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Abstract

Background Germline mutations in CDKN2A result in Familial Atypical Multiple Mole Melanoma Syndrome (FAMMM)
(OMIM #155,601), which is associated with an increased risk of pancreatic ductal adenocarcinoma and melanoma.
FAMMM has been reported globally, but it is quite rare in Japan. We report two families with familial pancreatic cancer
with suspected pathogenic variants of CDKN2A that were incidentally identified through comprehensive genomic
profiling.

Case presentation The first case is a 74-year-old woman with a diagnosis of pancreatic carcinoma with multiple liver
metastases. She had family histories of pancreatic cancer, but no personal or family history of malignant melanoma.
Whole exon sequencing detected a germline CDKN2A variant evaluated as likely pathogenic. The results were
disclosed to her daughters after she died, and the same CDKN2A variant was detected in one of the daughter. The
daughter was referred to a nearby hospital for her clinical management. The second case is a 65-year-old man with
pancreatic ductal adenocarcinoma. He had family histories of pancreatic cancer, but no personal or family history of
malignant melanoma. He underwent a comprehensive genomic profiling test using pancreatic cancer tissue, and
detected a presumed germline pathogenic variant of CDKN2A. Germline testing confirmed the same CDKN2A variant.
Genetic analysis of his relatives produced negative results. Other blood relatives are scheduled for genetic analysis in
the future. We report two families with familial pancreatic cancer with suspected pathogenic variants of CDKN2A that
were incidentally identified through comprehensive genomic profiling.

Conclusions In current Japanese precision medicine, comprehensive genetic analysis can reveal rare genetic
syndromes and offer us the opportunity to provide health management for patients and their relatives. However,
gene-specific issues are raised in terms of the evaluation of a variant’s pathogenicity and the extent of surveillance of
the at-risk organs due to a lack of genetic and clinical data concerning CDKN2A variant carriers in Japan.
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Background

Familial pancreatic cancer (FPC) occurs in families with
at least a pair of first-degree relatives with pancreatic
ductal adenocarcinoma and accounts for 5-10% of all
pancreatic cancer patients [1]. Overall, 10-20% of FPCs
are reported to have germline pathogenic variants of sev-
eral different genes, including STK11, PRSS1, CDKN2A,
BRCA2, BRCA1, PALB2, ATM and MMR (MLH1, MSH2,
MSH6, PMS2) [2, 3]. In particular, STK1I and PRSSI
are associated with an especially high risk of developing
pancreatic cancer, but variants in these genes are very
rare [1]. Carriers of pathogenic variants of CDKN2A
account for 2.5% of FPC cases, ranking second to carri-
ers of BRCA2 variants (3.7%) in the U.S.A [4]. CDKN2A
encodes the plélnk4a protein and is a major causative
gene for familial atypical multiple mole melanoma syn-
drome (FAMMM), an autosomal dominant syndrome
[5, 6]. The pl6Ink4a protein acts at the G1/S checkpoint
in the cell cycle, where it inhibits the cyclin-dependent
kinases CDK4 and CDKG®, thereby preventing tumorigen-
esis caused by phosphorylation of the RB1 protein [5].
The penetrance of melanoma in families with CDKN2A
pathogenic variants is estimated to range from 58 to
92% by age 80, and the penetrance of pancreatic cancer
is estimated at 17-21% by age 70 [7] to 75 [5] in West-
ern Countries. However, to date, FPCs with germline
CDKNZ2A pathogenic variants have only rarely been
reported in Japan. We herein report two Japanese FPC
cases with suspected pathogenic variants of CDKN2A.

Case presentation

Case 1

A 74-year-old woman (Fig. 1a, II-8) with a diagnosis of
pancreatic carcinoma with multiple liver metastases was
referred to our hospital. Adenocarcinoma was confirmed
by endoscopic ultrasound guided-fine needle biopsy
(EUS-ENB) and subsequent histology. Her family history
included a brother with pancreatic cancer and two com-
patriots with colorectal cancer, but she had no personal
or family history of malignant melanoma. Microsatellite
instability (MSI) analyses using pancreatic cancer tissue
demonstrated microsatellite stability (MSS), and immu-
nostaining of mismatch repair (MMR-IHC) proteins
revealed proficient expression. She underwent clinical
genomic research, and whole exon sequencing detected
a germline CDKN2A variant evaluated as likely patho-
genic based on the criteria of the American College of
Medical Genetics and Genomics (ACMG) (Table 1).
The patient was administered systemic chemother-
apy with gemcitabine and nab-paclitaxel, but she died
four months later due to disease progression. Since her
death occurred before the genetic analysis results were
returned, the results were disclosed to her three daugh-
ters (Fig. 1a, III-3, I1I-4, and III-5) in accordance with her
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wishes described on the consent form. All three daugh-
ters underwent genetic analysis, and the same CDKN2A
variant was detected in the second daughter (III-4). Since
the second daughter lives far from our hospital, she was
referred to a nearby hospital for her clinical management.
She was offered a multi-institutional prospective surveil-
lance study [8] among kindreds with familial pancreatic
cancer and individuals with hereditary pancreatic cancer
syndromes at the nearby hospital where she was referred.

Case 2

A 65-year-old man (Fig. 1b, II-4) with a complaint of
obstructive jaundice was diagnosed with pancreatic duc-
tal adenocarcinoma by a biliary forceps biopsy obtained
during his preoperative biliary drainage. He had family
histories of pancreatic cancer in his father and brother,
but he had no personal or family history of malignant
melanoma. Neoadjuvant chemotherapy with gem-
citabine and tegafur, gimeracil, oteracil potassium (S-1),
and a subsequent pancreaticoduodenectomy were per-
formed, but disease recurrence was observed one year
later. During systemic therapy with S-1, he underwent a
comprehensive genomic profiling test (FoundationOne®
CDx, Foundation Medicine, MA, USA) [9] using surgi-
cally resected tissue from his pancreatic cancer (tumor
cell ratio: 20%). The genomic profiling test demonstrated
somatic pathogenic variants of CDKN2A (p.G23C),
CDKN2A (p.D84Y), KRAS (p.G12V), TET2 (p.S1848*),
and TP53 (p.152 fs*14). According to the Japanese algo-
rithm for secondary finding disclosure in cases of tumor-
only analysis (http://sph.med.kyoto-u.ac.jp/gccrc/pdf/
k101_kentousiryo_v1.pdf), and with the 46.6% variant
allele frequency in mind, the Shizuoka Cancer Center
expert panel judged the CDKN2A variant (p.G23C) to be
a presumed germline pathogenic variant (PGPV). Germ-
line testing performed after genetic counseling confirmed
the same CDKN2A variant (Table 1). Genetic analysis of
his sister (Fig. 1b, II-6), daughter (III-4), and son (III-
5) produced negative results. Other blood relatives are
scheduled for genetic analysis in the future.

Discussion

The CDKN2A variants detected in the current two cases
are located in exon la and 2, and may affect the function
of p16INK4a [10]. Individuals with pathogenic variants
affecting biologically relevant CDKN2A isoforms (i.e.,
pl6INK4A and pl4ARF) are recommended for surveil-
lance for both melanoma and pancreatic cancer [11, 12].
For CDKN2A variant carriers in Western countries, ini-
tiation of full-body skin screening, including the scalp,
oral mucosa, genital area, and nails, is recommended at
age 10 and followed up every 6—12 months [5]. How-
ever, as a markedly lower incidence of malignant mela-
noma has been reported in Asians than in Caucasians
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Fig. 1 Family trees. (a) Case 1 is corresponding to II-8. The patient’s brother died of pancreatic cancer at the age of 67. Malignant melanoma was not
recognized in this family. E: CDKN2A c.150G > T (p.GIn50His). (b) Case 2 is corresponding to Il-4. The patient’s father died of pancreatic cancer in his 60s, and
his brother died of pancreatic cancer at age 59. The patient had no personal or family history of malignant melanoma. E: CDKN2A c.67G >T (p.Gly23Cys).

P: proband

(approximately one tenth) [13, 14], whether Japanese
variant carriers require the same level of surveillance is
unclear. Recent review paper by Arnold et al. listed the
risk factors of melanoma including ethnicity (Cauca-
sian>>Asian, African American), number of atypical
nevi, sunbathing habit, UV radiation, and genetics. Mark-
edly lower incidence of melanoma in darker-skinned
populations has been explained by the melanocyte’s func-
tion to protect skin tissues from DNA damage by ultra-
violet (UV) radiation [14, 15].

Individuals with first-degree relatives of FPC and
those with several hereditary cancer syndromes who
have >5-fold risk compared with the general population

are recommended to undergo surveillance of the pan-
creas to diagnose and treat earlier stage of pancreatic
cancer in Japan [16, 17]. These hereditary cancer syn-
dromes include pathogenic variant carriers of STK11,
PRSS1, BRCA2, MMR (MLHI, MSH2, MSH6, PMS2),
PALB2, and ATM. As the CDKN2A/pl6 variant carri-
ers (FAMMM) has rarely been reported and the guide-
lines for FAMMM have not been established in Japan,
the Japanese Clinical Guidelines for Pancreatic Cancer
(2022) [16] did not state exactly on the method of surveil-
lance. The international cancer of the pancreas screening
(CAPS) consortium proposed a strategy for pancreatic
surveillance of high-risk individuals to detect pancreatic
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Table 1 Evaluation of pathogenicity of the germline CDKN2A
variants detected in the familial pancreatic cancer patients

Case 1 Case 2
Germline CDKNZ2A variant c.150G>T c67G>T

(p.GIn50His) (p.Gly23Cys)
rs No. 11057519882 rs1131691186

Location (GRCh37)

Interpretation of
pathogenicity

chr9: 21,974,677 chr9: 21,974,760

ClinVar Uncertain signifi- ~ Conflicting
[review status] cance [% % % ] interpretations
Likely pathogenic

(4); Uncertain signifi-
cance (1) [ ¥ %]

HGMD No registration Disease causing
mutation

ACMG guideline Likely Pathogenic  Likely Pathogenic
(PM1, PM2, PM5, (PM1, PM2, PM5,
PP3) PP3)

Registered clinical laboratory Uncertain Likely pathogenic
significance

Minor allele  jMorp8.3 No registration No registration

frequency  gnomAD No registration No registration

in silico Polyphen2 Pathogenic Sup-  Pathogenic Sup-

analysis porting (0.962) porting (0.999)

(score) SIFT Pathogenic Sup-  Pathogenic Sup-
porting (0.089) porting (0)

M-CAP Pathogenic Sup-  Pathogenic Moder-

porting (0.495) ate (0.765)

ClinVar (https://www.ncbi.nIm.nih.gov/clinvar/), HGMD (https://www.hgmd.
cf.ac.uk/ac/index.php), database checked in April, 2024

cancer at the early stage [12]. According to the CAPS
consensus, the best imaging modalities for routine fol-
low-up are endoscopic ultrasound (EUS) and magnetic
resonance imaging (MRI) or magnetic resonance chol-
angiopancreatography (MRCP) because of their higher
diagnostic abilities without radiation exposure. For
CDKNZ2A variant carriers, pancreatic screening is recom-
mended, as a survival benefit is obtained (resectability:
83%, 5-year survival rate: 32%) [7] when the initial exami-
nation is started at the age of 40 years [5, 11]. A Dutch
cohort study demonstrated a rapid growth of cancers
in the pancreases of CDKN2A/p16 variant carriers, in
which a cystic precursor lesion was absent in nearly half
of the cases [18]. This lack of a precursor lesion may hin-
der the early detection of pancreatic cancer in Japan, as
pancreatic surveillance of a variant carrier is not covered
by Japanese health insurance without associated clinical
findings.

The pathogenicity of the CDKN2A variants of the two
current cases are now rated as likely pathogenic accord-
ing to the ACMG guideline; however, the variant in case
1is rated as having uncertain significance and that in case
2 as conflicting interpretation [likely pathogenic (4) and
uncertain significance (1)] by the ClinVar (Table 1). The
CDKN2A variants synthesizing the other amino acids
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(p.Gly23Arg, p.Gly23Ser), located at the same codon as
in the case 2 (p.Gly23Cys), have been reported as patho-
genic [10, 19]. Although small in proportion, the evalua-
tion of variants of uncertain significance (VUS) classified
by the ClinVar database can change to likely pathogenic/
pathogenic according to the time course [20] and addi-
tional clinical and/or functional information. The rate of
VUS is still higher in Asians and Hispanics than in Cau-
casians when testing hereditary tumor-related genes [21].
Segregation assays are useful for clarifying the pathoge-
nicity of VUS; however, as in the current cases, genetic
testing for patients with past pancreatic cancer is quite
difficult due to their poor prognosis [22]. The lifetime risk
of pancreatic cancer in CDKN2A pathogenic variant car-
riers is high (17-21% at 70-75 years of age [5, 7]), how-
ever with this incidence, segregation assays may result
in false negative even in prospectively followed cohorts.
Testing methods that can evaluate variant’s pathogenic-
ity, such as MSI/MMR-IHC for Lynch syndrome, are also
required for CDKN2A variants.

These issues are also reflected in the secondary find-
ing algorithm in Japanese precision cancer medicine.
In addition to their risks for melanoma and pancreatic
cancer, carriers of CDKN2A variants may face moder-
ate risks for breast, lung, and esophageal cancer [5, 23].
No specific physical findings, such as skin fibromas and
café-au-lait spots in neurofibromatosis type 1, have been
reported in CDKN2A variant carriers. Based on the
data of MSK-IMPACT (a cancer genome study done at
Memorial Sloan Kettering Cancer Center), the European
Society for Medical Oncology (ESMO) reported that the
germline conversion rate of CDKN2A variants was lim-
ited, at 4.3% (29/676), and that the characteristic finding
of germline CDKNZ2A variant carriers was an early tumor
onset (<30 years of age) [24]. However, their analysis
revealed that the patients who developed a tumor at <30
years old accounted for <20% of the total CDKN2A vari-
ant carriers (19.1%, 4/21). Pancreatic cancer, which rep-
resents the second largest proportion of cancer types
undergoing Japanese precision cancer medicine (https://
for-patients.c-cat.ncc.go.jp/registration_status/), devel-
ops at a median age of 60 years old (mostly after 50 years
old) in CDKN2A variant carriers [7]. Hence, if using this
recommendation, the majority of the true variant carri-
ers will be missed by tumor-only comprehensive genomic
profiling (CGP) in Japan. A prospective study for Dutch
CDKN2A variant carriers reported that the outcomes
of the pancreatic cancer patients were improved by the
detection through surveillance (resectability: 83%, 5-year
survival rate: 32%) [7]. Recent advance of precision can-
cer medicine increases the opportunity to detect PGPVs
of CDKN2A/p16 in pancreatic cancer patients. We need
to make good use of CGP data and give feedback to the
patients and their relatives.
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In this case report, we evaluated two families with FPC
and suspected pathogenic variants of CDKN2A inciden-
tally identified through comprehensive genomic profil-
ing. Gene-specific issues are raised in the evaluation of
variant pathogenicity, conditions to select PGPV, extent
of surveillance, and the extent of at-risk organs. Accumu-
lation of genetic and clinical data is necessary to obtain
the true incidence, penetrance, and phenotype of this
rare inherited cancer syndrome.
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