Gut and Liver, Vol. 11, No. 6, November 2017, pp. 761-770

Review

Familial Pancreatic Cancer and the Future of Directed Screening
Sara Welinsky1 and Aimee L. Lucas1,2
1
Samuel F. Bronfman Department of Medicine and 2Henry D. Janowitz Division of Gastroenterology, Icahn School of Medicine at Mount Sinai,
New York, NY, USA

Pancreatic cancer (PC) is the third most common cause of
cancer-related death in the United States and the 12th most
common worldwide. Mortality is high, largely due to late
stage of presentation and suboptimal treatment regimens.
Approximately 10% of PC cases have a familial basis. The
major genetic defect has yet to be identified but may be
inherited by an autosomal dominant pattern with reduced
penetrance. Several known hereditary syndromes or genes
are associated with an increased risk of developing PC and
account for approximately 2% of PCs. These syndromes include the hereditary breast-ovarian cancer syndrome, PeutzJeghers syndrome, familial atypical multiple mole melanoma,
Lynch syndrome, familial polyposis, ataxia-telangiectasia,
and hereditary pancreatitis. Appropriate screening using
methods such as biomarkers or imaging, with endoscopic
ultrasound and magnetic resonance imaging, may assist
in the early detection of neoplastic lesions in the high-risk
population. If these lesions are detected and treated before
the development of invasive carcinoma, PC disease morbidity and mortality may be improved. This review will focus on
familial PC and other hereditary syndromes implicated in the
increased risk of PC; it will also highlight current screening
methods and the future of new screening modalities. (Gut
Liver 2017;11:761-770)

United State in 2015 with over 227,000 deaths per year worldwide.2,3 The majority (96%) are cancers that arise from the exocrine pancreas.3 Although diagnostic accuracy and treatments
have improved, the survival rates remain dismal with an average 5-year survival of 7%, which can be attributed to the characteristically late stage of the disease at the time of diagnosis.3
Both environmental and genetic risk factors contribute to the
disease. PC often develops in three settings: sporadic PC, familial pancreatic cancer (FPC), and inherited cancer syndromes (Fig.
1).4,5 Several reports have estimated that up to 10% of PC cases
have a familial basis.4,6 This review will focus on the overview
of PC with an emphasis on FPC including risk factors, high-risk
screening methods and new screening modalities.

PANCREATIC CANCER STAGING AND PROGNOSIS
The survival rates of PC are disappointing with 1-year and
5-year survival rates of 29% and 7%, respectively.3 This is in
large part due to the lack of symptoms associated with early
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INTRODUCTION
Pancreatic cancer (PC) is the third most common cause of
death from cancer in the United States and the 12th most common cancer related death worldwide.1 There were an estimated
49,000 new diagnoses and over 41,000 associated deaths in the

Sporadic PC (90%)
Familial PC (7%)
Inherited cancer syndromes (3%)

Fig. 1. Proportions of pancreatic cancer (PC) due to inherited factors.
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stages of PC. Patients often present at later stages with weight
loss, abdominal discomfort and jaundice.3 Surgical resection
is the only curative treatment for PC.7 However, less than 20%
of patients are surgical candidates at the time of presentation
and the median survival of nonresected patients is 3.5 months.8
Even those patients who are candidates for surgery have a median survival of 12.6 months.8 The absence of symptoms until
advanced stages of disease underscores the importance of early
detection, both through identification of high-risk individuals
and high-risk precursor lesions.

HEREDITARY PANCREATIC CANCER SYNDROMES
Identification of individuals at high-risk of PC based on family history or germline genetic mutations may allow for early
detection and therapy. Hereditary pancreatic cancer syndromes
include: hereditary breast-ovarian cancer (HBOC), Peutz-Jeghers
syndrome, familial atypical multiple mole melanoma (FAMMM),
Lynch syndrome (or hereditary nonpolyposis colorectal carcinoma [HNPCC]), familial adenomatous polyposis (FAP), ataxiatelangiectasia (ATM), and hereditary pancreatitis (HP). These
hereditary cancer syndromes account for approximately 10% to
15% of hereditary PC cases (Table 1). The genetic etiology of the
majority of FPC has yet to be identified.4

FAMILIAL PANCREATIC CANCER
Hereditary PC syndromes only explain a fraction of the clusters of familial based trends. The term FPC applies to families
with two or more first-degree relatives (FDRs) with PC that do
not fulfill the criteria of any other inherited tumor syndrome.9
FPC accounts for approximately 80% of PC clustering.6 When

compared with the general population, the risk of developing
PC in individuals with two FDRs has been estimated at 6.4-fold
greater risk with a lifetime risk of 8% to 12%; those with three
FDRs have a remarkable 32-fold greater risk and a 40% lifetime
risk of developing PC.10 One study, using complex segregation
analysis, suggested that a yet unidentified major autosomal
dominant inherited gene with reduced penetrance could represent a high risk mutation found in FPC.11
A large European study investigated 106 FPC families and
found that from one generation to the next, the age of death
from PC was younger with each generation: a phenomenon
known as anticipation.12 Subsequent studies performed by the
European Registry of Hereditary Pancreatitis (EUROPAC) and
German national case collection for FPC (FaPaCa) confirmed
this phenomenon, showing an earlier development of PC by approximately 10 years in 59% to 80% of FPC families.12,13
Hereditary breast-ovarian cancer (HBOC) syndrome and other
Fanconi anemia genes are inclusive of BRCA1 , BRCA2/FANCD1 ,
PALB2/FANCN , FANCC , and FANCG . The HBOC syndrome
represents early-onset breast and ovarian cancers stemming
from germline mutations in BRCA1 and BRCA2 tumor suppressor genes. The Fanconi anemia genes have well-described
involvement in multiple DNA repair mechanisms, one of which
includes the BRCA1/BRCA2 pathway.14 BRCA2 mutations are
the most frequently identified mutation in FPC, associated with
a 3.5- to 10-fold increased risk of PC compared to the general
population.15,16 The association between BRCA1 mutations and
PC is less well defined but has been reported at an approximate
2.5 to 3 times increased risk.17,18 However, two studies found no
link between BRCA1 mutation and PC.19,20 Partner and Localizer of BRCA2 (PALB2 ), also known as (FANCN ), is a protein
implicated in the nuclear localization and stability required for

Table 1. Cancer Syndromes and Genes Currently Associated with Pancreatic Cancer
Syndrome
Peutz-Jeghers syndrome

Gene

STK11/LKB1

Lifetime risk of PC, %

Other associated cancers

11–36

Esophagus, stomach, small intestine,
colon, breast, lung, ovary, uterus

INK4A

Familial atypical multiple mole melanoma

p16

Hereditary breast cancer

BRCA1

Increased

BRCA2

RR 3.5-5.9

PALB2

Increased

ATM

Increased

Lynch syndrome

HNPCC

(CDKN2A or MTS1 )

17

3.7

Melanoma
Breast, ovarian

Colon, endometrium, ovary, stomach,
small intestine, urinary tract, brain,
cutaneous sebaceous glands

Familial polyposis

APC

1.7

Colon, medulloblastoma, papillary
thyroid carcinoma, hepatoblastoma,
desmoid tumors

Hereditary pancreatitis
PC, pancreatic cancer; RR, relative risk.

PRSS1

25–40

None
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some functions of BRCA2 .21 Its association with PC was first described using whole genome sequencing performed on FPC patients. PALB2 was postulated to be the second most commonly
mutated gene in hereditary PC, accounting for 1% to 3% of
FPC individuals22 and conferring up to 8.6-fold increased risk.23
However, these results have not been confirmed in other studies.
Peutz-Jeghers syndrome (PJS) is an autosomal dominant
polyposis disease associated with an inherited mutation in the
STK11 /LKB1 tumor suppressor gene.24,25 The typical characteristics of this mutation are mucocutaneous pigmentations of
the lips, buccal mucosa and periorbital areas.26 This germline
mutation carries an increased risk of cancer with a cumulative
risk for all cancers of 93% from age 15 to 64 years.27 Multiple
gastrointestinal cancers have been implicated, including gastric
and small bowel adenocarcinoma but also nongastrointestinal
cancers, such as breast, ovarian, endometrial, cervical and testicular cancers.27 PJS is associated with a 132-fold27 increased
risk of PC alone when compared to the general population, and
a lifetime PC risk of 11% to 36%.25
Familial atypical multiple mole melanoma (FAMMM) is an
autosomal dominant disorder of a germline mutation in p16INK4A
(also known as CDKN2A or MTS1 ). This mutation is commonly
known for atypical nevi and high-risk cutaneous malignant
melanomas.28 The p16INK4A has been shown to function as a
melanoma tumor-suppressor gene. Studies have confirmed this
germline mutation of p16INK4A in some American, European
and Australian melanoma-prone kindreds.29-31 Several studies
also found increased risk of PC and referred to it as a separate
syndrome called FAMMM pancreatic cancer (FAMMM-PC). Individuals with this syndrome have a relative risk of 20% to 34%
for the development of PC, and an approximate lifetime risk of
17%.32
Lynch syndrome (or HNPCC) is the most common inherited
colorectal cancer syndrome and is associated with multiple
mutations in mismatch repair genes including MLH1 , MSH2 ,
MSH6 , PMS2 , and EPCAM .33 In addition to having a predisposition for cancers of the colon, endometrium, ovary, stomach,
small intestines, urinary tract, brain and cutaneous sebaceous
glands, individuals with mismatch repair mutations have a lifetime risk of 3.7% for developing PC.33,34 There is little evidence
to support isolated risk attributed to specific genotypes.
Familial adenomatous polyposis (FAP) is a colorectal cancer
syndrome resulting from a mutation in the adenomatous polyposis (APC ) gene causing hundreds of adenomatous colorectal
polyps which if left untreated will inevitably lead to colorectal
cancer. FAP syndrome is associated with a 4.5-fold increase of
developing PC and a lifetime risk of 1.7%.35
Ataxia-telangiectasia (ATM) is an autosomal recessive disorder characterized by progressive neurologic symptoms and
resulting in a marked predisposition for cancer, particularly
lymphoma and leukemia.36,37 Monoallelic mutations in the ATM
gene, which is involved in DNA repair, confer an increased risk
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of cancer, particularly breast cancer in females.38 Monoallelic
mutations in the ATM gene also result in at least twice the rate
of PC compared with the general population.38 One study analyzed a FPC cohort of 166 patients and found that 2.4% were
monoallelic mutation carriers; this proportion increased to 4.6%
with three or more affected family members.37
Hereditary pancreatitis (PRSS1 ) is a rare, autosomal dominant
form of chronic pancreatitis which presents as repeated episodes
of acute pancreatitis during childhood and adolescence resulting
in chronic pancreatitis in early adulthood.39 A majority of HP
is caused by germline mutation in PRSS1 which codes for the
enzyme trypsinogen.40 PRSS1 mutation carriers have increased
risk of PC beginning in the fifth decade of life with a lifetime
risk of 25% to 40% in comparison to the general population.41
Palladin (PALLD ) was found to be overexpressed in a PC
prone family and thought to predispose to FPC in an autosomal
dominant fashion.42 After finding overexpression of PALLD
mRNA in PC tissue, PALLD was postulated to be a proto-oncogene encoding for a component of the cytoskeleton responsible
for cell shape and motility.42,43 Follow-up studies, including
sequencing of the entire PC genome, have failed to identify
somatic mutations in PALLD .43-45 A postulated role of PALLD in
FPC requires further investigation.

IDENTIFICATION OF HIGH-RISK INDIVIDUALS
The first step in identification of FPC is construction of a
three-generation pedigree. Family members with a history of
cancer are identified, and information such as age of onset, age
of death, and tobacco exposure is noted. If multiple PCs are
identified, or multiple cancers (particularly young onset cancers)
are present, it is reasonable to consider FPC or a hereditary PC
syndrome and place a referral to a genetic counselor. Previously, working with a genetic counselor meant identifying highrisk tendencies within a family including characteristics such
as Ashkenazi Jewish heritage or clusters of breast and ovarian
cancers, which might drive testing for specific germline mutations. With expanding capabilities for high-throughput DNA
sequencing and declining costs, commercial panel tests for PC
(including analysis of upwards of 13 genes) are now available
and widely employed.46
Genetic testing may be most informative when affected family members are able to undergo gene testing. The high mortality rate and short survival time in PC often make this difficult.
Additionally, since the genetic basis of the majority of FPC is
not fully understood, the utility of genetic testing in the absence
of testing an affected family member is often further diminished, and gene test results may be uninformative. Despite these
limitations, future FPC management and screening will likely
include genome sequencing as a part of standard management.
When a hereditary PC syndrome is suspected, gene testing and
DNA banking of affected family members should be encouraged
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soon after diagnosis so that other family members may make
informed screening and management decisions. Multiple large
academic centers offer risk stratification as described above,
along with clinical genetic testing and research protocols that
may include DNA banking.

MODIFIABLE RISK FACTORS
Risk factors such as tobacco use, obesity, heavy alcohol consumption, and diabetes mellitus (DM) have all been demonstrated to increase the risk of PC.3 These risk factors, although welldescribed, have not been extensively studied in hereditary PC.
Active cigarette smoking dramatically increases risk for PC
with an incidence rate that is twice as high in smokers as in
nonsmokers and this risk may be more pronounced in the FPC
population.47 In subjects with at least one FDR with PC, the
standardized incidence ratio (SIR) for PC in those with tobacco
exposure was 19.2, compared with a SIR of 6.2 in nonsmokers.10 Smoking has also been shown to lower the age of onset of
PC by 10 years.48 This risk is even higher among smokers with
hereditary pancreatitis who tend to develop disease 20 years
before nonsmokers.49 Heavy alcohol use (>3 drinks per day) has
been associated with a 1.22-fold increased risk of PC.50 This may
in part be explained by alcohol’s effect on upregulating inflammatory pathways, which leads to pancreatitis and ultimately
may result in necrosis and carcinogenesis.51
DM, another well-known risk factor for PC, has a prevalence
in the PC population as high as 40%.52 The mechanism of PC
development is not clearly understood in long standing DM
but could be related to the cellular proliferative effect of hyperglycemia, hyperinsulinemia, and abnormalities in insulin
receptor pathways including insulin growth factor, mammalian
target of rapamycin or protein kinase B (AKT).53-55 New-onset
DM has also been shown to be an early manifestation of PC
known as type 3c, or pancreaticogenic, diabetes.53 Therefore,
there exists both a causal and consequential effect of DM on
the development of PC. A meta-analysis of 36 studies showed
that individuals who were recently diagnosed with DM within
the last 4 years had a 50% greater risk of malignancy compared
with those who had DM for more than 5 years.56,57 Thus, recent
development of DM may be a sign of otherwise asymptomatic
PC. However, screening for PC in the setting of new-onset DM
is not currently recommended.

PANCREATIC CANCER PRECURSOR LESIONS
Several PC precursor lesions have recognizable latent or early
stages of disease.58 These lesions include pancreatic intraepithelial neoplasms (PanINs), intraductal papillary mucinous neoplasm (IPMNs) and mucinous cystic neoplasms (MCNs).

PANCREATIC INTRAEPITHELIAL NEOPLASIA
PanINs are microscopic noninvasive, small epithelial neoplasms.59 Grades of PanINs have been classically defined by
degree of atypia: PanIN-1A (flat), PanIN-IB (papillary without
dysplasia), PanIN-2 (papillary with dysplastic changes), and
PanIN-3 (carcinoma in situ ).60 In 2015, revised recommendations for classification uses a two-tiered system of low-grade
and high-grade lesions.61 PanIN-2 and PanIN-3 lesions are
precursors of invasive PC in patients with both sporadic PC
and FPC, yet the frequency and rate at which they progress to
invasive cancer is unknown.62 It may take a decade or more for
an early PanIN to progress to invasive cancer.63 This presents a
challenge for screening, making it difficult to establish an appropriate window for early detection. One study investigated
pancreatic tissue after surgical removal and found 82% of invasive cancer specimens harbored PanIN lesions compared to
just 28% in normal samples.64 While there is a well-established
association between PanIN lesions and invasive cancer, autopsy
studies have identified PanIN lesions in the pancreata of up to
48% of healthy controls indicating that not all PanIN lesions
progress to PC.65,66 Furthermore, the frequency of PanIN lesions
increases when comparing normal pancreata to pancreatitis to
ductal adenocarcinoma (16%, 60%, and 82%), respectively.64
Since PanIN-1 lesions likely confer little risk and PanIN-3 lesions greater risk, identification of higher grade indicates neoplastic potential and would be a target of interest in a screening and surveillance program.62 PanIN lesions are particularly
important to identify in hereditary syndromes as they are found
with 2.75-fold increased frequency in familial PC cases.67

PANCREATIC CYSTIC LESIONS: MCNs AND IPMNs
IPMNs are grossly visible, noninvasive, mucin-producing epithelial neoplasms. IPMNs can be classified into three categories
which include main duct IPMN (MD-IPMN), branch duct IPMN
(BD-IPMN) and mixed type.59 IPMNs affect men slightly more
than women and are located most frequently in the pancreatic
head.59,68,69 MD-IPMNs have a much higher incidence of malignancy (24% to 45%), while BD-IPMNs are often incidental
findings with a lower risk for malignancy managed with close
surveillance.70,71 Mixed type IPMN shows features of both MDIPMN and BD-IPMN.71 BD-IPMNs have been estimated to grow
at an average rate of 1.1 mm per year; cysts that grow at a
faster rate of more than 2.2 mm per year represent a higher risk
for malignancy.72 It takes approximately 5 years from the time
of development of an IPMN to progress to an invasive carcinoma.73
MCNs are mucin-producing, cyst-forming epithelial neoplasms with distinctive ovarian-type stroma. They almost
always occur in middle aged females (99.7%) and are located
predominantly in the body or tail of the pancreas (94.6%).74
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Noninvasive MCNs have a 5-year survival approaching 100%,
while invasive MCNs have a 5-year survival of 57%.75

RECOMMENDATIONS FOR SCREENING
Widespread cancer screening programs are reserved for populations with high disease prevalence.76 PC has a low population
prevalence with approximately 68 out of 100,000 individuals
over the age of 55 developing PC yearly77 and a lifetime risk of
approximately 1.5% in the general population.78 Given this low
incidence, screening for the general population is not recommended. A hypothetical scenario of 100,000 individuals in the
general population using a screening test with 100% sensitivity
and 98% specificity would result in only 68 true positive test
results and nearly 2,000 false positive results. This high false
positive rate would lead to unnecessary, expensive and often invasive testing for individuals who have no increased risk for PC.
Therefore, a current goal is to identify high risk individuals, like
those with FPC or hereditary PC syndromes, who may benefit
from PC screening.
As first described by Wilson and Jungner79 in 1968, several
important criteria must be met in order to consider screening
for a disease: (1) the disease for which one is screening must be
an important health issue; (2) precursor lesions must be recognized during a latent or early asymptomatic stage; (3) facilities
for diagnosis and management of the PC must be available;
(4) treatments are acceptable to patients; and (5) testing for the
disease must be suitable to both the medical community and the
population to be screened. Additional objectives that need to
be addressed in order to achieve early detection and cure of PC
include further understanding of the natural history of PC, developing consensus policies on individuals who are candidates
for screening, and development of effective and cost-effective
screening tools.

PANCREATIC CANCER SCREENING
At some institutions, individuals at risk for PC are considered
for screening if they carry a >5% lifetime risk of developing PC
compared to the general population.9,76 In an effort to develop

more concrete screening and surveillance guidelines, the International Cancer of the Pancreas Screening (CAPS) Consortium,
a multidisciplinary panel of 49 experts, convened in 2011 to
answer the following questions: who should be screened, how
should high-risk individuals be screened and followed, and how
to define success from PC screening.76 The individuals who are
recommended for screening by CAPS guidelines are listed in
Table 2. There was no consensus on what age to initiate screening, although a majority recommended starting at age 50 unless high risk factors are present; for example mutation in the
PRSS1 gene, PJS, or individuals who smoke, all of which have
well known association with earlier onset of PC.48,49,76

TRADITIONAL SCREENING MODALITIES
1. Imaging
Most centers consider endoscopic ultrasonography (EUS) and
magnetic resonance imaging (MRI) with magnetic resonance
cholangiogram (MRCP) to be the most accurate tools for pancreatic imaging. These modalities are more sensitive at detecting
very small pancreatic lesions with the benefit of no ionizing
radiation when compared with computed tomography (CT).9,76
MRI/MRCP is often used due to its ability to detect small cystic pancreatic lesions or abnormalities of the pancreatic duct.
While MRI is noninvasive and can also detect extrapancreatic
lesions, not all patients can tolerate the procedure due to claustrophobia. Furthermore, if a lesion is detected, the patient may
require a confirmatory EUS. In a study of high risk individuals,
EUS identified pancreatic lesions in 42.6% of participants, MRI/
MRCP in 33.3% and CT in 11%.80 EUS is often favored given its
ability to detect small solid or cystic lesions <1 cm.81 EUS can
also be paired with fine needle aspiration in the event that sampling is necessary, with a sensitivity, specificity, and accuracy
of 91%, 100%, and 92%, respectively in diagnosing pancreatic
malignancy.82 However, EUS requires gastroenterologists with
an advanced level of training, which ultimately results in an
operator dependent study with problematic predictive value.83
Furthermore, the procedure is invasive, often requiring anesthesia, with complications of endoscopy that may result in bleeding, infection, or bowel perforation. Data in high-risk individu-

Table 2. Current Cancer of the Pancreas Screening Consensus Guidelines for Pancreatic Cancer Screening
Candidates for pancreatic cancer screening
Individuals with ≥3 affected blood relatives, at least one of who is a FDR
Individuals with ≥2 affected FDRs with PC, with at least one affected FDR
Individuals with Peutz-Jeghers syndrome
Mutation carriers of p16, BRCA2, PALB2 with one affected FDR
Mutation carriers of BRCA2 with two affected family members, even if no FDRs
Mutation carriers of MMR (Lynch syndrome) with one affected FDR
FDR, first-degree relative; PC, pancreatic cancer.
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als suggests that EUS may be superior in detecting solid lesions,
while MRI may have improved sensitivity for cystic lesions.80,84
Over-diagnosis is a major concern, particularly given the modest inter-observer agreement between imaging modalities.85,86
The result may be overtreatment of benign lesions, a grave risk
when taking into account the morbidity and mortality involved
in pancreatic surgery. The strengths and weaknesses of traditional screening methods are summarized in Table 3.
2. Biomarkers
The role of tumor markers is currently limited in the screening of asymptomatic individuals for PC. Several tumor markers
have been evaluated including carbohydrate antigen 19-9 (CA
19-9) and carcinoembryonic antigen but none have proven
useful as a screening modality.9,76 CA 19-9 is a biomarker that
is used in monitoring PC disease recurrence and is therefore
most informative when used to measure response to adjuvant
chemotherapy or in monitoring after PC resection.87,88 One study
compiled data for the use of CA 19-9 screening in the general

population and found a median sensitivity of 0.79 (range, 70%
to 90%), specificity of 0.82 (68% to 91%), positive predictive
value of 72 (41 to 95) and negative predictive value of 81 (65 to
98) in diagnosing PC. Based on this data, CA 19-9 as a screening test cannot be used alone confidently.89,90

NEW SCREENING MODALITIES
Pancreatic juice collected from the duodenum, has recently
received interest as a potential source for biomarker measurement. Pancreatic juice is made up of a remarkably rich source
of proteins that are shed by the pancreatic ductal cells.91 One
study compared the proteins extracted from the pancreatic
juice in patients with pancreatitis versus patients with PC; of
the 72 proteins isolated, nine proteins were distinctly expressed
in PC patients alone.92 Some high risk markers isolated from
pancreatic juice include mutations in TP53, KRAS and guanine
nucleotide binding protein alpha stimulating (GNAS). The TP53
gene has proven to be highly specific for invasive PC and high

Table 3. Strengths and Weaknesses of Current Screening and Surveillance Methods and New Methods under Development
Strength

Weakness

Currently available screening method
Computed tomography

Rapid time interval for diagnosis

Ionizing radiation exposure
Limitations with imaging small lesions

Magnetic resonance imaging

Accurate

Over-diagnosis

No ionizing radiation

May have limitations in detecting small solid lesions

Can detect extrapancreatic lesions

Some patient have difficulty tolerating imaging test

Superior ability to detect small cystic lesions
Endoscopic ultrasound

Ability to do fine-needle aspiration

Invasive procedure

Superior ability to detect small solid lesion

Operator dependent
Requires anesthesia

Biomarkers: CEA/CA 19-9

Measures progression of established disease

Not a reliable screening or surveillance tool

Measures response to chemotherapy

May be elevated in nonpancreatic disease

May identify specific gene mutations in

Requires endoscopic ultrasound

Screening methods under development
Pancreatic juice (TP53, KRAS, GNAS)

pancreatic cancer development
Stool DNA

Noninvasive

Under development
May be a complimentary tool to other screening
methods
Would require confirmatory testing

Methylated DNA markers

Potential to discriminate between high-grade
and low-grade precursor lesions

Under development
May be a complimentary tool to other screening
methods
Would require confirmatory testing

MicroRNA

Helpful diagnostic and prognostic biomarker

Under development

Reasonable sensitivity and specificity for

May be a complimentary tool to other screening

tumors

methods
Would require confirmatory testing
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grade dysplasia (HGD), found in up to 75% of invasive PCs.93
The concomitantly high proportion of PanIN-3 lesions in this
population supports PanIN-3 lesions as a precursor source for
TP53 mutations.94 GNAS is another well-known mutation that
is highly specific for IPMNs; GNAS has been detected in approximately 64% of individuals with IPMNs and 0% of healthy
controls.95 The prevalence of GNAS found in pancreatic juice
of patients with IPMNS was similar to that isolated in resected
specimens of IPMNs.94 Conversely, KRAS mutations have been
isolated in more than 90% of PanIN lesions and a majority of
IPMNs and MCNs. KRAS mutations alone cannot reliably distinguish low grade precursors from HGD, as they have been seen
in both invasive PCs (73%) but also healthy controls (19%), who
likely harbor benign PanIN-1 lesions.94 See Table 3 for a summary of strengths and weaknesses of new screening methods
under development.
Stool DNA is a promising, noninvasive approach used to test
for DNA in the stool offering an opportunity to analyze excreted exfoliants.96 Initially for colorectal screening, this technique
is being explored for PC screening. One study investigated nine
targeted genes by real-time methylation specific PCR in PC cases and found that methylated BMP3 alone detected 51% of PCs,
mutant KRAS detected 50%, and combination of the two markers detected 67% of PCs.97 Further work in this area is required.
MicroRNA has been isolated in the serum, plasma, saliva,
stool, and pancreatic juice and consists of small noncoding
RNAs that are cleaved from 70 to 100 nucleotide hairpin premicroRNA precursors into mature forms of 19 to 25 nucleotides.98 Because microRNAs act as essential posttranscriptional
regulators of gene expression, they are important diagnostic
and prognostic markers for many solid cancers.99,100 MicroRNA
distinctive to PC could serve as an important diagnostic biomarker.98 While many studies of microRNAs in PC have been
performed with varying results, miR-21, miR-155, miR-196,
and miR-210 have been consistently dysregulated in PC. Additional dysregulation of miR-21, miR-155, and miR-196 has also
been noted in IPMNs and PanIN lesions.101 One study isolated
38 distinct microRNAs from whole blood that were found to be
significantly dysregulated in patients with PC compared with
healthy controls.102 Two microRNA panels were formulated,
one comprising four microRNAs (miR-145, miR-150, miR-223,
and miR-636) and another with 10 microRNAs (miR-26b, miR34a, miR-122, miR-126, miR-145, miR-150, miR-223, miR-505,
miR-636, and miR-885.5p). These panels have shown promise
as a test for stage IA-IIB PC, especially in combination with CA
19-9 with performance measured as the area under the curve
(AUC) resulting in an AUC of 0.83 and 0.91 for each panel respectively.102 Later work investigating microRNA in the plasma
as an adjunct to CA-19-9 distinguished PC from non-PC tissue
with a sensitivity of 92.0% and specificity of 95.6%.99 The combined diagnostic method was most effective at diagnosing early
stage 1 tumors (85.2%) and therefore could serve as a comple-
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mentary tool for early PC diagnosis.99
Methylated DNA Markers have recently been used in discerning high-grade precursor lesions (IPMNs with HGD, PanIN-3, or
invasive cancers) from low-grade precursor lesions (IPMNs with
low grade dysplasia, PanIN-1, or PanIN-2).103,104 DNA methylation events unique to tumor type and site can be advantageous
in isolating high risk pancreatic lesions. A recent study used
reduced bisulfate sequencing (RRBS) on DNA from normal frozen pancreatic tissue and neoplastic tissue to identify a panel
of markers (TBX15, VWC2, PRKCB, CLEC11A, EMX1, ELM01,
DLX 4, ABCB1, ST8SIA1, and SP9) that had strong discrimination between high grade precursor lesions and low-grade precursor lesions with an AUC of >0.85.103,104 The panel detected
89%, 87%, 77%, and 74% of cases at respective specificities of
85%, 90%, 95%, and 100%.96 Several of the RRBS-discovered
markers have been found on genes known to be important in
tumorigenesis, cell signaling, and epithelial-to-mesenchymal
transition.104

CONCLUSIONS
Although treatments of PC has improved, the survival rates
remain dismal with an average 5-year survival of 7%. Because
of the low incidence of PC in the general population, population-based screening is not recommended. Therefore, recognition of high-risk individuals including those with FPC and other
hereditary syndromes is imperative to identify early stages of
disease. By recognizing premalignant lesions, we may identify
individuals who are candidates for screening and possibly resection of early stage disease. The clinical importance of precursor
lesions (PanINs and IPMNs) is becoming better understood as
their natural history is defined. This further permits the application of evidence based strategies to develop guidelines for
management of these lesions. Increased accessibility of genome
sequencing will enable more accurate identification of high risk
genes and new targeted gene therapies.
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