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Abstract
Background A polygenic inheritance involving high, medium and low penetrance genes has been suggested for mela-
noma susceptibility in adults, but genetic information is scarce for paediatric patients.
Objective We aim to analyse the major high and intermediate melanoma risk genes, CDKN2A, CDK4, POT1, MITF and
MC1R, in a large multicentre cohort of Italian children and adolescents in order to explore the genetic context of paedi-
atric melanoma and to reveal potential differences in heritability between children and adolescents.
Methods One-hundred-twenty-three patients (<21 years) from nine Italian centres were analysed for the CDKN2A,
CDK4, POT1, MITF, and MC1R melanoma predisposing genes. The rate of gene variants was compared between spo-
radic, familial and multiple melanoma patients and between children and adolescents, and their association with clinico-
pathological characteristics was evaluated.
Results Most patients carried MC1R variants (67%), while CDKN2A pathogenic variants were found in 9% of the
cases, theMITF E318K in 2% of patients and none carried CDK4 or the POT1 S270N pathogenic variant. Sporadic mela-
noma patients significantly differed from familial and multiple cases for the young age at diagnosis, infrequent red hair
colour, low number of nevi, low frequency of CDKN2A pathogenic variants and of the MC1R R160W variant. Melanoma
in children (≤12 years) had more frequently spitzoid histotype, were located on the head/neck and upper limbs and had
higher Breslow thickness. The MC1R V92M variant was more common in children than in adolescents. CDKN2A com-
mon polymorphisms andMC1R variants were associated with a high number of nevi.
Conclusion Our results confirm the scarce involvement of the major high-risk susceptibility genes in paediatric mela-
noma and suggest the implication ofMC1R gene variants especially in the children population.
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Introduction
Melanoma is a rare disease in childhood and adolescence, with

approximately 1%–4% of cutaneous melanomas (CM) occur-

ring in patients younger than 21 years of age1 and an incidence

of 5–6 cases per million in the paediatric population.2

There are significant clinical and histopathological differences

between childhood and adolescent melanoma supporting the

hypothesis of biologically distinct diseases.3 Children develop

thicker lesions, mainly of the spitzoid and nodular subtype, fre-

quently associated with a pre-existing congenital melanocytic

nevus (CMN); they have higher rates of lymph node metastasis

and more advanced stage at diagnosis than the adolescence

counterpart.4 Contrariwise, adolescents most commonly show

superficial spreading melanoma (SSM) and mainly occurs de

novo in patients with fair-coloured skin and sun exposure

habits.5

Main risk factors for paediatric melanoma are conditions

unique to the childhood population and include giant CMN and

hereditary conditions such as xeroderma pigmentosum, immun-

odeficiency and albinism.6 A history of sunburns and intermit-

tent UV exposure has been associated with adolescence

melanoma.4,6 Other known risk factors are the presence of

numerous acquired melanocytic nevi, the dysplastic nevus syn-

drome and a sun-sensitive phenotype.3–6 Finally, although only

a minority of paediatric cases have been reported in a familial

context, the importance of a family history has been confirmed

in several studies.7,8

A polygenic mechanism of inheritance involving high- and

medium-/low-risk genes is known for adults with familial mela-

noma (FM) and multiple primary melanomas (MPM) and has

been associated with an earlier age of development.9 CDKN2A is

the major melanoma high-risk gene and the frequency of germ-

line pathogenic variants (PVs) varies between 8% and 40% of

familial cases.10 Additional genes, including CDK4, POT1, BAP1,

TERT promoter, ACD and TERF2IP, have been reported to con-

fer a high risk of melanoma susceptibility, although their patho-

genic variants are extremely rare and all together contribute to

<10% of adult heritability.11 The hotspot S270N substitution of

POT1 gene has been reported as founder PV in Italy with a fre-

quency comparable to that of CDKN2A PVs in Italian familial

melanoma.12 Inheritance of multiple medium-to-low risk

variants, including MC1R variants and the MITF E318K substi-

tution, may explain part of the missing heritability.13–15 MC1R is

a highly polymorphic gene and specificMC1R variants are classi-

fied as ‘R’ or ‘r’ alleles according to the strength of association

with the red hair colour phenotype.14,15 Overall, the presence of

any MC1R variant is a risk factor for melanoma, with higher risk

values observed for R alleles and occurrence of multiple vari-

ants.16–18

It has long been debated if paediatric occurrence is linked to

melanoma susceptibility genes already established in adult

patients. However, genetic predisposition has been poorly inves-

tigated in childhood and adolescence due to the rarity of the dis-

ease. The few published genetic studies on paediatric melanoma

susceptibility investigated only the variations in CDKN2A,

CDK4 and MC1R genes, with the majority of them including a

small number of cases, mainly from a single institution.7,16–22

Overall, they report that germline CDKN2A PVs are rare in pae-

diatric melanoma,7,16,17,23–25 while a high frequency of germline

variants has been identified in MC1R gene.19-20,22

To the best of our knowledge, the differences in melanoma

susceptibility between sporadic and familial cases, and between

children and adolescents, have never been investigated.

Herein, we analysed the major high and intermediate mela-

noma risk genes, CDKN2A, CDK4, POT1, MITF and MC1R, in a

large multicentre cohort of Italian children and adolescents, in

order to explore the genetic context of paediatric melanoma and

to reveal potential differences in heritability between children

and adolescents.

Materials and methods
This multicentre cross-sectional study involved nine centres par-

ticipating in the Italian Melanoma Intergroup (IMI). Investiga-

tors retrospectively reviewed their databases and identified 123

histologically confirmed CM diagnosed in patients <21 years of

age. Sporadic, FM and MPM cases were included. Exclusion cri-

teria were the followings: patients with atypical Spitzoid neo-

plasms/MELTUMP, ocular or mucosal melanomas. The

exclusion of MELTUMP was motivated by the fact that it is not

a histologically confirmed melanoma, therefore we thought that

melanoma genes might not have a role in the susceptibility of

these controversial lesions. Genomic DNA was already available
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for 82 subjects included in research protocols previously

approved by local Ethics Committees. For 41 patients, blood

samples were prospectively collected during follow-up visits, as

part of a multicentre research protocol (R58/14-IEO69).

Epidemiological and clinical data were collected by each

investigator at the time of melanoma diagnosis. For a small

number of sporadic cases (15/91, 16%), histopathological slide

revision was performed as part of our previous publication.22 All

the data were centrally entered in a main database, data quality

controls and data standardization were performed according to

rules of the Melanocortin-1 receptor gene, Skin cancer and

Phenotypic characteristics (M-SKIP) project.26

Genetic analysis
Genetic analyses were performed at five different centres, follow-

ing a common experimental protocol. Briefly, genomic DNA

was extracted from blood samples and analysed for mutations in

CDKN2A, CDK4, MC1R and MITF by Sanger sequencing.19,27–31

For the CDKN2A gene (reference sequence LRG_11), the com-

mon protocol included the sequencing of the 50 UTR (from

!157 bp), exons 1 alpha, 1 beta, 2 and 3, and the 30 UTR (to

+111 bp); the data of the !191 position were already collected

by four centres and were retained in the analysis. For the CDK4

gene (reference sequence LRG_490), we sequenced the exon 2;

for POT1, we analysed the position S270; for the MC1R (refer-

ence sequence NM_002386.4), the entire coding region and for

the MITF (reference sequence LRG_776), the exon 9.

Statistical analysis
For genetic analysis, we considered as CDKN2A PVs variants all

the coding substitutions and indels with a previously described

pathogenic significance, while the known A148T (rs3731249)

change and the non-coding polymorphisms were defined as sin-

gle nucleotide polymorphisms (SNP). Regarding MC1R gene, we

considered ‘R’ (D84E, R142H, R151C, R160W, D294H and

I155T) and ‘r’ (V60L, V92M and R163Q) variants as previously

reported.21,32–34 Single polymorphisms analysis for MC1R com-

pared carriers vs. non-carriers of each specific variant was per-

formed. Sensitivity analyses comparing each MC1R variant with

wild-type subjects were also conducted.

We compared clinico-pathological and genetic features

among sporadic, FM and MPM cases, and between children

(<12 years) and adolescents by using the non-parametric Wil-

coxon two-independent sample test for continuous variables,

and the Chi-Square test or Fisher Exact test, as appropriate, for

categorical variables. The same tests were used to investigate the

association between the most frequent CDKN2A and MC1R

alterations with clinical and epidemiological characteristics.

Missing data were excluded by the analysis. The statistical analy-

sis was carried out using SAS software, version 9.2 (SAS Insti-

tute, Cary, NC, USA).

Results
Overall, 123 histologically confirmed CM cases diagnosed in

patients younger than 21 years of age were included in the study.

The majority of patients (59%) was females, had brown hair

(74%), dark eyes (72%) and developed melanoma on the trunk

(41%; Table 1). Most melanomas (71%) were of the SSM sub-

type, and the mean Breslow thickness of the first melanoma was

1.81 " 2.0 mm. Melanoma was associated with a CMN in 12 of

102 (12%) patients.

Overall, 91 of 123 (74%) were sporadic single primary cases,

18 (15%) FM and 14 (11%) MPM. MPM patients included 8

sporadic and 6 familial melanoma patients. Sporadic single pri-

mary patients were younger (P = 0.03), less frequently red

haired (P = 0.03) and carried a lower number of common mela-

nocytic nevi than FM or MPM patients (P = 0.05; Table 1).

According to age at first diagnosis, 105 were adolescents

(85%) and 18 children (15%). Primary melanomas of children

differed from those of the adolescents for histotype, being more

frequently spitzoid and less frequently SSM (P < 0.0001), for

higher Breslow thickness (2.88 " 2.27 vs. 1.63 " 1.92;

P = 0.03) and for the more frequent occurrence in the head/

neck region and upper limbs than trunk and lower limbs

(P = 0.01; Table 2).

Genetic susceptibility
Analysis of high-penetrance genes identified germline CDKN2A

PVs in 11 of 123 (9%) patients, while PVs in CDK4 exon 2 and

the POT1 S270N variant were not detected in our sample. Among

CDKN2A PVs, the G101W was detected in five (5/11, 45%) cases

(1 sporadic and 4 FM patients) and the R24P in two (18%), while

L63M, P48T, R58X and the delCDKN2A in one case each (9%).

In addition to PVs, we observed a high frequency of CDKN2A

polymorphisms (57/123, 46%), mainly the c.-191G>A (33/83 with

available information, 40%) and 30UTR polymorphisms (55/123,

45%). Regarding intermediate penetrance genes, 3 (3/123, 2.4%)

patients harboured the MITF p.E318K substitution, whereas the

majority of cases (83/122 with available information, 67%) carried

at least oneMC1R variant (Table 3).

CDKN2A PVs were detected at higher frequency in MPM

(50%) and in FM patients (29%) than in sporadic cases (2%;

P < 0.0001). Same results were observed for the MC1R R160W

variant (21%, 13% and 2% respectively, P = 0.01; Table 3).

Regarding age at diagnosis, no association was found with

CDKN2A, while we observed that the MC1R V92M variant was

significantly more frequent in children than adolescents

(Table 4) and was associated with a lower age at diagnosis

(P = 0.03, Table S1).

The CDKN2A -191G>A polymorphism was associated with a

high number of common nevi (P = 0.007; Fig. 1a and

Table S2), the presence of atypical nevi (76% vs. 40% of non-

carriers, P = 0.05, Table S2) and blonde hair colour (0/3 red,

© 2021 European Academy of Dermatology and VenereologyJEADV 2021

Genetic susceptibility to childhood melanoma 3



0%; 5/6 blonde, 83%; 18/35 brown, 51%; 0/4 black, 0%,

P = 0.02, Table S2). Similarly, CDKN2A polymorphisms in 30

UTR were associated with the presence of atypical nevi (59% vs.

32% of non-carriers, P = 0.03, Table S2).

Overall, patients with MC1R variants showed lower Breslow

thickness (P = 0.02) and presented a higher number of common

nevi than non-carriers (P = 0.006; Table S1 and Fig. 1b). This

last association was stronger for carriers of MC1R R variants

(P = 0.0008; Fig. 1c). As expected, R variants were associated

with fair skin and red hair colour, while r variants with darker

hair colour (Table S1). Looking at specific MC1R variants,

R151C was more frequent in patients with CM localized on head

and neck (35% vs. 0% upper limbs, 11% trunk, 8% lower limbs

and 0% others, P = 0.04, Table S1), while four of the six

Table 1 Descriptive characteristics of the study population according to sporadic, familial and multiple melanoma. Reported tumour
characteristics for multiple melanoma refer to the first primary melanoma

All cases
(N = 123)
N (%)

Sporadic single
primary cases (N = 91)
N (%)

Familial cases
(N = 24 †)
N (%)

Multiple melanoma
cases (N = 14 †)
N (%)

P-value

Age‡ 16 " 4 16 " 4 18 " 2 16 " 3 0.03

Female sex 73 (59%) 52 (57%) 14 (58%) 11 (79%) 0.40

Dark eye colour§ 63 (72%) 44 (70%) 13 (68%) 8 (80%) 0.56

Hair colour 0.03

Red 7 (8%) 2 (3%) 3 (16%) 4 (40%)

Blonde 12 (14%) 10 (16%) 2 (11%) 0 (0%)

Brown 65 (74%) 49 (78%) 13 (68%) 5 (50%)

Black 4 (5%) 2 (3%) 1 (5%) 1 (10%)

Skin type 0.49

I 7 (8%) 4 (6%) 1 (5%) 3 (30%)

II 39 (45%) 26 (42%) 10 (53%) 6 (60%)

III 33 (38%) 25 (40%) 7 (37%) 1 (10%)

IV 8 (9%) 7 (11%) 1 (5%) 0 (0%)

Presence of freckles 15 (18%) 9 (16%) 5 (25%) 3 (30%) 0.40

Common nevi number‡ 42 " 27 39 " 27 52 " 26 52 " 27 0.05

Presence of atypical nevi 34 (48%) 23 (47%) 8 (44%) 7 (88%) 0.81

Any sunburn 46 (53%) 30 (49%) 13 (65%) 6 (60%) 0.29

Histotype of the primary melanoma 0.06

NM 19 (20%) 18 (25%) 1 (5%) 0 (0%)

SSM 67 (71%) 45 (63%) 18 (95%) 9 (90%)

ALM 2 (2%) 2 (3%) 0 (0%) 0 (0%)

Spitzoid 4 (4%) 4 (6%) 0 (0%) 0 (0%)

Others¶ 3 (3%) 2 (3%) 0 (0%) 1 (10%)

Body site of the primary melanoma 0.08

Arms/upper limbs 14 (12%) 11 (13%) 2 (8%) 3 (23%)

Head and neck 17 (14%) 15 (17%) 1 (4%) 1 (8%)

Trunk 48 (41%) 32 (37%) 13 (54%) 6 (46%)

Lower limbs 37 (31%) 29 (33%) 6 (25%) 3 (23%)

Others 2 (2%) 0 (0%) 2 (8%) 0 (0%)

Breslow thickness of the primary melanoma‡ 1.81 " 2.01 2.06 " 2.20 1.14 " 0.99 1.15 " 1.37 0.16

Melanoma arising in congenital nevi 12 (12%) 7 (10%) 3 (13%) 3 (27%) 0.28

N = 52 missing data for atypical nevi; N = 46 for common nevi; N = 39 for freckles; N = 36 for skin type and sunburn; N = 35 for eye colour and hair colour;
N = 28 for histotype; N = 21 for congenital nevi; N = 11 for Breslow thickness and N = 5 for body site. Significant P-values (<0.05) are in bold.
ALM, acral lentigo melanoma; NM, nodular melanoma; SSM, superficial spreading melanoma.
*P-value for the difference between the following two groups: sporadic single primary (N = 91 subjects) vs. familial and/or multiple melanoma cases (N = 32
patients). Non-parametric Wilcoxon two-independent sample test for continuous variables and Chi-Square test or Fisher Exact test for categorical variables,
as appropriate.
†Included six familial cases with multiple primary melanomas.
‡Mean " SD.
§Dark eye colour: brown and black; fair eye colour: blue, green, grey and hazel.
¶Epithelioid (N = 1), Equine type (N = 1) and Desmoplastic (N = 1).
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patients with D294H variant had CM on upper limbs

(P = 0.01). Children and adolescents with melanoma raised on

congenital nevus were more frequently carriers of R151C and

R150W variants (P = 0.05 and 0.03, respectively, Table S1).

Discussion
We analysed known melanoma susceptibility genes in paediatric

patients, showing differences among sporadic, familial and mul-

tiple melanoma cases and between children and adolescents. In

the overall patient population, we identified a low frequency of

PVs in CDKN2A and MITF genes and a high rate of MC1R vari-

ants. Patients with sporadic, FM and MPM significantly differed

for age at diagnosis, hair colour, number of nevi and for fre-

quency of CDKN2A mutations and MC1R R160W variant.

Regarding age groups, melanoma in patients aged <12 years

showed a high Breslow thickness, head/neck and upper limbs

localization and higher frequency of spitzoid subtype in compar-

ison with adolescents. The MC1R V92M variant was more fre-

quent in children than in adolescents and was suggested to be

associated with earlier age at diagnosis.

Table 2 Descriptive characteristics of the study population according to age at melanoma diagnosis

All cases
(N = 123)
N (%)

Cases ≤12 years
(N = 18)
N (%)

Cases >12 years
(N = 105)
N (%)

P-value*

Female sex 73 (59%) 13 (72%) 60 (57%) 0.23

Familial or multiple 32 (26%) 4 (22%) 28 (27%) 0.69

Dark eye colour† 63 (72%) 7 (78%) 56 (71%) 1.00

Hair colour 0.58

Red 7 (8%) 0 (0%) 7 (9%)

Blonde 12 (14%) 1 (11%) 11 (14%)

Brown 65 (74%) 7 (78%) 58 (73%)

Black 4 (5%) 1 (11%) 3 (4%)

Skin type 0.85

I 7 (8%) 0 (0%) 7 (9%)

II 39 (45%) 5 (56%) 34 (44%)

III 33 (38%) 4 (44%) 29 (37%)

IV 8 (9%) 0 (0%) 8 (10%)

Presence of freckles 15 (18%) 1 (11%) 14 (19%) 1.00

Common nevi number§ 42 " 27 39 " 31 42 " 27 0.64

Presence of atypical nevi 34 (48%) 2 (33%) 32 (49%) 0.68

Any sunburn 46 (53%) 3 (33%) 43 (55%) 0.30

Histotype of the primary melanoma <0.0001

NM 19 (20%) 4 (27%) 15 (19%)

SSM 67 (71%) 4 (27%) 63 (79%)

ALM 2 (2%) 1 (7%) 1 (1%)

Spitzoid 4 (4%) 4 (27%) 0 (0%)

Others‡ 3 (3%) 2 (13%) 1 (1%)

Body site of the primary melanoma 0.01

Arms/upper limbs 14 (12%) 5 (31%) 9 (9%)

Head and neck 17 (14%) 5 (31%) 12 (12%)

Trunk 48 (41%) 4 (25%) 44 (43%)

Lower limbs 37 (31%) 2 (13%) 35 (34%)

Other 2 (2%) 0 (0%) 2 (2%)

Breslow thickness of the primary melanoma§ 1.81 " 2.01 2.88 " 2.27 1.63 " 1.92 0.03

Melanoma arising in congenital nevi 12 (12%) 2 (14%) 10 (11%) 0.67

Significant P-values (<0.05) are in bold.
ALM, acral lentigo melanoma; NM, nodular melanoma; SSM, superficial spreading melanoma.
*P-value for the difference between patients older and younger than 12 years old. Non-parametric Wilcoxon two-independent sample test for continuous
variables and Chi-Square test or Fisher Exact test for categorical variables, as appropriate.
†Fair eye colour: blue, green, grey and hazel; dark eye colour: brown and black.
‡Epithelioid (N = 1), Equine type (N = 1) and Desmoplastic (N = 1).
§Mean " SD.
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Melanoma is rare in paediatric patients and differs from the

adult counterpart for distinct demographic, clinico-pathological

and biological presentation.3 The baseline demographic and

clinical aspects of our cohort are in line with previous evidences,

as we found a primarily adolescent distribution with most diag-

noses after 12 years of age.35,36 Moreover, our patients showed a

high number of melanocytic nevi, both common and atypical,

and a high frequency of non-spitzoid melanoma mainly located

on the limbs and trunk.4,6

A family history of melanoma represents an important risk

factor for the development of the disease in childhood and ado-

lescence.6,17,23,37 Youl et al. (2002) estimated an OR for paedi-

atric occurrence of 3.8 (95% CI 1.6–9.4) in a cohort of

adolescent Australian melanoma patients with a first-degree

affected relative.7 More recently, a 6- to 28-fold higher percent-

age of paediatric cases was reported in melanoma-prone families

compared with the general US population, regardless of

CDKN2A status.8 Family history was described in 10%–32% of

paediatric patients worldwide,7,16,17,23–25 but in only 1.5% of

cases in a previous Italian study.38 In our cohort, a positive fam-

ily history was observed in 20% of patients. Differences between

the two Italian cohorts could be due to the design of the studies

(retrospective vs. prospective) and baseline characteristics of

patients.

In our study, FM and MPM patients were more frequently

red haired and had a higher number of nevi than sporadic

patients, suggesting a major contribution of genetic predisposing

factors in high-risk patients. Unexpectedly, although anticipa-

tion of diagnosis is typically associated with a family history, we

observed a significant earlier melanoma occurrence in sporadic

than in familial patients. However, the lack of previous studies

directly comparing familial vs. sporadic melanoma patients

makes difficult to include this finding in a literature context.

Inactivating mutations in high-risk susceptibility genes

explain the majority of hereditary melanoma. However, only few

studies analysed melanoma predisposition in the paediatric pop-

ulation.7,16–22 The reported frequency of CDKN2A PVs in previ-

ous studies8,18–24,39 varied from 0% to 4.7%, while no PVs were

identified in the CDK4 gene.7,17–20 When information about

family history was available, these studies showed contrasting

results. CDKN2A PVs were reported in 10%–20% of familial

paediatric patients in two studies,16,17 while Youl et al. (2002)7

did not find PVs in this age group in a familial context. We

observed an overall low CDKN2Amutation rate (9%), but, when

Table 3 Genetic characteristics of the study population according to sporadic, familial and multiple melanoma. Reported tumour charac-
teristics for multiple melanoma refer to the first primary melanoma

All cases
(N = 123)
N (%)

Sporadic single
primary cases (N = 91)
N (%)

Familial cases
(N = 24 †)
N (%)

Multiple melanoma
cases (N = 14 †)
N (%)

P-value‡

CDKN2A mutations§ 11 (9%) 2 (2%) 7 (29%) 7 (50%) <0.0001

CDKN2A SNPs (any) 57 (46%) 45 (49%) 10 (42%) 6 (43%) 0.24

CDKN2A SNP -191G>A¶ 33 (40%) 22 (39%) 10 (48%) 3 (30%) 0.75

CDKN2A SNP 30UTR†† 55 (45%) 43 (47%) 10 (42%) 6 (43%) 0.33

CDKN2A (any)‡‡ 83 (68%) 64 (70%) 15 (65%) 8 (57%) 0.35

R variants 36 (30%) 24 (26%) 9 (39%) 6 (43%) 0.19

r variants 55 (45%) 45 (49%) 9 (39%) 2 (14%) 0.10

V60L 45 (37%) 37 (41%) 7 (30%) 2 (14%) 0.14

R151C 15 (12%) 12 (13%) 1 (4%) 2 (14%) 0.76

V92M 10 (8%) 7 (8%) 2 (9%) 1 (7%) 0.71

R160W 7 (6%) 2 (2%) 3 (13%) 3 (21%) 0.01

R142H 6 (5%) 4 (4%) 1 (4%) 1 (7%) 0.64

D294H 6 (5%) 4 (4%) 1 (4%) 2 (14%) 0.64

R163Q 3 (2%) 2 (2%) 1 (4%) 0 (0%) 1.00

D84E 1 (1%) 1 (1%) 0 (0%) 0 (0%) 1.00

MITF 3 (3%) 2 (2%) 1 (5%) 0 (0%) 1.00

Significant P-values (<0.05) are in bold.
R, red hair colour variant; r, not red hair colour variant; SNP, single nucleotide polymorphism; UTR, untranslated region.
†Included six familial cases with multiple primary melanomas.
‡P-value for the difference between sporadic single primary and familial and multiple melanoma cases. Chi-Square test or Fisher Exact test, as appropriate.
§G101W was detected in five cases (a sporadic and four familial cases, two of which presented multiple melanoma), R24P in two cases, while L63M, P48T,
R58X and delCDKN2A in one case respectively.
¶Evaluated by four centres (N = 83 patients: 57 sporadic, 16 familial, 5 multiple and 5 familial and multiple).
††SNPs detected in the 30UTR are c.*29G/C (rs11515) and c.*69C/T occurring in 31% and 16% of the studied population respectively. The SNPs 30UTR are
in linkage disequilibrium with the SNP -191G>A, with an estimated week degree of correlation among the alleles (https://ldlink.nci.nih.gov/).
‡‡One patient (familial) with missing information on MC1R.
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we categorized patients, significant differences were detected

among sporadic, FM and MPM, with a frequency of 2%, 29%

and 50% respectively. The majority of our patients carried the

G101W variant that is the most common PV in families from

Mediterranean European countries.10,19,40 Interestingly, in line

with previous findings, we identified a higher number of patients

with CDKN2A polymorphisms, mainly the -191G>A and the

30UTR changes, in FM and MPM than in sporadic patients.

Regarding intermediate-risk genes, we found a high rate of

MC1R variants (67%) and a low frequency of the MITF E318K

substitution (2%).MC1R polymorphisms have been investigated

in childhood and adolescent melanoma in few studies, with fre-

quencies ranging from 57% to 74%.18–20,22 In our published

pooled analysis in a worldwide cohort, we demonstrated that

paediatric patients had a higher probability of carrying any

MC1R variant than adults, mainly r variants (OR; 1.75; 95%CI:

1.02–3.42). We now support the potential role of MC1R variants

as genetic risk factors for childhood and adolescent melanoma

in Italy. Notably, the R160W variant was significantly more fre-

quent in FM and MPM cases than in sporadic melanoma. This

amino acid substitution is common in individuals with the red

hair colour phenotype and is less frequent in Italy than in other

Caucasian samples.41

Age-based differences exist between children and adolescent

melanoma, possibly indicating a distinct disease biology.5 In

patients ≤12 years, we confirmed specific and unique clinical

characteristics of patients, as darker phenotypes and of mela-

noma, as anatomical location, histological subtype and thick-

ness. As in large retrospective studies,2,4–6 NM occurring on the

head and neck or on the extremities was more common in chil-

dren, while SSM melanoma mainly developed in the older group

on the trunk. In addition, we found that children had signifi-

cantly thicker tumours than adolescents, supporting the evi-

dence that younger patients are more likely to have worse

prognostic factors at the time of detection. It is strongly

debated24 if this is due to a delay in diagnosis due to challenging

lesions of childhood and/or to differences in growth dynamics,

i.e. for Spitzoid melanoma that is more frequent in children than

in adolescents and has a vertical and fast growth.

In our recent pooled analysis on MC1R variants in paediatric

melanoma patients, we demonstrated a role of r polymorphisms

in melanoma predisposition of patients aged <18 and hypothe-

sized their stronger involvement in those aged <14 years.

Herein, we found that the V92M r polymorphism was associated

with an earlier age at diagnosis and was observed at a higher fre-

quency in children compared to adolescents. Interestingly, the

V92M variant has been recently associated with the increasing

size of the CMN, implying a growth-promoting effect of these

alleles in childhood.42 Interestingly, our results also confirmed

the association of other two MC1R variants, R151C and R160W,

with melanoma raised on CNM.

A genetic predisposition to increasing number of common

nevi was observed in our study for CDKN2A -191G>A and for

MC1R variants, with R160W as the mostly associated with a high

number of common nevi. The same variant has been previously

associated with the presence of atypical nevi in healthy controls,

suggesting a possible impact on nevogenesis.6 The higher num-

ber of common nevi for carriers of MC1R variants may also

explain the lower Breslow thickness observed for these patients:

it is indeed probable that children and adolescent accede earlier

Table 4 Genetic characteristics of the study population according
to age at melanoma diagnosis

All cases
(N = 123)
N (%)

Cases ≤ 12
years (N = 18)
N (%)

Cases > 12
years (N = 105)
N (%)

P-value*

CDKN2A
mutations

11 (9%) 1 (6%) 10 (10%) 1.00

CDKN2A
SNPs (any)

57 (46%) 6 (33%) 51 (49%) 0.23

MC1R (any)† 83 (68%) 10 (56%) 73 (70%) 0.22

R variants 36 (30%) 4 (22%) 32 (31%) 0.58

r variants 55 (45%) 8 (44%) 47 (45%) 0.95

V60L 45 (37%) 6 (33%) 39 (38%) 0.74

R151C 15 (12%) 2 (11%) 13 (13%) 1.00

V92M 10 (8%) 4 (22%) 6 (6%) 0.04

R160W 7 (6%) 0 (0%) 7 (7%) 0.59

D294H 6 (5%) 0 (0%) 6 (6%) 0.59

R142H 6 (5%) 1 (6%) 5 (5%) 1.00

R163Q 3 (2%) 0 (0%) 3 (3%) 1.00

D84E 1 (1%) 1 (6%) 0 (0%) 0.15

MITF 3 (3%) 1 (6%) 2 (2%) 0.38

Significant P-values (<0.05) are in bold.
R, red hair colour variant; r, not red hair colour variant; SNP, single nucleo-
tide polymorphism; UTR, untranslated region.
*P-value for the difference between patients older and younger than
12 years old. Chi-Square test or Fisher Exact test, as appropriate.
†One patient (familial) with missing information on MC1R.
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Figure 1 Box plot representing the association of common nevi
number with the presence of (a) CDKN2A SNP c.-191G>A, (b)
MC1R (any variant) and (c) MC1R R variants. Minimum and maxi-
mum are depicted by black whiskers, the box signifies the upper
and lower quartiles, and the median and mean are represented by
a black line and a small cross within the box respectively. For
CDKN2A SNP c.-191G, the median is equal to the third quartile
both for patients with and without the mutation.
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and more frequently to clinical controls if they had a relatively

high number of nevi.

A major limitation of our study is the different proportion of

children and adolescents in the cohort, which might have led us

to underestimate the clinico-pathological and genetic differences

between childhood and adolescence melanoma. In addition, due

to the small sample size in some categories, it was not possible to

fully evaluate the impact of CDKN2A and MC1R in children.

However, these proportions are representative of the occurrence

of melanoma in these age classes and may therefore give a more

realistic and complete picture of the disease. Furthermore, the

differential diagnosis between spitzoid melanoma and atypical

Spitz tumours/MELTUMP may be challenging due to conflicting

histopathological criteria and low interobserver reproducibility.

Only one of four spitzoid melanomas was centrally reviewed and

confirmed. A centralized histopathological review of all melano-

mas would have been desirable considering the diagnostic diffi-

culties of childhood lesions, but unfortunately, it was only

feasible for a minority of sporadic patients. Furthermore, we did

not screen for all known melanoma susceptibility genes but only

for those with a known impact in the Italian population.

Nonetheless, this remains the largest multicentre cohort of pae-

diatric melanoma patients with available genetic data on a panel

of high- and medium-risk susceptibility genes. A further

strength of our study is that we first analysed the genetic inheri-

tance differences between childhood and adolescence.

In conclusion, we confirm the scarce involvement of estab-

lished high-risk susceptibility genes in paediatric melanoma,

with CDKN2A being implicated only in a familial context. In

addition, we support a major role of MC1R gene, and the

influence of r variants in the development of melanoma in

children.
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