1

The treatment of melanoma •

1

Melanoma: epidemiology and risk factors
Federica Bellerba, Oriana D’Ecclesiis, Ketty Peris, Sara Gandini

Introduction
Melanoma is a highly aggressive cancer that develops from malignant transformation
of melanocytes, that is, cells that in the skin have a major role in melanin production
and photoprotection. Melanoma usually occurs primarily on the skin, but it may also
develop in other parts of the body, including the eye, mouth, or gastrointestinal tract.
Cutaneous melanoma (CM) is the least common but most aggressive form of skin
cancer: it represents about 5% of all skin cancers and accounts for about three quarters
of all skin cancer deaths.1 The CM incidence rates vary 100 fold among different populations depending on ethnicity, with the highest rates in Australia and New Zealand, the
lowest rates in South Central Asia, and above average rates in Europe and the United
States. In Europe, Sweden and Denmark have the highest incidence rates while Greece
has the lowest.2 Most CM diagnoses occur in patients aged between 40 and 60 years. The
median age at diagnosis is 57 years and the median age at death is 67 years. CM is usually
considered a tumor affecting young and middle-aged individuals, as it occurs almost a
decade before most other solid tumors such as breast, colon, lung, or prostate carcinoma.
A study that examined incidence rate time trends of CM in 39 population-based cancer registries from 1953 to 2008 found that incidence rates of melanoma had increased
in most European countries (primarily Southern and Eastern Europe).3 However, indications of a stabilization or decreasing trend were observed in Australia, New Zealand,
the United States, Canada, and Norway, mainly in the youngest age group (25-44 years).
Possible explanations of these results include decreasing sun exposure in children following intensive preventive campaigns in these countries and changes in the proportion
of young individuals at low risk of melanoma due to immigration in these countries over
recent decades. Mortality rates have increased in the United States and in Europe since
1980s, but much slower than the incidence rates. This may be due to overdiagnosis, with
diagnosis and removal of very thin, nonlethal melanomas.

Risk factors

Ultraviolet radiation
The International Agency for Research on Cancer (IARC) has classified all types of ultraviolet radiation (UVR) as “carcinogenic to humans” (Group 1) based on evidence from
basic and epidemiological research. In particular, laboratory data and animal experiments (on DNA mutations and repair, immune function, cell integrity, cell cycle regulation, and other critical biological functions) have documented a role for both UVB and
UVA radiation in skin carcinogenesis. Experiments in human volunteers have shown
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that UVA and UVB exposure can weaken the immune system through interacting and
overlapping mechanisms, increasing vulnerability to cancer as well as other diseases.
Furthermore, several observational studies have provided a consistent, significant positive association between skin cancer and residing in areas with high ambient UVR
through life, in early life, and even for short periods in early adult life.4 Lastly, several
meta-analyses have revealed a significant increase in melanoma risk and non-melanoma
skin cancer (NMSC) with high sun exposure and indoor UV tanning.5, 6
In one study conducted in Canada, the authors provided the current attributable and
future avoidable burden of melanoma related to exposure to UVR and modifiable UVR
risk behaviors (sunburn, sunbathing, and indoor tanning). In 2015, they estimated that
62.3% of melanoma cases in Canada were attributable to UVR exposure and that 29.7%
were attributable to the combination of sunburn (7.4%), sunbathing (17.8%), and indoor
tanning (7.0%). They also estimated that a 50% reduction in modifiable UVR behaviors
could avoid 11,980 melanoma cases by 2042.7
In 2014, the Surgeon General’s Call to Action to Prevent Skin Cancer recognized skin
cancer as a major public health problem in the United States and called on partners in
prevention from various community sectors to help increase awareness of skin cancer.
Strategic goals were also proposed to support skin cancer prevention by reducing UV
exposure in the U.S. population.8 Lifestyle modification strategies that improve primary
prevention and reduce the burden of melanoma include limiting indoor tanning and
community-wide interventions to reduce UVR exposure as well as to support healthy
behaviors, like alcohol policy strategies and youth education approaches.9

Sun exposure and sunburn
Sun exposure (i.e., the exposure to UVR from the sun) is the main environmental risk factor for skin cancer. Individual sun exposure is usually classified as “intermittent” (short,
intense sun exposure), “chronic” (continuous sun exposure), and “total” (the sum of the
two aforementioned categories). A systematic review and meta-analysis summarizing 57
studies on sun exposure and melanoma found a 60% increased risk of melanoma due to
intermittent sun exposure (summary relative risk [SRR] of CM for intermittent sun exposure 1.61, 95% confidence interval [CI] 1.31-1.99) and a doubled melanoma risk in the presence of sunburns history (SRR 2.03, 95% CI 1.73-2.37).5 However, skin type is an important
confounder in these associations because those with fair skin are more likely to develop
sunburns, but may also have genetic factors that are associated with melanoma risk
and whose expression response is not dependent on sun exposure. For example, genes
involved in the melanocortin pathway have an important role not only in skin pigmentation, but also in immune functions and energy balance regulation, both of which affect
cancer risk, although an interaction with sun exposure might still be present.
In 1992, Green10 proposed a theory of site-dependent susceptibility of melanocytes to
malignant transformation. According to this theory, individuals with a low propensity
for melanocytic proliferation (few nevi) require continuous exposure to sunlight to drive
the progression of epidermal melanocytes to cancer. Melanoma that results from this
pathway is more likely to be of the lentigo maligna melanoma (LMM) subtype and to
occur in elderly patients with a history of solar damage or NMSC. By contrast, subjects
with a high propensity for melanocytic proliferation (large number of nevi) only require
intermittent sun exposure to develop melanoma, which is more likely to belong to the
superficial spreading (SSM) or nodular (NM) histological subtypes. Several authors have
confirmed this two-pathway theory for melanoma, pointing out a negative correlation
between nevus counts and clinical signs of sun damage,11-13 and identifying groups of
different genes that are mutated in LMM versus SSM and NM.
Melanomas characterized by mutations in the genes BRAF, NRAS, and telomerase
reverse transcriptase (TERT ) and about 80% of melanomas carrying UVR signature
mutations (C-T or CC-TT) were suggested to be more frequent in intermittently sun-exposed skin.14-16 Most of these are “passenger” mutations, so they do not directly drive
cancer initiation and progression. BRAF mutations, which are present in about 50% of
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CM in individuals of European origin, are associated with characteristics of the largenevi-count pathway: younger age at diagnosis, trunk location, SSM type, and location
in non-chronically sun-damaged skin.17 TERT promoter mutations are present in about
43% of CM, occur mainly in sun-exposed sites, and usually occur with BRAF mutations.18
The melanocortin-1 receptor (MC1R), a pigmentation gene associated with melanoma
risk,19-21 has been found to be positively associated with BRAF and cyclin-dependent
kinase inhibitor 2A (CDKN2A) in the etiology of melanoma occurring on usually unexposed skin.22, 23 On the other hand, p53-positive melanoma has usually been associated
with features of chronic sun exposure,24 suggesting that different molecular pathways
can lead to melanoma development.25, 26
Looking at body site distribution of different histological types of CM, SSM is more
frequent on the trunk in men and legs in women, while LMM is more frequent on the
face and neck.27 This might suggest that melanocytes have different characteristics in
terms of differentiation depending on body site location: atypical nevi are more commonly found on the trunk while they are very rare on the face. Conversely, intradermal
nevi are usually present on the face, but are much rarer on the limbs. A meta-analysis
including 16,180 cases of melanoma evaluated whether CM risk factors differ depending
on body size and histological type.28 Considering each measure of sun exposure (intermittent, chronic, sunburns, and actinic damage), SRRs for CM risk were 1.31 (95% CI 0.941.81) and 1.77 (95% CI 1.30-2.41), respectively, for occasionally versus usually sun-exposed
body sites. Chronic sun exposure was weakly but significantly, negatively associated with
CM on occasionally sun-exposed sites, most strongly on the legs. Overall, these results
showed no consistent overall pattern of variation among the body sites.
The apparent protective effect of chronic sun exposure on CM at occasionally exposed
sites is puzzling. An explanation could be the enhanced melanin production and melanosome delivery to keratinocytes29 and increased thickness of the top layers of the epidermis due to continuing sun exposure; however, these changes should not reduce the
incidence to a level below that present in the absence of sun exposure. Other possible
explanations are the lower melanin content, sunburn, and lower DNA repair capacity
of intermittently exposed skin compared with commonly exposed skin. Sunburn can
lead to cell proliferation in replacing apoptotic cells, and sun-exposed skin may have
a somewhat thick stratum corneum. This could model protection from tanning and
some upregulation of DNA repair pathways exemplified by fewer thymine dimers after
repeated low exposure.30-32 However, it is important to point out that the reference category for calculating RRs in epidemiological studies of melanoma and sun exposure is
“low sun exposure,” not “no sun exposure”.
Several migration studies suggest that childhood and adolescence may have a key role
in the development of melanoma in adulthood. In a case-control study of 511 patients
and 511 matched healthy control subjects,33 earlier age at arrival in Australia was a melanoma risk predictor with little residual effect of duration of residence. Migrants arriving
in Australia from a less sunny country before the age of 10 years had incidence rates similar to native-born Australians, whereas the estimated incidence in those arriving after
the age of 15 years was around one quarter of the native-born rates. Moreover, control
subjects arriving in Australia before the age of 10 years had an increased number of nevi
on their arms, suggesting that sun exposure in early life may be a factor in nevus production and, therefore, a determinant of later potential to develop SSM. Similar results
were found in another case-control study involving patients from Germany, Belgium,
and France,34 where age <10 years old at arrival in a sunny location of residence (i.e., the
Mediterranean, subtropics, or tropics) conferred a fourfold increased risk of developing
melanoma.
Studies on location of residence also suggest that sun exposure in childhood and
adolescence is closely associated with melanoma risk. A nested case-control study conducted within the Nurses’ Health Study cohort35 showed a significantly increased melanoma risk in women whose residence was in a more equatorial latitude during the ages
of 15-20 years, whereas latitude of residence after 30 years of age was not significantly
associated with melanoma risk. Finally, in another population-based case-control study
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of 474 cases and 926 controls in Denmark, individuals who lived near the coast before the
age of 15 years had an increased risk of melanoma compared with those who never lived
far away from the coast (RR 1.6, 95% CI 1.0-2.6).36

Sunbed use
Sunbeds and sunlamps for tanning purposes are currently the main sources of deliberate exposure to high doses of UVR. Individuals from Northern Europe and the United
States have been widely using indoor UV tanning devices since the 1980s, and this
trend has lately gained popularity in sunnier countries like Australia. Most of the modern indoor UV tanning devices emit radiation in the UVA range, with a fraction (<5%)
of the spectrum in the UVB range, which is responsible for the deep, long-lasting tan.
UVR from powerful tanning units may be 10-15 times stronger than the midday sunlight
on the Mediterranean Sea, and both UVA and UVB radiation cause DNA damage and
immunosuppression.6, 37-39
In 2012, a meta-analysis6 summarized 27 observational studies, which quantified CM
risk associated with artificial UVR tanning, including dose-response estimates. The
SRR estimate for “ever” versus “never use” of sunbeds was 1.20 (95% CI 1.08-1.34), and a
dose-response effect was also found. When the analysis was restricted to cohorts and
population-based studies (18 studies), the SRR increased to 1.25 (95% CI 1.09-1.43). The
analysis restricted to first exposure to sunbeds before the age of 35 years (13 studies) provided an increased risk of 1.59 (95% CI 1.36-1.85), with no significant between-study heterogeneity and no indication for publication bias. Studies on exposure to indoor tanning
and NMSC have shown a significantly increased risk for basal cell carcinoma (SRR 1.29,
95% CI 1.08-1.53) and for squamous cell carcinoma (SCC) (SRR 1.67, 95% CI 1.29-2.17).
Based on prevalence data from surveys and data from GLOBOCAN 2008, it was estimated that of 63,942 new CM cases diagnosed each year in Western Europe, 3,438 (5.4%)
could be attributed to sunbed use, most occurring among women (2,341 estimated cases,
6.9% of all melanoma cases in women). Taking a melanoma incidence to mortality ratio
of 3.7 for European men and 4.7 for European women in 15 European Union (EU) countries, about 498 women and 296 men would die each year from a melanoma caused by
artificial UVR tanning.
Given the estimates of the meta-analysis, in 2009 Hirst et al.37 estimated that between
18 and 31 melanomas, 200-251 SCC and associated costs of 256,054 AUD would be avoided
per 100,000 people in Australia, through regulation of solaria and the associated cost-savings to the Federal Government.
In a 2010 paper by Hery et al.,40 the authors pointed out a sharp increase in melanoma incidence in Iceland among young women (less than 50 years), which began in
1990 and reached a peak in 2000. At the same time, sunbed use in Iceland had expanded
rapidly after 1985, mainly among young women, suggesting a link between the two temporal trends. However, the other explanation could also be, at least in part, an increase
in melanoma screening, a phenomenon that occurred all over Europe in the 1990s. The
authors also pointed out decreasing melanoma rates among women after 2001, which
followed a reduction in prevalence of sunbeds. However, the expected lag time between
risk exposure and melanoma onset is quite long, and the decline in melanoma incidence
is unlikely to be due to the reduced sunbed use in the early 2000s.
In recent publications, some authors have hypothesized that indoor UV tanning could
act as a protective factor for melanoma risk by preventing sunburn; they used the lack of
randomized clinical trials to imply that the relationship between sunbed use and melanoma is not causal.41, 42 However, in a recent publication, Suppa and Gandini43 applied
all epidemiological criteria for causality to demonstrate that the large amount of data
provided by all observational studies on the matter are indeed sufficient to infer that
sunbed use does cause melanoma. They also showed that recent publications have provided further evidence to support the negative effects of first sunbed exposure at young
age, especially in women.44, 45
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Other insights on sunbed use have been published, such as its relevance for the development of additional cases of primary melanoma,46 its association with melanoma of the
lower limbs (especially in women),47 and its link with other melanoma risk factors like
high nevus count, atypical nevi, and sun damage.48 Based on all the above-mentioned
evidence, both the Scientific Committee on Health, Environmental and Emerging Risks
(SCHEER) of the European Commission49 and the World Health Organization (WHO)50
have stated that there is no safe limit for exposure to UVR from sunbeds.
In 2011, an Italian survey on 4,703 people residing in an area on the sunny Mediterranean
coast51 showed a 20% overall prevalence of sunbed use, which was higher among women
(22% women vs. 16% men, P<0.0001), young (22% for age <35 years vs. 17% for age ≥35
years, P<0.0001), and highly educated people (22% for at least high-school education
vs. 14% for less education, P<0.0001). Moreover, individuals at high risk of melanoma
used sunbeds significantly more, that is, people with freckles (25% with freckles vs. 18%
without freckles, P<0.00001), with red hair (30% red hair vs. 19% darker hair, P=0.01),
and with fair eyes (22% fairer eyes vs. 19% dark eyes, P=0.006). Another Italian survey on
3,098 students evaluated the importance of family behavior and the impact of an educational program on teenagers’ indoor sun tanning practices.52 The results showed that
students who attended the educational intervention were more aware that sunbed use
cannot prevent sunburns (P=0.03) than those who did not attend, although sunbed use
by parents influenced the desire to use a sunbed more than participation in the educational intervention (P<0.0001).

Common and atypical nevi
The number of nevi is one of the most important risk factors for CM. A systematic
meta-analysis of 46 observational studies on melanoma, which included 10,499 cases
and 14,256 controls,53 showed that the risk of melanoma in the case of presence of 101-120
nevi was almost 7 times higher compared with <15 nevi (SRR 6.89, 95% CI 4.63-10.25), as
was the risk in case of 5 atypical nevi versus none (RR 6.36, 95% CI 3.80-10.33).
Another meta-analysis calculated the population attributable fraction (PAF) for melanoma associated with melanocytic nevi.54 The authors estimated that 42% of melanomas
were attributable to having ≥25 nevi, whereas about 25% of melanomas were attributable to the presence of ≥1 atypical nevi. High common nevus count (≥50 common nevi)
accounted for about 27% of melanoma cases, whereas individuals with few common nevi
(0-10) accounted for only about 4% of melanoma cases.
Genome-wide association studies (GWAS)55, 56 have found that most of the genes
associated with a high number of nevi, such as MTAP, PLA2G6, and IRF4, are also melanoma genes identified in replication studies in melanoma cohorts. High penetrance
genes such as CDKN2A and CDK5 have been found to be mutated in approximately
25% of melanoma families and associated with a high number of nevi in patients;
however, these genes cannot be considered predictive of nevus phenotype because
some families with mutations of these genes may have low nevus counts. The MTAP
gene, which is very close to the p16 locus, is likely to be important for melanoma
differentiation.
Total nevus count is more strongly associated with melanoma on intermittent sun-
exposed body sites (such as the trunk and legs) than melanoma on chronically exposed
body sites (head, neck, and arms).28 This could be related to BRAF somatic mutations,
which are more common in melanomas located on the trunk and legs compared with
the head and neck.57, 58
The dual pathway theory proposed by Bataille et al.59 and Whiteman et al.60 suggests
two different “at risk” phenotypes for melanoma: one with the presence of a high nevus
count and the other with the presence of solar elastosis and solar keratoses and a low
nevus count. These two phenotypes are mutually exclusive.59 The sun damage phenotype is more predictive of LMM and NM, especially on the head and neck. However, the
presence of increased numbers of nevi, large nevi, and clinically atypical nevi on the
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body showed little variation in relative risk at different latitudes, suggesting that genetic
factors are important despite different environmental exposure and body sites.61 In addition, a large number of nevi might be an indicator of excessive sun exposure and thus
be associated with an increased risk of CM.62 A study conducted on Australian children
(aged 1-6 years) found that increased sun exposure (more than 4 hours per day) in childhood was significantly associated with an increased number of nevi (upper quartile).63
Another study conducted on more than 11,000 German children aged 5-6 years found
that sunburns and holidays in countries with a sunny climate were significantly associated with a high nevus count and the occurrence of atypical nevi.64 However, sun exposure may have an impact on development of small nevi on chronically sun exposed sites
and, to a lesser extent, on large atypical lesions on intermittently exposed sites that have
a genetic basis.65, 66

Pigmentation characteristics (skin, hair, and eye color
and freckles)
Pigmentation characteristics, such as skin, hair, and eye color as well as freckles are wellknown risk factors for melanoma. Skin pigmentation differs among individuals because
of two types of melanin: eumelanin, which is generally black or brown and is photoprotective because it is UV absorbent, and pheomelanin, which is yellow or red, poorly
photoprotective, and may promote carcinogenesis because of its potential to generate
free radicals in response to UVR.67 Subjects with high levels of eumelanin have brown or
black hair, while red or blond hair is associated with high levels of pheomelanin and/or a
reduced ability to produce eumelanin. Variation in normal pigmentation is not only due
to ratios of eumelanin and pheomelanin, but it is also related to the shape and number of
melanosomes, which contain melanin. Pigmentary characteristics such as hair, eye, and
skin color as well as skin sensitivity to sunburns and ability to tan is also tightly linked to
melanoma susceptibility.
A meta-analysis on all major risk factors for melanoma68 provided SRRs for blue,
green, and hazel eye color compared with dark eye color of 1.47 (95% CI 1.28-1.69), 1.61
(95% CI 1.06-2.45) and 1.52 (95% CI 1.26-1.63), respectively. According to hair color, “light”
hair was found to be associated with melanoma risk. In particular, the strongest association to CM risk was found for red-haired individuals, who had more than 3 times the risk
of melanoma compared with dark-haired individuals (SRR 3.64, 95% CI 2.56-5.37). Blondhaired and brown-haired individuals were also at a significantly higher risk to develop
CM than subjects with dark hair color (SRR 1.96, 95% CI 1.41-2.74 and SRR 1.62, 95% CI
1.11-2.34, respectively), even if the SRRs were lower than that for red-haired individuals. Concerning skin color, light-pigmented subjects had a doubled risk of melanoma
compared with darker pigmented subjects (SRR 2.06, 95% CI 1.68-2.52). This result was
consistent with the analysis conducted on the studies that evaluated Fitzpatrick classification (an indicator of skin sensitivity to sunburns) for skin phototype. Skin phototypes
I, II, and III were at higher risk of melanoma compared with skin phototype IV (people
who never burn and tan easily), with a trend in the calculated SRRs, that were 2.09 (95%
CI 1.67-2.58), 1.84 (95% CI 1.43-2.36), and 1.77 (95% CI 1.23-2.56), respectively. High density
of freckles was also significantly associated with a doubled risk of melanoma (SRR 2.10,
95% CI 1.80-2.45).
PAFs, which are useful to estimate the burden of a disease at a population level, were
calculated to quantify the contribution of pigmentary characteristics to melanoma.69
The highest PAFs were observed for skin phototypes I/II (27%, 95% CI 21-31%), presence
of freckling (23%, 95% CI 19-26%), and blonde hair color (23%, 95% CI 20-26%). For eye
color, the PAF for blue/blue-grey eye color was higher than for green/grey/hazel eye
color (18%, 95% CI 11-23% vs. 13%, 95% CI 6-18%), while the PAF associated with red hair
color was 10% (95% CI 9-11%) compared with 23% (95% CI 20-26%) for blonde and 15%
(95% CI 11-18%) for light brown hair color.
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Melanocortin-1-receptor and the M-SKIP project
In recent decades, there has been much effort to investigate the genetic basis underlying
the variation in pigmentation of skin, hair, and eye color in humans. Several pigmentation genes have been identified but many have not yet been discovered. MC1R is a pigmentation gene associated with melanoma risk.19-21 It is located on chromosome 16q24.3
and encodes a seven-pass transmembrane G-protein coupled-receptor of 317 amino
acids, positively coupled to adenylate cyclase to increase cyclic adenosine monophosphate (cAMP) levels upon binding its endogenous ligand, α-melanocyte-stimulating
hormone (α-MSH).70, 71 Binding of a-MSH to functional MC1R on melanocytes stimulates the synthesis of eumelanin.72 Therefore, one of the main functions of MC1R is to
contribute to determine pigmentation by regulating the relative proportion of eumelanin (black/brown pigment) and phaeomelanin (red/yellow pigment).
More than 100 MC1R variants have been described so far. Some of these variants result
in partial or complete loss of the receptor’s signaling ability because they are unable to
stimulate cAMP production as strongly as the wild-type receptor in response to a-MSH
stimulation.73 This results in a quantitative shift of melanin synthesis from eumelanin to
phaeomelanin, and in the determination of the “red hair color” phenotype, characterized by the co-occurrence of fair skin, red hair, freckles, and UVR sensitivity. However,
MC1R is not enough to predict skin and hair color because variants associated with fair
hair and skin can also be found in individuals with darker skin.
The M-SKIP project is a pooled analysis of published and unpublished epidemiological studies on MC1R variants and their associations with sporadic CM, NMSC, and
phenotypic characteristics associated with melanoma. Since 2009, 49 investigators have
been contacted and 38 (78%) have agreed to participate in the M-SKIP project and have
sent their data. The M-SKIP database now includes data on 11,587 CM cases, 3,542 NMSC
cases, and 17,502 controls.20 Within the project, the authors have found that melanoma
risk increased when any of the main MC1R variants was present: the SRR for each variant
ranged from 1.47 (95% CI 1.17-1.84) for V60L to 2.74 (95% CI 1.53-4.89) for D84E. Carriers of
any MC1R variant had a 66% higher risk of developing melanoma compared with wildtype subjects (SRR 1.66, 95% CI 1.41-1.96) and the attributable risk for melanoma in relation to MC1R variants was 28%. When taking into account phenotypic characteristics, the
MC1R-associated melanoma risk increased only for individuals with darker skin types
(SRR 3.14, 95% CI 2.06-4.80) for subjects with no freckles, no red hair, and Fitzpatrick skin
type III/IV.19 These results show how MC1R variants can contribute to an increased risk
of melanoma also via intermediate phenotypes that are not linked to fair skin and hair
color. This is not surprising if we consider that a-MSH has immunomodulatory and anti-
inflammatory functions; therefore, the association between MC1R and skin cancer could
be a result of inflammatory or immune mechanisms promoting tumorigenesis. Other
hypothesized mechanisms contributing to MC1R carcinogenesis are modulation of melanocyte growth, development and differentiation, and increased DNA damage possibly
associated with production of reactive oxygen species. Further evidence for pheomelanin-associated increased cellular oxidative stress was obtained in studies of mice carrying
a loss-of-function mutation of the MC1R gene.74 The mice had yellowish pheomelanic
hair mimicking human red hair and showed higher levels of lipid peroxides, a product
of reactive-oxygen-species-mediated lipid damage. The study provided evidence in support of MC1R variants in melanogenetic effects independent of UV exposure. In addition,
stimulation of MC1R also activates the mitogen-activated protein kinase (MAPK) pathway
and regulates target genes involved in inflammation through the nuclear factor kappalight-chain-enhancer of activated B cells (NF-κB) pathway. Another study75 found a role
for germline MC1R variants in influencing the somatic mutational landscape of melanoma, with an expected higher number of somatic C>T mutations with the presence of R
allele (null or hypomorphic MC1R allele) than among people without R alleles.
The predictive power of clinical models has also been investigated after the inclusion of MC1R genetic information.21 The traditional clinical risk model yielded an area
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under the receiver operating characteristic curve (AUC) of 0.69 (95% CI 0.68-0.71). The
model including MC1R variants slightly, but significantly, improved the predictive performance, reaching an AUC of 0.71 (95% CI 0.69-0.72, P<0.0001). In subgroup analysis,
MC1R improved the AUC by 2% (from 0.69 to 0.71, P=0.001) for subjects with darker skin
phenotypes. These results suggest that adding MC1R information can increase the predictive ability of a clinical melanoma risk model, especially among subjects with darker-pigmented characteristics. However, at present the prevalence of any MC1R variant is
too high in the general population to be used as a screening tool for melanoma.
Researchers have also suggested that MC1R variants are associated with an increased
risk of developing BRAF-positive CM not showing signs of chronic sun damage.23 There
is currently conflicting evidence on whether BRAF mutations are less frequent in LMM
than in other melanoma types,76 or if they have similar distributions in melanoma subtypes among MC1R carriers and non-carriers.77
Data on 3,527 NMSC cases and 9,391 controls have also been gathered through the
M-SKIP Project.78 Subjects carrying at least one MC1R variant had an increased risk of
both BCC and (SRR 1.39, 95% CI 1.15-1.69) and SCC (SRR 1.61, 95% CI 1.35-1.91). All the
investigated variants were positively associated with NMSC and significant results were
obtained for V60L, D84E, V92M, R151C, R160W, R163Q, and D294H: SRRs ranged from
1.42 (95% CI 1.19-1.70) for V60L to 2.66 (95% CI 1.06-6.65) for D84E. There was no association between MC1R and NMSC by skin type.

Sunscreen use
In the literature, there is no agreement on the relationship between sunscreen use and
the development of nevi in children. The only existing randomized trial79 showed a protective effect of broad-spectrum sunscreen on the development of nevi, especially in
children with freckles, while other observational studies have reported a positive association between sunscreen use and nevus count.64, 80-82
An Italian observational study conducted on 1,512 children and adolescents from 2010
to 2013 evaluated pediatric nevus prevalence in relation to age and other phenotypic
traits.83 In contrast to a previous study84 but in line with other studies,85-87 the authors
found that the daily frequency of sunscreen use was positively associated with nevus
count, even after adjustment for confounding factors. On the other hand, they observed
that children who used sunscreen with a sun protection factor (SPF) >30 had a lower
nevus count compared with SPF≤30 sunscreen users. These findings suggesting a relationship between sunscreen use and nevi development could be explained by the fact
that children who apply a great quantity of sunscreen usually have fair skin with freckles. Therefore, they are more likely to be sunburnt and those with lower Fitzpatrick skin
phototypes have a greater tendency to develop sunburn and nevi. Moreover, the frequent
application of sunscreen can convey a false sense of protection against sunburn, and this
may lead children to spend more time in the sun and to expose themselves in the middle
of the day when UV rays are stronger.88
Sunscreen use is recommended for sun protection89 and it can decrease the risk of
sunburn and SCC.90 A meta-analysis of observational studies showed no association
between melanoma risk and sunscreen use, although the lack of adjustment for potential confounders in several study estimates makes it difficult to interpret the results.91
The only randomized study on the matter, published in 2011 by Green et al.,87 was carried
out in Australia; the authors showed that subjects who used sunscreen daily had a lower
risk of melanoma compared with subjects who used sunscreen discretionarily. However,
the study was conducted on subjects living in a country with a sunny climate, where
people constantly receive high levels of ambient sun exposure.
In 2016, Ghiavisand et al.92 evaluated the association between sunscreen use and melanoma risk using data from the Norwegian Women and Cancer Study, a large prospective
population-based study of 143,844 women aged 40-75 years at inclusion and 722 cases
of melanoma. They found that sunscreen users reported significantly more sunburns
and sunbathing vacations and were more likely to use indoor tanning devices. However,
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