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Prevalence of CDKN2Amutations in pancreatic cancer
patients: implications for genetic counseling

Robert R McWilliams*,1, Eric D Wieben2, Kari G Rabe3, Katrina S Pedersen4, Yanhong Wu2, Hugues Sicotte3

and Gloria M Petersen3

Germline mutations in CDKN2A have been reported in pancreatic cancer families, but genetic counseling for pancreatic cancer

risk has been limited by lack of information on CDKN2A mutation carriers outside of selected pancreatic or melanoma kindreds.

Lymphocyte DNA from consecutive, unselected white non-Hispanic patients with pancreatic adenocarcinoma was used to

sequence CDKN2A. Frequencies of mutations that alter the coding of p16INK4 or p14ARF were quantified overall and in

subgroups. Penetrance and likelihood of carrying mutations by family history were estimated. Among 1537 cases, 9 (0.6%)

carried germline mutations in CDKN2A, including three previously unreported mutations. CDKN2A mutation carriers were more

likely to have a family history of pancreatic cancer (P¼0.003) or melanoma (P¼0.03), and a personal history of melanoma

(P¼0.01). Among cases who reported having a first-degree relative with pancreatic cancer or melanoma, the carrier proportions

were 3.3 and 5.3%, respectively. Penetrance for mutation carriers by age 80 was calculated to be 58% for pancreatic cancer

(95% confidence interval (CI) 8–86%), and 39% for melanoma (95% CI 0–80). Among cases who ever smoked cigarettes, the

risk for pancreatic cancer was higher for carriers compared with non-carriers (HR 25.8, P¼2.1�10�13), but among nonsmokers,

this comparison did not reach statistical significance. Germline mutations in CDKN2A among unselected pancreatic cancer

patients are uncommon, although notably penetrant, especially among smokers. Carriers of germline mutations of CDKN2A

should be counseled to avoid tobacco use to decrease risk of pancreatic cancer in addition to taking measures to decrease

melanoma risk.
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INTRODUCTION

Pancreatic cancer is associated with very poor survival rates,
with long-term survivors limited to those with resected early stage
tumors. However, detection of pancreatic cancer at an early stage is
challenging, and this mandates identification of high-risk groups to
be targeted for prevention and screening intervention.
Since first observed by Lynch and Krush in 1968,1 the incidence of

pancreatic cancer has been noted to be increased in many families
affected by inherited melanoma syndromes. In genetic analyses of
these families, 20–40% of inherited increased melanoma susceptibility
can be linked to mutations of the CDKN2A gene (p16/Ink4) located
on chromosome 9p21.2–5 As a result of the increased incidence of
pancreatic cancer in melanoma families with CDKN2A mutations, it
was hypothesized that mutations likely also predispose to pancreatic
cancer development.2 Mutations in CDKN2A have subsequently
been described in familial pancreatic cancer kindreds, some without
melanoma.3,4 Somatic mutations of CDKN2A are present in up to
95% of pancreatic tumors.5 These findings provide further support for
the premise that CDKN2A mutations have an important role in the
development of pancreatic cancer. Clinical findings in mutation
carriers clearly indicate that individuals are at higher risk for mela-
noma and pancreatic cancer.2 Some studies have reported associations
of hypermethylation of CDKN2A6 or the A148T polymorphism in

association with breast cancer risk as well.7 Brain, head/neck and non-
melanoma skin cancer have also been reported to be more common
among mutation carriers.8–10

The CDKN2A gene encodes two different proteins, read from
alternate reading frames of a common second exon. The portion
of the gene that encodes p16 is composed of three exons, and p16 is
a recognized tumor suppressor because of its role in preventing
progression through the G1 cell cycle checkpoint.11 It does so by
preventing phosphorylation of the retinoblastoma protein, which
effects a downstream inhibition of the E2F transcription factor.
The other protein encoded by the CDKN2A locus, p14ARF, has
negative regulatory effects on growth as it serves to stabilize
p53. As p53 is activated, it interacts with various downstream
targets that can arrest cyclin-dependent kinases at G1 and G2
checkpoints as well as initiate apoptosis. Both p16- and p14-mediated
growth arrests appear to be involved in preventing neoplastic trans-
formation.
There have been several difficulties inherent to studying germline

CDKN2A mutations in relation to pancreatic cancer. Owing to
the relatively low incidence and low survival rates, it is difficult to
perform studies that have sufficient power and appropriate follow-up
to determine the role of this gene in tumorigenesis. Also, the
mutations have most commonly been described in families in which
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the predominant lesion is cutaneous malignant melanoma, with
secondary attention to the pancreatic neoplasm, from which the
data have been imputed. To our knowledge, there have been two
studies of direct analyses for CDKN2A mutations, but in samples of
o100 sporadic pancreatic cancer patients,12,13 and none of a large,
unselected sample. In addition, there has been a relative deficiency of
data to estimate penetrance for known carriers of mutations predispo-
sing to pancreatic cancer, with published data from selected melanoma
kindreds.8,14 Therefore, we performed a study in an unselected
series of pancreatic adenocarcinoma patients from the Mayo Clinic
Biospecimen Resource for Pancreas Research.

PATIENTS AND METHODS

Patient recruitment
This study was reviewed and approved by the Mayo Clinic Institutional Review

Board and all patients provided written, informed consent. Pancreatic cancer

patients were rapidly and systematically identified and approached, using

methodology reported previously15 at Mayo Clinic Rochester, Mayo Clinic

Arizona or Mayo Clinic Florida between 1 October 2000 and 1 January 2009.

Of 2714 adenocarcinoma patients who were identified during this time period,

1898 consented to participate (70%), and 1605 provided blood samples for

analysis, all of which were suitable for analysis. Analyses were limited to 1537

non-Hispanic whites because of the inclusion of personal and family melanoma

histories, and because published mutation information is nearly exclusively

generated from white subjects. Only histologically (96%) or clinically (4%)

confirmed adenocarcinoma cases were included. Clinically confirmed cases

required a pancreatic mass on imaging consistent with adenocarcinoma, and

symptoms typical of pancreatic adenocarcinoma (weight loss, abdominal pain

and painless jaundice). All cases were reviewed by subspecialist physicians with

expertise in pancreatic cancer (oncologist or surgeon) for coding as adeno-

carcinoma. At the time of enrollment, participants were asked to complete risk

factor questionnaires, including personal medical history, lifestyle behaviors,

family history of cancer (including age at diagnosis) and smoking status of

relatives. When risk factor questionnaire information was not completed

(N¼401), the medical record was abstracted to ascertain race and personal

or family history of cancers. We have previously reported an intermethod

reliability study in which family history of pancreatic cancer from 25 cases and

25 healthy controls was obtained from both questionnaires and abstracted from

the medical record. A high degree of intermethod reliability was noted for

family history (Pearson r¼1.0) and race/ethnicity (1.0).15

Sequencing
Sequencing of the four exons of cyclin-dependent kinase inhibitor 2A

(CDKN2A) gene, including three exons of CDKN2A isoform 1 (NM_000077)

and exon 1 of CDKN2A isoform 4 (NM_058195) was performed on subjects

using dye termination chemistry (Big Dye Terminator with the model 3730�l

sequencer; Applied Biosystems, Carlsbad, CA, USA). Primer sets for polymerase

chain reactions (PCRs) were designed using the web-based design tool Primer3

version 0.4.0 (http://frodo.wi.mit.edu). Intronic primers covering sequences of

interest were designed at least 30 bp away from the intron/exon boundaries. PCR

reactions were carried out using AmpliTaq Gold DNA Polymerase (Applied

Biosystems) based on the standard protocol. After PCR reactions, the amplicons

were treated with the ExoSAP-IT (USB Corp., Cleveland, OH, USA) to degrade

unincorporated PCR primers and deoxynucleotide triphosphates. The cleaned

products were mixed with five picomoles of the forward or reverse PCR primers

for sequencing. DNA sequence variants were identified using PolyPhred.16

CDKN2A isoform 1–exon1f 5¢-CAACCTGGGGCGACTTC-3¢
CDKN2A isoform 1–exon1r 5¢-CTGCAAACTTCGTCCTCCAG-3¢
CDKN2A isoform 1–exon2f 5¢-AGCTTCCTTTCCGTCATGC-3¢
CDKN2A isoform 1–exon2r 5¢-GCTGGAAAATGAATGCTCTG-3¢
CDKN2A isoform 1–exon3f 5¢-TGTGCCACACATCTTTGACC-3¢
CDKN2A isoform 1–exon3r 5¢-TCAGAAACGATGCTGTCTTCC-3¢
CDKN2A isoform 4–exon1f 5¢-CTCAGGGAAGGCGGGTG-3¢
CDKN2A isoform 4–exon1r 5¢-TTTTCGAGGGCCTTTCCTAC-3¢

Statistical analysis
Patients were categorized by whether or not they were a carrier of a deleterious

mutation in CDKN2A. These groups were then analyzed for differences in

demographic characteristics using t-tests for quantitative variables and either

w2 or Fisher’s exact tests for qualitative variables, depending on the sample

size; relative risk estimates and 95% confidence intervals (CIs) were also

calculated.17 T-tests or Wilcoxon rank-sum statistics were used to test for

differences between mutation carrier status for quantitative variables.

Penetrance (cumulative risk in CDKN2A mutation carriers) and 95% CIs were

estimated using the kin-cohort method,18 which uses proband-reported

information on first-degree relatives to estimate and compare the age-specific

penetrance. First-degree relatives of mutation carriers were estimated to have

a 50% mutation carrier rate, with an assumption of a 0.01% carrier rate in

the general population. Ever smokers were defined as persons smoking

Z100 cigarettes in their lifetime. Cumulative risk estimates were made

separately for first-degree relatives of carriers and non-carriers of CDKN2A

mutations, with the baseline value for comparisons based on non-carrier

relatives. Bootstrap methods were employed in the CI calculations to account

for the small number of carriers. All statistical tests were two-sided

and considered significant at the ¼0.05 level; analyses were performed in

SAS version 9.1 (SAS Institute, Cary, NC, USA, http://www.sas.com) and

R version 2.9.0 (R Foundation for Statistical Computing, Vienna, Austria,

www.R-project.org). Only cases who completed risk factor questionnaires were

included in the penetrance estimates.

RESULTS

Mutations in p16/p14ARF
Clinical characteristics of the 1537 non-Hispanic white pancreatic
cancer patients included in the analysis are shown in Table 1. The
sample is 56% male with a mean age of pancreatic cancer diagnosis of
65.5±10.8 years, range 28–91. Nonsmokers comprised 41% of the
sample, and first-degree family history of pancreatic cancer and
melanoma were reported in 8 and 3%, respectively. Not shown in
Table 1 is the residence distribution of patients: 60% of patients were
residents of Minnesota, Iowa, Wisconsin, South Dakota and North
Dakota, only 18 patients were non-United States (US) residents, and
the remainder lived in other parts of the US.
Nine (0.6%) patients were found to have a germline mutation in

CDKN2A; two of the mutations alter the sequence only in the p14ARF.
We identified three previously unreported mutations, including a
missense mutation in p14 (A120P) and two frameshift mutations
that affect both p16 and p14ARF (R80fs/P135fs and V95fs/G150fs).
Demographic characteristics of mutation carriers and non-carriers are
shown in Table 1, and detailed information on genetic alterations are
shown in Table 2. There were no differences in sex distribution among
mutation carriers vs non-carriers (P¼0.74), age at diagnosis of
pancreatic cancer (P¼0.40), stage at presentation (P¼0.41), nor
location of primary tumor (P¼0.30).
Of 120 cases with a first-degree relative affected with pancreatic

cancer (Table 1), 4 (3.3%) carried mutations, which was a significantly
higher frequency than in those without a family history (odds ratio
(OR) 9.7, 95% CI 2.6–36.6, P¼0.003). However, five of the nine
carriers (56%) of detected mutations did not report having a family
history of pancreatic cancer. Among 38 patients with melanoma in a
first-degree relative, 2 (5.3%) were identified as mutation carriers,
which also was higher than in those without such a family history
(OR 9.1, 95% CI 1.8–45.3, P¼0.03). Among 26 patients with a
personal history of melanoma in addition to their pancreatic cancer,
2 (7.7%) were determined to be carriers of mutations, which is also
a higher proportion than those without such a personal history
(OR 17.2, 95% CI 3.4–87.0, P¼0.01). Interestingly, the two cases
that reported family history of melanoma were the same as the two
reporting a personal history.
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Estimates of CDKN2A carrier rates by personal and family history
To inform genetic counseling for pancreatic cancer risk, we examined
associations of personal and family history of cancer with mutation
status in the subset of cases (N¼1136) who completed the risk factor

questionnaire (Table 3). In this analysis, self-report of a family history
of pancreatic cancer without melanoma was associated with a carrier
proportion of 3.2% (3/95). No mutations were detected in cases who
reported only a personal history of melanoma (N¼20) or a family
history of melanoma (N¼26). However, in cases who reported a
personal and family history of melanoma (N¼2), both carried
mutations in CDKN2A.

Penetrance
Cumulative risk (ie, penetrance) estimates were performed using data
on first-degree relatives (N¼6671) of pancreatic cancer patients who
completed risk factor questionnaires that asked for detailed family
history of cancer and ever/never smoking information on relatives.
All nine carriers of CDKN2A mutations completed a risk factor
questionnaire, providing information on their 59 first-degree relatives.
Penetrance of CDKN2A mutations as manifested by incident mela-
noma and/or pancreatic cancer in first-degree relatives of carriers was
estimated (Table 4). In mutation carriers, pancreatic cancer risk was
higher among carriers than non-carriers with cumulative risk
of pancreatic cancer estimated to be 57.6% by age 80 (95% CI
7.8–85.7%), in contrast to 3.2% (95% CI 2.6–4.2%) in non-carriers
(log rank P¼2.8�10�10). Similarly, melanoma was diagnosed in 39%
(95% CI 0–80.2%) of carriers by age 80, in contrast to 1.1% (95% CI
0.5–1.3) of non-carriers (P¼4.8�10�13). Interestingly, when cumula-
tive risk estimates were limited to ever smokers, there was a significant
difference in pancreatic cancer risk for carriers vs non-carriers (hazard
ratio (HR) 25.8, log rank P¼2.1�10�13). However, there was no
significant difference detected among nonsmokers (HR 4.9, P¼0.27).
When pancreatic cancer risk was compared between ever and never
smoking relatives of mutation carriers, ever-smokers appeared to have
higher penetrance—92.7% (95% CI 32.6–97.9%) vs 2.6% (2.0–52.3%)
by age 80, although this was not statistically significant (P¼0.17)
possibly because of low total numbers of cases in the comparison
groups. There were 4 cases among 30 smoking relatives, and 1 among
27 nonsmoking relatives (and 1 additional case among the 2 relatives
on whom no smoking information was reported).

Variants of unclear significance
Table 5 lists variants that we determined as not deleterious. Sequence
variants that were detected but were of unclear significance and not
included in the analysis were exon 1B (K26K, A32A, F64F), exon
1A –191A4G, –33G4C, –30G4A, –14C4T19,20, A148T), and
exon 3 (29C4G, 69C4T, 112A4G, 204T4A, 277–278insGA,
363A4G, 373C4G, 436A4G). None of these are predicted to affect
initiation or splicing, nor to change the amino acid sequence except
A148T (n¼70), a well-documented polymorphism in 2–6% of control
subjects that has not been consistently associated with melanoma
risk.21–24 However, we recognize the possibility that these variants
could disrupt p16 or p14 expression by influencing such events as
RNA splicing, mRNA stability or the translational efficacy of the
mRNA.

DISCUSSION

Our study found that the pattern and location of mutations in
CDKN2A does not appear to differ significantly from that seen in
melanoma kindreds,25,26 although the frequency of mutations
detected in pancreatic cancer probands (0.6%) is less than that seen
in a population-based series of melanoma patients (1.8%). This is also
substantially lower than the 4% frequency reported in 120 unselected
Italian pancreatic cancer patients, although a founder mutation at
G101W may have elevated this frequency.27 In addition to previously

Table 1 Characteristics of 1537 unselected non-Hispanic white

patients with pancreatic adenocarcinoma by CDKN2A mutation

carrier status

Overall

(n¼1537)

N (%)

Non-carrier

(n¼1528,

99.4%) N (%)

Carrier

(n¼9, 0.6%)

N (%)

Non-carrier

vs carrier,

P-value

Age of pancreas cancer

Mean (±SD) 65.5 (±10.8) 65.6 (±10.8) 61.3 (±8.2) 0.40

Range 28–91 28–91 44–73

Sex

Male 867 (56) 861 (56) 6 (67) 0.74

Female 670 (44) 667 (44) 3 (33)

Race

White 1537 (100) 1528 (100) 9 (100) 1.0

Stage

Resectable 476 (31) 475 (31) 1 (11) 0.41

Locally advanced 512 (33) 509 (33) 3 (33)

Metastatic 541 (35) 536 (35) 5 (56)

Unknown 8 8 0

Tumor location

Head 1035 (70) 1027 (70) 8 (89) 0.30

Body/tail 436 (30) 435 (30) 1 (11)

Unknown 66 66 0

Smoking

Never 606 (41) 601 (41) 5 (56)

Former 612 (41) 610 (41) 2 (22)

Current 262 (18) 260 (18) 2 (22)

Ever (current status

unknown)

12 (1) 12 (1) 0 (0)

Unknown 45 45 0

Smoking (ever/never)

Never 606 (41) 601 (41) 5 (56) 0.50

Ever 886 (59) 882 (59) 4 (44)

Unknown 45 45 0 (0)

Personal history of melanoma

No 1449 (98) 1442 (98) 7 (78) 0.01

Yes 26 (2) 24 (2) 2 (22)

Unknown 62 62 0

Family history of pancreas cancer

No 1410 (92) 1405 (92) 5 (56) 0.003

Yes 120 (8) 116 (8) 4 (44)

Unknown 7 7 0

Family history of melanoma

No 1153 (97) 1146 (97) 7 (78) 0.03

Yes 38 (3) 36 (3) 2 (22)

Unknown 346 346 0
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described mutations that affect p16 protein coding, we identified
two variants that change an amino acid base in p14 but not p16
(L64L/A120P and V106V/A162T). The former has not been previously
reported, while the latter has been reported at least once in a
melanoma patient.28

It is difficult to know the significance of the variants apparently
affecting p14ARF alone except that both patients had young-onset
disease (ages 58 and 45), while neither carried additional family
histories of pancreatic cancer or melanoma. However, their presence
lends further evidence to the question of the significance of p14ARF in
inherited risk for pancreatic cancer. Previous reports have suggested
p14ARF mutations are important in pancreatic cancer risk, as in one
report, two deletions in exon 1B were identified among 66 sporadic
pancreatic cancer patients, but none were found among 49 familial
melanoma patients.13 The GenoMEL report of CDKN2A screening in
466 melanoma families reported a higher frequency of mutations
affecting both p16 and p14ARF (49%), rather than p16 alone (26%) in
families with members affected with pancreatic cancer.25 However, one

smaller study of 23 families with familial pancreatic cancer revealed
two truncating mutations (both in families also affected by mela-
noma) affecting p16 but none in p14ARF.3 With regard to the type of
mutation in CDKN2A, one previous report suggests that splicing
mutations were more common in melanoma families affected with
pancreatic cancer than in those without (17 vs 5% of mutations),29

however, the underlying reason for an individual developing pancrea-
tic cancer rather than melanoma is not yet fully understood.
The detected exon 1A mutations L16R and R24P are known to

occur in melanoma prone families.25 The D153spl mutation in the last
nucleotide of exon 2 has also been previously reported,25 and affects
splicing in both p16 and p14.30 Interestingly, one of the two identified
carriers had a personal and family history of melanoma, while the
other had only pancreatic cancer. The two frameshift mutations (R80fs
and V95fs) likely substantially impact protein function because of the
effect on all coding downstream of their location. They both are
apparently novel, with the former coding for a hybrid p16/p14 protein
after the frameshift. One of these patients reported a family history of
pancreatic cancer, but no melanoma was reported in either family.
Finally, a mutation detected in the 5¢UTR, –34G4T, has been
previously reported in melanoma kindreds,25 and creates a premature
start site for translation, thereby decreasing translation of the native
protein.31 The patient carrying this mutation reported a family history
of pancreatic cancer.
The polymorphism A148T has been inconsistently associated with

melanoma risk, with increased risk for melanoma reported in Poland
(OR 2.53),32 but not France, Germany or Iceland.20,21,24 It has not
been well studied in pancreatic cancer. We detected an allele frequency
of 3.1%, similar to that of other null studies,20 although we did not
test a control group. It is impossible, therefore, to draw conclusions,
although the low allele frequency is suggestive that there is at most a
modest association.
CDKN2A is established as a causative gene in familial pancreatic

cancer families.3,33,34 This study represents the largest study of this
gene in an unselected series of pancreatic cancer patients. As such,
there are multiple observations in this descriptive study. First, there is
o1% prevalence of germline CDKN2A mutations among pancreatic
cancer patients. Clearly, all pancreatic cancer probands should not be
tested for CDKN2A mutations. Having a family history of melanoma
or pancreatic cancer, or a personal history of melanoma, however,

Table 2 Germline mutations in CDKN2A among 1537 unselected unrelated pancreatic cancer patients

Patient Sex/ agea

Family history of

pancreatic cancer

Family history

of melanoma

Personal history

of melanoma Exon Protein Genetic change Protein change Function

1 F 61 Yes No No 1A p16 –34G4T N/A Initiation codon

2 M 74 Yes Yes Yes 1A p16 47T4G L164R AAC p16

3 F 65 No No No 1A p16 71G4C R244P AAC p16

4 F 58 No No No 2 p16

p14

192G4C

358G4C

L644L

A1204P

AAC p14ARF

5 M 66 No No No 2 P16

p14

238–251 del

404–417 del

R80fs

P135fs

Makes a hybrid p16/p14

protein after frameshift

6 M 65 Yes No No 2 P16

p14

283 del

449 del

V95fs

G150fs

frameshift

7 M 45 No No No 2 P16

p14

318G4A

484G4A

V1064V

A1624T

AAC p14ARF

8 M 67 No Yes Yes 2 P16 457G4T D153spl Affects splicing in p16/p14ARF

9 M 57 Yes No No 2 P16 457G4T D153spl Affects splicing in p16/p14ARF

Abbreviations: AAC, amino acid change; F, female; M, male.
aAge (years) at diagnosis of pancreatic cancer.

Table 3 Risk estimates for carrying a germline mutation in CDKN2A

by personal and family history of pancreatic cancer and melanoma

among the subset of 1136 pancreatic cancer patients completing the

risk questionnaire

Family history of

pancreatic cancer

Personal history

of melanoma

Family history

of melanoma

Proportion carrying a

germline mutation (%)

Y Y Y 1/1 (100)

N Y Y 1/1 (100)

Y or N Y Y 2/2 (100)

Y or N Y Y or N 2/22 (9.1)

Y Y or N Y or N 4/96 (4.2)

Y N Y or N 3/95 (3.2)

Y N N 3/90 (3)

Y Y N 0/0 (0)

Y N Y 0/5 (0)

N Y N 0/20 (0)

N N Y 0/26 (0)

N N N 4/993 (0.4)

Abbreviations: N, no; Y, yes.
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increases the likelihood of carrying a mutation. These findings are not
surprising given the existing knowledge of CDKN2A affected families,
although it is also notable that mutations are only prevalent in a
minority of these selected patients in our study.
Limitations of this study include the overall low number of

mutations detected, which limits the power of penetrance
estimates. We also were not able to directly confirm many cases
of pancreatic cancer or melanoma in families—only 33% of the
pancreas cancer and 23% of melanoma have been confirmed by
self-report, medical records, death certificate or pathology. Smoking
status for relatives was also only able to be determined by report of the
proband in the majority of cases, as well. Strengths include the size of
the study, the unselected nature of case ascertainment among pan-
creatic cancer probands, and the availability of electronic records on
all patients.
Our findings may be useful for informing genetic counseling in

addition to other available sources in the literature, with risk estimates
of mutation detection for given scenarios in various combinations of
personal and family history of melanoma and pancreatic cancer
(Table 3). Our numbers for some groups are very small, and therefore
the estimates are likely imprecise, although we believe they provide
previously lacking information for families outside of the setting of
families ascertained primarily for familial melanoma. For instance, in
this study, patients who report a personal history of melanoma and

pancreatic cancer had a 9.1% (2/22) (95% CI 0–22.1%) probability of
harboring a mutation in CDKN2A. However, the two mutation
carriers also had family histories of melanoma, while the 20 patients
with melanoma and pancreatic cancer without family histories of
either cancer did not carry mutations in CDKN2A. Among patients
reporting a personal and family history of pancreatic cancer, 4.2%
carried mutations in CDKN2A, suggesting that families carrying
mutations in this gene constitute only a small minority of familial
pancreatic cancer.
We have not definitively answered the question as to whether

CDKN2A mutation carriers have a younger age of onset of pancreatic
cancer, as our mutation carriers were slightly younger than non-
carriers (mean 61.3 vs 65.6 years), and the difference did not reach
statistical significance (P¼0.40). At least one other study also found no
difference in age at diagnosis.35 If age is at all younger among carriers,
the effect is modest. We also limited our report to non-Hispanic white
patients. It will be helpful in future studies to extend these analyses to
other populations to determine whether the estimates we have derived
can be applied to patients of all races.
The penetrance of pancreatic cancer in CDKN2A carriers—nearly

60% by age 80 (95% CI 8–86%)—is higher than previous estimates of
15–25% in melanoma family studies.8,14 There are several potential
explanations for this difference. A reporting bias could exist (over
reporting in pancreatic kindreds or underreporting in melanoma

Table 4 Cumulative risk percentage (penetrance) of pancreatic cancer and melanoma in carriers and non-carriers and by smoking status using

data from first-degree relatives of the 1136 probands completing the risk questionnaire

Cumulative risk

Carriers Non-carriers

N Age 40 Age 60 Age 80 N Age 40 Age 60 Age 80

Pancreatic cancer 59 4.1 (0, 22.9)a 11.7 (0, 22.9) 57.6 (7.9, 85.7) 6612 0.03 (0, 0.1) 0.7 (0.6, 1.2) 3.2 (2.6, 4.2)

Pancreatic cancer, ever smokers 30 0 (0, 0) 26.8 (0, 47.4) 92.7 (32.6, 97.9) 2610 0.2 (0.08, 0.3) 2.6 (1.2, 4.0) 7.5 (5.9, 11.3)

Pancreatic cancer, nonsmokers 27 2.6 (2.0, 19.6) 2.6 (2.0, 19.6) 2.6 (2.0, 52.3) 3559 0 (0, 0) 0.2 (0.05, 0.3) 2.1 (1.2, 2.9)

Melanoma 59 6.5 (0, 11.9) 11.1 (0, 20.0) 39.0 (0, 80.2) 6612 0.09 (0.03, 0.1) 0.3 (0.2, 0.4) 1.1 (0.5, 1.3)

a95% confidence intervals.

Table 5 CDKN2A non-deleterious variants excluded from the primary analysis

Exon Protein Genetic change Cases Reported population carrier frequency

1A p16 �191A4G 937/1537 (61%) 26–38% (Ghiorzo et al13,27)

1A p16 �33G4C 6/1520 (0.4%) 0.6% (Ghiorzo et al13)

1A p16 �30G4A 1/1528 (0.07%)

1A p16 �14C4T 4/1537 (0.3%) 0.07% (Ghiorzo et al13)

1B p14 78G4A 1/1537 (0.07%)

1B p14 96C4G 0/1356 (0%)

1B p14 192C4T 1/1537 (0.07%)

2 p16

p14

442G4A(A148T) 93/1537 (6%) 2–12% (Ghiorzo et al13; Vasen et al14)

3 p16 29C4G 429/1537 (28%) 18–38% (Debniak et al7; Agresti17)

3 p16 69C4T 232/1534 (15%) 20% (Ghiorzo et al 27)

3 p16 112A4G 1/1532 (0.07%)

3 p16 204T4A 1/1536 (0.07%)

3 p16 277_278insGA 4/1537 (0.3%)

3 p16 363A4G 0/1537 (0%)

3 p16 373C4G 2/1537 (0.1%)

3 p16 436A4G 1/1537 (0.07%)
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kindreds), and our study is limited by relying on proband report of
cancer among relatives. There also may simply be variation in our
study sample compared with others, especially with regard to environ-
mental risks (eg, high frequency of smoking). Indeed the difference in
risk for carriers was only detected among ever-smokers. However, it is
also possible that specific genetic differences in either the CDKN2A
locus or a modifier gene could be associated with differences in
penetrance as manifested by pancreatic cancer. To our knowledge,
this is the first study to report penetrance that incorporates smoking
status; this information is relevant from a genetic counseling stand-
point, because it is a potentially modifiable risk factor. As there are a
small number of cases in families of carriers, more in-depth studies
could not be performed, such as whether smoking cessation altered
pancreatic cancer risk. However, the difference among ever-smokers
coupled with the high lifetime risk is sufficient in our judgment to
promote smoking cessation/avoidance recommendations among
CDKN2A carriers.
Published recommendations for CDKN2A screening include

patients with multiple (Z3) primary melanomas, or families with at
least one melanoma and two other instances of melanoma or
pancreatic cancer in the family, with mutation detection rates of
20–40% in this setting.36–38 Under these recommendations, two of
the seven (29%) families meeting criteria were determined to carry a
mutation in this study, and we believe this is a reasonable proportion
for discriminating candidates for genetic testing. However, it should
also be noted that the majority of mutations would not have been
identified with this approach. The role of clinical genetic testing for
pancreatic cancer risk is still controversial in the absence of proven
screening or prevention methods. However, tobacco avoidance/
cessation is likely justified based on its well-established impact on
pancreatic cancer risk,39,40 in addition to the commonly recom-
mended regular skin examinations and sun avoidance to lower
melanoma risk.37

Conclusions
Germline mutations of CDKN2A among patients with pancreatic
cancer are rare. Those carrying such mutations are more likely to
report a personal or family history of melanoma, and a family
history of pancreatic cancer. Likelihood of mutation detection by
personal and family history of melanoma and pancreatic cancer are
reported for genetic counseling purposes. Age at diagnosis of
pancreatic cancer may be slightly younger for mutation carriers,
although it did not reach statistical significance. Penetrance of
pancreatic cancer and melanoma was increased among mutation
carriers, with pancreatic cancer risk estimates of 58% (95% CI
8–86%) by age 80 and melanoma risk of 39% (95% CI 0–80) by
age 80 in mutation carriers. Penetrance for carriers was higher among
ever-smokers. Carriers of germline mutations in CDKN2A should
therefore avoid tobacco use, and should be targeted for prevention and
screening studies.
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