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Introduction
Pancreatic adenocarcinoma is the fourth leading cause of cancer death with an estimated
43,000 new diagnoses and 36,800 deaths annually.1 The low 5-year overall survival rate of
patients with pancreatic adenocarcinoma of 6% is attributable to the largely
characteristically late stage of pancreatic cancer at the time of diagnosis.2 Although most
cases of pancreatic adenocarcinomas are thought to be sporadic, up to 10% may be due to an
underlying genetic predisposition.3–4 This article reviews the epidemiology and genetic
basis of hereditary pancreatic cancer and the emerging strategies for detection of early
pancreatic neoplasms in high-risk individuals.

Epidemiology
Family history was recognized as a risk factor for pancreatic cancer as early as 1967 when
pancreatic cancer was reported in an adenocarcinoma-prone family by Henry Lynch.5 In
1973, MacDermott and Kramer described a family in which four of six siblings were
diagnosed with pancreatic cancer, and since then, other cases have been reported.6–11

A population-based case-control study conducted in Canada noted that 7.8% of patients with
pancreatic cancer and 0.6% of controls had a family history of pancreatic cancer.12 This
difference could not be explained by differences in environmental exposures. Another
population-based, case control study conducted in the United States found that individuals
with a first-degree relative (FDR) with pancreatic cancer had a 3.2-fold increased risk of
developing pancreatic cancer (95% CI 1.8–5.6) as compared to population controls.13

Prospective cohort studies have also demonstrated an increased risk of pancreatic cancer
among individuals with a family history of pancreatic cancer.14–15 Coughlin et al. reported a
1.5-fold increased risk of fatal pancreatic cancer in males with a family history of pancreatic
cancer (multivariate relative risk [RR] 1.5, 95% CI 1.1–2.1).14 In another population-based
cohort study, Hemminki et al. also demonstrated an increased risk of pancreatic
adenocarcinoma in an individual with a parent with pancreatic cancer (standardized
incidence ratio 1.73, 95% CI 1.1–2.5).15 These findings have prompted further studies to
determine if the clustering of pancreatic cancer is attributable to a shared underlying genetic
basis and/or due to environmental factors.
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Genetic Basis
Inherited gene mutations as seen in hereditary pancreatitis and with inherited cancer
syndromes including hereditary breast and ovarian cancer syndrome, Peutz-Jeghers
syndrome, Lynch syndrome, and familial atypical multiple mole melanoma contribute to the
familial aggregation of pancreatic cancers. However, such “hereditary pancreatic cancer”
cases in which pancreatic cancers are due to a known genetic defect account for a small
fraction of clustering of pancreatic cancer cases.

“Familial pancreatic cancer” (FPC) has been used to describe families with at least 2 first-
degree relatives (FDR) with pancreatic cancer without a known genetic defect. Complex
segregation analysis suggests that the aggregation of pancreatic cancer in these families is
due to an unidentified, autosomal dominantly inherited gene with reduced penetrance.16

Although initial linkage studies suggested that the palladin gene (PALD) may be a
predisposition gene for pancreatic cancer17 these findings have not been validated.18–21

Studies of FPC kindreds suggest that germline BRCA2 mutations may be found in 17–19%
of tested kindreds with an incident pancreatic cancer.22–23

To evaluate the risk of pancreatic cancer in families with pancreatic cancer, Klein et al.
conducted a prospective study of 838 kindreds in the National Familial Pancreas Tumor
Registry (NFPTR). Standardized incidence ratios were derived by comparing the number of
incident pancreatic cancers cases with those expected using Surveillance, Epidemiology and
End Results rates. Among individuals from FPC kindreds, individuals with three or more
affected FDRs with pancreatic cancer had a 32.0-fold increased risk of developing
pancreatic cancer (95% CI 10.4–74.7). Those with two affected FDRs had a 6.4-fold
increased risk (95% CI 1.8–16.4), and those with one affected FDR had a 4.5-fold increased
risk (95% CI 0.54–16.3).24 The complexity in cancer risk assessment has led to the
development of a risk prediction model (PancPRO) to provide more detailed risk estimates
for individuals from FPC kindreds that take into account the ages at cancer diagnosis, family
size, and the relationship between family members.25

Pancreatic Cancer Associated with Inherited Cancer Syndromes
Peutz-Jeghers Syndrome

Peutz-Jeghers syndrome (PJS) is an autosomal dominant hamartomatous polyposis
syndrome with high penetrance. The estimated frequency of PJS is 1/8,300–1/280,000
individuals. Individuals with PJS have distinctive mucocutaneous pigmentation with
multiple pigmented macules on the lips, buccal mucosa, periorbital areas as well as the
forearms, palms, soles, fingers and perianal area. Macules on the skin manifest in early life
and tend to progress but perioral lesions may fade with age. Individuals with PJS develop
hamartomatous polyps throughout the gastrointestinal tract. A clinical diagnosis of PJS can
be made in individuals who have two or more of the following criteria: (i) two or more
Peutz-Jeghers polyps of the small bowel, (ii) characteristic mucocutaneous pigmentation,
(iii) family history of PJS.

PJS is caused by inherited mutations in the STK11/LKB1 gene located at 19p13.3. STK11
encodes a novel serine/threonine kinase that is thought to function as a tumor suppressor.
Mutations in STK11 are detected in 80–94% of individuals who meet diagnostic
criteria.26–27 Colorectal cancer (CRC) is the most frequent gastrointestinal malignancy
(39%).28–29 The estimated lifetime risk of pancreatic cancer in individuals with PJS is 11–
36%.28–29 Other gastrointestinal cancers include gastric (29%), and small bowel
adenocarcinomas (13%). Individuals with PJS are also at risk for breast cancer (32–54%)
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and gynecologic malignancies including ovarian sex cord tumors (21%), endometrial cancer
(9%), adenoma malignum of the cervix (10%) and testicular cancer (9%) in men.28

Familial Atypical Multiple Mole Melanoma
Familial atypical multiple mole melanoma (FAMMM) is an autosomal dominantly inherited
syndrome with incomplete penetrance. Germline mutations p16/CDKN2A gene are
associated with FAMMM although there has been wide variability in the reported
prevalence of CDKN2A mutations in patients with FAMMM.30–34 FAMMM is
characterized by the presence of multiple melanocytic nevi and atypical melanocytic nevi,
and an increased risk of malignant melanoma.35–36 In addition to pancreatic cancer,
individuals with FAMMM are also at increased risk of developing sarcomas and cancers of
the lung and breast.37–38 The risk of pancreatic cancer in kindreds with FAMMM is 13–22
fold higher than the average population 37, 39 and individuals with a germline p16 mutation
have a 38-fold higher risk of pancreatic cancer than the general population.40 This elevated
cancer risk highlights the significance of genetic counseling for early identification of
individuals at risk for FAMMM.41

Lynch Syndrome
Lynch syndrome, the most common inherited familial colorectal cancer syndrome, results
from a mutation in one of the mismatch repair genes MLH1, MSH2, MSH6 and PMS2.
Lynch syndrome is characterized by early onset of CRC and a predisposition to cancers of
the endometrium, ovary, stomach, small bowel, urinary tract and brain. Although
pancreatobiliary tumors have long been included in the spectrum of Lynch syndrome
associated malignancies, the magnitude of the risk of pancreatic cancer has only recently
been quantified. It is estimated that the cumulative risk of pancreatic cancer in individuals
with Lynch syndrome is 3.7% up to age 70 which represents an 8.6-fold increase compared
to the general population.42 Pancreatic cancers in individuals with Lynch syndrome
frequently have a characteristic medullary appearance.43–44 These tumors are poorly
differentiated and demonstrate prominent lymphocytic infiltration. In addition they
demonstrate loss of protein expression of mismatch repair genes and are associated with
microsatellite instability (MSI).44–45 It may therefore be reasonable to perform tumor MSI
testing in patients with a family history suggestive of Lynch syndrome or the presence of
young onset medullary cancer of the pancreas.

Hereditary Breast and Ovarian Cancer Syndrome
Hereditary breast and ovarian cancer syndrome (HBOC), an autosomal dominantly inherited
syndrome is characterized by early-onset breast and/or ovarian cancers. Germline mutations
in BRCA1 and BRCA2 genes are responsible for the breast and ovarian cancer syndrome in
most families.46 BRCA proteins are involved in transcriptional regulation of gene
expression and recognition and repair of DNA damage.

It is unclear if BRCA1 mutations are associated with an increased risk of adenocarcinoma of
the pancreas. Large studies of BRCA1 mutation positive families, ascertained for young
onset of breast and/or ovarian cancers, suggested that the risk for pancreatic cancer is 2–3
fold higher in BRCA1 carriers than the general population.47–48 However, in other studies
BRCA1 mutations appear to be rare in families with pancreatic cancer that do not have a
significant history of breast cancer.49

Germline BRCA2 mutations have been clearly associated with an increased risk of
pancreatic cancer with a RR 3.51 (1.87–6.58).50 A number of studies have evaluated the
prevalence of BRCA mutations in patients with pancreatic cancer. In patients with pancreatic
cancer and 2 or more FDRs with pancreatic cancer the prevalence of BRCA2 mutations has
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been estimated to range from 17–19%.22–23, 51 In another study, of patients with apparently
sporadic pancreatic cancer, Goggins et al. demonstrated that 7.3% had germline BRCA2
mutations.52 It has been established that 1.1% of the Jewish population carries a BRCA1
founder mutation and 1.1% carries a BRCA2 founder mutation. Studies evaluating the
prevalence of founder mutations have found that 5.5–10% of Ashkenazi Jewish patients with
pancreatic cancer have BRCA2 founder mutations.53–57 Given these findings, it may
therefore be reasonable to consider testing for BRCA founder mutations in Ashkenazi Jewish
patients with pancreatic cancer even in the absence of a family history suggestive of HBOC.

Hereditary Pancreatitis
Hereditary pancreatitis is a rare inherited form of chronic pancreatitis characterized by
recurrent attacks of acute pancreatitis in childhood or early adolescence. Chronic
pancreatitis develops in late adolescence or early adulthood. These individuals have an
increased risk for pancreatic cancer beginning in the fifth decade of life. The largest
proportion of hereditary pancreatitis is caused by germline mutations in PRSS1 on
chromosome 7q35. Germline mutations in the PRSS1 gene, which encodes cationic
trypsinogen, has been associated with an autosomal dominant form of hereditary
pancreatitis. Multiple mutation sites have been identified, the two most common of which
are R122H and N29I.58 Some mutations in PRSS1 result in premature trypsin activation or
ineffective deactivation of trypsin by eliminating a trypsin autodegradation site both of
which result in pancreatic parenchymal injury.58–60

Although hereditary pancreatitis accounts for a small percentage of pancreatic cancer cases,
it is associated with a markedly elevated risk of pancreatic cancer (lifetime risk 25–
40%).61,62 Smoking not only increases the risk of pancreatic cancer approximately two-fold
in patients with hereditary pancreatitis, but smokers develop pancreatic cancer 20 years
earlier than nonsmokers.63

Screening for Pancreatic Cancer
Surgical resection is the only potentially curative treatment for pancreatic cancer; however
only 15–20% of patients are candidates for pancreatectomy at the time of diagnosis. The 5-
year survival following pancreaticoduodenectomy, although low (25–30% in node-negative
patients and 10% in node-positive patients), is significantly higher than in those with
unresectable disease. In one study, Japanese investigators reported a 4-year survival of 78%
of patients who had undergone resection of a small stage I ductal adenocarcinoma less than
2 cm.2 Although there is no consensus regarding the extent of surgical resection in
individuals identified with high-grade precursor lesions, it is hoped that early surgical
resection can significantly improve survival.

Routine screening for pancreatic cancer is of limited utility in average risk individuals given
the low incidence of pancreatic cancer and the lack of a low cost, noninvasive, diagnostic
test with high sensitivity and specificity. However, certain high-risk subgroups including
individuals with FPC and inherited cancer syndromes that have a significantly elevated
lifetime risk of pancreatic cancer may benefit from screening with the aim to detect early
pancreatic lesions that can be intervened upon.

Two such precursor lesions of pancreatic cancer include intraductal papillary mucinous
neoplasms (IPMN) and pancreatic intraepithelial neoplasia (PanIN).64 Both have been well
characterized and may potentially serve as targets for early intervention. IPMNs are grossly
visible mucin producing epithelial neoplasms arising from the main or branch pancreatic
ducts. PanIN lesions are microscopic non-invasive neoplasms involving ducts less than 5–10
mm and are characterized by columnar to cuboidal cells with varying degree of atypia.
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Indeed, a model for histologic and genetic progression from normal cells to PanIN lesions to
invasive pancreatic cancer has been developed. 65–66

Evidence for Screening
Screening studies in high-risk cohorts have demonstrated that early pre-invasive pancreatic
lesions in the pancreas can be detected in at-risk persons, who could then be treated before
the development of an invasive cancer.67 In a prospective cohort study, 14 patients from 3
kindreds with FPC underwent both endoscopic ultrasound (EUS) and endoscopic retrograde
cholangiopancreatogram (ERCP).67 Although no pancreatic cancers were found, all 7
individuals with abnormalities on EUS and ERCP were found to have widespread PanIN
lesions on pancreatectomy.

In a pilot study to evaluate the feasibility of screening at-risk relatives with pancreatic
cancer in FPC kindreds, Canto et al. screened 38 asymptomatic subjects with EUS. The
diagnostic yield for detecting clinically significant pancreatic neoplasms was 5.3%.68 In a
subsequent prospective, single-center, case control study; the same group found that
screening with EUS and CT diagnosed a significant number of asymptomatic pancreatic
neoplasms in high-risk individuals. In this study, 78 high-risk patients (72 from FPC
kindreds with ≥3 affected members, 6 PJS) and 149 control patients were screened at
baseline and 12-months with both EUS and pancreatic protocol CT. Pancreatic neoplasia
were confirmed in 8 patients (10% yield): 6 patients had 8 benign IPMNs with diffuse
multifocal PanIN lesions, 1 had an IPMN that progressed to invasive ductal
adenocarcinoma, and 1 had high grade PanIN.69 It is important to note that approximately
half of the pre-malignant or malignant lesions were found at the time of surgery and not
during screening.70–71

However, the yield of screening has not been uniformly high. A recent 5-year prospective
screening study of 76 asymptomatic individuals at risk for pancreatic cancer who underwent
annual EUS and magnetic resonance imaging (MRI) /magnetic resonance
cholangiopancreatogram (MRCP)/magnetic resonance angiography (MRA), reported finding
only 1 significant IPMN corresponding to a yield of 1.3%. It is important to note that
although this study included high-risk individuals (≥ 3 relatives with pancreatic cancer and
known BRCA2 mutation carriers), 57% of the cohort comprised of individuals with 2 or
more FDRs with pancreatic cancer who are considered to be at moderate risk (5–10 fold
increased risk). Also in contrast to other screening studies, the uptake of screening was
markedly lower and outcomes of those patients are unknown.72

Screening Modalities
Although the optimal approach for screening for early pancreatic neoplasia is still in
question, studies suggest that computed tomography (CT) has the lowest sensitivity for
pancreatic neoplasms.68–69 Other disadvantages include radiation exposure and the inability
to image non-dilated pancreatic ducts. ERCP, the gold standard for imaging the pancreatic
duct is not the test of choice for screening due to the risk of pancreatitis.

EUS combines endoscopy with high frequency ultrasound thereby avoiding exposure to
radiation. Studies have demonstrated that EUS has a higher sensitivity as compared to CT in
detecting pancreatic cancer.73 EUS has a high positive predictive value for PanIN in high-
risk individuals.67 EUS can also accurately detect IPMNs and has the advantage of being
able to visualize mural nodules, a feature associated with an increased risk of
malignancy.74–75 Chronic pancreatitis seen on EUS in individuals with FPC has been
associated with lobulocentric atrophy and may be a marker of multifocal PanIN lesions.76
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Limitations of EUS include high inter-observer variability, high cost and complications
associated with endoscopy.

MRI/MRCP provides a non-invasive method for screening high-risk individuals while
avoiding the risk of radiation exposure and pancreatitis. Recent studies report equal or
greater accuracy for MRI/MRCP compared to CT 77 and ERCP 78 in the diagnosis of
IPMNs. Furthermore, secretin-enhanced MRCP may improve the sensitivity for small ductal
lesions by increasing pancreatic secretion.79

Recommendations for Screening
A consensus conference proposed that screening for pancreatic cancer be performed only as
part of a peer-reviewed protocol. It was suggested that pancreatic cancer screening be
considered in individuals with > 10-fold increased risk of pancreatic cancer.80 (Table 3)
Although there are no clear guidelines as to when to start screening, expert
recommendations are based on the mean age of pancreatic cancer and the youngest age of
onset of pancreatic cancer in the family. In individuals with FPC the mean age of onset is in
the sixth decade of life. We recommend that pancreatic cancer screening be considered at
the age of 40–45 years or 10–15 years younger than the youngest relative with pancreatic
cancer. In patients with PJS screening for pancreatic cancer is recommended at age 30 years.
Since smoking has been shown to be an independent risk factor for pancreatic cancer in
families with FPC, all high-risk individuals should be strongly counseled against smoking.81

In individuals with hereditary pancreatitis, in addition to smoking cessation a low-fat diet
should also be recommended.

Summary and Future Directions
There have been significant advances in our understanding of hereditary pancreatic cancer
over the past decade. At the present time, there are known inherited gastrointestinal cancer
syndromes that predispose to pancreatic cancer; however, the genetic basis for FPC remains
largely unidentified. The critical role of PanIN lesions as precursors of pancreatic cancer has
become clear. It will be important to determine the natural history of untreated PanIN
lesions and determine both the proportion and rate of progression to invasive carcinoma.
Advances in proteomic analysis of PanIN lesions may allow us to reliably and accurately
target early lesions for chemoprevention and more advanced lesions for early resection. 82

With regard to screening, numerous studies have demonstrated that with current pancreatic
cancer imaging modalities (EUS and MRI/MRCP), pancreatic precursor lesions are
detectable and have a significant yield in appropriately selected, high-risk individuals. The
optimal approach and frequency of screening has yet to be established. It also remains to be
determined if pancreatic cancer screening in high-risk individuals decreases cancer
incidence and improves survival. As these questions are answered, it remains essential that
physicians perform a complete assessment of family cancer history in order to identify these
high-risk individuals, who may benefit from genetic evaluation in addition to close
monitoring.
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Table 1

Inherited Syndromes Associated With Increased Risk of Pancreatic Cancer

Syndrome Gene Gene Function Lifetime Risk
for
Pancreatic
Cancer (%)

Hereditary pancreatitis61 PRSS1 Cationic trypsinogen 25–40

Familial atypical multiple mole melanoma37, 83 p16/
CDKN2A

Tumor suppressor 10–17

Hereditary breast ovarian cancer syndrome47–48, 84 BRCA 2
BRCA1

Tumor suppressor
Tumor suppressor

5
3.6

Peutz-Jeghers syndrome28 STK11/
LKB1

Tumor suppressor, serine threonine
kinase

36

Lynch syndrome42 MLH1, MSH2, MSH6, PMS2 Mismatch repair 3.7
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Table 2

Risk of Pancreatic Cancer in Familial Pancreatic Cancer Kindreds* 24, 70

Number and type of
affected relatives

Standardized Incidence
Ratio (95% CI)

Lifetime risk (%)

≥ 3 First-degree relatives 32 (10.4–74.7) 40

2 First-degree relatives 6.4 (1.8–16.4) 8–12

1 First-degree relative 4.5 (0.54–16.3) 6.0

General population 1 1.3

*
Data were derived from familial pancreatic cancer (FPC) kindreds. FPC kindreds were defined as kindreds having at least one pair of first-degree

relatives with pancreatic cancer. These data do not apply to sporadic pancreatic cancer.
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Table 3

Potential Candidates for Screening for Pancreatic Cancer † 42, 80

An affected individual with Peutz-Jeghers syndrome

An affected individual with hereditary pancreatitis

≥ 3 first-, second- or third-degree relatives with pancreatic cancer, with at least one pancreatic cancer in a first-degree relative

A known mutation carrier of a BRCA1*, BRCA2, p16, MLH1*, MSH2*, MSH6*, or PMS2* mutation and at least one first- or second-degree
relative with pancreatic cancer

†
Screening may also be considered in individuals with 2 first-degree relatives with pancreatic cancer 80

*
Data are more limited in these categories
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