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Abstract
A model has been proposed whereby melanomas arise through two distinct pathways dependent
upon the relative influence of host susceptibility and sun exposure. Such pathways may explain
site-specific patterns of melanoma occurrence. To explore this model, we investigated the
relationship between melanoma risk and general markers of acute (recalled sunburns) and chronic
(prevalent solar keratoses) sun exposure, stratified by anatomic site and host phenotype. Our
working hypothesis was that head and neck melanomas have stronger associations with solar
keratoses and weaker associations with sunburn than trunk melanomas. We conducted a
collaborative analysis using original data from women subjects of 11 case–control studies of
melanoma (2575 cases, 3241 controls). We adjusted for potential confounding effects of sunlamp
use and sunbathing. The magnitude of sunburn associations did not differ significantly by
melanoma site, nevus count or histologic sub-type of melanoma. Across all sites, relative risk of
melanoma increased with an increasing number of reported lifetime ‘painful’ sunburns, lifetime
‘severe’ sunburns and ‘severe’ sunburns in youth (ptrend<0.001), with pooled odds ratios for the
highest category of sunburns vs no sunburns of 3.22 (95%CI 2.04–5.09) for lifetime ‘painful’
sunburns, 2.10 (95%CI 1.30–3.38) for lifetime ‘severe’ sunburns, and 2.43 (95%CI 1.61–3.65) for
‘severe’ sunburns in youth. Solar keratoses strongly increased the risk of head and neck melanoma
(pOR 4.91, 95% CI 2.10–11.46), but data were insufficient to assess risk for other sites. Reported
sunburn is strongly associated with melanoma on all major body sites.

INTRODUCTION
A model has been proposed whereby melanomas arise through two distinct causal pathways;
one indicated by an association with melanocytic nevi and the other with markers of
accumulated sun exposure.1, 2 The model hypothesizes that nevus-prone individuals require
sunburn to initiate the development of melanoma, and that subsequent promotion and
progression of the developing tumour is driven primarily by other factors. Among this group
of people, melanomas are more likely to arise among the numerically large and
ontogenetically “unstable” populations of melanocytes on the trunk and high cumulative sun
exposure is not required. In contrast, the model hypothesizes that people who are less prone
to nevi require ongoing sun exposure to drive melanoma development, beyond that required
for initiation. Among these people, the model predicts that melanomas will tend to arise on
sun-exposed body sites at older ages and be associated with markers of chronic sun
exposure.

In support of this model, we have found that high nevus counts are strongly associated with
melanoma of the trunk but less so, if at all, with melanoma of the head and neck.3 It appears
that the relationship between sun exposure and melanoma might also vary by site, with
evidence that melanomas of the head and neck are more strongly associated with
accumulated sun exposure than are those of the trunk.4 Similar findings have been reported
by others.5–11 Emerging molecular and genetic evidence provides strong support that
melanomas at different body sites evolve through different pathways. Specifically,
melanomas arising on the head and neck are more likely to over-express p53 protein, 1, 12

whereas melanomas arising on the trunk are more likely to carry mutations in BRAF. 13–16

In this work we aimed to explore whether melanomas at different body sites have different
associations with two specific markers of sun exposure. Our hypothesis for these analyses
was that head and neck melanomas would have stronger associations with solar keratoses, as
a measure of chronic sun exposure, and that they would have weaker associations with
sunburn, as a measure of acute exposure, than do trunk melanomas.
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Specifically, solar keratoses are hyperkeratotic, epidermal tumours caused by accumulated
sun exposure and are most common in people with fair skin; 10, 17 their presence can
therefore be regarded as a marker of accumulated sun exposure modified by host
susceptibility to sun-induced skin damage. Sunburns are an indicator of acute, intense
exposures to sunlight, modified by pigmentation phenotype.18 While these patterns of
exposure are not mutually exclusive (since people can experience sunburns and also develop
solar keratoses), their utility in epidemiologic studies stems from having fair-to-moderate
repeatability, 19, 20 and for solar keratoses, objective measurement.

A number of studies have examined the relationship between sunburn history and melanoma
risk by anatomic site; however their findings are inconsistent, perhaps due to the
heterogeneity in recording and coding data and/or the poor reproducibility of sun exposure
measures.19, 21, 22 Cho and colleagues et al. 9 observed that melanomas at different
anatomical sites varied in their relationships with sunburn: a history of severe and painful
sunburns was most strongly related to melanoma of the upper limbs. Walter and colleagues
reported a higher risk of melanomas on the trunk following recent severe sunburns than was
the case for non-truncal melanomas.23 Other studies,8, 24 and a pooled analysis of 15 case-
control studies25 have reported no consistent differences across body sites,8 or did not test
the significance of the differences.24, 25 A recent meta-analysis of nine studies reported
higher pooled RRs for melanoma on ‘sun-exposed sites’ (defined as ‘arms’, ‘head’ and sites
classified as ‘sun exposed’ by individual study authors) with sunburns, but the differences
across individual sites were not significant.26 Two studies 2, 10 and a pooled analysis 25 have
previously reported that solar keratoses are more common in people with melanoma on
chronically sun-exposed sites than those with melanoma on intermittently exposed sites.

Here, we report on new analyses using a large dataset to examine the relationships between
markers of acute, intense sun exposure episodes (self-reported sunburns) and accumulated
sun exposure (solar keratoses) and melanoma on different body sites. Our analyses extend
previous investigations by examining the associations by histologic sub-type and phenotypic
measures. The analyses are restricted to women as the pooled dataset was originally
established to examine reproductive and sex hormone effects on risk of melanoma in
women.27, 28

METHODS
A detailed description of the methods used in our collaborative analysis has been published
elsewhere.27, 29 Strict criteria were used to minimize inter-study heterogeneity and ensure
comparable study quality. Briefly, we analyzed studies completed as of July 1994 that
included newly diagnosed melanomas, collected data on important risk factors for
melanoma (i.e., pigmentary traits and sun exposure history) through a personal interview,
and included at least 100 women with melanoma and 100 women without. Data were
available for all but one study that met these criteria.30 Descriptive statistics for each of the
analysis variables were compared with published results and provided to the original study
investigators to ensure their accuracy. Table 1 summarizes the characteristics of the eleven
studies that collected relevant exposure data and met our inclusion criteria.31–42 Nine of
these studies were population-based.

Analysis Variables
There was considerable variation in the way sunburns were defined and counted in the
individual studies. Self-reported history of severe sunburns in lifetime (ever/never) was
reported by eleven studies 31–37, 39–42 and in childhood or adolescence by nine studies.31,
32, 34–37, 40–42 The childhood or adolescent exposure variable included sunburns reported in
the first two decades of life. Severe sunburns were defined as painful and/or peeling and/or
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blistering sunburns. Where studies reported ‘painful’, ‘blistering’ and ‘peeling’ separately,
we considered these together as ‘severe’ sunburns, and defined ‘severe’ burns as the
maximum number of sunburns recorded from any of these three exposure categories. Where
the number of sunburns was reported categorically, the mid-point of the category was used.
Full details on the derivation of the main sunburn exposure variables are provided in
Supplementary Table A. A smaller group of studies reported separately on lifetime history
(ever/never) of painful sunburns.31, 36, 37, 40 Some of the studies provided adequate
information to categorize the number of sunburns as: lifetime severe sunburns (1–5, 6–25,
≥26); 31, 32, 34–37, 39–42 severe sunburns in childhood (1–5, 6–15, ≥16); 31, 32, 34–37, 40 and
lifetime painful sunburns (1–5, 6–25, ≥26).31, 36, 37, 40 Only two studies 31, 35 reported on
the presence of solar keratoses; these were categorized as none, few, 5–10 and >10 in one
study (left hand, arm and face),35 and as ‘none’, ‘mild’, ‘moderate’ and ‘severe’ in the
second study.31 Two variables were created for the solar keratoses analyses: 1) ‘any’ versus
‘none’ and 2) ‘none’, ‘some’ (mild) and ‘many’ (moderate to severe). The latter 3-level
variable was used as a continuous variable when testing for significant differences across
sub-groups. Nevus burden was collected in all studies, most commonly as a single measure
on the upper arm, as previously reported.3 For the analyses here, the variable was expressed
categorically (none, 1–4, 5–10, >10).

Statistical Analysis
We used a two-stage method of analysis to obtain study-specific odds ratios (ORs) and
pooled odds ratios (pORs) and 95% confidence intervals (CIs).29 In the first stage, each
study was analyzed according to its original design. For pair-matched studies, we used
conditional logistic regression and for frequency matched studies, we used unconditional
logistic regression and stratified by age (<35, 35–44, ≥45 years). To evaluate inter-study
variability, we examined the study-specific ORs and tested for statistical heterogeneity using
a chi-square test. The pooled exposure effect was estimated in a second-stage linear model
as the average of the study-specific ORs, weighted by the inverse marginal variances. The
marginal variance was the sum of the individual study variance and the variance of the
random study effect. In the absence of heterogeneity, the marginal variance was the study-
specific variance alone.29 We used a critical value of t=2.2 for all two-stage analyses,
regardless of number of studies in the analysis, to be consistent with the t-statistic that would
be used with joint models. We examined the data for potential sources of heterogeneity by
stratifying on type of control group, (population versus hospital-based controls) and the style
of questionnaire (telephone versus in-person interview).

All studies matched cases and controls by age, either in pairs or by frequency. All models
were adjusted for sunlamp use and history of sunbathing. We did not include skin type or
other pigmentary characteristics as covariates in the models since these factors are putatively
in the causal pathway. Instead, we conducted stratified analyses to assess whether the effects
of sunburn varied across specific sub-groups. Our first analyses were based on melanomas
of all types and on all body sites combined. We then separately computed odds ratios for
each of the primary exposure variables by anatomic site (head & neck, trunk, upper limbs
and lower limbs), nevus count (upper two categories vs lower two categories), skin type and
histologic subtype. To assess stratum-specific effects (e.g., anatomic site, histologic
subtype), we broke the pair-matched sets and analyzed the studies stratified by age (e.g.,
<35, 35–49, ≥45 years) using unconditional logistic regression. For the histologic subtype
analyses we stratified cases into two groups: 1) superficial spreading melanoma (SSM),
nodular melanoma (NM), and melanoma not otherwise specified (NOS); 2) lentigo maligna
melanoma (LMM). For the skin type stratification, 7 of the 11 studies had grouped women
into 3 categories of skin type (burn only, burn then tan, tan only); for the remaining four
studies women were grouped into four categories of skin type. We therefore stratified in two
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ways: 1. Skin that burns only vs skin that burns then tans/tan only; 2. Skin that burns/burns
then tans vs tans only. To examine possible modifying effects by the MC1R genotype we
created a proxy variable based on self-reports of hair colour. Participants were re-
categorized into two groups: 1) red hair and 2) other hair colour. Tests for trend were based
on continuous variables. Analyses were conducted using SAS (SAS Institute, Cary, North
Carolina, USA).

We tested for heterogeneity in the association between the number of sunburns/solar
keratoses and melanoma risk by anatomic site of melanoma and other stratum effects, using
a two-stage test of inequality similar to the two-stage models used for other analyses.29 In
the first stage, the relationship between melanoma risk and sunburn was estimated separately
for each study and each stratum, where numbers of sunburns/solar keratoses were analyzed
as continuous variables; models were adjusted for age, sunlamp use and history of
sunbathing as above. This produced a separate slope for each study-stratum combination. In
the second stage, analysis of variance was used to construct an F-test for differences in the
stratum-specific slopes.

RESULTS
Totals of 2575 cases and 3241 controls from 11 studies 31–37, 39–42 were included in the
analyses of ever severe sunburn; 2067 cases and 2694 controls from nine studies 31, 32, 34–
37, 40–42 for ever severe sunburn in childhood/adolescence (Table 1). In the combined
dataset, cases were slightly older than controls (mean age 48.0 vs 46.6 years respectively).
Amongst cases, women with melanomas of the head and neck were considerably older than
those who developed melanoma of the trunk (51.8 vs. 45.1 years; p <0.0001). Women with
melanoma of the lower or upper limbs were significantly younger than the women with
melanoma of the head and neck, and significantly older than women with melanoma of the
trunk (47.5 years for lower limb melanoma and 47.3 years for upper limb melanoma;
p<0.001).

Table 2 presents the pooled odds ratios (pOR) for the association of melanoma with sunburn
for all women. The relative risks of cutaneous melanoma increased monotonically with
increasing number of severe sunburns (ptrend<0.001), severe sunburns in youth
(ptrend<0.001) and painful sunburns (ptrend<0.001). Both severe sunburns and severe
sunburns in youth were strongly and statistically significantly associated with an increased
risk of melanoma, with significant trends for increasing numbers of sunburns. Six or more
painful sunburns also were associated with a significantly increased risk, again with a
significant trend (p<0.001). The presence of solar keratoses was associated with a pOR of
4.31 (95% CI 2.34–8.04).

The site-specific associations with the various measures of self-reported sunburns were
similar. The associations generally appeared strongest for melanomas of the lower limbs
(pORs 1.36, 1.92 and 1.33 respectively for ever vs never severe sunburn, ever vs never
severe sunburn in youth and ever vs never painful sunburn) (Table 3), however none of the
tests for heterogeneity across anatomic sites were statistically significant. A statistically-
significant increased risk of melanoma of the head and neck was associated with the
presence of solar keratoses (pOR 4.91, 95% CI 2.10–11.46); there were insufficient data to
analyze the risk of melanoma at other body sites associated with the presence of solar
keratoses.

We conducted further analyses stratified by histologic subtype (LMM only, SSM/NM/
NOS), nevus count (high, low) hair colour (red hair, other hair colour) and age (<50, ≥ 50).
Associations between sunburns and melanoma risk were observed for women with both high
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and low nevus counts, and there was no evidence that the magnitude of the associations
differed across these strata (data not presented). No consistent differences were noted for
melanomas of different histologic subtypes (Table 4). Increasing numbers of sunburns were
not associated with melanoma in women with red hair, whilst strong associations were seen
for women without red hair (significant trends were observed for increasing numbers of
‘painful’, ‘severe’ and ‘severe’ sunburns in youth (p<0.001; Table 5); tests for heterogeneity
across hair colour stratum were significant for ‘severe’ sunburns (p=0.002) and ‘severe’
sunburn in youth (p=0.03) but not ‘painful’ sunburns (p=0.41). Stratifying by age (<50, ≥ 50
years) suggested that the association between sunburns and melanoma was strongest in
younger women (<50 years); these differences were statistically significant for both
‘painful’ sunburns (p=0.049) and ‘severe’ sunburns in youth (p=0.02). In women ≥ 50 years
a significant trend was observed for ‘severe’ sunburns only and not ‘painful’ sunburns or
‘severe’ sunburns in youth (Table 6). The analyses stratified by skin type were
uninformative; no consistent differences were observed for the various measures of self-
reported sunburns across different skin-type stratifications (data not shown).

We observed heterogeneity for the ‘painful’ sunburn variable (ever/never) only for all
women and individual strata for some sub-groups. This heterogeneity was due to lower
estimates from the Danish study; 40 no heterogeneity was evident when this study was
excluded from the analyses.

DISCUSSION
The results of our pooled analyses have confirmed a 2–3 fold higher risk of melanoma at all
body sites associated with a high number of self-reported sunburns, but we found no
statistically significant evidence that the magnitude of the risks varied by site of melanoma.
While not statistically different from other sites, the associations appeared to be strongest for
melanoma of the lower limbs. Somewhat higher risks were also noted in younger women,
and in women without red hair. We found no evidence that the sunburn-melanoma
association was modified by nevus count or differed by histologic sub-type.

The weak associations between sunburns and melanoma among women with red hair are
noteworthy, and several explanations are possible. Women with red hair who are sun-
sensitive may systematically avoid multiple sunburns, and this may explain the weaker
association between sunburns and melanoma this group of women compared to women
without red hair. A similar phenomenon has been previously reported whereby men and
women self-select for outdoor work based upon their sun-sensitivity and phenotype.43 We
cannot exclude chance as an explanation however, since there were relatively few women
with red hair contributing to these analyses.

Our results generally agree with the published literature including the recent meta-analysis
of 24 studies that also found no significant heterogeneity in the association between
sunburns and melanomas of different body sites.26 Only three studies included in the current
pooled analyses 32, 35, 37 were included in the meta-analyses. Similarly, the pooled analyses
by Chang et al.25 did not report significant differences in the association between sunburns
(both in childhood and adulthood) and melanoma of different body sites, although they did
not test the significance of the differences. While that previous analysis included data from
nine of the studies reported here, it included data from men as well as women, and was
designed to address different research questions.

Only two studies included in our pooled analyses collected information on solar keratoses.
There were insufficient data to examine the relationship between solar keratoses and
melanoma at body sites other than the head and neck, where a strong association was noted.
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Reported results on the association between solar keratoses and risk of melanoma are scant,
2, 10, 25 and yet this is arguably the most reliable marker of high cumulative sun exposure.
Rigorous investigation into the association between solar keratoses and melanoma should be
pursued, along with other markers of high accumulated sun exposure such as photoageing.44

Do these findings “falsify” the divergent pathway hypothesis for melanoma? Not
necessarily. Sunburns may be an insufficiently specific measure of acute sun exposure alone
to test this hypothesis, or it may be that sunburn is a component of both paths to melanoma.
Our observation that sunburn was associated with melanomas at all body sites, and that the
magnitude of association did not differ between melanomas of the trunk and head, would
support the latter. Recent genome-wide association studies have identified a number of
common genetic variants associated with pigmentation and nevus development that relate to
melanoma risk in Caucasian populations at all latitudes.45 It is not yet known whether these
variants are associated with different site distributions of melanoma or whether they modify
the risks associated with nevi or levels of personal sun exposure. Our study did not entail the
analysis of genetic data, but these possibilities deserve further exploration.

Strengths of our study include the large number of cases and controls made possible by
pooling data from 11 individual case–control studies. The analyses relied on individual data
combined into a single dataset following a rigorous data cleaning and harmonization
protocol, as distinct from meta-analyses, with an enhanced ability to control for confounding
in individual studies.29 Pooling these data increased our statistical power to examine
sunburn exposure in relation to melanoma, and allowed sub-group analyses to examine the
effects by age, histologic subtype, nevus density and body-site distribution. Additionally, the
individual study data were collected before there was a widespread awareness of the causes
of melanoma, and thus recall bias is likely to be considerably less of a concern than in
studies conducted more recently.

Several limitations of these analyses must be acknowledged. First, there was substantial
heterogeneity in defining and collecting information on sunburns among the studies.
Individual studies collected data on sunburn with different degrees of detail on severity,
ranging from ever severe sunburn (often in countries with high sunburn prevalence in
general) to exact number of peeling and blistering episodes (in countries with low sunburn
prevalence). There was variable interpretation and/or reporting of such study terms as
‘painful’ and ‘severe’ among studies. In addition, most of the primary study data used in
these analyses were obtained during the 1980s. Sunlamps used during that period differed
markedly from those in use today, which must be considered when interpreting these results.
A second limitation was limited power in our analyses of solar keratoses and our stratified
analyses by hair colour and histological subtype (LMMs). Third, reliance on recalled
sunburns may have resulted in misclassification since the reproducibility of such data is
modest.19 However, such misclassification is likely to be non-differential by anatomical site
of melanoma. Finally, our pooled analyses were restricted to women because the original
collaborative pooling project was established to examine factors associated with female sex
steroids. It is well established that the anatomical site distribution of melanoma differs for
men and women 46 and thus it would be prudent to examine the relationship between UV
biomarkers and site-specific melanoma in relation to the divergent pathway hypothesis in
men.

In summary, we found sunburn to be positively associated with melanoma at all body sites,
but found no statistical support for site-specific differences in sunburn-melanoma
associations. There are insufficient data to draw conclusions regarding site-specific
differences in risk with solar keratoses, which merits further research. Case-control studies,
the mainstay for melanoma research during the past three decades, are limited by their
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reliance on recall of past sun exposure. A prospective study that collected salient phenotypic
data at baseline and gathered sun exposure information at periodic intervals over time might
assist in delineating the sequence of exposures that result in melanoma at different anatomic
sites, although such a study would present formidable logistical challenges.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 2

Adjusteda pooled odds ratios (95% confidence intervals) for melanoma in women in relation to sunburn and
solar keratoses

Exposure Measure

Number of Studies

All Womenb

Cases Controls p OR (95% CI)

‘Painful’ sunburn

 Never 325 575 1.00

 Ever 4 831 1251 1.39 (0.94–2.06)*

 Never 1.00

 1–5 4 604 365 1.12 (0.87–1.43)

 6–25 4 478 310 1.66 (1.24–2.24)

 26+ 3 116 122 3.22 (2.04–5.09)

 Trend p<0.001

‘Severe’ sunburn

 Never 626 767 1.00

 Ever 11 1949 2474 1.29 (1.09–1.52)

 Never 1.00

 1–5 10 848 1096 1.14 (0.94–1.38)

 6–25 8 522 678 1.70 (1.20–2.40)

 26+ 5 353 315 2.10 (1.30–3.38)

 Trend p<0.001

‘Severe’ sunburn in youth

 Never 1428 1845 1.00

 Ever 9 639 849 1.60 (1.33–1.91)

 Never 1.00

 1–5 7 332 519 1.34 (1.07–1.67)

 6–15 4 155 214 1.85 (1.35–2.52)

 16+ 3 82 83 2.43 (1.61–3.65)

 Trend p<0.001

Solar keratoses

 None 104 153 1.00

 Any 2 28 87 4.34 (2.34–8.04)

*
Significant heterogeneity, random effects model used (see text).

a
Adjusted for age, sunlamp use and history of sunbathing

b
Numbers may not sum to total because of missing data
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