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The rising incidence of cutaneous melanoma and its
stable high mortality rates despite innovative cancer
care, require better prediction of the clinical outcome.
In a large cutaneous melanoma population we explo-
red whether the known clinical risk factors for mela-
noma susceptibility (naevus phenotype, phototype,
family and personal history of melanoma and sun da-
mage) affect melanoma outcomes. A total of 1,530
melanoma patients were included. Multivariable ana-
lysis adjusted for age, sex, melanoma stage, localiza-
tion and subtype showed that familial melanoma, solar
lentigines on head and neck, the back of hands, arms
and shoulders were associated with a better relapse
free survival. The presence of atypical naevi was as-
sociated with an increased risk of relapse. After Bon-
ferroni correction, the correlation between presence
of solar lentigines on the back of the hands and arms
remained the most robust and significant prognostic
factor for the relapse-free survival in cutaneous mela-
noma patients.
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Cutaneous melanoma (CM) is the most common lethal
skin disease worldwide, affecting mainly Caucasians
(1). The rising incidence and stable high mortality rates
of CM, despite continuously improving therapies, calls
for a better prediction of its clinical outcome.

The American Joint Committee on Cancer (AJCC) for
melanoma staging identified clinico-histopathological
risk factors that influence the melanoma outcome, in-
cluding Breslow thickness, mitosis, ulceration, sentinel
node status, regional macrometastatic disease and distant
metastatic disease (2). Age, sex, localization and subtype
have also been associated with the melanoma outcome,
although these are not yet implemented in the staging
criteria (3). In addition, several risk factors have been
linked to melanoma susceptibility, including a high
count of common naevi, presence of atypical naevi, sun
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SIGNIFICANCE

This explorative study in a large carefully phenotyped me-
lanoma population demonstrates that melanoma suscepti-
bility risk factors, indicative of chronic photodamage, are
correlated with clinical outcome. The presence of solar len-
tigines on the back of the hands and arms is associated
with a better relapse free survival. This finding may offer
clinicians an additional tool to risk stratify their melanoma
patients.

exposure, low phototype, freckles, actinic damage, and
personal and family history of melanoma (4-7).

Previous studies have investigated associations of in-
dividual melanoma susceptibility risk factors, including
sun exposure (8—11), family (12) or personal history of
melanoma (13), and naevus phenotype (14, 15) with
melanoma outcome. Most of these studies are based on
questionnaires and in-person interviews on sun exposure
in relatively small populations. Two large studies with
respect to the impact of naevus burden on melanoma
outcome (14, 15), have reported conflicting results, while
other susceptibility risk factors, including skin lesions
representative of chronic sun exposure, lentigines and
actinic keratosis, and phototype were poorly studied,
if analyzed at all. Therefore, we set out to perform a
comprehensive exploratory analysis of a large panel of
known clinical risk factors for melanoma susceptibility
in a large and well-phenotyped contemporary Belgian
melanoma population and examined their effect on the
melanoma outcome.

METHODS

Data collection

The study was designed and approved by the local ethics com-
mittee of the University of Leuven in 2004. Patients with a
histologically proven diagnosis of cutaneous melanoma who
attended the outpatient clinic of the Dermatology Department at
University Hospitals Leuven, Belgium, were phenotyped at the
time of inclusion and prospectively followed for relapse till 2014.
Patients with in situ, mucosal melanomas and unknown primary
melanoma were excluded.

Trained dermatology residents performed a full skin examina-
tion for melanoma susceptibility risk factors. Sun damage signs
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(solar lentigines on the head and neck, the back of the hands,
arms and shoulders, actinic keratosis, ephelides, idiopathic gut-
tatea melanosis) were carefully annotated. Solar lentigines were
classified as sharply defined, brown, round/polycyclic macular
lesions. Ephelides were determined from a self-reported history
of freckles during in-person interviews and through physical exa-
mination. Idiopathic guttatae hypomelanosis, preferentially occur-
ring on the chronically sun-exposed sites was clinically assessed
as small, asymptomatic round to oval hypopigmented macules.
Childhood sunburn (sunburn before 18 years of age) was assessed
through questioning. Sunburn was defined as a painful erythema,
with or without blistering, peaking 24 h after sun exposure, was
self-reported and verified by the medical doctor during history
taking. Melanocytic naevi, defined as light/dark brown macular
or elevated lesions >2 mm, were counted over the entire body and
categorized into 2 groups: <50 and >50. The presence and number
ofnaevi on the dorsum of the feet, the scalp and the gluteal region
were quantified and atypical naevi were defined according to the
presence of at least >3 of the following parameters: ill-defined
borders, diameter > 5 mm, variable pigmentation, irregular border
and erythema (16). Histologically proven atypical naevi were also
included. Every patient’s phototype was ascertained according to
the Fitzpatrick’s classification (17). Patients were categorized as
having a positive family history if they reported at least one affec-
ted first- or second-degree relative with melanoma. Histopatholo-
gical and relevant medical data were retrieved from the electronic
hospital records. Melanomas were categorized into subtypes, i.c.
superficial spreading melanoma (SSM), nodular melanoma (NM),
lentigo malignant melanoma (LMM), and a group consisting of
other rare subtypes (acrolentiginous melanoma (ALM), desmo-
plastic melanoma, spitzoid melanoma, and naevoid melanoma).
The following clinical and histopathological established prog-
nostic factors for CM were recorded for further analysis: age at
diagnosis, sex, Breslow thickness, mitosis, ulceration, stage at
diagnosis (according to AJCC 7" edition), localization, subtype
and the above-mentioned known clinical risk factors for melanoma
susceptibility. In case of multiple melanomas, the most aggressive
case was included for further analysis. Data on the relapse date,
last follow-up and date of death were collected. End of study
date was set at December 31, 2014. Relapse-free survival (RFS)
was calculated from the time of melanoma diagnosis until date of
relapse or end of the study date. Relapse was defined as any recur-
rence/relapse of the disease (most often locoregional recurrence of
melanoma such as lymph node metastasis or in transit metastasis).
Relapses were confirmed by histological analysis and/or imaging.

Statistics

Data analysis was performed using the SPSS statistical software
(IBM SPSS Statistics 24; Chicago, IL). Missing data were exclu-
ded from the database, but in view of the extremely low number,
no imputation was performed for that data. Descriptive statistics
were calculated for the clinicopathological variables. Differences
in the length of follow-up were taken into account using survival
analysis technique, the Cox regression model (18). The median
follow-up time was 6.2 years (IQR 3.1-9.5 years).

The low number of melanoma-related deaths precluded a suf-
ficiently powered analysis of the effect of melanoma suscepti-
bility risk factors on melanoma cancer deaths. Therefore, only
RFS was analysed. The curves of probability of recurrence were
conducted with the Kaplan-Meier method and intercategorical
differences were assessed with the log rank test. Univariable Cox
proportional hazards models (Cox PH) were conducted to assess
the associations between each of the clinicopathological varia-
bles and RFS. The multivariable analyses consisted of two steps.
In the first step, results were reported from a multivariable Cox
proportional hazards model for RFS, with age, sex, stage, localiza-
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tion and subtype as predictors. In the second step, this model was
extended with each of the variables (n=16) referring to naevus
phenotype (n=5), phototype, family history, multiple primaries
and sun damage (n=38) separately. A Bonferroni correction was
applied, controlling the familywise type-I error for the results of
these variables (derived from the 16 different models, p=0.003).
Hazard ratios (HR) and associated 95% confidence intervals (CI)
were also reported. All values are two-sided, and a p-value less
than 0.05 was considered to be statistically significant. To simplify
the interpretation of the Cox proportional hazards results, we reor-
ganized the variables stage, atypical naevi, phototype and multiple
primaries into a new subgroup including stage IA, IB, II, III and
IV, atypical naevi (yes versus no), phototype (3,4 versus 1, 2) and
multiple primaries (yes versus no), respectively.

RESULTS

In total, 1,530 patients were included into the study
(931 females and 599 males). Demographic and clini-
copathological characteristics of the study population
are depicted in Table I. During the follow-up period of
the study, 230 melanoma patients had a relapse and 169
patients died, but only 89 patients died from the mela-
noma. Univariable analysis of the clinicopathological
associations with RFS is shown in Table II.

Table I. Clinical and histopathological parameters of all patients

Demographic variables of the study population

Patients, n (M/F) 1,530 (599/931)

Age, years, mean (SD) 52 (15.2)
Tumour characteristics
Stage at diagnosis, n (%)
1A 492 (32)
1B 607 (40)
11 355 (23)
I + IV 39 (3)
Unknown 37 (2)
Localisation, n (%)
Extremity 792 (52)
Trunk 532 (35)
Head & Neck 204 (13)
Subtype, n (%)
Superficial spreading melanoma 1,106 (72)
Nodular melanoma 146 (10)
Lentigo malignant melanoma 49 (3)
Others 227 (15)
Clinical risk factors for melanoma susceptibility
Naevus phenotype
Number of common naevi, n (<50/2=50) 1,054/378
Presence of atypical naevi, n (no/yes) 938/478
Naevus on the dorsum on the feet, n (no/yes) 1,110/420
Naevus on the scalp, n (no/yes) 1,433/97
Naevus on the gluteal region, n (no/yes) 873/657
Phototype, n (1 and 2 /3 and 4) 1,074/417
Family history, n (no/yes) 1,243/139
Multiple primaries, n (no/yes) 1,441/89
Sun damage, n (no/yes)
Solar lentigines: head and neck 614/916
Solar lentigines: back of hands 633/897
Solar lentigines: arms 548/982
Solar lentigines: shoulder 562/968
Actinic keratosis 1,264/135
Ephelides 1,135/395
Idiopathic guttate hypomelanosis 1,405/125
Sunburn before 18 years 907/621

Missing values are not depicted.
SD: standard deviation; ND: not defined.
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Table II. Survival association result from univariate and multivariable Cox proportional hazards models

Univariable Cox proportional hazard model

Mulitvariable Cox proportional hazard model

Relapse free survival

Relapse free survival

Variables HR 95% CI for HR p-value HR 95% CI for HR p-value

Sex: male vs female 1.595 1.272-2.001 <0.001 1.250 0.969-1.613 0.085

Age, continuous, years 1.040 1.032-1.049 <0.001 1.032 1.022-1.041 <0.001

Stage at diagnosis <0.001 <0.001
1B 4.043 2.475-6.604 <0.001 3.780 2.303-6.206 <0.001
1I 10.753 6.666-17.348 <0.001 8.358 5.077-13.759 <0.001
III+1V 10.979 5.690-21.184 <0.001 11.396 5.877-22.096 <0.001
IA (ref)

Localisation 0.014 0.105
Trunk 1.173 0.908-1.515 0.223 1.356 1.019-1.805 0.037
Head and neck 1.606 1.165-2.213 0.004 1.065 0.718-1.580 0.755
Extremity (ref)

Subtype <0.001 0.377
Nodular melanoma 3.059 2.228-4.201 <0.001 1.221 0.865-1.724 0.255
Lentigo malignant melanoma 1.730 0.963-3.109 0.067 1.526 0.777-2.995 0.220
Others 1.862 1.411-2.459 <0.001 1.202 0.891-1.621 0.228
Superficial spreading melanoma (ref)

Naevus phenotype (yes vs no)

Number of common naevi: 250 vs <50 0.883 0.667-1.168 0.382 1.321 0.974-1.791 0.073
Presence of atypical naevi 0.879 0.684-1.129 0.312 1.336 1.017-1.755 0.038
Naevus on the dorsum on the feet 0.655 0.499-0.858 0.002 0.924 0.697-1.226 0.585
Naevus on the scalp 0.693 0.412-1.166 0.167 0.804 0.456-1.416 0.450
Naevus on the gluteal region 0.735 0.582-0.927 0.009 1.034 0.801-1.336 0.797

Phototype (3,4 versus 1,2) 1.003 0.774-1.301 0.980 0.852 0.650-1.118 0.249

Family history (yes vs no) 0.552 0.342-0.892 0.015 0.609 0.372-0.996 0.048

Multiple primaries (yes vs no) 1.086 0.696-1.694 0.716 0.993 0.628-1.567 0.974

Sun damage (yes vs no)

Solar lentigines: head and neck 1.266 0.994-1.611 0.056 0.790 0.609-1.024 0.075
Solar lentigines: backs of hands 1.298 1.014-1.662 0.039 0.643 0.488-0.846 0.002
Solar lentigines: arms 1.129 0.879-1.451 0.341 0.659 0.505-0.859 0.002
Solar lentigines: shoulder 0.993 0.780-1.263 0.951 0.701 0.547-0.899 0.005
Actinic keratosis 1.299 0.865-1.949 0.207 0.647 0.418-1.002 0.051
Ephelides 0.722 0.553-0.941 0.016 1.035 0.784-1.366 0.808
Idiopathic guttate hypomelanosis 1.024 0.680-1.544 0.908 1.021 0.664-1.572 0.923
Sunburn before 18 years 0.790 0.625-0.999 0.049 1.117 0.866-1.440 0.394

The multivariable analyses consisted of two steps. In the first step (n=291/1489), results were reported from the multivariable Cox proportional hazards model for
RFS, with age, gender, stage, localization and subtype as predictors. In the second step, this model is extended with each of the variables (n=16) referring to naevus
phenotype (n=5), phototype, family history, multiple primaries and sun damage (n=8) separately. A Bonferroni correction was applied controlling the familywise type-I

error for the results of these variables (derived from the 16 different models, p=0.003).

ref: reference; CI: confidence interval; HR: hazard ratio.

Multivariable analysis of the prognostic factors for
melanoma outcome

In the multivariable analysis, we adjusted for age, sex,
stage, localization and subtype of melanoma for each
predictor variables (Table II). We observed that family
history of melanoma was associated with a better RFS
(HR 0.61, p=0.048), while the presence of atypical naevi
was associated with an increased risk of relapse (HR
1.34, p=0.04). The presence of solar lentigines on the
back of hands (HR 0.64, p=0.002), on arms (HR 0.66,
»=0.002) and on shoulders (HR 0.70, p=0.005), was
associated with improved RFS (Table II). After Bonfer-
roni correction, the correlation between presence of solar
lentigines on the back of hands and arms remained the
most robust and significant prognostic factor for RFS
in CM patients. Fig. 1 illustrates the effect of lentigines
by showing the Kaplan Meyer estimates in some strata
defined by age and/or stage. Note that this figure sug-
gests that the effect of solar lentigines was stronger at a
younger age. Further exploration within the multivariable
Cox regression model indeed confirmed a significant
interaction between solar lentigines on the back of the
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hands and age (p=0.036), but not with the stage (p=0.35)
(results not shown).

DISCUSSION

This explorative study in a large Belgian contemporary
and carefully phenotyped cutaneous melanoma popula-
tion investigated the association between known clinical
risk factors for melanoma susceptibility and melanoma
outcome. In a multivariable analysis, with correction
for age, sex, melanoma stage, location and subtype, we
observed a better RFS in patients with solar lentigines.
These findings indicate that within a group of patients
with the same age and sex and similar melanoma cha-
racteristics, those with solar lentigines have a better
melanoma outcome compared to patients without the
solar lentigines. The absence of such correlation in a
univariable analysis is not surprising, because of the
tight positive relation between age and presence of
solar lentigines, confounding the correlation with the
clinical melanoma outcome. This confounding effect
of age on protection associated with solar lentigines is
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Fig. 1. Kaplan-Meier plots of relapse free survival based on the presence or absence of solar lentigines back of the hands, divided by age (<50 and

> 50 years) and stage (IB and II).

also revealed in the Kaplan-Meier survival stratified by
age and stage.

Solar lentigines are signs of chronic photodamage and
typical for photoaging (19, 20). Our observations of a
salutary effect on the RFS in a large melanoma popula-
tion are consistent with other studies reporting a possible
association between melanoma survival and elastosis,
another sign of chronic photodamage (21, 22). Berwick
et al. (9) also reported an inverse association between
solar elastosis and melanoma-related death, independent
of'the strong association of melanoma-related death with
melanoma site, lesion thickness and mitosis, which,
however, could not be confirmed in a later study (23).
A possible association between sun exposure and mela-
noma outcome is further supported by epidemiological
studies demonstrating a beneficial effect of sun exposure
or sunny holidays on melanoma outcome (10, 11) and
an inverse association between mean annual sunlight in
different countries and melanoma mortality (8).

Our observations of solar lentigines associated protec-
tion against relapse rate raise the intriguing question on
the biological significance and potential mechanisms,
whereby chronic sun damage affects the melanoma
outcome. Several molecular pathways may contribute
to a better melanoma prognosis following chronic sun
exposure. First, the sun is an important source of vitamin

D (VD) and active VD has pleiotropic anticancer effects,
also on melanoma (24). Previous observational studies
have shown that increased levels of VD at diagnosis
predict a better outcome, and that metastatic melanoma
and its poor prognosis are associated with decreased VD
levels (25, 26). Second, human skin possesses different
photoadaptive mechanisms, which may counteract me-
lanoma-associated mutations resulting in less aggressive
melanomas (27). Finally, sun exposure may be associa-
ted with a healthier lifestyle and higher socioeconomic
status. Another potential mechanism for the observed
relationship between solar lentigines and survival are
shown in studies conducted on a melanoma variant; the
melanocortin 1 receptor (MC1R). MCIR variants have
been associated not only with increased melanoma risk
and melanoma risk factors such as freckling and solar
lentigines but also with a better melanoma survival. It
has been postulated that although MC1R variants are at
increased melanoma risk through decreased (UV) DNA
damage repair, MCIR variants also confer increased
susceptibility to apoptosis and decrease cell proliferation,
leading to better a survival (28-30).

In addition to solar lentigines, we also investigated the
association of family history and naevus phenotype, two
other well-known melanoma susceptibility risk factors,
with melanoma outcome.
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First, family history is a risk factor for the development
of primary melanoma and associated with inherited muta-
tions in melanoma susceptibility genes, such as CDKN2A
(31). Previous studies have demonstrated that germline
CDKN24 status is not only associated with melanoma
susceptibility, but also seems to be important for the
prognosis (32). Consistent with these earlier findings a
positive family history appears also to have a favourable
impact on the melanoma outcome in our population. Lead
time bias whereby family members of melanoma patients
may seek help earlier, and may therefore be diagnosed
at an earlier stage, might be an explanation but needs
to be confirmed. Although in our study a favourable
outcome of familial melanoma remained significant in
multivariable analysis, the association was weaker than
in the univariable setting (33, 34), emphasizing the need
for follow-up studies.

Second, previous studies have investigated the impact
of' naevus phenotype (more specifically naevus count) on
the melanoma outcome. In our study, not only did we
investigate the naevus count, but also the other charac-
teristics of naevus phenotype (i.e. presence of atypical
naevi and localisation of the naevi) and their relation
with the melanoma outcome. We observed that some
characteristics of the atypical mole syndrome (16), have
a better outcome in the univariable model, while in the
multivariable model, patients with atypical naevi have
a higher risk for relapse. A recent study by Taylor et al.
(15) showed similar results, while Berwick et al. (9) did
not find a significant association between nevus count and
melanoma-related death. In contrast, Ribero et al. (14)
reported a beneficial association between high naevus
count and survival in melanoma patients. The discrepant
results may be attributable to different methodologies
and study populations.

Limitations

First, we used a broad definition of family history and
only a limited number of events were present for the
survival analysis in this population. Family history
was self-reported and was not histopathologically or
genealogically confirmed. Second, the lack of sentinel
node data in the majority of the patients might have lead
to a potential underreporting of stage III cases. Only
10% (n=162) of our study population had undergone
a sentinel lymph node biopsy which had been imple-
mented only since the end of 2012 in our institution and
a positive sentinel was observed in 15 patients (9.3%)
only. Third, systemic melanoma treatments, administe-
red predominantly for stage IV disease, were not taken
into account. Finally, no adjustments were made for the
residual confounders including healthy lifestyle factors,
socio-economic status and other causes of death such as
cardiovascular disease. Despite all the above, the large
number of participants followed in a single centre, the
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uniform study procedures and detailed clinical annota-
tion of melanoma susceptibility risk factors validates the
major findings of this comprehensive analysis.

Conclusion

In this exploratory study we report that clinical signs of
cumulative photodamage are inversely associated with
melanoma outcome after adjustment for clinical and
histopathological prognostic factors. This observation,
however, does not prove a causal relationship between
sun exposure and melanoma outcome, but may offer
clinicians an additional tool to better risk stratify their
melanoma patients. Further analyses are necessary to
understand the biological, molecular and genetic me-
chanisms that account for these correlations.
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