reduced DRC may be a risk factor for BCC, in subjects with a
history of "overexposure to sunlight". This appears to be based on the assumption that
sunburn history can be used as a measure of sun exposure.

However, there are several difficulties with this assumption. It is not clear that the control
group was representative of the population from which the cases arose. Subjects with benign
skin disease may not be representative in terms of sun sensitivity and exposure.

The participants were likely to have been aware of their disease status at the ..time of
completion of the questionnaire in which details of sunburn history were recorded. Thus
response bias is a potential problem. Furthermore, sunburn is dependent on sun sensitivity
as well as sun exposure. Subjects with fair skin who burn easily may avoid the sun and have
lower cumulative exposure than subjects who tan well. Participants with a history of frequent
sunburn may have higher risk of BCC because of higher sun sensitivity, rather than because
of higher exposure.

Factors other than DRC, [for example immunological effects], may be associated with
sensitivity to the acute effects of sun exposure [such as sunburn], and to late effects, [such
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as BCC]. Thus the associations observed between risk of BCC and DRC may have been due
to confounding by sensitivity.

A further problem is that is not possible to establish that low DRC precedes the development
of BCC in this retrospective study. The external validity of the study is limited by the use
of hospital outpatients as the source population.

More convincing evidence of the role of DRC in skin cancer could be obtained by
prospective measurement of DRC in a population based study, in which detailed estimation
of other constitutional and environmental risk factors for skin cancer was undertaken. In this
way, the extent to which DRC might be used to estimate sensitivity to the late effects of
UVR could be established.

5.3:

ONCOGENES AND TUMOUR SUPPRESSOR GENES IN SKIN CANCER:

Incomplete repair of UV induced DNA damage is likely to be an early event in skin
carcinogenesis. The main types of genetic damage that have so far been identified in skin
cancer involve mutation of p53 tumour suppressor gene and amplification or mutation of ras
proto-oncogenes.

Ras proto-oncogene mutations:

Mutations of ras proto-oncogenes have been reported in keratoacanthomas [Leon et al, 1988;
Corominas et al, 1989] and at least 25% of skin cancers in the general population and 75%
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of skin cancers in people with xeroderma pigmentosum [Sarasin et al, 1991]. Van der
Schroeff et al, [1990], identified point mutations in 4 of 30 BCCs [13% - 3 at codon 12 of

K-ras, 1 at codon 61 of H-ras] and 1 of 12 SCCs [8% -at codon 12 of K-ras]. Brash et al,
[1991], identified ras mutations in 2 of 20 NMSC [10%].

Recent studies have produced conflicting results: in one study, 11 of 24 SCCs [46%], and

5 of 16 BCCs [31 %] , were shown to contain mutations at the second position of H-ras codon
12 [Pierceall et al, 1991a]. Campbell et al, [1993], were unable to detect any H-ras
mutations in 40 BCCs and 12 SCCs examined, whilst Moles et al, [1993], found no ras
mutations in 19 BCCs and 13 SCCs. The differences between these studies may be partly due
to technical artefact; an alternative explanation is that the aetiology of the skin cancers may
differ between the studies. Although the H-ras mutations identified by Pierceall et al. were
opposite potential pyrimidine dimer sites, they were not necessarily UV-induced.

Tormanen and Pfeifer, [1992], have examined the formation of UV photoproducts in ras
proto-oncogenes, by irradiating cultured skin cells with UVR. A high frequency of potentially
mutagenic photoproducts were found near codon 61; in contrast, photoproducts were "barely
detectable" at codon 12. Thus the spectrum of initial UV-induced photoproducts in ras protooncogenes was found not to correlate with the mutation spectrum found in skin cancers. The
authors concluded that, in human skin cancers:
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"... the initial photoproduct frequency is not the primary determinant for
induction of specific ras mutations ... The simplest explanation for our findings
may be that UV light is not responsible for the occurrence of ras mutations ... "

However, other more complex explanations which would be consistent with a role for UVR
are also plausible.

p53 tumour suppressor gene mutations:

Strong evidence for the involvement of UVR in skin cancer comes from the study of
mutations in the p53 tumour suppressor gene. Brash et al, [1991], identified p53 mutations
in 14 of 24 sees [58%]. All of these mutations were e toT transitions at dipyrimidine sites,
characteristic or' UVR induced mutation. In three tumours, a ee to TT double base ch,ange
was identified. The only agent known to cause this type of DNA damage is UVR.

Pierceall et al, [1991b], identified p53 mutations in 2 of 10 sees, [20%]; both mutations
were opposite dipyrimidine sites. Rady et al, [1992], identified p53 mutations in 7 of 14
Bees, [50%]; all were e toT changes. Ziegler et al, [1993], have obtained similar results,
identifying p53 mutations in 15 of 27 Bees [56%]. These mutations were reported to be
"primarily" e toT or ee to TT changes at dipyrimidine sites. Moles et al, [1993], identified
p53 mutations in 9 of 19 Bees [48%], and 2 of 13 sees [15%]. All the mutated tumours
occurred at sun-exposed body sites. Of the 11 mutations identified, 7 involved changes at a
ee dipyrimidine site.
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Immunohistochemical techniques have recently been developed which can be used to study
p53 expression in skin cancer. p53 protein is normally present in low concentration, but
mutant p53 protein accumulates and can be detected immunohistochemically [Ro et al, 1993].
However, accumulation of p53 can also be induced by DNA damaging agents other than
UVR [Fritsche et al, 1993]. Furthermore, p53 protein is detectable in skin that has been
exposed to biologically relevant doses of UVR [Hall et al, 1993]. For these reasons, the
significance of the findings described below is uncertain.

Shea et al, [1992], detected p53 protein in 30 of 36 Bees [83%]. The protein was also
detected in adjacent sun exposed skin, but not in non-exposed buttock skin. Urano et al,
[1992], detected p53 protein in 10 of 26 sees [38%], but not in surrounding normal
epidermal cells. Moles et al, [1993], identified p53 protein in 3 of 9, [33%] of NMSe
lesions in which p53 gene mutations had been previously been identified. Ro et al, [1993],
identified p53 protein in 11 of 26 Bees, [42 %] and 15 of 27 sees, [56%]. These authors
found p53 protein in a lower percentage of benign lesions such as actinic keratosis, and
suggested that p53 mutation

"... may be involved in the progression towards invasive malignancy in human
squamous skin lesions."

However, in contrast to these results, McGregor et al, [1992], detected p53 protein in a
higher proportion of solar keratoses than in NMSe lesions. Stephenson et al, [1992],
examined keratoacanthomas and Sees for evidence of p53 protein overexpression. They
reported a
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" ... significant trend in the proportion ofp53 oncoprotein-positive lesions from
keratoacanthomas to poorly differentiated sees.

5.4:

II

CONCLUSIONS:

Molecular genetic studies provide strong evidence that UVR is a causal factor in skin
cancers. UVR produces characteristic base changes in DNA which have been detected in
oncogenes and tumour suppressor genes in skin lesions. Understanding of the relationship
between differences in susceptibility to the effects of UVR and the degree of eventual DNA
damage is at an early stage.

Inter-individual variation in "yield" of DNA damage is poorly understood. The evidence is
conflicting, and differences in experimental technique may be partly responsible. A more
interesting possibility is that confounding variables are influencing the results. The. degree
of DNA damage produced by a given dose of UVR in vivo is likely to be influenced by many
factors, including pigmentation and thickness of the epidermis, which will influence the dose
reaching the target cells, and cellular factors such as the stage of the cell cycle, the presence
of photosensitisers and the degree of oxidative stress [Applegate, 1992; and see section 3.4,
above].

The ability of the cell to repair damage may in turn be influenced by the degree of damage
and the presence of previously unrepaired damage, as well as genetically determined factors
such as the efficiency of DNA repair enzymes. An important implication of this reasoning
is that differences between skin cancer patients and controls in terms of ability to repair DNA
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damage may reflect differences in past exposures, as well as genetically determined
differences in susceptibility. This suggests a need for prospective studies examining DNA
damage and repair, and the risks of skin cancer.
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6.0:

NON MELANOMA SKIN CANCER IN NEW ZEALAND:

In New Zealand, the only published study of the incidence of NMSC is a prospective survey
of skin cancers treated in a two year period from 1978-80 [Freeman et al, 1982]. The method
was based on that used in the U.S. Third National Cancer Survey [Scotto et al, 1974]. To
be eligible, patients had to be resident within one of the following hospital board areas:
Waikato, Tauranga, Bay of Plenty, or Taumarunui, and have a new lesion diagnosed within
the study period.

Health professionals likely to be involved with the management of NMSC, including doctors
and the staff of laboratories, medical records departments and hospital outpatients, were
informed of the study protocol. Doctors were asked to fill in a form, on treating an eligible
patient, giving the name of the treating doctor, patient details including history of previous
skin cancer and the anatomical site of the presenting lesion, and the name of the laboratory
to which pathology specimens were sent.

Where histological verification was available, lesions were classified as either BCC or SCC.
Clinically diagnosed cases were only accepted where presumed SCCs had been treated
without biopsy, [these lesions were classified as "suspect keratoses"]. Multiple lesions had
to be "anatomically and/or histologically distinct" to be included.

It was not stated how multiple lesions, and patients with lesions of more than one histological

type, were counted in the incidence estimates. There are some small unexplained differences
between the figures given in the tables for the total numbers of patients with BCC or SCC.
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Patients with both SCC and BCC were apparently counted as one case in the overall ·
incidence estimates. Estimated crude incidence rates per 100,000 person-years [non-Maori],
were 231 for BCC, 124 for SCC, 19 for patients with both SCC and BCC, 10 for suspect
keratosis, and 384 overall. As expected, the NMSC incidence rate among Maori was much
lower at 6 per 100,000.

Weaknesses of this study, in common with the U.S. surveys, were that only lesions that had
been clinically diagnosed and treated as skin cancer were included and an unknown
proportion of such lesions were unreported, leading to under ascertainment. Because the
study was prospective, patient and/or clinical behaviour may have changed as a result of the
survey, leading to possible over-ascertainment; however, this problem is reduced by the
relatively long survey period. The study population was estimated from census data, which
is less reliable than a design using a defined population. Histological diagnosis was not
reviewed, but a high percentage of cases were confirmed histologically. Detailed age specific
data have been provided for histologically confirmed BCC and SCC in both sexes, allowing
comparisons with other populations to be made. Incidence rates increased sharply with age
in both sexes, male rates being greater than female rates for all age groups.

The incidence of NMSC, [non-Maori, age standardised to the 1970 US population], was 418
per 100,000 person-years in the New Zealand study population [at about 38°S; Freeman et
al, 1982], compared to 394 per 100,000 in Atlanta, [34 °N], which was the highest recorded
rate in the 1977-78 US survey [Scotto et al, 1980]. Thus the incidence of NMSC in New
Zealand non-Maori was high by international standards in 1978-80.

107
The only other published study relating to NMSC in New Zealand that I am aware of is a
study of mortality between 1950 and 1986 [Cooke et al., 1991].

"Populations and numbers of deaths coded to NMSC ... non-Maori, according
to sex and age, were collated from annual reports of the Department of
Health."

This showed a decline in mortality between 1950-1965, followed by an increase from 19661986 [Cooke et al., 1991]. Mortality rates in men, [age standardised to the 1973-79 nonMaori population truncated to ages 35-74], increased from 1.6 per 100,000 person-years in
1966-72 to 2.3 per 100,000 person-years in 1980-86. These results are of limited value in
estimating trends in incidence because the case fatality rate of NMSC is very low.

Data on hospital separations [discharges and deaths] are published by the Department of
Health, and can give some indication of trends in incidence of NMSC. Skin cancers are
divided into two categories in these hospital data: melanoma, and "other malignant neoplasms
of skin", [which are nearly all NMSCs in non-Maori people]. Separations classified under
"other malignant neoplasms of skin" from the Hospital and Selected Morbidity Data 19651991, are shown in figure 3 [data for some years not available]. Hospital separation rates for
NMSC, [non-Maori], estimated from these data are as follows:

In 1980: 64 per 100 000 person years in men, and 36 per 100 000 person years in women.
In 1990: 104 per 100 000 person years in men, 64 per 100 000 person years in women [age
standardised to the 1980 New Zealand non-Maori population].
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This represents an average increase of about 6% per year in men and 8% per year in women
between 1980 and 1990. Caution should be excersized in interpreting these data, as hospital
separation rates may be affected by changing treatment patterns as well as changing disease
incidence.

In comparison, between 1979

~nd

1989, age standardised registration rates for melanoma,

[non-Maori], increased by an average of about 6% per year in men and 9% in women
[Department of Health, 1992]. Thus NMSC incidence may have been increasing rapidly, at
a comparable rate to that of melanoma.

In summary, the available data on NMSC in New Zealand do not provide a good basis for
accurate estimates of incidence. However, NMSC incidence rates were relatively high in the
1978-80 survey, and may have been increasing rapidly, at a comparable rate to that of
melanoma. It is therefore likely that the incidence of NMSC in New Zealand is now very
high by international standards.
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7.0:

IMPLICATIONS FOR FUTURE RESEARCH:

7.1:

INCIDENCE OF NON MELANOMA SKIN CANCER:

Accurate estimates of the incidence of NMSC can be obtained by the following method:

-Obtain a representative sample of a defined population; verify representativeness by
comparing a sample of participants and non participants.
-Perform a full dermatological examination on the participants, to exclude prevalent lesions.
-Follow

~p

the participants, obtaining histological confirmation of treated skin lesions.

-Repeat the dermatological examination, identifying untreated incident lesions [with
histological confirmation].

Unfortunately, this method, whilst the simplest that will give accurate results, requires
considerable resources. A method of reducing the number of participants that need to be
examined dermatologically could be as follows:

-Use a questionnaire concerning risk factors for NMSC, to identify a subgroup at high risk
of NMSC, [within a representative sample of a defined population].
-Proceed with dermatological examination and follow up on the high risk group, as well as
a representative subsample of the low risk group.
-Data on the incidence of NMSC within high and low risk groups can then be combined to
obtain an estimate for the whole population.
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If the health effects of ozone depletion in New Zealand are to be accurately assessed, then
studies of the incidence of NMSC will be needed.

7.2:

ANALYTICAL STUDIES:

In view of the small number of well conducted analytical studies of NMSC, there is a need
for further research. The Geraldton study [Kricker, 1992], was successful in overcoming some
of the problems of earlier case control studies in that the design ensured:

-that a relatively large number of cases were obtained from a defined population.
-that cases were histologically confirmed.
-that controls were representative of the population from which cases were drawn.

Further problems of obtaining accurate, unbiased estimates of exposure, and the adequate
control of confounding, in particular due to differences in sun sensitivity, have not yet been
entirely overcome.

There is little information currently available about sun related behaviour. Reliance on recall
of sun exposure may be inaccurate, prone to bias and difficult to validate. If past exposure
is to be estimated from observations of the effects of exposure, rather than recall by the
subject, then objective measures of both the biological effects of sun exposure, and of
sensitivity to exposure, are required.

111

Molecular biology techniques may in future provide such measures, for example, in vitro
assays of DNA damage and repair. DNA repair assays could prove a valuable technique in
identifying individuals at high risk of NMSC.

However, the inconsistencies between the results of such studies to date suggest that as yet
unrecognised factors may be important in the relationship between UV exposure and DNA
damage. Understanding of the interaction between genetic and environmental factors in DNA
damage would be improved by prospective molecular epidemiology studies.

Exposure to agents other than UVR are likely to influence the risk of skin cancer, via
genetic, immunological and other mechanisms. There is little epidemiological evidence, at
,present, on which to judge the public health significance of such effects. More accurate
measures of exposures other than UVR, for example from biological monitoring, are needed.
Most studies to date have relied on rather crude measures of exposure, such as occupation
or recall. The immunological effects of UV exposure are likely to be important in the
pathogenesis of skin cancer, but there is considerable uncertainty, at present, about the
effects of chronic exposure.

Geographic correlation is the best available method to predict the effect of ozone depletion
on NMSC in New Zealand. Confidence in the action spectra used in this method would be
improved by further studies of the effects of UVR on human skin cell cultures under various
conditions, for example, in the presence of photosensitisers. This method could also be used
to screen chemicals for the potential to influence the biological effect of UVR.
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Further epidemiological studies in which exposures, [in addition to UVR], are assessed, are
needed to improve understanding of the possible interactions between different agents.
Dietary factors, exposure to ionizing radiation, and chemical exposures, may be important.
In New Zealand, the relationship between skin cancer and exposure to trace elements such
as selenium, and chemical contaminants such as arsenic should be given high priority for
study.

The effect of sunscreen use on risk of NMSC is at present uncertain. A randomised
controlled trial of sunscreen use is probably the only method capable of resolving the issue.
Whether or not such a study would be ethically permissible is uncertain, however. The
answer to this question depends critically on how much emphasis is placed on the results of
laboratory studies.
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7.3:

CONCLUSIONS:

Despite the fact that the incidence of skin cancer in New Zealand is very high, and may be
increasing rapidly, there is a lack of accurate data on NMSC incidence. NMSC is not a
major cause of mortality but, because of its high incidence, is nevertheless a significant
public health problem.

Taken together, the evidence suggests that UVR is a major causal factor in NMSC.
However, it cannot be assumed that other exposures are unimportant, and further research
is needed. There is little information currently available about sun related behaviour, and this
makes it difficult to assess the causes of trends in the incidence of NMSC.

Other factors remaining equal, the incidence of NMSC is expected to increase further as a
result of ozone depletion. Although New Zealand is likely to be one of the first countries to
experience this effect, present data do not permit accurate estimates of the magnitude of the
increase. Further, it cannot be assumed that predictions derived from studies in other
countries can necessarily be extrapolated to New Zealand. There is a good case, on both
scientific and public health grounds, for further research on the relationships between NMSC,
exposure to UVR, and ozone depletion in New Zealand.
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Figure 1.-The seasonal and diurnal variation of the ultraviolet
radiation at 307 nm at 45°S (Lauder). lrradiance is measured as the
· energy reaching the earth's surface, per unit area, and per
nanometre of wavelength: the unit is thus microwatts per square
centimetre per nanometre.
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Fig. 2. Trends in daily effective UV dose for generalized DNA
damage, computed using T00/1Sv6 ozone column data over the
11 year period 1979-1989. Dark shading indicates regions
where the trends differ from zero by more than two standard
deviations (20), light shading by 10. White areas denote
regions of insignificant trend (in the tropics) and regions of no
light (winter poles). (a) Trend in absolute units of 1m-2 per
decade, with normalization to unity photon effectiveness at 300
nm. (b) Trend in percent per decade.
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TABLE 1: NONMELANOMA SKIN CANCER INCIDENCE ESTIMATED FROM
REGISTRY DATAa. Rates are per 100,000 person-years, standardised to the world
population.
study period

male

female

167

89

109

76

69

44

56

59

AUSTRALIA:
1979-1982

Tasmania

CANADA:
1979-1982

British Colombia

SWITZERLAND:
1979-1982

Vaud

SOUTH AMERICA:
Colombia

1979-1982
NORDIC COUNTRIES:

Denmark

1979-1982

38

27

Norwayb

1982-1986

49

42

Finlandb

1985

49

36

1979-1982

30

19

1979-1982

31

15

Japan - Osaka

1979-1982

2

1

China - Shanghai

1979-1982

2

1

India - Bangalore

1979-1982

3

2

UK:
England and Wales

SPAIN:
Zaragosa
ASIA:

aadapted from IARC,1992
bquoted in Magnus,1991

TABLE 2: NONMELANOMA SKIN CANCER INCIDENCE BY COUNTRY:
Rates are per 100,000 person-years.
study period

male

female

70

45

USA:
1963

Lynch et al,1970- Minnesotaa

151

Scotto et al, 1974 - Minneapolish

1971-1972

Scotto et al, 1983 - 8 centresh

1977-1978

312

174

Serrano et al,1991 - Vermonth

1979-1980

191

95

Chuang et al, 1990ab - Rochesterc

1976-1984

238

147

AUSTRALIA:
Giles et al, 1988 -whole countryd

1985

823

Marks et al, 1989 - Maryboroughd

1982-1986

873

Stenbeck et al, 1990 - Queenslandd

1984

1372

702

1985-1987

2389

1908

1987

2225

1106

Green et al, 1990 - N amboure
Kricker et al, 1990 - Geraldtonr

NEW ZEALAND:
Freeman et al,1982 - Hamiltons

1978-1980

384

..

., ,

EUROPE:
Dahl,1992- Malmo, Swedenb

1985-1986

163

121

Roberts,1990- Wales, U.K.d

1988

144

60

astandardised to the 1950

u.s. population.

hstandardised to the 1970 U.S. population.
cstandardised to the 1980

u.s. white population.

dstandardised to the world population.
estandardised to the age distribution [20-69] of the world population.
rnot age standardised. In persons attending the survey [ages 40-64].
gcrude incidence rate.

TABLE 3: NONMELANOMA SKIN CANCER INCIDENCE BY COUNTRY:
Rates are per 100,000 person-years, age 55-64, malea
study period

sec

BCC

USA:
Lynch et al, 1970 - Minnesota

200

1963

Scotto et al, 1974 -Minneapolis

1971-1972

200

42

Scotto et al, 1983 -Minneapolis

1977-1978

260

35

Serrano et al,1991 -Vermont

1979-1980

300

70

Chuang et al, 1990a +b - Rochester

1976-1984

360

120

AUSTRALIA:
Marks et al,1989- Maryborough

1982-1986

1600

650

Giles et al, 1988 - whole country

1985

2000

550

Kricker et al,1990- Geraldton

1987

2400

1650

1985-1987

4000

1100

Green et al, 1990 - Nambour
Stenbeck et al, 1990- Queensland

1984

4400

NEW ZEALAND:
Freeman et al, 1982 - Hamilton

1978-1980

960

460

1970-1971

220

-

1985-1986

450

-

1988

300

100

EUROPE:
Dahl,1992- Malmo, Sweden

Roberts,1990- Wales, U.K.

· arounded rates, estimated by averaging, where necessary

TABLE 4: PERCENTAGE DISTRIBUTION OF BCC BY ANATOMICAL SITE:a
Country

incidence
period

Sex

Head
+neck

Trunk

Upper
limb

Lower
limb

Not
known

USN

1977-1978

M
F

81
84

12
9

5
3

1
3

1
1

USN

1979-1980

M
F

78
83

14
10

4
3

2
3

-

Denmark_'!

1978-1982

M
F

80
78

15
16

2
3

2
4

9
8

South Wales•

1988

M+F

81

15

1

4

-

Switzerlandr

1976-1985

M
F

73
77

18
15

4
3

2
4

3
2

British
Colombiag

1973-1987

M
F

64
68

12
9

6
5

1
4

17
14

Finlandh

1967-1981

M
F

78
81

12
9

Norway;

1976-1985

M
F

62
64

28
25

2
2

2
3

7
6

Swedeni

1980-1981

M+F

60

31

2

7

<1

Australia~<

1985

M+F

66

18

8

8

-

AustraliaMelbourne1

1989

M
F

56
64

33
20

7
6

3
9

-

AustraliaCairns1

1989

M
F

59
65

33
26

5
5

3
4

-

"adapted from IARC,1992; percentages are rounded
bScotto et al,1983
cserrano et al,1991
dQsterlind et al, 1988
"Roberts, 1990
fJ...evi et al, 1988
gGallaher et al, 1990
hKarjalainen et al, 1989
;Magnus, 1991
iDahl et al, 1992
~<Giles

et al, 1988

!Czarnecki et al, 1992a

3
3

5
5

-

TABLE 5: PERCENTAGE DISTRIBUTION OF SCC BY ANATOMICAL SITE:•
Country

incidence
period

Sex

Head
+neck

Trunk

Upper
limb

Lower
limb

Not
known

USN

1977-1978

M
F

75
60

5
5

18
25

1
6

2
4

USN

1979-1980

M
F

76
63

6
9

14
17

2
6

-

British Colombiad

1973-1987

M
F

66
59

5
4

15
19

2
10

12
8

Portland
[Oregon]•

1960-1986

M
F

78

71

5
5

-

17
24

South Walesr

1988

M+F

66

9

9

16

-

Switzerlandg

1976-1985

M
F

81
69

5
6

10
17

3
8

2
1

Denmarkh

1978-1982

M
F

76
67

5
9

15
17

4
8

6
5

Norwayi

1976-1985

M
F

72
70

8
10

11

4
6

5
4

1967-1981

M
F

76
76

8
7

Australiak

1985

M+F

43

14

22

22

AustraliaMelbourne1

1989

M
F

70
50

7

-

20
34

4
15

AustraliaCairns1

1989

M
F

61
41

8
7

26
28

5
24

Finlandi

"adapted from IARC,1992; percentages are rounded
bScotto et al, 1983
cserrano et al,1991
dGallaher et al,1990
"Glass and Hoover, 1989
IRoberts, 1990
gLevi et al,1988
hOsterlind et al, 1988
iMagnus,1991
iKarjalainenen et al, 1989
kGiles et al, 1988
iCzarnecki et al, 1992b

10
13
16

2
1

-

-

TABLE 6: TRENDS IN NONMELANOMA SKIN CANCER INCIDENCE:
FROM REGISTRY DATN.
Rates are per 100,000 person-years, standardised to the world population.
male

female

1979-1982

167

89

1983-1987

213

113

1979-1982

109

75

1983-1987

134

91

1979-1982

69

44

1983-1987

86

61

1979-1982

38

21

1983-1987

44

33

1979-1982

31

15

1983-1987

26

13

1979-1982

30

19

1983-1987

34

22

incidence
periodb
AUSTRALIA:
Tasmania

CANADA:
British Colombia

SWITZERLAND:
Vaud

NORDIC COUNTRIES:
Denmark

SPAIN:
Zaragosa

UK:
England and Wales

aadapted from IARC,1992. Original data from Cancer Incidence in Five Continents, Volumes 5
and 6.
b"The mid point of the years covered by most incidence data has been used in the heading for this
table; the actual years reported by each registry were used in the calculations." [IARC,1992]

TABLE 7: TRENDS IN INCIDENCE OF NMSC FROM REGISTRY DATA:•
incidence periods
compared

Country

Sex

Average annual percentage
change in incidence

BCC

sec

1978-1981
and
1983-1986

M
F

6
5

6

1973-1977
and
1978-1982

M
F

5
5

4
5

1978-1982
and
1983-1987

M
F

3
2

3
3

Switzerlandc

1974-1978
and
1976-1985

M
F

4
8

5
11

SE Netherlandsd

1978-1981
and
1985-1988

M
F

4
4

4
3

Sweden

1980
and
1985

M
F

-

5
6

Norway

1980
and
1985

M
F

-

-1
-3

Spain

1980
and
1985

M
F

-5
-4

England and Wales

1980
and
1985

M
F

3
3

Tasmania

British Colombiab

•adapted from IARC,1992
bGallaher et al, 1990
0

Levi et al, 1988

~oebergh

et al, 1991

3

-

TABLE 8: TRENDS IN INCIDENCE OF NMSC FROM PUBLISHED PAPERS:•
Country

incidence periods
compared

Sex

Average annual percentage
change in incidence

BCC

sec

USN.

1971-1972
and
1977-1978

M
F

3
3

1
2

Portland
[Oregon]c

1960-1969
and
1970-1979

M
F

-

3
4

1970-1979
and
1980-1989

M
F

-

7
8

1970-1971
and
1975-1976

M
F

6
6

-

1980-1981
and
1985-1986

M
F

6
7

-

Swedend

•adapted from IARC, 1992
bFears and Scotto, 1982
cGlass and Hoover, 1989
dDahl et al, 1992

TABLE 9: TRENDS IN INCIDENCE BCC BY ANATOMICAL SITE:•

Country

USN

British Colombiac

SE Netherlandsd

Sweden•

incidence
periods
compared

Sex

1971-1972
and
1977-1978

Head
+neck

Trunk

Upper
limb

Lower
limb

Not
known

M
F

1
3

9
1

11

7
7

-

4

1973-1975
and
1979-1981

M
F

4
3

8
12

3
14

12
16

12
8

1979-1981
and
1985-1987

M
F

4
3

10
7

15
9

3
6

-6
-4

1978-1981
and
1985-1988

M
F

3
4

8
5

5
10

-6
17

-

M+F

1.9

1.6

0.2

0.4

-0.1

1970-1971
and
1980-1981

"adapted from IARC,1992
bFears and Scotto, 1982
cGallaher et al, 1990
~oebergh et al, 1991

•Dahl et al, 1992

Average annual percentage
change in incidence

-

-

TABLE

10: TRENDS IN INCIDENCE OF SCC BY ANATOMICAL SITE:a

Country

USAb

incidence
periods
compared

Sex

Average annual percentage
change in incidence
Head
+neck

Trunk

Upper
limb

Lower
limb

Not
known

-

1971-1972
and
1977-1978

M
F

1
2

13
-3

-1
11

2
2

-

1973-1975
and
1979-1981

M
F

6
3

0
0

4
7

12
10

10

1979-1981
and
1985-1987

M
F

3
5

0
0

6
6

7
11

-4
-8

SE Netherlandsd

1978-1981
and
1985-1988

M
F

10
0

0
0

7
29

0
0

-

Portland
[Oregon]e

1960-1969
and
1970-1979

M
F

8
8

9
1

4
12

-

1970-1979
and
1980-1989

M
F

3
3

5
5

2
2

-

British Colombiac

aadapted from IARC,1992
bFears and Scotto, 1982
0

Gallaher et al, 1990

~oebergh et al, 1991

eGlass and Hoover, 1989

5

-

TABLE 20: SUMMARY OF ASSOCIATIONS BETWEEN BCC AND UV EXPOSURE:

Study:

Green and
Battistutta
[1990]

Type of
exposure

Category

Estimate of
relative risk

95%
confidence
intervals

Occupational

Mainly indoors

1.0

-

Adjusted for
age and sex

Indoors/outdoors

1.5

0.8-2.9

Mainly outdoors

1.3

0.6-2.8

Confined to
those with
medium hair
colour

Mainly indoors

1.0

-

Indoors/outdoors

1.0

0.4-2.2

Mainly outdoors

0.6

0.3-1.3

0

1.0

-

1

0.5

0.2-1.4

2-5

0.6

0.3-1.5

>5

1.0

0.4-2.5

Below median

1.0

-

Above median

0.69

0.31-1.53

Lower 3 quartiles

1.0

-

Upper quartile

1.11

0.50-2.44

Indoors

1.0

-

Outdoors

1.6

-

Leisure

Number of
painful
sunburns

Vitasa et al.
[1990]

Marks et al.
[1989]

Estimated
cumulative
lifetime UVB
exposure

Occupational

Comment

Adjusted for
age and sex

Adjusted for
age and sex

Adjusted for
age, eye
colour,
childhood
freckling and
tendency to
sunburn

Adjusted for
age, p=0.03

TABLE 21: SUMMARY OF ASSOCIATIONS BETWEEN SCC AND UV EXPOSURE:

Study:

Green and
Battistutta
[1990]

Type of
exposure

Category

Estimate of
relative risk

95%
confidence
intervals

Occupational

Mainly indoors

1.0

-

Indoors/outdoors

4.4

0.9-20.9

Mainly outdoors

5.5

1.1-28.2

Mainly indoors

1.0

-

Indoors/outdoors

2.0

0.2-19.9

Mainly outdoors

3.9

0.5-30.9

Leisure

Number of
painful
sunburns

Vitasa et al.
[1990]

Marks et al.
[1989]

Estimated
cumulative
lifetime UVB
exposure

Occupational

0
1.0

-

2-5

3.3

0.9-12.3

>5

3.0

0.7-12.2

Below median

1.0

-

Above median

2.05

0.84-5.01

Lower 3 quartiles

1.0

-

Upper quartile

2.53

1.18-5.40

Indoors

1.0

-

Outdoors

1.7

-

1

Comment

Adjusted for
age and sex
Effect
greatest in
those with
fair hair
Adjusted for
age and sex

Reference
category
those with
1 or 2
sunburns.
Adjusted for
age and sex

Adjusted for
age, eye
colour,
childhood
freckling and
tendency to
sunburn

Adjusted for
age,
p=0.109

TABLE 22: SUMMARY OF ASSOCIATIONS BETWEEN BCC AND UV EXPOSURE:

Study:

Hunter et al.
[1990]

Comment

Type of
exposure

Category

Estimate of
relative risk

95%
confidence
intervals

Time spent
outdoors in
summer
[hours/week]

>8 hours,
with sunscreen

1.0

-

>8 hours,
no sunscreen

0.59

0.50-0.69

<8 hours

0.71

0.58-0.88

>8 hours,
with sunscreen

1.0

-

>8 hours,
no sunscreen

0.70

0.60-0.82

<8 hours

0.73

0.59-0.90

Adjusted for
age, region,
hair colour,
tendency to
burn, number of
sunburns

0

1.0

-

Adjusted for age

1-2

1.40

1.13-1.75

3-5

1.78

1.42-2.25

>5

2.91

2.37-3.58

0

1.0

-

1-2

1.18

0.94-1.48

3-5

1.34

1.05-1.71

>5

1.90

1.50-2.40

Time spent
outdoors in
summer
[hours/week]

Severe
sunburns on
face or arms

Severe
sunburns on
face or arms

Adjusted for age

Adjusted for
age, region,
hair colour,
tendency to
burn, time spent
outdoors; trend
significant
[p=0.001]

TABLE 23: SUMMARY OF ASSOCIATIONS BETWEEN BCC AND UV EXPOSURE:

Study:

Kricker et al.
[1991]

Type of
exposure

Category

Estimate of
odds ratio

95%
confidence
intervals

Age at arrival
in Australia

Australian
born

1.0

-

0 to 9 years

1.37

0.55-3.42

Over 9 years

0.32

0.18-0.59

None

1.0

-

Mild

1.85

0.80-4.26

Moderate

2.75

1.16-6.50

Severe

3.96

1.58-9.93

No

1.00

-

Yes

0.99

0.80-1.23

<33%

1.00

-

33-66%

0.94

0.76-1.16

>66%

0.96

0.78-1.17

Maximum

Never

1.00

-

amount of
sunbathing or
sunlamp use,
times per year

~5

1.06

0.82-1.37

6-20

1.23

0.98-1.56

>20

1.53

1.08-1.69

Solar elastosis
of the neck

Karagas et al.
[1992]

Residence
< 40° latitude

Proportion of
time working
outdoors

Comment

Adjusted for
age, sex, and
all variables in
the final
model;
p<0.001

Adjusted as
above;
p=0.003

Lived at any
time before
age 40 years
< 40° latitude
Longest-held
job before age
40 years

Before age 40
years

TABLE 24: SUMMARY OF ASSOCIATIONS BETWEEN SCC AND UV EXPOSURE:

Study:

Kricker et al.
[1991]

Type of
exposure

Category

Solar elastosis
of the neck

None

Residence
< 40° latitude

Proportion of
time working
outdoors

Maximum
amount of
sunbathing or
sunlamp use,
times per year

95%
confidence
intervals

1.0

-

Moderate

2.31

1.00-5.34

Severe

3.33

1.23-9.04

No

1.0

-

Yes

0.73

0.46-1.14

<33%

1.00

-

33-66%

1.39

0.89-2.16

>66%

1.32

0.87-2.00

Never

1.00

-

~5

0.51

0.27-0.94

6-20

0.70

0.42-1.17

>20

1.04

0.67-1.63

Mild

Karagas et al.
[1992]

Estimate of
odds ratio

Comment

Adjusted for
age, sex and
other
variables in
the final
model

Lived at any
time before
age 40 years
<40°
latitude
Longest held
job before
age 40 years

Before age
40 years

TABLE 25: Summary of associations observed between risk of BCC and various measures of sun
exposure, controlling for age, sex and ability to tan [Kricker, 1992]:

+ significant positive association
- significant negative association
o no significant association
Association

Type of exposure

Comment

Potential for exposure
Mean global
radiance

+

Hours of bright
sunshine

0

Significant trend

Reported exposure
Total exposure

Occupational
exposure

Recreational
exposure

Exposure to
anatomical site of
lesion

Lifetime total

0

At age 0-19 years

-

Lifetime total

0

0-10 years before
diagnosis

-

Confined to subjects who tan poorly

Lifetime total

+

For exposure at 15-39 years of age and
11-30 years before diagnosis

Intermittent exposure

+

In subjects who tanned poorly

Sunscreen use

+

Confined to use after age 25 years, or
0-10 years before diagnosis.

Exposure of head
and neck

-

For total occupational exposure, and
exposure 0-10 years before diagnosis

Exposure of trunk

+

For total exposure and occupational
exposure; effect greatest at ages 15-19

Confined to subjects who tan poorly

TABLE 26: Summary of associations observed between risk of SCC and various measures of sun
exposure, controlling for age, sex and ability to tan [Kricker, 1992]:

+ significant positive association
- significant negative association
o no significant association

I

,Type of exposure

I

I

Association

I

Comment

Potential for exposure
Mean global radiance

0

Hours of bright
sunshine

+

Significant trend; strongest effect for
exposure at age 0-14

Reported exposure
Total exposure

Occupational
exposure

Recreational
exposure

Lifetime total

0

At age 0-14 years

+

At 0-10 years before
diagnosis

-

Lifetime total

0

0-10 years before
diagnosis

-

Lifetime total

+

Strong effect for exposure between
age 20-39

Intermittent exposure

+

Between ages 20-24

Sunscreen use

+

Effect confined to use after age 20
years.

I

TABLE 27: SUMMARY OF ASSOCIATIONS BETWEEN BCC AND UV EXPOSURE:

+ significant positive association
- significant negative association
o no significant association
Study

Marks et al.
[1989]

Occupational
exposure

Comment

Positive association, not
significant in the final model

0

Hunter et al.
[1990]

Karagas et al.
[1992]

Recreational
exposure

+

Significant effect if sunscreen
used

Negative association, not
significant

0

+

Significant association with
sunbathing or sunlamp use.

Vitasa et al.
[1990]

0

Negative association, not
significant

Green and
Battistutta [1990]

0

Positive association, not
significant

0

Kricker [1992]

Negative association, not
significant

Significant effect of exposure in
the decade before diagnosis

-

Significant effect

+

TABLE 28: SUMMARY OF ASSOCIATIONS BETWEEN SCC AND UV EXPOSURE:

+ significant positive association
- significant negative association
o no significant association
Study

Occupational
exposure

Recreational
exposure

Comment

Marks et al.
[1989]

0

Positive association, not
significant in the final model

Karagas et al.
[1992]

0

Positive association, not
significant

Vitasa et al.
[1990]

+

Green and
Battistutta [1990]

+

Significant association with
occasional exposure

Positive association, but
significant only for upper quartile
exposure

0

Kricker [1992]

Positive association, not
significant

Significant effect of exposure in
the decade before diagnosis

-

Significant effect

+

TABLE 29: SUMMARY OF ASSOCIATIONS BETWEEN DEMOGRAPHIC,
CUTANEOUS OR PIGMENTARY CHARACTERISTICS AND NMSC
+ indicates a statistically significant association
[ +] indicates that the association was not significant in the final model
Study

Marks et al.
[1989]
NMSC
Hunter et al.
[1990]
BCC

Karagas et al.
[1992]
BCC

sec
Vitasa et al.
[1990]
BCC

sec

Green/Battistutta
[1990]
BCC

sec
Kricker et al.
[1991]
BCC

sec

age

sex

skin
type

+

+

+

+

+
+

+

+
+

+

+
+

+
+

+
+

+

+
+

+
+

+
+

+
+

+
+

hair
colour

skin
signs of
sun
damage 1

ethnic
origin

migrant
status

region of
residence;
number of
past
sunburns

+

+

other
significant
associations

region of
residence;
number of
past skin
cancers

+
+

eye colour;
childhood
freckling
·-tt

+
[ +]

+
+

[ +]
[ +]

+
+

+
+

+
[ +]

+
[ +]

moles on the
bacl2;
history of
benign skin
disease3

1

Includes such signs as solar elastosis, telangiectasia, and solar keratoses. Kricker et al. did not include solar
keratoses in this category, to avoid overadjustment [on the grounds that solar keratoses are preneoplastic lesions;
for the same reason, in this study, past history of skin cancer was not included in regression models].
2

3

Moles ~ 5mm associated with increased risk of BCC

History of acne or warts associated with reduced risk ofBCC; history of acne associated with reduced risk
of sec.

TABLE 30: SUMMARY OF ESTIMATES OF THE BIOLOGICAL
AMPLIFICATION FACTOR FOR NMSC: 1

sec

Study

Country

Sex

Fears et al. [1976] 2

USA
[north]

M

1.8

F

1.6

M

2.4

F

2.1

M

3.1

F

3.0

USA
[central]

USA
[south]

Scotto et al. [1983]2

USA
[8 centres]

Marks et al.
[1989] 2

Australia
[3 states]

Moan et al. [1989) 3

Norway
[6 areas]

1

adapted from !ARC, 1993.

2

exponential model

3

power model

BCC

M

1.3-2.6

2.1-4.1

F

1.1-2.1

2.2-4.3

1.4-2.4

M+F
M

1.5-2.3

1.2-1.7

F

1.6-2.4

1.4-2.0

