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Abstract

BACKGROUND—CDKN2A is the major high-risk susceptibility gene for melanoma.

OBJECTIVE—To evaluate the effect of CDKN2A mutations in high-risk Spanish melanoma 

patients and the association with clinical and family history features.

METHODS—A cross-sectional study design was used to analyze the CDKN2A impact in 702 

Spanish patients with a high-risk of developing melanoma.

RESULTS—The CDKN2A mutation prevalence was 8.5% in sporadic multiple primary 

melanoma patients and 14.1% in familial melanoma. Number of cases in the family, number of 

primary melanomas and age of onset were associated with the presence of CDKN2A mutation. 

Having a CDKN2A mutation in the family increased the prevalence of other cancers (PR=2.99, 

p=0.012), pancreatic (PR=2.97, p=0.006), lung (PR=3.04, p<0.001) and breast (PR=2.19, 

p=0.018) cancers but not nephrourologic or colon cancer.

LIMITATIONS—Smoking status was not assessed in the individuals with lung cancer.
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CONCLUSIONS—Melanoma-prone families with mutations in CDKN2A have an increased 

prevalence of a broad spectrum of cancers including lung, pancreatic and breast cancer. This 

information should be included in genetic counseling and cancer prevention programs for 

CDKN2A mutation carriers.
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INTRODUCTION

Melanoma is a complex and heterogeneous disease, involving environmental, phenotypic 

and genetic risk factors. Sunlight is the major environmental risk factor for melanoma1 and 

phenotypic characteristics such as skin, eye and hair color and the number of common and 

atypical cutaneous nevi are melanoma risk factors.2, 3

Approximately 5–10% of melanoma cases occur in a familial context.4 To date, two high-

penetrance genes have been implicated in melanoma susceptibility: CDKN2A (cyclin-

dependent kinase inhibitor 2A) and CDK4 (cyclin-dependent kinase 4). Germline mutations 

in the CDKN2A gene have been observed in 20–40% of melanoma-prone families.5 This 

gene codes for the tumor suppressor proteins p16INK4 and p14ARF, both involved in cell 

cycle inhibition through different pathways.6 Germline mutations in CDK4, an oncogene 

encoding one of the binding partners of p16INK4, are restricted to a few melanoma 

families.7

In addition to melanoma, other cancers have been observed in CDKN2A mutated melanoma-

prone families and several studies have shown an increased risk of pancreatic cancer among 

these families.8, 9 In families carrying mutations, the relative risk of developing pancreatic 

cancer was 7.4 or 14.8 in studies from USA10 and Italy11, respectively. Furthermore, an 

increased risk of breast cancer has been observed in CDKN2A mutated pedigrees.12 In the 

first Spanish CDKN2A mutated family, an increased risk for lung and breast cancers was 

also suggested.13

The identification of high-risk penetrance melanoma genes, which in turn are related to 

phenotypical characteristics of patients and number of cases within families, has allowed us 

to recommend genetic counseling to familial melanoma. Genetic counseling is a non-

directed process offered to families to help them understand the meaning of the disease, the 

meaning of genetic susceptibility, the patterns of inheritance, the option of genetic testing, 

the understanding of all the possible results, and also primary and secondary prevention.14 

To date, in low melanoma incidence populations the inclusion criteria for genetic testing in 

melanoma are: two (synchronous or metachronous) primary melanomas in an individual or 

families with at least two melanoma cases in first- or second-degree relatives.15

Also, the presence of pancreatic cancers among first- or second-degree relatives of the 

melanoma patients has been considered as a selection criteria for Genetic counseling.15 

Thus, identification of other malignancies related to CDKN2A mutated families may be 
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useful to refine the selection criteria and to improve preventive strategies. The aim of this 

study is to investigate which clinical and familial history features are associated with the 

presence of germline CDKN2A mutations in high-risk Spanish melanoma patients.

PATIENTS AND METHODS

Patients

A cross-sectional study design was used to analyze the CDKN2A impact in melanoma high-

risk patients. Overall, 702 melanoma patients were included in the study: 236 sporadic 

multiple primary melanoma patients (SMP), and 466 familial melanoma patients belonging 

to 330 high-risk melanoma-prone families with at least 2 melanoma cases (269 families with 

2 melanoma cases, 47 families with 3 melanoma cases, 11 families with 4 melanoma cases 

and 3 families with 5 melanoma cases). The patients included in the study were 

consecutively recruited from January 1992 to June 2013.

According to the number of tumors and the presence of other cases in the family, the set of 

patients included: sporadic melanoma patients with multiple primaries (SMP, n=236), 

melanoma patients with multiple primary melanoma and familial history of melanoma 

(FMP, n=115) and melanoma patients with a single primary melanoma and family history of 

melanoma (n=351).

The variables included in the analyses were age of onset, number of primary melanomas, 

number of melanoma cases within the family and the presence of other cancers in first and 

second degree relatives of the melanoma patients. We evaluated specifically, whether first 

and second degree relatives developed pancreatic, colon, lung, nephrourologic (including 

kidney, bladder or prostate cancers) or breast cancers. We focused on those cancer types 

previously related to CDKN2A germline mutations such as pancreatic cancer and we have 

also included the most common cancers in Catalonia (colon, lung, breast, prostate and 

bladder).16 The cancer history was obtained from personal interviews conducted the day of 

the melanoma diagnosis or during the follow-up.

Age of onset information was available for more than 90% of the patients and family history 

of other cancers was available in 90% of melanoma-prone families and 80% of SMP. A 

questionnaire about smoking habits was obtained from 172 individuals belonging to 75 

melanoma-prone families. The set included 54 (31.4%) CDKN2A mutation carriers and 118 

(68.6%) wild-type individuals. The smoking habits were classified as: never, former or 

current smokers. The age of daily smoking and the number of cigarettes per day was also 

recruited for current and former smokers. Smoking habits from the general population from 

Catalonia were collected from the National Statistics Institute of Spain (Instituto Nacional 

de Estadística – INE, for the period July 2011 to June 2012).

All patients were selected from The Melanoma Unit Database from the Hospital Clinic of 

Barcelona. The study was approved by the ethical committee of the Hospital Clinic of 

Barcelona. The patients gave their written, informed consent.
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Mutational Analysis

Genomic DNA was obtained from peripheral lymphocytes of the melanoma patients 

included in the study according to the salting-out method.17 The CDKN2A locus (exon 1α, 

1β, 2 and 3) and CDK4 exon 2 were amplified by polymerase chain reaction (PCR) as 

previously described.13, 18, 19

Statistical Analysis

The two-sided Chi-squared or Fisher Exact Test, as appropriate, was used to test for 

statistical significance in proportion comparison. Continuous variables, such as the age at 

diagnosis, were tested using the ANOVA test. Analysis of familial history of other cancers 

was carried out by classifying the pedigrees as to absence or presence of a given type of 

cancer, and calculating the prevalence ratio (PR) and its 95% confidence intervals.

The functional effect of each genetic variant detected in CDKN2A was evaluated in silico 

using PolyPhen-2 software.20 Families and patients carrying non-coding mutations (1/236 

SMP and 3/330 families) or mutations predicted to be benign and not segregating in the 

family (1/236 SMP and 1/330 family) were excluded. The COSMIC database (http://

cancer.sanger.ac.uk/cancergenome/projects/cosmic/) was used to evaluate whether 

previously unreported germinal mutations were observed at the somatic level.

Bonferroni correction was applied in multiple analyses and an adjusted p-value was obtained 

multiplying the test p-value for the number of comparisons performed. The result was 

considered statistically significant if p-value (p) or adjusted p-value (adj p), as appropriate, 

was <0.05. The SPSS 17.0 software was used for the statistical analyses.

RESULTS

CDKN2A and CDK4 were tested in 702 melanoma patients: 236 SMP patients and 466 

familial melanoma patients belonging to 330 high-risk melanoma-prone families with at 

least 2 melanoma cases. Overall, 32 germline CDKN2A mutations were identified: 18 

previously described mutations,13, 19, 21–31 9 mutations previously observed at the somatic 

level32, 33 and 5 novel unreported mutations. CDK4 mutations were not observed.

Several sporadic cases or families were removed from the study based on different criteria. 

A SMP case carrying a predicted benign mutation which has not been previously described 

(p.G32R located in exon 1β); one family carrying a predicted benign mutation not 

previously described which did not segregate among cases (p.P11T located in exon 1α); two 

families with a synonymous change with unknown effect on the 3’UTR of protein p14ARF 

(c.369C>T located in exon 2) and one SMP patient and one family carrying intronic 

mutations.

CDKN2A mutations were detected in 8.5% (20/234) of SMP patients and in 14.1% (46/326) 

of melanoma-prone families. In the set of families, the frequency of CDKN2A mutation 

differs according to the number of melanoma patients within the family. CDKN2A mutation 

was found in 10.9% (29/265), 23.4% (11/47), 36.4% (4/11) and 66.7% (2/3) of families with 

2, 3, 4 and 5 cases, respectively (p=0.001). Also, statistically significant differences were 
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observed according to the number of FMP in the family. Germline CDKN2A mutations were 

found in 6.3% (14/224) of families without FMP cases and in 30.1% (25/83) and 40% (6/15) 

of families with 1 or 2 FMP cases, respectively (p<0.001).

In the subgroup of multiple primary melanoma patients (MPM), we evaluated whether the 

presence of a CDKN2A mutation was related to the number of melanoma developed 

independent of the familial history of melanoma. We found that the number of tumors 

correlates with the presence of CDKN2A mutations, observing 12.6% of positive mutation 

carriers in cases with two melanomas, up to 48.0% of mutation carriers in patients who 

develop at least four melanomas. These differences were also detected in both SMP and 

FMP cases (Table I).

We observed that the presence of CDKN2A mutations also modulates the age of onset 

among the set of patients. Overall, melanoma patients with CDKN2A mutations showed 

lower age of onset compared with wild-type patients (adj p<0.001) (Table II). Such 

differences were also found when the analyses were focused on familial melanoma patients 

(adj p=0.040), all MPM (adj p<0.001) and SMP (p<0.001).

Finally, the overrepresentation of other malignances in CDKN2A mutated families was 

assessed combining the information from the 326 melanoma-prone families and from those 

families with a SMP case. Overall, the presence of relatives that develop other cancer types 

was more frequently reported by melanoma patients carrying CDKN2A mutations. We found 

that the Prevalence ratio (PR) of other cancers in germline CDKN2A mutation pedigrees was 

2.98 (adj p=0.012). The analyses according to cancer type showed an increased presence of 

pancreatic cancer (PR=2.97, adj p=0.006), lung cancer (PR=3.04, adj p<0.001) and breast 

cancer (PR=2.19, adj p=0.018) in first and second degree relatives of melanoma patients 

carrying CDKN2A mutations, compared to the wild-type. In contrast, no differences were 

observed in the presence of nephrourologic or colon cancer (Table III). In the analyses 

restricted to melanoma-prone families (Table III), the association between the presence of 

pancreatic cancer and lung cancer and CDKN2A mutation in the family remained 

statistically significant PR=3.26, adj p=0.012 and PR=3.17, adj p<0.001; respectively).

To evaluate whether the increased number of lung cancer patients within CDKN2A mutant 

families could be associated with differences related to smoke exposure, we analyzed the 

smoking habits in 172 individuals from 75 melanoma-prone families. Overall, we did not 

observe differences in smoking habits, number of cigarettes, age of daily smoking or the 

number of cigarettes/day between CDKN2A mutation carriers vs non CDKN2A mutation 

carriers or between melanoma patients and non affected individuals. Furthermore, no 

differences were observed in the smoking habits between the individuals included in our 

database compared to those observed in general population.

DISCUSSION

In this study we have explored the effect of germline mutations in CDKN2A, which is the 

major high-risk melanoma susceptibility gene, in the largest Spanish cohort of high-risk 

patients (SMP and familial melanoma cases). Overall, we found a slightly increased 
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prevalence of CDKN2A mutations in melanoma-prone families than in SMP, consistent with 

that reported in similar studies from other Mediterranean areas.34, 3536

Previous studies have found an association between the presence of CDKN2A mutations 

within a family and clinical features of the family such as an increased number of cases, or 

in melanoma patients, such as an increased number of tumors or a decreased age of 

onset.5, 37 We also observed an increased number of melanoma cases or number of FMP in 

Spanish CDKN2A mutated families, an increased number of tumors and a younger age of 

onset in patients carrying CDKN2A mutations.

The presence of other types of cancer in melanoma-prone families was evaluated regarding 

the germline status of CDKN2A. Overall, the families in which the melanoma cases carried 

CDKN2A mutations, showed an increased presence of individuals with other types of 

cancer. Analyses focused on specific cancer types revealed an association between the 

presence of germline mutations and cases of pancreatic, lung and breast cancer. An 

increased risk of pancreatic cancer was observed in CDKN2A mutations families of 

Caucasian origin.5, 8, 10–12, 28, 34 A multicentre study conducted in a large set of families 

with three or more melanoma cases found a highly increased risk of pancreatic cancer in 

European families (Odds Ratio=8.21, 95%CI 2.39 to 28.24).5 We detected an increased risk 

for pancreatic cancer in Spanish melanoma families, even including families with two 

melanoma cases as also reported in French families.34 Although previous data suggest that 

germline CDKN2A mutations may result in an increased risk of developing other types of 

cancer,13 the role of CDKN2A in the risk for other cancer types has been less explored. Our 

study is the largest single center dataset in which the prevalence of other cancers beyond 

melanoma in CDKN2A mutant families was evaluated. We observed a strong association 

between the presence of CDKN2A mutations and cases of lung cancer within the family. 

There is a previous study suggesting the association between respiratory cancer and p16-

Leiden CDKN2A mutation38 and our group reported a melanoma-prone family in which 

CDKN2A mutations were also present in lung cancer affected individuals.13

In contrast to the association observed with pancreatic or lung cancer, the statistically 

significant association with breast cancer was restricted to the analyses combining the 

information from melanoma-prone families and from those families with SMP. The risk of 

breast cancer in melanoma-prone families carrying CDKN2A mutations has been reported 

previously in North-European populations.12

Genetic counseling is increasingly being offered to cancer patients and/or to their healthy 

relatives. The genetic testing offered to patients at high risk to develop melanoma, may 

allow us to detect CDKN2A mutation carriers who would then be encouraged to practice 

strategies for melanoma prevention, such as UV protection, and also strategies for early 

detection. In this study we have found that CDKN2A mutated melanoma families have an 

increased prevalence of pancreatic, lung and breast cancer. The effects of cigarette smoking 

on lung cancer risk is well documented, but also pancreatic cancer39 and breast cancer40 

have been associated with this risk factor. Furthermore, it has been reported that pancreatic 

cancer penetrance is higher in smoking CDKN2A mutation carriers than in non-smoker 

carriers41 Our results indicated that the increased prevalence of these cancers observed in 
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CDKN2A mutated families could be explained by genetic factors, when they are exposed to 

the same environmental factors as the general population.

In conclusion, we have evaluated clinical and family history features related to the presence 

of germline CDKN2A mutations in high-risk melanoma patients and we have observed an 

increased prevalence of lung, pancreatic and breast cancer in families carrying CDKN2A 

germline mutations. The data reported in this study may be useful to refine genetic 

counseling in melanoma and encourage improving cancer prevention programs for CDKN2A 

mutation carriers by adding the recommendation of avoiding smoking in the programs, 

which already include sun-exposure protection advice and routine total body examination 

for melanoma early detection. Further studies are needed to identify the best early detection 

strategies for other cancers in CDKN2A mutant families.
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• In addition to melanoma, other cancers have been observed in CDKN2A mutated 

melanoma-prone families.

• The study has identified an increased prevalence of pancreatic, breast and lung 

cancer in melanoma-prone families carrying CDKN2A mutations.

• These findings may improve the prevention strategies indicated for CDKN2A 

mutation carriers.
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Table II

Age at diagnosis of first melanoma according to CDKN2A status

Analysis Group No. Mean age at
diagnosis

Standard
deviation

Adjusted
p-value

All melanoma patients

  CDKN2A+ 90 39.4 12.8
<0.001

  CDKN2A WT 546 47.2 16.5

  TOTAL 636 46.1 16.3

  Missing data 58

Familial melanoma patients

  CDKN2A+ 72 40.1 13.6
0.040

  CDKN2A WT 350 45.3 15.9

  TOTAL 422 44.4 15.6

  Missing data 38

All MPM patients

  CDKN2A+ 53 38.1 11.9
<0.001

  CDKN2A WT 266 50.0 17.1

  TOTAL 319 48.0 16.9

  Missing data 28

SMP

  CDKN2A+ 18 35.8 8.5
<0.001

  CDKN2A WT 196 50.6 17.2

  TOTAL 214 49.4 17.1

  Missing data 20

CDKN2A +: families with mutation; WT: wild-type; MPM: Multiple Primary Melanoma. SMP: Sporadic multiple primary melanoma patient. 
Bonferroni correction was used.
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