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Abstract

An abnormal naevus phenotype is associated with an increased risk of melanoma. We report a
pooled analysis conducted using individual naevus data from 15 case-control studies (5,421
melanoma cases and 6,966 controls). The aims were to quantify better the risk, and to determine
whether relative risk varied by latitude. Bayesian unconditional logistic random coefficients
models were employed to study the risk associated with naevus characteristics. Participants with
whole body naevus counts in the highest of four population-based categories had a greatly
increased risk of melanoma compared with those in the lowest category (pooled odds ratio (pOR)
6.9 (95% confidence interval (Cl): 4.4, 11.2) for those aged <50 years and pOR 5.1 (95% CI: 3.6,
7.5) for those aged >50). The pOR for presence compared with absence of any clinically atypical
naevi was 4.0 (95% CI: 2.8, 5.8). The pORs for 1-2 and >3 large naevi on the body compared
with none were 2.9 (95% CI: 1.9, 4.3) and 7.1 (95% CI: 4.7, 11.6), respectively. The relative
heterogeneities among studies were small for most measures of naevus phenotype, except for the
analysis of naevus counts on the arms, which may have been due to methodological differences
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among studies. The pooled analysis also suggested that an abnormal naevus phenotype is
associated most with melanomas on intermittently sun-exposed sites. The presence of increased
numbers of naevi, large naevi and clinically atypical naevi on the body are robust risk factors for
melanoma showing little variation in relative risk among studies performed at different latitudes.
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Introduction

Although a number of phenotypic risk factors for melanoma have been identified, the level
of risk associated with those factors in different populations living at very different latitudes
(and therefore different exposures to the major aetiological environmental exposure:
sunlight) is not well established. We set out to quantify better that risk and to compare risk
across different studies to determine whether there is variation by latitude. Our ultimate aim
is to construct a web-based risk estimation tool and therefore a secondary aim was to
identify the most robust measures for use in such a tool.

The number of common and atypical naevi have been shown to be important risk factors for
cutaneous malignant melanoma in multiple studies.1 The methods used to count naevi
however have varied considerably among studies, and risk estimates have been obtained
using different statistical methods and with adjustment for different confounding factors.
These differences have hampered the comparisons among studies and meta-analyses.
Gandini et al1 conducted a systematic meta-analysis, and reported a pooled relative risk of
6.9 (based on published results from 26 studies) for the presence of 101-120 common naevi
compared with <15 naevi on the whole body, and a relative risk of 4.8 (based on published
results from 17 studies) for 11-15 naevi on the arms compared with no naevi on the arms,
and a relative risk of 6.4 (based on 13 published studies) for 5 atypical naevi compared with
none using linear dose-response models. Significant heterogeneity among studies was
observed in Gandini et al,1 however, the differences between risks could not be explained
by population differences, counting methods (self or physician assessment) or adjustment
for confounding factors.

We report a pooled data analysis that allows differences to be assessed in the distribution of
naevus phenotype among studies. Pooled analysis of the original data allows us to quantify
more precisely the risk associated with naevus phenotype using unified statistical models.
Other phenotypic risk factors such as hair colour, skin type and freckling were investigated
as possible confounders.

Materials and Methods

Identification and recruitment of case-control study data sets

It is noted in Gandini et al1 that small studies tended to report more positive results than
larger studies, which is likely due to publication bias. For this reason, and since small sized
studies would require similar analytic effort but contribute little to the overall analysis,
inclusion in the pooled analysis was restricted to studies with at least 100 cases and 100
controls. We further restricted the sources of controls to be primarily population-based or
non hospital-based as our final aim is to construct a risk prediction tool for the general
public. Multi-country studies were excluded if each country involved had less than 100
cases and 100 controls or had included hospital-based controls.
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Participant groups of the Melanoma Genetics Consortium, GenoMEL (www.genomel.org)
were invited to take part in the pooled analyses, as were other investigators who had
conducted melanoma case-control studies. Forty-six studies included in Gandini et al1: 2
were screened to determine those that satisfied the criteria for inclusion in the pooling
project. Those studies included in Gandini et al1: 2 were published prior to September 2002,
and a new search was conducted to identify case-control studies published from January
2002 until 2007. The MEDLINE search was conducted using key words: melanoma, case
control* and case-control* tagged on title and abstract, and restricted to human research
only. One hundred and twenty nine articles were found, and 10 review articles and 15
clinical trials were excluded. All relevant articles were evaluated using the title and abstract,
and seven new case-control studies other than those in Gandini et al1: 2 were identified.
Screening was restricted to studies of cutaneous melanoma in adults; uveal melanoma
studies were not considered.

Of the 53 studies identified by Gandini et al1' 2 and as a result of the MEDLINE search
performed for studies reported after January 2002, 18 studies were excluded due to smaller
study size (8 cohort studies, 4 case-control studies using hospital controls, 6 case-control
studies using non-hospital controls). Eleven studies using hospital-based controls and one
study with mixed races were further excluded. There was a total of 26 studies which passed
the inclusion criteria, and the principal investigators were invited to participate. We were not
able to make contact with seven of the study investigators, one expressed interest but could
not locate data in electronic format, and two declined to take part in the pooled analyses.
Fifteen studies were ultimately included for the naevus phenotype analyses. A diagram of
the selection process for the studies included in the pooled analyses is given in
Supplementary Figure S1.

Investigators who expressed an interest in collaboration were initially asked to send in
sample data based on 10 people including some or all of the following information: disease
status, hair and eye colour, freckling, naevus phenotype, sun damage including solar
keratoses, sun exposure, latitude of residence, family history of melanoma, sex, age,
previous sun bed use, reported sun sensitivity, and MC1R and CDKN2A genotype if
available.

Investigators were asked to provide a data set including all variables that related to the above
risk factors. Each study was analyzed separately before pooling using its original design and
categorization. If there were discrepancies in results from the original article, the data and
results were checked with the original study investigators. The corrected datasets were then
recoded for each risk factor uniformly across studies wherever possible.

Categorization of risk factors across studies

Most of the studies recruited only newly diagnosed melanoma cases with no selection on the
basis of family history, although two studies3: 4 included a mixture of prevalent and
incident cases. Eleven studies recorded melanoma history in first-degree relatives. Two
hundreds and sixty five out of 5326 controls (5%) and 349 out of 4342 cases (8%) reported
at least one first-degree relative with a diagnosis of melanoma. The median time interval
between melanoma diagnosis and interview or naevus phenotype assessment was less than
one year, and more than 90% of cases were interviewed within 4 years of diagnosis. Age at
interview (and hence at skin examination) was adopted for age in the analysis for both cases
and controls; age at diagnosis was substituted for cases if age at interview was missing. Four
studies had a median age of cases between 40 and 49 years, and 11 studies had a median age
of cases between 50 and 59 years. All analyses for common naevi were conducted by first
stratifying the data into participants aged <50 and > 50 years since naevi are thought to
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develop in the earlier years of life and then involute.5 Fifty years was chosen as the cut-off,
and this age gave reasonable numbers of cases and controls in each age subgroup.

Hair colour was categorized wherever possible as red (including red, reddish brown, auburn,
strawberry blond), blond (light blond, medium blond, dark blond, ash blond), brown (light
brown, pale brown, dark brown) or black. If hair colour in childhood, adolescence or early
adulthood was recorded, then it was used instead of hair colour at the time of interview.

Reported skin type was evaluated using the 6 Fitzpatrick skin types6 (I: always burns, never
tans to 1V: never burns, tans very easily) or based on skin reaction after a few days repeated
sun exposure in summer, such as ability to tan. If information regarding ability to tan was
not recorded in a study, then skin reaction to first summer sun exposure or any other
assessment of propensity to burn, if available, was substituted in the analyses.

There was considerable variation in recording of freckling and naevus phenotype among
data sets. For example, freckling was measured as either some-or-none, percentage of
coverage (0-100%), or using a freckling chart (degree 1-6) in different studies. Some
studies only measured freckling on the face, and others included the arms and back.
Freckling on the face was favoured in our analyses, if available, and otherwise freckling on
the arms or back was used. Freckling was characterized as absence or presence in the pooled
analysis.

Common naevi were counted differently among studies. Most studies included only naevi at
least 2 mm in size. Six studies included common naevus counts on the entire body; some
counted naevi on the arms. In addition to naevi at least 2mm in size, seven studies also
recorded the number of palpable naevi on arms. Several studies also recorded the number of
large naevi (variously defined as >5, >7, or >8mm), and clinically atypical (or dysplastic)
naevi.

For studies that recorded common naevi >2mm or =3mm on the entire body, there were low
correlations between age and naevus count (ranging from —0.2 to 0.0) in the controls within
the two age groups. Raw naevus counts on the whole body or arms of the control
participants were divided into four study-specific quarters for each age group (aged <50 and
> 50 years) separately. Data from men and women were pooled to ensure a reasonable
number of controls in each age group. If more than 25% of the controls had no naevi on the
whole body or arms, then all controls with a zero naevus count were included in the lowest
naevus count group, and the remaining controls were equally divided into three groups
representing thirds of controls with non-zero naevus counts. The quartile (tertile) cut-points
obtained from the controls were then applied to melanoma cases in the same study and age
group. The resulting four study-specific naevus-count groups represent low, intermediate-
low, intermediate-high and high naevus count categories. If a study used pre-defined naevus
count categories (such as low, medium, and high), the originally defined groups were used.

In addition to common naevi of size larger than 2 or 3 mm, seven studies recorded the
number of palpable naevi on the arms, and the actual counts were grouped into three
categories (0, 1-2 and = 3). The number of large naevi (=5, =7, or 28mm) was categorized
as 0, 1-2, = 3 on the entire body (five studies) or 0, 1, > 2 on the arms (four studies). Four
studies recorded the presence of atypical naevi, and atypical naevi were classified by
presence or absence in the pooled analysis.

Statistical methods

Bayesian unconditional logistic random coefficients models were employed to study the
overall effects of naevus phenotype and to account for the heterogeneity among studies in
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the risk of developing melanoma. Unlike the two-stage approach in most meta-analyses, a
random coefficients model enabled us to estimate the pooled odds ratios (pORs) and the
variations among study-specific log ORs simultaneously. The among-study variance
quantifies the degree of heterogeneity in the effects of the corresponding risk factor among
studies. The coefficient of variation, i.e. the ratio of the estimated among-study standard
deviation and log OR, was used to assess the ‘relative heterogeneity’ and robustness among
different naevus characteristics when applicable. Multivariable logistic random coefficients
models were fitted to all records adjusting for age, sex, hair colour, ability of skin to tan (or
propensity to burn) and freckling (if available). Dummy variables were created for naevus
count categories where the lowest category was assigned as the reference.

To examine the potential influence of latitude on the risk associated with naevi, we also
allowed the pORs to vary between the two pre-defined geographical regions (Northern
region: latitude > 50N, and Mid/Southern region: latitude < 50N). However, the among-
study variance was assumed to be the same across the two regions.

The Bayesian Markov chain Monte Carlo (MCMC) method was employe d to estimate the
risk associated with naevus characteristics, and WinBUGS software7 was adopted for this
purpose. Flat priors with low precision were assigned for all parameters. Details of the
statistical models, prior specifications and their implementations are given in Supplementary
Statistical Methods.

Fifteen case-control studies in which naevus phenotype information was collected were
included, and Table 1 summarizes the studies included in the naevus phenotype pooled
analysis.3' 4: 8720 The pooled dataset consists of studies from Europe, North America,
Hawaii and Australia. Eight studies conducted in latitude > 50N was grouped into Northern
region, and 7 studies located in attitude < 50N was classified into Mid/Southern region. A
total of 5,421 melanoma cases and 6,966 controls were included in the analysis.

Six studies collected data on whole body naevus counts (=2 or 23mm, Supplementary
Figure S2). Whole body naevus examinations were performed by dermatologists or
physicians in these six studies except for the Pennsylvanial7 and the Hawaiian study.4 One
research nurse completed all the skin examinations in the Pennsylvania study, and
participants in the Hawaiian study were instructed in self-reported whole body naevus
counts.

Data on arm naevus counts were given by 10 studies (=2 or =3mm, Supplementary Figure
S3), usually both arms. Green et al19 (Queensland, Australia) used pre-defined arm naevus
count categories (0, 1-4, 5-10, >10) in the original study, and we therefore substituted the
mid-point of the corresponding category and 15 for the highest category. We report here on
the pooled whole body naevus counts data and data on arms counts where available.

Skin type, freckling and hair colour

The estimated pORs for fair skin type /11, presence of freckles, red hair colour and blond
hair colour overall were 1.7 (95% CI: 1.2, 2.4), 1.7 (95% CI: 0.7, 5.6), 1.9 (95% CI: 1.1, 3.3)
and 2.0 (95% CI: 1.3, 3.0), respectively, in the younger age group. Over the age of 50 years
the corresponding estimated pORs were 1.8 (95% CI: 1.2, 2.6), 1.8 (95% CI: 1.3, 2.7), 1.6
(95% ClI: 1.0, 2.7) and 1.4 (95% ClI: 1.0, 2.0).

Int J Cancer. Author manuscript; available in PMC 2010 January 15.
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naevus count

Cases had a higher total numbers of naevi than did controls in all applicable studies both
under and over the age of 50 years (Supplementary Figure S2). There were some differences
among studies however. Most notably, the three European studies that recorded whole body
naevi > 2mm11: 13' 14 showed a higher count of naevi in younger controls than did those in
the United States. The New Hampshire study15 recorded only naevi > 3mm, so that
differences in counting methods among studies probably contributed to this difference
(Table 1). Number of whole body naevi in the controls differed less in the older people than
in younger people.

The distributions of the whole body naevus count categories and their estimated pORs are
given in Table 2. The estimated among-study variance of the effect of body naevus
categories was 0.07 in the younger than 50 age group. The magnitude of among-study
variance gives the degree of heterogeneity of the effect among studies, assumed equal across
naevus count categories. The relative heterogeneity (coefficient of variation) was 14% for
the highest body naevus count category. For the three European studies (in the Northern
latitude region) combined11: 13- 14 that recorded whole body naevus counts, the estimated
pORs for body naevus count categories intermediate-low, intermediate-high and high in the
< 50 years age group were 1.6 (95% ClI: 0.7, 3.6), 2.7 (95% CI: 1.2, 5.7) and 7.9 (95% CI:
3.8, 17.4), respectively. The corresponding estimated pORs for the three US studies (in the
Mid/Southern latitude region)4 15+ 17 were 1.0 (95% CI: 0.5, 2.2), 2.5 (95% CI: 1.2, 5.5)
and 6.2 (95% ClI: 3.0, 13.5), respectively, which were similar to the risk estimates in the
Northern region. Figure 1(a) shows the forest plots of study-specific ORs for the highest
category of naevus counts compared with the lowest reference category, together with the
pORs across latitudes.

In the age > 50 years subgroup, the estimated among-study variance for the effect of body
naevus categories was smaller at 0.03. The relative heterogeneity was 11%, slightly less than
that in the < 50 age group for the highest body naevus count category. The estimated pORs
for these naevus count categories were slightly lower than in the younger age group and
comparable between the two latitude regions. Study-specific associations among whole body
naevus count categories and melanoma risks at age > 50 are given in Figure 1(b).

For those with extreme body naevus counts (greater than the 9" decile of naevus counts in
controls), the estimated pORs in the Northern and Mid/Southern regions were 9.9 (95% CI:
4.8, 22.3) and 10.0 (95% CI: 5.0, 21.7), respectively, for the younger age group. The overall
pOR for the two regions combined was 9.8 (95% CI: 6.2, 16.4). For the =50 age group the
estimated pORs in the Northern and Mid/Southern regions were 10.5 (95% CI: 5.6, 21.5)
and 5.1 (95% ClI: 2.7, 9.6), respectively. Although in the > 50 age group the estimated pOR
is higher in the Northern region than the Mid/Southern region, the 95% ClI is wide. The pOR
for the two regions combined was 6.9 (95% ClI: 4.6, 10.7).

Because of the differences in counting method among studies, no pooled analyses of whole
body naevus counts were conducted using dose-response models. In contrast to the naevus
category analyses, the forest plots that were based on dose-response models indicated great
variation among studies, where the 95% CI of study-specific ORs did not overlap among
many studies (Supplementary Figure S4).

count

Cases had a higher numbers of naevi on arms than did controls in all applicable studies both
under and over the age of 50 years (Supplementary Figure S4). The distributions of the arm
naevus count categories and the estimated pORs are given in Table 2. Forest plots of study-
specific associations of the highest arm naevus count categories compared with the lowest
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reference set are displayed in Figures 2(c) and 2(d) for the two age groups. Here there was
considerably more variation among studies than for whole body naevus count. The estimated
among-study variances were 0.33 in the <50 age group and 0.39 in the older group. The
relative heterogeneities were 32% and 44% for the highest arm naevus category in the two
age groups. These coefficients were much larger than those for the highest naevus category
on the whole body.

For the six studies in the Northern region, the estimated pORs for arm naevus count
categories intermediate-low, intermediate-high and high in the < 50 years age group were
1.0 (95% CI: 0.6, 1.7), 2.1 (95% ClI: 1.3, 3.6) and 4.4 (95% CI: 2.7, 7.5), respectively. The
corresponding estimated pORs for the Mid/Southern latitude region were 3.1 (95% CI: 1.6,
5.9), 4.0 (95% CI: 2.0, 8.2) and 8.6 (95% CI: 4.6, 16.1), respectively. These pORs were
higher than the risk estimates in the Northern region but had wider confidence intervals. The
estimated pORs were slightly lower in the older age group and more comparable between
the two latitude regions.

Palpable naevi

The among-study variance for palpable naevi on the arms was small in magnitude with a
median of 0.02 and a relative heterogeneity of 12%. Figures 2(a)—(b) show the forest plots of
study-specific ORs for palpable naevi on the arms together with the corresponding pORs of
1.7 (95% ClI: 1.4, 2.1) and 3.4 (95% ClI: 2.7, 4.4) for 1-2 or >3 palpable naevi, respectively,
compared with none. The pORs for having 1-2 or >3 palpable naevi present on the arms
compared with none in the Northern region were 1.4 (95% CI: 1.1, 1.8) and 3.2 (95% CI:
2.4, 4.5), respectively. The corresponding estimated pORs for the Mid/Southern latitude
region were 2.1 (95% ClI: 1.6, 2.8) and 3.6 (95% CI: 2.7, 5.1), respectively. The estimated
pORs were comparable between the Northern and Mid/Southern regions, and showed little
variation among studies performed at different latitudes.

Atypical naevi and large naevi

The pooled analyses by total number of atypical naevi, large naevi on the body and large
naevi on the arms are listed in Table 3. On average the melanoma patients had more atypical
naevi and large naevi compared with controls. The percentage of melanoma cases with >3
large naevi on the body was more than twice that in controls. In four studies 99 (8.4% of) of
cases had >2 large naevi on the arms compared with only 39 (2.9% of) of controls.

For the four studies recording atypical naevi, the estimated among-study variance was 0.01
with a relative heterogeneity of 7%. The estimated pOR of having at least one atypical
naevus compared with having no atypical naevi was 4.0 (95% ClI: 2.8, 5.8).

Five studies recorded the number of large naevi on the body. The estimated among-study
variance for large naevi on the body was 0.11, and the relative heterogeneity was 17% for
the class with >3 large naevi on the body. The forest plots of study-specific and pORs for
large naevi on the entire body a re given in Figures 2(c)—(d). The pORs for having 1-2 and
>3 large naevi present on the body compared with none in the Northern region were 1.9
(95% CI: 1.2, 3.7) and 6.7 (95% CI: 3.8, 13.8), respectively. The corresponding estimated
pORs for the Mid/Southern latitude region were 3.7 (95% ClI: 2.3, 5.4) and 7.3 (95% CI: 4.7,
11.8), respectively. Although the estimated pORs are higher in the Mid/Southern region
compared to the Northern region, their 95% Cls overlap.

Four studies recorded the number of large naevi on the arms. The estimated among-study
variance for large naevi on the arms was 0.04, and the relative heterogeneity was 16%. The
pORs for having one and >2 large naevi present on the arms compared with none in the
Northern region were 1.2 (95% CI: 0.6, 2.3) and 2.8 (95% CI: 1.3, 6.4), respectively. The
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corresponding estimated pORs for the Mid/Southern latitude region were 2.0 (95% ClI: 1.1,
4.1) and 3.5 (95% CI: 1.6, 7.9), respectively, which were similar to those in the Northern
region.

Correlations among different measures of naevus phenotype

A few studies recorded more than one measure of naevus phenotype. The Spearman
correlation between arm naevus count category and large naevi on the arms ranged between
0.1 and 0.2 for the two age groups respectively (based on three studies). Based on five
studies, correlations between arm naevus count categories and palpable naevi on the arms
were 0.5 for both age groups. Spearman correlations between arm naevus count categories
and whole body naevus count categories were 0.8 and 0.7 for the <50 and > 50 years age
groups (based on four studies). Spearman correlations between whole body naevus count
categories and large naevi on the body were 0.4 and 0.4 for the two age groups (based on
four studies). Presence and number of large naevi on the body increased substantially with
increasing whole body naevus count in both controls and cases (P < 0.0001, Supplementary
Table S1). Patients with atypical naevi on the body also tended to have higher whole body
naevus counts (P < 0.0001).

Naevus count and site of melanoma

In cases, the probability that the melanoma would be on the trunk generally increased with
increasing whole body naevus count categories; the opposite trend was seen for melanoma
on the head and neck and, to a lesser extent, limbs (P < 0.0001, Table 4). Probability that the
melanoma would be on the trunk did not change with increasing naevus counts on the arms.
Probability that it would be on the limbs increased a little while probability that it would be
on the head and neck fell with increasing naevus counts on the arms as it did with increasing
total counts (P < 0.0001).

Discussion

Using original data from 15 case-control studies from different geographic regions, we
examined the relationship between naevus phenotype and risk of melanoma. The selection
criteria for inclusion of studies in the pooled analysis were the use of primarily population-
based controls and moderate to large sample size, and are therefore unlikely to have led to
biased estimates. Indeed the exclusion of small studies, although partly based on practicality,
offers some protection against the publication bias observed in small studies.

Overall, although there were some differences among studies, the variation in the estimated
relative risk associated with higher total body naevus counts was moderate under the age of
50 and smaller over the age of 50 years. The increased risk associated with naevus number
was remarkably consistent across studies despite variable counting techniques and the likely
presence of inter-observer variation. When total naevus number was assessed for Northern
latitudes compared with Mid/Southern latitudes there was consistency in elevated relative
risk among individuals with more and less naevi. Our pooled naevus category ORs indicated
steeply rising risks associated with increasing numbers of naevi on the body. Naevus
number on the arms was also a marker of risk for melanoma, but with a lower gradient of
risk increase and with greater variation among studies than for the entire body naevus
numbers. In addition, a strongly increased risk of melanoma associated with the presence of
large naevi and atypical naevi was supported by our pooled analyses.

Classifications based on actual counts of palpable naevi, large naevi and atypical naevi have
been used in our pooled analyses. However, we have used quantile methods for the analysis
of common naevi on the body and arms (=2 or 23mm). This classification rather than
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absolute naevus counts was used because of the differences between counting methods and
differences among populations. The relative heterogeneity of study-specific log ORs was
larger for categories of common naevi on the arms than for body naevus count categories.
This may have been due to the variable definitions and counting methods for common naevi
on the arms. Variations among study-specific log ORs were less when we examined actual
counts of large naevi and palpable naevi on the arms. Various questionnaire designs and
counting methods complicated the pooled analyses, but this also provided the opportunity to
assess the robustness of different measures of the naevus phenotype.

Gandini et all reported pooled estimates of 1.019 and 1.129 for an increase of one naevus on
the whole body and the arms respectively, using the regression of average risk on average
exposure model.21 In view of the great diversity in the counting methods among studies as
well as potential differences among populations across studies it seemed inappropriate here
to perform pooled analysis using a dose-response model.

Few studies have compared the risk of melanoma with whole body naevus count at different
latitudes. A joint case-control study in Australia and the UK found that common naevi were
significant risk factors with similar ORs in the two countries,22 despite a greater median
number of common naevi in Australian controls than UK for the younger age group (< 50
years old).

Several studies that passed our inclusion criteria but were not included in the pooled analysis
have investigated the risks for a very high number of body naevi in their populations. The
estimated ORs were 11.9 (95% CI: 4.4, 31.9) in the Italian study23 (at least 30 naevi >
2mm) and 16.1 (95% ClI: 4.3, 60.7) in the French study24 (at least 120 naevi > 1mm). In
Canada, the risk of having moderate or many naevi on the body was 10.7 (95% CI: 6.6,
17.4) compared with none using whole body naevus density diagrams.25 These published
results were similar to our estimated pORs for those with extreme body naevus count.

The smaller variance associated with palpable naevi compared with common naevi on the
arms in our pooled analysis indicated that this may be a more uniformly defined trait across
studies, and that examiners might be less likely to confuse palpable naevi with other
pigmented lesions such as freckles. However, palpable naevi are mature naevi exhibiting
melanocyte senescence and are biologically less associated with the increased melanocytic
proliferation that typifies the atypical mole syndrome and melanoma risk.26 In this pooled
analysis they appeared to be associated with a more modest increase in risk of melanoma
than were total number of arm naevi or whole body naevus number.

A strongly increased risk of melanoma with presence of large naevi on the body and arms
was supported by our pooled analyses. In patients with the atypical mole syndrome there is
usually an increased number of both common (above 2mm) and large or clinically atypical
naevi (equal or above 5mm). Therefore there is an increased tendency to develop new naevi
in adulthood in subjects with atypical mole syndrome and for many of these naevi to reach
bigger size in time. In a twin study in the UK, Bataille et al27 reported a significant
association between the number of common naevi and large naevi. Similarly, our estimated
pORs for larger naevi on the body and arms corresponded well with the estimated pORs for
the highest categories of common naevi on the body and on the arms.

Our pOR for having at least one atypical naevus compared with participants without any
atypical naevi was smaller than that found by Gandini et al1 who reported a 10-fold risk. In
the subgroup meta-analyses of case-control studies, they obtained a considerable reduction
in the estimated relative risk using a dose-response model with relative risks ranging from
1.5 (95% CI: 1.3, 1.6) for the presence of a single atypical naevus to 6.4 (95% CI: 3.8, 10.3)
for five atypical naevi.1 The drawback of regression of average risks on average exposure
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described in Greenland28 might partially explain the difference in our results from those of
Gandini et al.1

Twin studies have provided strong evidence that naevus number is predominantly
genetically determined,29731 although there is also evidence for a smaller effect of sun
exposure.32 For melanoma overall, intermittent sun exposure, as is typically experienced by
truncal skin, is most associated with increased risk and therefore we examined the
association between naevus phenotype and melanoma site. In this pooled analysis, the
higher the total body naevus counts the more likely the melanoma was to be on the trunk,
principally at the ‘expense’ of melanoma on the head and neck. For naevi on the arms,
probability that the melanoma would be on the limbs increased with increasing counts,
entirely at the ‘expense’ of melanoma on the head and neck. These observations support the
view that an abnormal naevus phenotype is associated mostly with melanomas on
intermittently sun-exposed sites, as has been suggested by others.33736

In summary, in a detailed pooled analysis we have shown that naevus phenotype is
predictive of melanoma risk and that the size of the relative risk is consistent across studies
and across latitudes. The presence of increased numbers of naevi, large naevi and clinically
atypical naevi on the body a re robust risk factors for melanoma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Forest plot of the association between the highest body naevus category and melanoma risks
in (a) age < 50 subgroup, and (b) age > 50 subgroup, and the highest arm naevus counts
category and melanoma risks in (c) age < 50 subgroup, and (d) age = 50 subgroup. Each line
represents results from an individual study with the width of the horizontal line indicating
the 95% Bayesian confidence intervals, and the squared box indicating the study-specific
OR for the highest naevus count category (‘High”). Pooled ORs and 95% Bayesian
confidence intervals are represented by grey diamonds.
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Figure 2.

Forest plot of the association between the number of palpable naevi on arms (a) 1-2 versus
none, (b) >3 versus none and melanoma risks, and the number of large naevi on the whole
body (c) 1-2 versus none, (d) >3 versus none and melanoma risks. Each line represents
results from an individual study with the width of the horizontal line indicating the 95%
Bayesian confidence intervals, and the squared box indicating the study-specific OR. Pooled
ORs and 95% Bayesian confidence intervals are represented by grey diamond
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Table 3
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Distributions of palpable naevi, atypical naevi and large naevi across studies (row percentage in parentheses),

the corresponding pooled odds ratios (pORs) and 95% Bayesian confidence intervals (CI) and relative

heterogeneity (RH).
Type and site of naevi No. of naevi

Palpable naevi on arms® None 1-2 23  Total
Controls 2,600 (76.1%) 578 (16.9%) 240 (7.0%) 3,427
Cases 1,661 (60.1%) 614 (22.2%) 489 (17.7%) 2,764

PORs (95% CI) 1 17(14,21) 34(27,44)

RH 12%
Atypical naevi on body? None 21 Total
Controls 1,075 (90.8%) 109 (9.2%) 1,184
Cases 818 (72.1%) 317 (27.9%) 1,135

PORs (95% CI) 1 40(2.8,5.8)

RH 7%
Large naevi on body3 None 1-2 23 Totl
Controls 1117 (59.4%) 512 (27.2%) 252 (13.4%) 1,881
Cases 671(41.3%) 503 (31.0%) 451 (27.7%) 1,625

PORs (95% CI) 1 29(19,43) 7.1(47,116)

RH 17%
Large naevi on arms# None 1 22  Total
Controls 1,219 (89.0%) 111 (8.1%) 39 (2.9%) 1,369
Cases 941 (79.4%) 144 (12.2%) 99 (8.4%) 1,184

PORs (95% CI) 1 16(10,24) 32(L9,53)

RH 16%

1data available from 7 studies4» 87101 12 16 20

2 . .
data available from 4 studies13~15' 17

3data available from 5 studies4» 11: 13+ 17 18

4data available from 4 studies4+ 12' 13: 16
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Table 4

Distributions of the total body naevus count categories, arm naevus count categories and large naevi on the
body and melanoma tumour sites (row percentages in parentheses).

Type and site of naevi Melanoma tumour site
Total body naevus count category! Trunk Limbs  Head & neck
Low 33(20.4%) 90 (55.6%) 39 (24.1%)
Intermediate-low 36 (24.2%) 90 (60.4%) 23 (15.4%)
Intermediate-high 118 (40.4%) 135 (46.2%) 39 (13.4%)
High 263 (39.5%) 328 (49.3%) 74 (11.1%)
Total 450 643 175
p-value® - <0.0001 <0.0001
Arms naevus count category? Trunk Limbs  Head & neck
Low 378 (36.8%) 438 (42.6%) 211 (20.5%)
Intermediate-low 177 (36.2%) 232 (47.4%) 80 (16.4%)
Intermediate-high 108 (39.1%) 241 (47.5%) 68 (13.4%)
High 308 (38.9%) 515(50.3%) 110 (10.8%)
Total 1,151 1,426 469
P-value? - 0.254 <0.0001
Number of large naevi on body3 Trunk Limbs  Head & neck
0 195(29.1%) 373 (55.7%) 102 (15.2%)
1-2 165(33.1%) 276 (55.4%) 57 (11.4%)
3 160 (36.4%) 233 (53.1%) 46 (10.5%)
Total 520 882 205
P-value? - 0.044 0.004

1Whole body naevus count and melanoma tumour site data available from 5 studies4: 11 13715 17
2arm naevus count and melanoma tumour site data available from 9 studies3: 4: 8 9> 11713+ 15 16' 19
3 . . . . .
number of large naevi on the entire body and melanoma tumour site data available from 5 studies4» 11: 13- 17: 18

Chi-square test on whether naevus distributions for different tumour sites’ patients differ from that of trunk’s
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