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Summary
Background Germline variants in the melanocortin 1 receptor gene (MC1R) might increase the risk of childhood and 
adolescent melanoma, but a clear conclusion is challenging because of the low number of studies and cases. We 
assessed the association of MC1R variants with childhood and adolescent melanoma in a large study comparing the 
prevalence of MC1R variants in child or adolescent patients with melanoma to that in adult patients with melanoma 
and in healthy adult controls.

Methods In this retrospective pooled analysis, we used the M-SKIP Project, the Italian Melanoma Intergroup, and 
other European groups (with participants from Australia, Canada, France, Greece, Italy, the Netherlands, Serbia, 
Spain, Sweden, Turkey, and the USA) to assemble an international multicentre cohort. We gathered phenotypic and 
genetic data from children or adolescents diagnosed with sporadic single-primary cutaneous melanoma at age 
20 years or younger, adult patients with sporadic single-primary cutaneous melanoma diagnosed at age 35 years or 
older, and healthy adult individuals as controls. We calculated odds ratios (ORs) for childhood and adolescent 
melanoma associated with MC1R variants by multivariable logistic regression. Subgroup analysis was done for 
children aged 18 or younger and 14 years or younger.

Findings We analysed data from 233 young patients, 932 adult patients, and 932 healthy adult controls. Children and 
adolescents had higher odds of carrying MC1R r variants than did adult patients (OR 1·54, 95% CI 1·02–2·33), 
including when analysis was restricted to patients aged 18 years or younger (1·80, 1·06–3·07). All investigated 
variants, except Arg160Trp, tended, to varying degrees, to have higher frequencies in young patients than in adult 
patients, with significantly higher frequencies found for Val60Leu (OR 1·60, 95% CI 1·05–2·44; p=0·04) and 
Asp294His (2·15, 1·05–4·40; p=0·04). Compared with those of healthy controls, young patients with melanoma had 
significantly higher frequencies of any MC1R variants.

Interpretation Our pooled analysis of MC1R genetic data of young patients with melanoma showed that 
MC1R r variants were more prevalent in childhood and adolescent melanoma than in adult melanoma, especially in 
patients aged 18 years or younger. Our findings support the role of MC1R in childhood and adolescent melanoma 
susceptibility, with a potential clinical relevance for developing early melanoma detection and preventive strategies.
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Introduction
Cutaneous melanoma mainly occurs in adult patients 
and is rare in the paediatric population, with only 2% of 
all cutaneous melanoma cases diagnosed in patients 
younger than 20 years.1–4 In the child and adolescent 
population, most cases of cutaneous melanoma are 
diagnosed among adolescents, with only 8% occurring in 
infancy and childhood.5,6

Differences exist between childhood or adolescent and 
adult cutaneous melanoma regarding clinical aspects, 
histopathological features, and disease staging.2,7,8 

Cutaneous melanoma in childhood is often amelanotic, 
shows broad histopathological variability, and can 
present with histological uncertainty and ambiguous 
atypical characteristics that do not allow a definite 
malignant or benign classification.4,9 Children with 
cutaneous melanoma present at a more advanced stage 
of disease, with thicker lesions and higher rates of 
lymph node metastasis than do their adult counterparts, 
leading to a worse prognosis.4,9 However, published 
studies have reported discordant data on survival 
rates.5,10
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Whether adult melanoma and childhood and adolescent 
melanoma share a similar pathogenesis has long been a 
subject of debate. Major risk factors for paediatric 
cutaneous melanoma include giant congenital melano­
cytic naevi and hereditary conditions such as xeroderma 
pigmentosum, immunodeficiency, and albinism.11 Other 
known risk factors common to paediatric and adult 
melanoma are family history of melanoma, dysplastic 
naevus syndrome, elevated number of acquired melano­
cytic naevi, red hair, sun-sensitive phenotype, and ultra­
violet radiation (UV) exposure.12,13

It is uncertain whether childhood and adolescent 
cutaneous melanoma differs from the adult melanoma 
regarding genetic predisposition. The paediatric form of 
the disease is mostly sporadic, whereas adolescent 
cutaneous melanoma is sometimes observed in 
melanoma-prone families. In general, there is a higher 
proportion of germline mutation carriers among young 
patients with cancer than among older patients,14 but 
whether this tendency holds true for cutaneous 
melanoma is unclear because of the rarity of this disease 
occurring in children or adolescents. On the basis of the 
few available studies,12,15–21 child and adolescent patients 
have only rarely been found to carry germline mutations 
in the two high-penetrance melanoma genes, CDKN2A 
and CDK4, which are known to be significantly associated 
with melanoma in a familial context alone.

The MC1R (melanocortin 1 receptor) gene is a key 
determinant of human pigmentation.22 MC1R is highly 

polymorphic in the general population, and specific 
variants were defined as R (Asp84Glu, Arg142His, 
Arg151Cys, Ile155Thr, Arg160Trp, Asp294His) or r 
(Val60Leu, Val92Met, Arg163Gln) alleles, according to 
their strength of association with the red hair colour 
phenotype.23 Extensive in vitro and in vivo evidence 
showed that both R and r alleles produce hypomorphic 
proteins with compromised activity compared with 
native MC1R function.22 The R alleles have been found to 
have a major effect on pigmentation and UV sensitivity.22,23 
By contrast, r alleles confer normal or slightly impaired 
MC1R activity, resulting in a low-strength association 
with the fair skin phenotype.23

Natural MC1R variation is an established risk factor for 
cutaneous melanoma across multiple populations 
worldwide.24 The risk of cutaneous melanoma is higher 
for carriers of an MC1R variant than for wild-type 
individuals, with the strongest association among 
carriers of R alleles and multiple variants.24 MC1R 
variants confer a significant increased risk of cutaneous 
melanoma in darkly pigmented individuals, highlighting 
the effect of MC1R through non-pigmentary pathways.25,26 
Moreover, MC1R variant genotypes are associated with 
phenotypic characteristics of melanoma27 and melano­
cytic naevi28 and seem to influence the somatic mutational 
load in adult cutaneous melanoma.29 Young patients 
(aged 20 years or younger) with cutaneous melanoma 
have an elevated prevalence of MC1R variants, but the 
low number of available studies, coupled with the small 

Research in context

Evidence before this study
The development of melanoma in children and adolescents has 
been hypothesised to have a stronger genetic component than 
that of melanoma in adults. We searched PubMed for studies 
published up to July 31, 2018, on melanoma susceptibility in 
paediatric patients, without language or date restrictions. We used 
the search terms “pediatric melanoma” OR “childhood melanoma” 
OR “adolescent melanoma” AND “susceptibility” OR 
“predisposition” OR “genetics”. We found that genetic 
predisposition for melanoma has been poorly investigated in 
childhood and adolescence because of the rarity of the disease. 
Most published research included few cases, mainly from single-
institution cohorts, investigating the main susceptibility genes for 
melanoma CDKN2A (cyclin-dependent kinase inhibitor 2A), CDK4 
(cyclin-dependent kinase 4), and MC1R (melanocortin 1 receptor).

The overall findings reported a marginal role in paediatric patients 
of the two major melanoma susceptibility genes, CDKN2A and 
CDK4. By contrast, a high frequency of germline variants has been 
identified in the intermediate-penetrance MC1R gene, but the 
very low number of paediatric cases of melanoma made any 
significant conclusions impossible. Therefore, we hypothesised 
that a large-scale association study could explore the importance 
of the MC1R gene in paediatric melanoma predisposition.

Added value of this study
Our study assessed the effect of MC1R gene variants on 
paediatric melanoma susceptibility in a large case-case study, 
by comparing the prevalence of MC1R variants in child or 
adolescent patients with those in adult patients and in 
healthy controls. To our knowledge, our series of patients is 
the largest international multicentre cohort of paediatric 
patients with melanoma with available genetic data. Our 
pooled analysis showed that paediatric patients had a higher 
probability of carrying any MC1R variant than that of adult 
patients, suggesting a major role of MC1R variants, mainly 
r variants, in paediatric melanoma predisposition. 
Furthermore, r variants seemed to be most strongly 
associated with melanoma in patients aged 18 years 
or younger.

Implications of all the available evidence
We provided evidence of genetic determinants potentially 
involved in paediatric melanoma susceptibility. Our study 
represents a first step to comprehend the genetic background 
of paediatric melanoma and to elucidate the diversity of 
paediatric and adult melanoma, with potential clinical 
implications.
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number of cases per study, makes drawing clear 
conclusions a challenge.18–20

To help elucidate the role of MC1R in childhood and 
adolescent cutaneous melanoma and to better under­
stand the genetic and clinical diversity of the disease 
across age, with potential clinical effects in terms of 
early melanoma detection and preventive strategies, we 
assessed these tumours in a large multicentre cohort 
pooled from the M-SKIP (melanocortin 1 receptor skin 
cancer and phenotypic characteristics) Project, the 
Italian Melanoma Intergroup (IMI), and other European 
groups. The aims of our study were to compare the 
prevalence of MC1R variants between young patients 
and healthy controls, with a case-control study design, 
and between young patients and adult patients, with a 
case-case study design.

Methods
Study design and participants
We analysed a large, multicentre cohort pooled from the 
M-SKIP Project, the IMI, and other European groups 
(appendix), including participants from 11 countries 
(Australia, Canada, France, Greece, Italy, the Netherlands, 
Serbia, Spain, Sweden, Turkey, and the USA; figure 1). 
Our analysis included children and adolescents diag­
nosed with sporadic single-primary cutaneous melanoma 
at age 20 years or younger, adult patients with sporadic 
single-primary cutaneous melanoma diagnosed at age 
35 years or older, and healthy adult individuals as 
controls. Because age is a continuous variable, and an 
exact age cutoff between adolescents and adults would 
not be expected, we excluded melanoma cases diagnosed 
in the age range of 21–34 years to avoid a possible overlap 
between categories, and thus enable comparison between 
groups with distinct clinical and genetic characteristics. 
Because of the known challenges in diagnosing paediatric 
melanoma30–32 and to decrease misdiagnosis, participating 
investigators were asked to provide the original histo­
pathological reports and representative glass slides for 
central review. Only patients for whom the original 
histopathological report was available were eligible. 
Additionally, we restricted the study to cases with 
complete MC1R genotyping. We excluded familial 
melanoma cases, cases with a history of cancer at any site 
other than non-melanoma skin cancer, atypical spitzoid 
neoplasms or melanocytic tumors of uncertain malignant 
potential, and ocular and mucosal melanomas.

Detailed information on recruitment is reported in the 
appendix. Ethics committee approval was obtained at 
each institution in which new blood samples were drawn. 
For each young patient, four adult patients and four healthy 
controls were randomly selected from the same parent 
study that provided the young patient. When this was not 
possible, adult patients and controls were selected from a 
study that was done in the nearest geographical proximity 
to the parent study of the young patient (appendix; 
figure 1). Written consent was obtained from adult  and 

older adolescent patients and the parents of young 
patients.

Procedures
For 135 young patients from the M-SKIP Project, and 
48 from the IMI and European groups, MC1R sequencing 
had already been done in study-specific laboratories 

Figure 1: Geographical areas of participant recruitment

USA: 17 young patients; 68 adult patients; 112 adult controls
Australia: 8 young  patients; 32 adult patients
Canada: 3 young  patients; 12 adult patients

Turkey: 5 young patients

Serbia: 7 young patients

France: 32 young patients

Sweden: 31 young patients; 
58 adult patients; 
58 adult controls

Netherlands: 66 adult patients; 
66 adult controls

Spain: 34 young patients; 
264 adult patients; 
264 adult controls

Greece: 6 young patients; 
72 adult patients; 
72 adult controls

Italy: 90 young patients; 
360 adult patients; 
360 adult controls

Figure 2: Flow chart of participants included in the analysis
Young patients were aged 20 years or younger, whereas adult patients and healthy controls were aged 35 years or 
older. M-SKIP=melanocortin 1 receptor skin cancer and phenotypic characteristics Project. IMI=Italian Melanoma 
Intergroup. MC1R=melanocortin 1 receptor.

233 included in the case-case
 analysis

233 included in the case-control 
 analysis

932 adults included in case-case analysis
 474 from the same parent study as 118 young
  patients
 458 from the closest geographical areas to those 
  of 115 young patients

932 adults included in case-control analysis
 354 from the same parent study as 88 young 
  patients
 578 from the closest geographical areas to those 
  of 145 young patients

233 included in the study

134 excluded
 59 MC1R was not sequenced
 75 no histopathological report 
       available

Data collected from 367 young patients
178 patients from the M-SKIP database
189 patients from IMI and European groups

Data collected from 
8582 adult patients from 
the M-SKIP database

Data collected from 
5770 adult healthy 
controls from the M-SKIP 
database
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(appendix). For the remaining 50 young patients from 
IMI and European groups who provided new blood or 
saliva samples, MC1R genotyping was done centrally at 
the University of L’Aquila (L’Aquila, Italy) and done as 
described elsewhere.33

Statistical analysis
A complete description of the statistical analysis is 
available in the appendix. Briefly, we analysed the 
associations between risk factors and young melanoma 
by logistic regression in comparison with two reference 

groups, adult patients and healthy controls, with adjust­
ment for study or geographical location.

We compared the frequency of any MC1R variants 
among children or adolescents with that of adult patients 
and controls by logistic regression, with adjustment for 
study or geographical location. These comparisons were 
repeated for any MC1R R variant, for any r variant, for a 
score calculated by summing across the MC1R alleles, 
which gives a value of 1 to r and 2 to R variants (as proposed 
elsewhere),34 and for each of the nine most prevalent MC1R 
variants and any rare MC1R variants (presence or absence). 

Young patients (n=233) Adult patients (n=932) p value* Adult controls (n=932) p value*

Sex ·· ·· 0·025 ·· 0·00030

Male 95 (41%) 456 (49%; n=931) ·· 500 (54%; n=926) ··

Female 138 (59%) 475 (51%; n=931) ·· 426 (46%; n=926) ··

Median Breslow thickness, mm (IQR) 0·93 (0·50–2·10) 1·00(0·50–2·40) 0·16 NA NA

Median common melanocytic naevi, count (IQR) 30 (15–64) 25 (10–45) 0·00070 21 (5–30) <0·0001

Any atypical melanocytic naevi 49 (43%; n=113) 165 (30%; n=556) 0·010 46 (9%; n=501) <0·0001

Melanoma body site ·· ·· 0·037 ·· NA

Head or neck 27 (12%; n=222) 127 (16%; n=808) ·· NA ··

Trunk 91 (41%; n=222) 313 (39%; n=808) ·· NA ··

Upper limbs 11 (5%; n=222) 90 (11%; n=808) ·· NA ··

Lower limbs 75 (34%; n=222) 236 (29%; n=808) ·· NA ··

NOC† 18 (8%; n=222) 42 (5%; n=808) ·· NA ··

Histolopathogical subtype ·· ·· <0·0001 ·· NA

LMM 0 (0%) 50 (7%; n=719) ·· NA ··

NM 33 (17%; n=198) 127 (18%; n=719) ·· NA ··

SSM 124 (63%; n=198) 493 (69%; n=719) ·· NA ··

ALM 7 (3%; n=198) 39 (5%; n=719) ·· NA ··

Spitzoid 13 (7%; n=198) 2 (<1%; n=719) ·· NA ··

Others‡ 21 (11%; n=198) 8 (1%; n=719) ·· NA ··

Hair colour ·· ·· 0·73 ·· 0·00030

Red 14 (7%; n=213) 55 (6%; n=895) ·· 24 (3%; n=709) ··

Blonde 60 (28%; n=213) 216 (24%; n=895) ·· 129 (18%; n=709) ··

Brown 139 (65%; n=213) 609 (68%; n=895) ·· 535 (76%; n=709) ··

NOC† 0 (0%) 15 (2%; n=895) ·· 21 (3%; n=709) ··

Eye colour ·· ·· 0·011 ·· <0·0001

Blue 65 (36%; n=181) 420 (50%; n=845) ·· 330 (47%; n=709) ··

Brown 77 (42%; n=181) 314 (37%; n=845) ·· 364 (51%; n=709) ··

Black 2 (1%; n=181) 2 (<1%; n=845) ·· 5 (1%; n=709) ··

Green, grey, hazel 5 (3%; n=181) 0 (0%) ·· 0 (0%) ··

NOC† 32 (18%; n=181) 109 (13%; n=845) ·· 10 (1%; n=709) ··

Skin type ·· ·· 0·67 ·· 0·015

I 16 (8%; n=210) 59 (7%; n=838) ·· 26 (4%; n=682) ··

II 68 (33%; n=210) 320 (36%; n=838) ·· 191 (28%; n=682) ··

III 94 (44%; n=210) 400 (45%; n=838) ·· 378 (55%; n=682) ··

IV 32 (15%; n=210) 59 (13%; n=838) ·· 87 (13%; n=682) ··

Any solar lentigines 15 (15%; n=100) 321 (75%; n=428) <0·0001 203 (68%; n=299) <0·0001

Data are n (%), unless otherwise specified. NA=not applicable. NOC=not otherwise classifiable. LMM=lentigo maligna melanoma. NM=nodular melanoma. SSM=superficial 
spreading melanoma. ALM=acral lentiginous melanoma. *Logistic regression model, adjusted by matching stratum variable. †This group includes patients with doubtful or 
mixed information, thus not classifiable. ‡Other subtypes among children or adolescents include nevoid (n=4), epithelioid (n=3), desmoplastic (n=1), and others not specified 
(n=13); subtypes among adults include epithelioid (n=5), nevoid (n=1), desmoplastic (n=1), and others not specified (n=1). 

Table 1: Characteristics of the study population
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We then used multivariable unconditional logistic 
regression models to calculate the odds ratio (OR) for 
MC1R variants after adjusting for study or geographical 
location and other covariables (as available) including sex, 
melanoma body site, histopathological subtype, hair 
colour, and skin type. We also did a sensitivity analysis with 
multivariable conditional logistic regression models. 
Because of the retrospective and multicentre nature of the 
study, information on covariables was not available for all 
the patients. Covariables with more than 30% of missing 
data were not included in the models, whereas multiple 
imputation models were done for variables with less than 
30% of missing data (appendix).

The primary analysis compared the entire sample of 
young patients with adult controls and adult patients. 
Considering the possible misdiagnosis in young patients, 
we repeated the primary analysis including only the 
subgroup of young patients with cutaneous melanoma 
diagnosis confirmed after central slide review. We then 
calculated a modified OR, applying the method proposed 
by Manfred Green35 that incorporates adjustment based 
on the predictive value of a positive test. We also did 
sensitivity analyses on the subgroup of young and adult 
patients coming from the same parental study and on the 
overall sample after the exclusion of patients without 
confirmed diagnosis. Subgroup analyses were done 
according to age at diagnosis of young patients.

Generally, p values lower than 0·05 were considered 
statistically significant. However, we also calculated 
p values corrected for false discovery rate (FDR) to take 
into account multiple comparisons. We used SAS 
software (version 9.4) and STATA (version 15) for our 
analyses.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
We retrospectively collected data up to Dec 31, 2016, of 
367 young patients, 8582 adult patients, and 5770 adult 
controls (figure 2). For 59 young patients, information on 
MC1R was not available either because of patients’ death 
(two patients) or refusal to participate in the study (n=57). 
Among the remaining 308 patients, 75 had no original 
histopathological report available, leaving 233 young 
patients for inclusion in the statistical analysis. For the 
selected 932 adult patients, 474 were from the same 
parent study as the young patients and 458 came from a 
geographically close study population. For the selected 
932 adult controls, 354 were from the same parent study 

All studied patients Patients with centralised confirmed melanoma diagnosis

Young patients 
(n=233)

Adult patients 
(n=932)

p value* Adult controls 
(n=932)

p value* Young patients 
(n=64)

Adult patients 
(n=256)

p value* Adult controls 
(n=256)

p value*

Any MC1R variants 173 (74%) 662 (71%) 0·33 550 (59%) <0·0001 46 (72%) 193 (75%) 0·56 145 (57%) 0·028

Any R variants 86 (37%) 350 (38%) 0·86 238 (26%) 0·00060 24 (38%) 102 (40%) 0·73 58 (23%) 0·016

Any r variants 115 (49%) 420 (45%) 0·24 370 (40%) 0·0077 29 (45%) 115 (45%) 0·95 102 (40%) 0·43

Score ·· ·· 0·85 ·· <0·0001 ·· ·· 0·38 ·· 0·0029

0 60 (26%) 270 (29%) ·· 382 (41%) ·· 18 (28%) 63 (25%) ·· 111 (43%) ··

1 71 (30%) 260 (28%) ·· 261 (28%) ·· 16 (25%) 70 (27%) ·· 77 (30%) ··

2 64 (27%) 227 (24%) ·· 201 (22%) ·· 20 (31%) 72 (28%) ·· 47 (18%) ··

3 28 (12%) 106 (11%) ·· 57 (6%) ·· 7 (11%) 24 (9%) ·· 15 (6%) ··

≥4 10 (4%) 69 (7%) ·· 31 (3%) ·· 3 (5%) 27 (11%) ·· 6 (2%) ··

Any Val60Leu variants 77 (33%) 270 (29%) 0·22 251 (27%) 0·060 24 (38%) 82 (32%) 0·40 70 (27%) 0·11

Any Asp84Glu variants 3 (1%) 14 (2%) 0·81 7 (1%) 0·43 1 (2%) 3 (1%) 0·80 1 (0%) 0·32

Any Val92Met variants 30 (13%) 115 (12%) 0·82 115 (12%) 0·83 9 (14%) 25 (10%) 0·32 29 (11%) 0·55

Any Arg142His variants 7 (3%) 34 (4%) 0·63 22 (2%) 0·57 0 (0%) 12 (5%) 0·98 11 (4%) 0·98

Any Arg151Cys variants 30 (13%) 142 (15%) 0·36 91 (10%) 0·17 11 (17%) 45 (18%) 0·94 23 (9%) 0·060

Any Ile155Thr variants 4 (2%) 18 (2%) 0·83 15 (2%) 0·91 1 (2%) 5 (2%) 0·84 2 (1%) 0·57

Any Arg160Trp variants 21 (9%) 93 (10%) 0·66 63 (7%) 0·23 7 (11%) 29 (11%) 0·92 15 (6%) 0·16

Any Arg163Gln variants 13 (6%) 59 (6%) 0·67 34 (4%) 0·18 0 (0%) 17 (7%) 0·97 7 (3%) 0·98

Any Asp294His variants 19 (8%) 54 (6%) 0·18 37 (4%) 0·0089 4 (6%) 17 (7%) 0·91 8 (3%) 0·25

Data are n (%). For each group of children and adolescents, the adult patients or healthy controls matched for study and geographical frequency were used as comparison groups. The score was calculated by 
summing across the MC1R alleles, which gives a value of 1 to r and 2 to R variants.34 R variants include Asp84Glu, Arg142His, Arg151Cys, Ile155Thr, Arg160Trp, Asp294His, and other rare variants classified as R 
according to the algorithm proposed by Davies et al.34 The r variants include Val60Leu, Val92Met, Arg163Gln, and other rare variants classified as r according to the algorithm proposed by Davies et al.34 

MC1R=melanocortin 1 receptor. *Logistic regression model, adjusted by matching stratum variable.

Table 2: Association between MC1R variants and childhood or adolescent melanoma in all study patients and in the subgroup of patients with a confirmed melanoma diagnosis after 
centralised slide review
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as the young patients and 578 came from a geographically 
close study population. Young patients had a median age 
of 18 years (IQR 15–19), adult patients had a median age 
of 55 years (45–67), and adult healthy controls had a 
median age of 50 years (43–59). The total count of 
common melanocytic naevi was higher in young patients 
than in either adult patients or controls (table 1). Young 
patients had a higher proportion of atypical melanocytic 
naevi than those of adult patients and adult controls. We 
found differences between young patients and adult 
patients regarding the histopathological subtype of 
melanomas and the body site where they occurred. 
Children and adolescents had a lower prevalence of blue 
eyes than that of adult patients or controls, and they were 
less likely to have solar lentigines than adult patients or 
controls (table 1).

Table 2 shows the frequencies of any MC1R variants, 
any R variants, any r variants, MC1R score, and any of the 
nine most prevalent MC1R variants in the young patients, 
adult patients, and adult controls in our study. With a 
univariable analysis, we found no significant differences 
in frequency of MC1R variants between young and adult 
patients. However, young patients had significantly 
higher frequencies of any variants, R variants, r variants, 
and MC1R score than those of healthy controls, supporting 
the role of MC1R in melanoma susceptibility. We found 

eight rare MC1R variants in young patients: 86insA (two 
patients), Val51Ala, Thr95Met, Val122Met, Arg151His, 
Ala218Thr, Phe258Leu, Lys278Glu, (one patient each). 
No association was found between childhood and 
adolescent melanoma and any MC1R rare variant (data 
not shown).

Among the 233 young patients in our cohort, 
representative histopathological slides of the tumour 
were available for 85 patients and were centrally reviewed 
for quality control by a dermatopathologist (DM). These 
85 patients had clinicopathological characteristics similar 
to those of 148 patients for whom glass slides were not 
reviewed (appendix). The original diagnosis of melanoma 
was confirmed in 64 (75%) of 85 patients. The samples of 
the other 21 (25%) patients were deemed not repre­
sentative, were difficult to interpret for technical reasons, 
or were reclassified as atypical melanocytic naevi, atypical 
junctional melanocytic proliferations, pagetoid melano­
cytosis overlying congenital naevi, or ambiguous atypical 
melanocytic proliferations with spitzoid features. In the 
reclassified cases, serial unstained slides or paraffin 
blocks were not available, and thus additional immuno­
histochemical or molecular analyses, which would have 
clarified interpretation, were precluded. Such doubtful 
cases were independently reviewed by a second dermato­
pathologist (FF), but the conflicting discrepancy with the 
original diagnosis remained unresolved. The median 
Breslow thickness was 1·00 mm (IQR 0·50–1·90) in the 
64 patients with a confirmed diagnosis and 0·45 mm 
(0·10–0·75) in the 21 patients for whom the original 
diagnosis was not confirmed (p=0·0005; appendix). No 
other clinicopathological features differed between the 
two groups (appendix).

The frequencies of MC1R variants in this subgroup of 
64 children or adolescents with a confirmed diagnosis 
after histopathological review and in the matched 
256 adult patients, and 256 controls were similar to those 
reported for the primary analysis (table 2).

We found that children or adolescents with cutaneous 
melanoma had significantly higher odds of carrying any 
r variants than those of adult patients (OR 1·54, 95% CI 
1·02–2·33; FDR-corrected p=0·17; figure 3). Concerning 
specific MC1R variants, we found a positive association 
for all MC1R variants with childhood and adolescent 
melanoma, except for the Arg160Trp variant (figure 4). 
We found a statistically significant association for 
Val60Leu (p=0·04, FDR-corrected p=0·17) and Asp294His 
(p=0·04, FDR-corrected p=0·17) variants in both the 
primary analysis and after correction for possible 
misdiagnosis (figure 4). Similar results were obtained in 
the sensitivity analysis with conditional logistic 
regression models (appendix) and by excluding the 
21 children and adolescents without centrally confirmed 
diagnosis (appendix). Finally, when we repeated the 
primary analysis on the subgroups of young patients and 
adult patients from the same parental study, we obtained 
stronger associations with childhood and adolescent 

Figure 3: Covariable-adjusted odds ratio (OR) for the association between any MC1R variants, R variants, and 
r variants and childhood and adolescent melanoma compared with adult melanoma
All ORs were adjusted by sex, matching stratum variable, melanoma body site and histopathological subtype, hair 
colour, and skin type. For each OR, the comparison groups included child and adolescent patients matched (4:1) 
with adult patients by study or geographical area. The reference category for OR was MC1R wild-type (WT) 
individuals. Numbers of children or adolescents and adults reported here are the total numbers of patients 
included in each analysis, independently by MC1R status. For the analysis on any R variant versus WT, patients 
carrying only r variants were excluded, and for the analysis on any r variant versus WT, patients carrying only 
R variants were excluded. R variants include Asp84Glu, Arg142His, Arg151Cys, Ile155Thr, Arg160Trp, Asp294His, 
and other rare variants classified as R according to the algorithm proposed by Davies and colleagues.34 
The r variants include Val60Leu, Val92Met, Arg163Gln, and other rare variants classified as r according to the 
algorithm proposed by Davies and colleagues.34 MC1R=melanocortin 1 receptor. *Calculated on the subgroup of 
patients with confirmed diagnosis of melanoma after centralised pathological review of glass slides. †Calculated 
on the whole sample of 233 child and adolescent patients. ‡Corrected for probability of misdiagnosis, by 
combining information from OR of confirmed diagnoses and OR of all patients, as suggested elsewhere.35 
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melanoma than those of the primary analysis for 
carriers of any MC1R variant (OR 2·04, 95% CI 
1·19–3·50), r variants (2·61, 1·43–4·73), and Val60Leu 
(2·67, 1·44–4·95) and Asp294His variants (3·12, 
1·08–9·03; appendix).

We did a subgroup analysis by age at diagnosis (patients 
who were 18 years or younger and patients who were 
14 years or younger at diagnosis), and we observed a 
significantly higher frequency of r variants in patients 
aged 18 years or younger than in adult patients (OR 1·80, 
95% CI 1·06–3·07; FDR-corrected p=0·61; table 3). The 
corresponding OR for patients aged 14 years or younger 
was even higher, but was not significant because of the 
small number of patients.

We also did a case-control analysis comparing young 
patients with melanoma with healthy adult controls 
(appendix). We found a significantly higher risk of 
childhood and adolescent melanoma in carriers of any 
MC1R, R, and r variants, as well as for the most common 
MC1R Val60Leu, Val92Met, Arg151Cys, Arg163Gln, and 
Asp294His variants compared with that in healthy controls. 
Results remained significant after correction for multiple 
comparison, except for the Val92Met variant (FDR-corrected 
p=0·07).

Discussion
Our pooled-analysis showed that young patients had 
significantly higher frequencies of any MC1R variants, 
R variants, and r variants than those of healthy controls, 
supporting the role of MC1R variants as genetic risk 
factors for childhood and adolescent cutaneous 
melanoma. We also found that the frequency of r variants 
was elevated in young patients compared with that of 
adult patients. The effect of r variants was supported by 
analyses limited to individuals aged 18 years or younger 
and was even stronger, but not significantly, for children 
aged 14 years or younger, suggesting a higher prevalence 
of MC1R variants in childhood melanoma. The MC1R 
Val60Leu and Asp294His variants showed the most robust 
association with melanoma in childhood and adolescence, 
even after correction for possible misdiagnosis.

Childhood and adolescent melanoma has been report­
ed to occur most commonly in white people and in 
girls.2,10,13 In line with two previous studies,12,13 we found 
that young patients with melanoma are characterised by 
a fairer phenotype than that of healthy controls, including 
traits such as red hair and skin type. By contrast, 
young patients presented with more darkly pigmented 
characteristics, such as brown eyes, skin type III or IV, 
and a lower prevalence of freckles compared with those 
of location-matched adult patients. Consistent with most 
published studies, 2,11,36 our young patients showed a high 
number of melanocytic naevi, both common and atypical, 
and developed melanomas mainly on the lower limbs 
and the trunk. Childhood and adolescent melanoma 
was more commonly diagnosed as nodular melanoma 
compared with its adult counterpart. Spitzoid melanomas 

Figure 4: Covariable-adjusted odds ratio (OR) for the association between the nine most prevalent MC1R 
variants and childhood and adolescent melanoma compared with adult melanoma
All ORs were adjusted by sex, matching stratum variable, melanoma body site and histopathological type, hair 
colour, and skin type. For each OR, the comparison groups included young patients matched (4:1) with adult 
patients by study or geographical area. The reference category for OR was MC1R wild-type (WT) individuals. 
Numbers of children or adolescents and adults reported here are the total numbers of patients included in each 
analysis, independently by MC1R status. For the analysis on each variant versus WT, patients carrying only other 
MC1R variants were excluded. R variants include Asp84Glu, Arg142His, Arg151Cys, Ile155Thr, Arg160Trp, 
Asp294His, and other rare variants classified as R according to the algorithm proposed by Davies and colleagues.34 
The r variants include Val60Leu, Val92Met, Arg163Gln, and other rare variants classified as r according to the 
algorithm proposed by Davies and colleagues.34 MC1R=melanocortin 1 receptor. *Calculated on the subgroup of 
patients with confirmed diagnosis of melanoma after centralised pathological review of glass slides. †Calculated 
on the whole sample of 233 young patients. ‡Corrected for probability of misdiagnosis, by combining information 
from OR of confirmed diagnoses and OR of all patients, as suggested elsewhere.35 
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were more frequently identified in young patients, 
whereas lentigo maligna melanomas were only seen in 
adulthood.

The effect of MC1R variants in childhood and adol­
escent melanoma was investigated in small series of 
patients.18–20 One study19 published in 2009, identified 
MC1R variants in 12 (57%) of 21 patients, with a higher 
frequency of r than that of R variants. More 
recently, two case series reported MC1R variants in 
ten (43%) of 23 patients18 and in four (67%) of six.20 In our 
pooled-analysis, MC1R variants were detected in 74% of 
young patients.

Our findings showed a stronger role of MC1R r variants 
in childhood and adolescent melanoma than in adult 
melanoma, suggesting an involvement of biological 
pathways other than pigmentation and UV-sensitivity, 
such as antioxidant defences, DNA repair, and cell 
proliferation.22,24,37 Indeed, MC1R signalling was found to 
be crucial for melanocyte key processes,38 showing that 
MC1R variants, combined with HERC2/OCA2 alleles, 
can determine the number of naevi bigger than 2 mm in 
sunburned children.39

In our study, the MC1R variants Val60Leu and 
Asp294His showed significantly higher prevalence in 
childhood and adolescent melanoma than in the adult 
form of the disease. The role of Val60Leu in adult 
melanoma is controversial, and the magnitude of risk 
varies across populations.40 A positive association of 
Val60Leu with melanoma has been reported in the 

Mediterranean area, where Val60Leu is the most frequent 
of all variants.40 The Asp294His variant is common in 
individuals with the red hair colour phenotype. The 
association of Asp294His with melanoma risk shows the 
heterogeneity between northern and southern European 
populations, where individuals who are more darkly 
pigmented are at higher risk of melanoma associated 
with Asp294His than are northern, less pigmented 
populations.41

To the best of our knowledge, our series of childhood 
and adolescent melanoma patients is the largest 
international multicentre cohort published so far with 
available MC1R genetic data. The large number of young 
patients with melanoma, and comparable adult patients, 
provide powerful estimates of the association between 
MC1R variants and childhood and adolescent melanoma 
within different populations. Another strength of our 
study was the centralised data quality control and 
statistical analysis that provided consistency across the 
numerous parent studies in defining and adjusting for 
important covariates. Histopathological centralised 
review of a third of the patients allowed us to calculate 
association estimates in a subset of children or 
adolescents with a histologically confirmed diagnosis 
and was helpful for calculating corrected risk estimates 
considering the issue of misdiagnosis.

Young patients with melanoma represent a hetero­
geneous group, including neonates, children, and 
adolescents, with various distinct presentations.9 Child­
hood melanoma might indeed differ from adolescent 
melanoma, and both might differ from adult melanoma.4 
To further address heterogeneity between melanomas 
developed at different ages, we did a stratified analysis 
for patients aged 14 years or younger and 18 years or 
younger. Our non-significant findings from the younger 
subgroup might have resulted from decreased power 
related to the small sample size (59 patients) of this 
subgroup, whereas a separate multivariable analysis 
limited to children aged 10 years or younger was not 
possible because of the low number of patients 
(23 patients). In our child and adolescent sample, we 
had more darkly pigmented patients from southern 
European countries than from northern European 
origin, which might have resulted in high frequencies of 
r variants, more common in southern Europe than in 
northern Europe.42 However, because young patients 
were compared with adult patients and controls from 
the same geographical areas, we do not believe this 
affected our results. Indeed, a sensitivity analysis done 
in the subgroup of young patients with adult patients 
sampled from the same parent study provided similar 
results. A centralised review of all melanomas would be 
desirable but, unfortunately, it was not feasible because 
of the retrospective nature of the study. To reduce disease 
misclassification, we excluded from the analysis patients 
whose histopathological reports were not available. We 
also provided risk estimates corrected for our observed 

Patients aged ≤18 years (n=148) Patients aged ≤14 years (n=52)

Young 
patients/adult 
patients

OR (95% CI) Young 
patients/adult 
patients

OR (95% CI)

Any variants 148/592 1·45 (0·89–2·34) 52/208 1·86 (0·69–5·03)

Any R variants 73/330 0·99 (0·52–1·89) 27/115 1·63 (0·42–6·36)

Any r variants 98/374 1·80 (1·06–3·07) 35/142 2·27 (0·76–6·83)

Any Val60Leu variants 88/357 1·59 (0·91–2·76) 31/136 2·27 (0·76–6·80)

Any Asp84Glu variants 43/192 0·97 (0·13–6·99) 15/73 Not calculated

Any Val92Met variants 61/253 1·62 (0·79–3·33) 18/93 0·95 (0·11–7·97)

Any Arg142His variants 45/201 1·32 (0·34–5·13) 13/80 Not calculated

Any Arg151Cys variants 56/277 0·82 (0·38–1·80) 18/97 0·61 (0·10–3·88)

Any Ile155Thr variants 43/192 1·13 (0·17–7·64) 15/71 Not calculated

Any Arg160Trp variants 55/234 1·08 (0·45–2·58) 21/87 3·57 (0·62–20·52)

Any Arg163Gln variants 51/219 1·61 (0·61–4·22) 16/84 0·68 (0·03–14·81)

Any Asp294His variants 52/272 1·47 (0·58–3·70) 14/86 Not calculated

Odds ratios (ORs) were adjusted by sex, matching stratum variable, melanoma body site and histological subtype, and 
skin type. Hair colour was not included because this category had more than 30% of missing data for these groups of 
patients. For each OR, the comparison group included 4:1 frequency-matched adult patients by study or geographical 
area. The reference category for ORs were MC1R wild-type individuals. The number of children and adults reported here 
are the total number of patients included in each analysis, independently by MC1R status. For the analysis on each 
variant versus wild type, patients carrying only other MC1R variants were excluded. R variants include Asp84Glu, 
Arg142His, Arg151Cys, Ile155Thr, Arg160Trp, Asp294His, and other rare variants classified as R according to the 
algorithm proposed by Davies et al.34 The r variants include Val60Leu, Val92Met, Arg163Gln, and other rare variants 
classified as r according to the algorithm proposed by Davies et al.34 MC1R=melanocortin 1 receptor.

Table 3: Subgroup analysis by age at diagnosis
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misclassification prevalence among patients with 
histopathological centralised review, a group that was 
representative of the entire cohort of young patients. 
Nevertheless, we should note that this correction could 
not provide an exact estimate of the associations, as in a 
sample with only centrally confirmed diagnosed cases, 
and some imprecision of estimates could therefore not 
be ruled out. Because our cohort did not include patients 
with familial melanoma and the major susceptibility 
genes are rarely mutated in young patients,12,15,17,20 we did 
not analyse CDKN2A and CDK4 genes in our patients. It 
is possible that other major melanoma predisposition 
genes might influence the risk of disease in children and 
adolescents, but the absence of genetic data on these 
genes, such as BAP1, prevented the analysis of possible 
gene–gene interactions. Finally, although we did a high 
number of statistical tests, we allowed unadjusted 
p values to guide the interpretation of our results. 
Because of the exploratory, rather than confirmatory, 
nature of this study, we believe that our approach of 
describing the tests of significance we did, as advised by 
Thomas V Perneger,43 is appropriate. However, to directly 
address the issue of multiple testing, we also presented 
FDR-corrected p values.

In conclusion, our pooled analysis showed that natural 
variations in MC1R are a genetic risk factor for childhood 
and adolescent cutaneous melanoma, as well as for adult 
cutaneous melanoma. MC1R variants, mainly r alleles, 
were suggested to have a greater role in childhood and 
adolescent melanoma than in adult melanoma, possibly 
through a pigmentation-independent pathway. Add­
itionally, we observed a stronger effect of r variants when 
the analysis was restricted to patients with melanoma 
aged 18 years or younger. Our study contributes to the 
comprehension of the genetic background of paediatric 
melanoma and elucidates the genetic diversity of 
paediatric and adult melanoma, with potential clinical 
relevance for developing early melanoma detection and 
preventive strategies.
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