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Pancreatic adenocarcinoma represents about
90% of all pancreatic tumors [1]. In Italy, the
incidence of ductal adenocarcinoma is about
7,000 new cases per year and the mortality
rate is about 95% [2]. For this reason,
pancreatic cancer is the fifth cause of death
from cancer in Italy [3]. The only chance of
cure is represented by surgical resection, and
it is feasible in less than one half of the
patients [4]. The poor prognosis of the disease
is the result of several concurrent factors: the
aggressive biological behavior of this
histological type of malignancy, the relative
delay of clinical evidence of the disease, and
the lack of criteria for selecting individuals at
risk who could benefit from clinical
screening. Many efforts have been made in
the past few years for assessing the
mechanisms of the carcinogenesis of
pancreatic cancer in order to identify
individuals at increased risk, and for
establishing diagnostic tools for screening and
early diagnosis.

The Molecular Progression of Pancreatic
Cancer

Like in other neoplasms, cellular changes
leading to dysplasia, carcinoma in situ and
invasive pancreatic carcinoma are related to
mutations in oncogenes and tumor suppressor
genes [5]. Although many experimental

models have identified mutations occurring in
oncogenes and/or tumor suppressor genes
leading to pancreatic cancer, we do not have a
definitive experimental model of pancreatic
cancer capable of defining the molecular and
prognostic markers of the disease [6]. K-ras
mutations are reported in about 90% of
sporadic pancreatic carcinomas [7]. However,
a mutated K-ras gene may be associated with
several non-neoplastic pancreatic disorders
(e.g., chronic pancreatitis), and, according to
the experimental models [8, 9, 10], it
characterizes the earliest phases of dysplasia;
for this reason, this gene does not seem not to
be suitable for use as a diagnostic marker.
Mutations in the p-53 gene are described in
about 75% of cases of pancreatic ductal
carcinoma [6], and are present in about 50%
of all cancers. The function of this gene is to
stop cells in the G1 phase in the presence of
DNA damage; the encoded proteins also play
a role in apoptosis. Mutations in the p-16
protein are also frequently found. This gene
also modulates cellular progression through
the G1 phase [11]. P-16 mutations are
described in about 80% of cases of pancreatic
cancer. Recent studies have demonstrated that
the p-16 wild type mutation in pancreatic
adenocarcinoma human cells can decrease
cellular proliferation, thus being an potential
marker for gene therapy [12]. The DPC4
mutation is present in about 50% of cases of
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pancreatic cancer [13]. The role of this
alteration has not yet been well defined in
pancreas cancer.

Genetic Susceptibility to Pancreatic
Carcinoma

The first description of familial pancreatic
cancer was reported at the end of the 1970s
[14]. Nevertheless, the first study on a group
of families diagnosed with familial pancreatic
carcinoma was published in 1989 [15].
Familial pancreatic cancer was of great
interest in subsequent years, and National
Registers were established both in the USA
[16, 17] and in Europe [18, 19, 20], to in
order to better understand and monitor the
disease. After enrolling families in registries,
the individuals identified to be at higher risk
for pancreatic carcinoma can be enrolled in
screening programs, in order to try to prevent
the disease or, at least, to arrive at an early
diagnosis [21]. About 10-15% of the incident
cases of pancreatic cancer have a positive
family history for this tumor [21, 22]. This
percentage includes three different clinical
conditions: the first condition is represented
by the genetic syndromes of cancer which
include the pancreas in their cancer spectrum;
the second condition is familial pancreatitis,
in which pancreatic cancer represents the
malignant phenotype of the disease, and the
third condition is the properly named familial
pancreatic cancer, in which two or more
relatives are diagnosed with pancreatic cancer
and the family does not fulfil the criteria of
inclusion in other known genetic syndromes
[23]. In this study, we will briefly review the
current knowledge regarding these three
aspects of familial pancreatic cancer and will
address the question of possible screening and
prevention measures.

1) Hereditary Neoplastic Syndromes
Associated with Pancreatic Cancer

Hereditary breast and ovarian cancer
(HBOC). This syndrome is predominantly
caused by mutations of the BRCA1 or
BRCA2 genes. The frequency of mutations in

these two genes increases proportionally to
the number of the members of the family
diagnosed with ovarian or breast cancer.
Families diagnosed with HBOC show an
increased frequency of pancreatic cancer [24].
The risk of pancreatic cancer is increased
2.26-fold in carriers of BRCA1 mutations
[25] and from 3.5- to 8-fold in BRCA2
carriers with respect to the general population
[26, 27]. BRCA2 may also play a role in
familial pancreatic cancer which is not
associated with known hereditary neoplastic
syndromes. This association is stronger in
individuals of Ashkenazi Jewish descent [28].
Two studies, from America and Europe
respectively, identified BRCA2 mutations in
13 to 17% of the families diagnosed with
familial pancreatic cancer who did not meet
the inclusion criteria of known hereditary
neoplastic syndromes [29, 30]. Thus, BRCA2
might play an important role in the diagnosis
of familial pancreatic cancer [31].
Peutz-Jeghers syndrome (PJS). Peutz-Jeghers
syndrome is an autosomal dominant
hereditary disease which causes increased
susceptibility to several kinds of tumors. This
syndrome is caused by a mutation in the
STK11 gene [32]. The cumulative risk of
developing a PJS tumor for mutation carriers
at 20, 30, 40, 50, 60 and 70 years of age is
1%, 3%, 19%, 32%, 63% and 81%,
respectively. In particular, the risk of
gastrointestinal tumors such as esophageal,
small bowel, colorectal and pancreatic cancer
is increased; the risk for these malignancies at
30, 40, 50 and 60 years of age is 1%, 10%,
18%, and 42%, respectively. A particular
mutation occurring in exon 3 of the STK11
gene seems to be associated with an increased
risk of malignancy more than mutations
located elsewhere in the gene [33]. The risk of
developing pancreatic cancer for those with
PJS is about 132 times the risk of the standard
population [34].
Familial atypical multiple mole melanoma
syndrome (FAMMM). This syndrome is
associated with a mutation of the CDKN2A
gene. It is often associated with extra-
cutaneous neoplasms and pancreatic cancer is
present in about 25% of cases [35]. FAMMM
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is phenotypically expressed in about 12% of
families diagnosed with familial pancreatic
cancer [36]. The overall risk of pancreatic
cancer for patients diagnosed with FAMMM
and CDKN2A mutation is about 15 times
higher with respect to the general population,
and the cumulative risk of developing
pancreatic cancer is about 17% at 75 years of
age [37]. Lynch et al. described the
phenotypic expression of FAMMM in 19 of
159 families diagnosed with pancreatic
cancer. In 8 of these families, FAMMM and
pancreatic cancer were associated with a
CDKN2A germinal mutation simultaneously.
This association was described as a new
hereditary neoplastic syndrome, named
FAMMM-pancreatic carcinoma (FAMMM-
PC) [38].
Hereditary non-polyposis colorectal cancer
syndrome (HNPCC). HNPCC is a syndrome
caused by a germinal mutation of one of
several mismatch repair (MMR) genes [39].
Although the association between pancreatic
cancer and MMR gene mutation is not strong,
some cases of pancreatic cancer occurring in
families having HNPCC have been described
[40]. Peltomaki et al. found that about 1% of
MMR gene mutations could lead to pancreatic
cancer [41]. In addition, some studies showed
a larger prevalence of colorectal cancer in
families having a history of pancreatic cancer
[40].

2) Hereditary Pancreatitis

Hereditary pancreatitis (HP) is an autosomal
dominant disease with variable expression
and an estimated penetrance of 80%, which is
associated with an increased risk of pancreatic
cancer [42]. This disease is characterized by
recurrent episodes of acute pancreatitis or a
previous history of chronic pancreatitis in
several members of the same family. In 1996,
the first HP-associated mutation was
identified in the cationic trypsinogen gene
PRSS1. In subsequent years, several different
mutations of the same gene have been found
in a large number of families investigated.
The disease is caused by a PRSS1 gene
mutation in 70% of cases [43]; mutations in

the serine protease inhibitor SPINK1 gene, a
pancreatic trypsin inhibitor, have also been
identified in a smaller number of families [44]
and in patients with chronic pancreatitis. HP
patients have more than a 50-fold increased
risk of pancreatic ductal cancer in comparison
to the expected incidence of pancreatic cancer
in the general population. Risk is increased by
paternal-line transmission and smoking [45].
The estimated cumulative risk of pancreatic
cancer at 70 years of age in patients with
hereditary pancreatitis approaches 40%; for
patients with a paternal inheritance pattern,
the cumulative risk of pancreatic cancer is
approximately 75% [46].

3) Familial Pancreatic Cancer

In some patients diagnosed with pancreatic
cancer, the familial distribution of the disease
suggests an autosomal dominant transmission
with reduced penetrance. This modality of
transmission characterizes about 70% of
“hereditary” pancreatic carcinomas not
otherwise attributable to known genetic
syndromes [47, 48]. A gene of susceptibility
to pancreatic cancer has not yet been
identified, though a susceptibility locus was
located by linkage analysis in the q32-34
region of chromosome 4 [49]. This analysis
was carried out in a family composed of 43
members over 4 generations, including 20
subjects affected with pancreatic cancer. The
definition of familial pancreatic cancer is still
a matter of debate. The most common
definition refers to a family in which two first
degree relatives are diagnosed with
histologically confirmed pancreatic cancer
and do not fulfil the inclusion criteria of
another known hereditary neoplastic
syndrome [50]. According to other authors,
familial pancreatic cancer refers to families
with three or more affected members,
regardless of the degree of relationship and
the age of occurrence (before or after 50 years
of age) [47]. The phenomenon of anticipation
for familial pancreatic cancer, although
described in some studies, has not been
confirmed in others [20, 51]. In a recent study
based on the National Familial Pancreatic
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Tumor Registry (Johns Hopkins University)
[52], the risk of pancreatic cancer for
members of affected families increased
proportionally to the number of patients
affected in the family. The risk was 4.5-fold
higher when only one relative was affected by
pancreatic cancer, 6.4-fold higher in the case
of two affected relatives and 32-fold higher in
the case of 3 or more affected relatives.
Another interesting observation regarding
patients diagnosed with pancreatic cancer at a
young age without family history is the
possibility of a germinal mutation of the
Fanconi genes FANCC and FANCG [53].

Screening and Prevention in Hereditary
Pancreatic Cancer

Familial pancreatic cancer (FPC) is a new
clinical entity and only a few clinical
institutions provide patients with specific
information on this issue. When a family is
diagnosed with a known hereditary syndrome,
screening for pancreatic tumors is clearly
justified, depending on the increase of risk
determined by that syndrome and by the
probability that the subject at risk is a gene
carrier. The situation is more complex for
subjects at risk of FPC. Mutational screening
is not possible, as no gene has been identified
so far. In addition, the diagnostic tools which
are available to detect early pancreatic
malignancies, such as dysplasia, are still
limited. Nevertheless, some institutions have
published results of clinical screening carried
out in patients having an increased risk of
pancreatic cancer. Rulyak and Brentnall [54]
have recently reported data concerning the
screening of 35 subjects in 13 families
diagnosed with FPC. They were able to detect
presumptive dysplastic lesions by means of
US-endoscopy, abdominal CT-scan, MNR,
and endoscopic retrograde
cholangiopancreatography (ERCP) in 12
cases. These patients underwent total
pancreatectomy and the dysplasia was
histologically confirmed in all cases, in the
absence of pancreatic cancer. More recently,
Canto et al. [55] reported the experience of
their group regarding screening for FPC by

means of US-endoscopy. Further diagnostic
assessments (CT, EUS-FNA and ERCP) were
carried out only when US-endoscopy had
shown a suspect pre-malignant or malignant
lesion. Using this approach, 6 out of 38
patients were diagnosed with pancreatic
lesions (1 invasive adenocarcinoma, 1
intraductal papillary mucinous neoplasm
(IPMN) , 2 serous cystadenomas and 2 non-
neoplastic masses). The patient with early
diagnosis of pancreatic cancer is still alive
more than 5 years after intervention.

Future Prospects for the Screening of
“Hereditary” Pancreatic Cancer

In individuals at risk for a known hereditary
neoplastic syndrome, screening should begin
by the search for germline mutations in the
known genes. The BRCA1 gene, and
particularly the BRCA2 gene [56] should
always be screened in all patients who fulfill
the inclusion criteria of HBOC; mutations of
STK11 [32] in patients diagnosed with or at
risk of PJS; mutations in CDKN2A [37] in
patients at risk of FAMMM; mutations in the
MMR genes [39] in patients at risk of
HNPCC; mutations in SPINK1 and PRSS1
[43, 44] in patients at risk of familial
pancreatitis. If a mutation is identified in one
of these genes, an estimate of the individual
risk can be obtained not only for pancreatic
cancer, but also for the other tumors included
in the spectrum of the syndrome. This makes
it possible to select those patients who should
undergo specific surveillance protocols as, for
example, in cases of hereditary breast or
colorectal malignancies. The situation is more
complex for individuals at risk of FPC as they
have an indefinite degree of risk and because
mutations occurring in the susceptibility gene
are still unknown. In consideration of the
aggressive biological behavior of pancreatic
carcinoma, we need to develop new
diagnostic tools capable of identifying
premalignant lesions or in situ carcinomas.
Screening protocols for individuals
considered at risk has been proposed, but
some of these protocols are invasive and
potentially dangerous. For example, some
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authors consider ERCP inappropriate because
of the high incidence of complications. Other
groups consider US endoscopy a valid
alternative, whereas some authors, like
Tanaka et al. [57], consider abdominal US a
valid option.
Another open issue in FPC involves the
decisions to be taken in case of the early
diagnosis of pancreatic diseases other than
cancer. Pancreatectomy seems to be justified
in individuals diagnosed with a small solid
pancreatic mass or a premalignant lesion such
as IPMN. Nevertheless, the management of
patients diagnosed with suspicious pancreatic
dysplasia is difficult; pancreatic FNA is
informative only in the case of positive
histology. In other cases, we cannot exclude a
pancreatic malignancy. In these cases, the
aggressive approach would be total
pancreatectomy which implies a relatively
high degree of morbidity and mortality. In
addition to that, we would expect, at the least,
a worsening in the quality of life (unstable
diabetes, bowel disorders, etc). Charpentier et
al. [58] recently suggested, as a possible
therapeutic choice, pancreas transplantation
associated with pancreatectomy. In our
opinion, this interesting approach presents
some difficulties which should be evaluated
carefully. First, associating pancreas
transplant with a pancreatectomy increases
the overall surgical risk and substantially
inflates the demand for organs; second, the
necessary immunosuppressive therapy could
represent a specific carcinogenic factor for
these patients, some of whom may be more
susceptible to neoplasias because of a genetic
predisposition.
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