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Synopsis:

Pancreatic cancer is the third leading cause of cancer death in the United States, with a five-year 

survival rate of 9%. Individuals with inherited pancreatic cancer syndromes are at increased 

risk for developing pancreatic cancer and may benefit from pancreatic cancer surveillance with 

the goal to detect and intervene upon early-stage cancer or high-risk precursor lesions. Given 

screening implications for family members and therapeutic implications for probands, all patients 

diagnosed with pancreatic cancer are recommended to undergo germline genetic testing.
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Introduction

In 2020, there will be an estimated 57,600 new cases and 47,050 deaths from pancreatic 

ductal adenocarcinoma (PDAC) in the United States.1 With a five-year survival rate of 9%, 

PDAC remains a highly lethal disease and often is diagnosed at an advanced, incurable 

stage.2 Despite this, routine surveillance of the general population is not recommended due 

to low incidence and lack of evidence for clinical benefit in asymptomatic individuals.3

While the lifetime risk for developing PDAC in the general population is only 1.6%,2 a 

subset of individuals is at increased risk based on inheritance of a germline pathogenic 
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mutation and/or presence of familial PDAC, defined as families with at least two 

first-degree relatives (FDR) with PDAC without known genetic cause. An underlying 

hereditary susceptibility is identified in 10-20% of pancreatic adenocarcinoma patients,4-9 

and professional society guidelines now recommend universal germline testing for all 

patients diagnosed with PDAC regardless of family history or age at cancer diagnosis.10 

While testing may have implications for the proband’s cancer treatment, such as with poly 

(ADP-ribose) polymerase (PARP) inhibitors for BRCA1 or BRCA2 mutation carriers11 

or anti-PD-1 antibodies for those with Lynch syndrome,12 results may also risk stratify 

relatives via cascade testing, which entails testing for the known pathogenic mutation in 

at-risk family members.

Individuals with inherited PDAC syndromes may benefit from surveillance with cross

sectional imaging studies or endoscopic ultrasound (EUS). The goal of routine screening of 

high-risk individuals is to improve cancer-associated survival by detecting and intervening 

early upon non-invasive precursor lesions or early-stage cancers. This review will discuss 

known inherited PDAC syndromes, goals and methods of screening, as well as surveillance 

outcomes among high-risk individuals.

Inherited PDAC syndromes

Hereditary Pancreatitis

Hereditary pancreatitis (HP) is a rare syndrome of acute recurrent pancreatitis that 

frequently leads to the development of chronic pancreatitis by young adulthood. HP is 

most commonly inherited in an autosomal dominant fashion due to pathogenic alterations 

in PRSS1 (cationic trypsinogen) (Table 1). Other genes that have been identified in families 

with hereditary or familial pancreatitis include SPINK1, CTRC, CFTR, CPA1 and CPB1. 
PRSS1 mutation carriers have a high penetrance of both pancreatitis and PDAC,13 although 

a recent study found only 7.2% of PRSS1 mutation carriers (83% of whom had pancreatitis) 

developed PDAC by age 70.14 Age at diagnosis may depend on time from first clinical 

episode of pancreatitis13 and history of cigarette smoking, with ever smokers more likely to 

develop PDAC, and doing so at a median of 20 years earlier than never smokers.15

Long-standing pancreatitis is considered required for the subsequent development of PDAC 

in mutation carriers, although it may not be always symptomatic. In fact, a recent 

study of patients with PDAC and deleterious CPA1 and CPB1 variants demonstrated that 

many patients did not have a prior history of symptomatic pancreatitis.16 Currently, it is 

recommended to test for the presence of pancreatitis risk variants only in probands with 

a clinical and family history suggestive of HP as the population prevalence of HP is only 

0.3/100,000 (with 68% of cases due to PRSS1 alterations).17

Peutz-Jeghers Syndrome

Peutz-Jeghers Syndrome (PJS) is an autosomal dominant hamartomatous polyposis 

syndrome most commonly arising in the setting of pathogenic alterations in the STK11/
LKB1 gene, a tumor suppressor gene involved in multiple processes related to metabolic 
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regulation. The clinical diagnosis requires 2 out of 3 criteria: at least 2 hamartomas in the 

gastrointestinal tract; mucocutaneous hyperpigmentation; and/or family history of PJS.

Patients with PJS are at increased risk of multiple gastrointestinal cancers (including 

colorectal, stomach, small intestine, pancreas), as well as female breast, gynecologic, 

testicular and lung cancers. A systematic review reported an overall lifetime risk of any 

cancer of 37-93% with a mean age at diagnosis of 42 years.18 One large study found the 

cumulative risk of PDAC to be 3%, 5%, 7%, and 11% at ages 40, 50, 60, and 70 years 

respectively,19 although a meta-analysis of 6 studies calculated an absolute rate of 118.6 

cases of PDAC per 100,000 person-years, corresponding to a cumulative risk of 36% by age 

64.20

Familial atypical mole and multiple melanoma syndrome

Familial atypical mole and multiple melanoma (FAMMM) syndrome is an autosomal 

dominant syndrome diagnosed in individuals with a personal history of >50 atypical nevi 

and a family history of melanoma. FAMMM is most commonly caused by pathogenic 

alterations in the cell cycle gene CDKN2A, a gene which encodes for p16 and p14ARF.

The association of FAMMM with PDAC was first reported in 1991, although families 

with coexisting melanoma and PDAC were reported 20 years earlier.21 An analysis of the 

Dutch FAMMM registry identified a specific 19 base-pair deletion in exon 2 of CDKN2A 
(“p16-Leiden”) which conferred a risk of PDAC of 17% by age 75.22 The age specific risk 

was < 1% for carriers at age 40 years and 4% at age 50 years. Smoking further modifies 

these risks.23

In one large PDAC cohort, the prevalence of CDKN2A mutations was 0.6%, including 

3.3% among those with a FDR affected with PDAC, and 5.3% with FDR with melanoma.24 

Consistent with this study, CDKN2A mutations have been identified in other unselected 

PDAC cohorts at a frequency of 0.3-0.7%.5,8,9

BRCA-associated cancer

BRCA-associated cancers include breast, ovarian, pancreatic and prostate cancer. BRCA

associated cancer is often referred to as hereditary breast and ovarian cancer (HBOC), an 

autosomal dominant syndrome caused by pathogenic alterations in BRCA1 and BRCA2. 
BRCA1 and BRCA2 mutations are present in about 1 out of every 40 Ashkenazi Jews25 

and in about 1 out of every 300-465 women in the general population.26 Both BRCA1 and 

BRCA2 are tumor suppressor genes involved in homologous recombination, a form of DNA 

repair.

The association of BRCA alterations with PDAC was noted as early as 199627 with larger 

cohort studies subsequently identifying an increased risk for PDAC among both BRCA1 
(2.3 fold)28 and BRCA2 (3.5-6 fold) mutation carriers.29,30 BRCA2 alterations are one 

of the most common cancer predisposition genes identified on germline genetic testing 

with rates of 1.3-3.6%5,6,8,9,31 among unselected patients with PDAC, and approximately 

double this rate32,33 among cohorts with familial PDAC and/or Ashkenazi Jewish ancestry. 
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The frequency of BRCA1 mutation carriers identified in unselected PDAC cohorts is 

0.3-1.3%.5,8,9,31

Among BRCA-associated cancers that have deficient homologous recombination, treatment 

with PARP inhibitors can selectively induce tumor cell death.11 PARP inhibitors are 

currently FDA-approved in specific settings for BRCA-associated ovarian (first approved 

in 2014), breast (2018), pancreatic (2019) and prostate (2020) cancers.

Lynch syndrome

Lynch syndrome is an autosomal dominant cancer predisposition syndrome caused by 

pathogenic alterations in mismatch repair genes (MLH1, MSH2, MSH6, PMS2) and 

EPCAM with an estimated population prevalence of 1 in 279.34 Lynch carriers are at 

increased lifetime risk for a wide spectrum of cancers, most commonly colorectal and 

endometrial cancer but also ovarian, urinary tract, gastric, small bowel, brain, sebaceous 

neoplasms and PDACs.35

In a study including 147 Lynch syndrome (MLH1, MSH2, MSH6) mutation carriers, 21% 

had at least one family member with PDAC.36 The same study found a 1.3% cumulative risk 

for developing PDAC by age 50, and 3.7% risk by age 70.

Lynch syndrome-associated cancers characteristically possess microsatellite instability 

(changes in lengths of repetitive DNA sequences) as a result of defective mismatch repair. 

Microsatellite instability-high (MSI-H) and mismatch repair deficient (MMR-D) tumors can 

be identified by evaluating tumor tissue with immunohistochemistry for the presence or 

absence of the MLH1, MSH2, MSH6 and PMS2 proteins, MSI testing, or next generation 

DNA sequencing.37-39 Patients with PDACs that are MSI-H or MMR-D are candidates for 

immune checkpoint inhibitors.12

ATM

ATM encodes for a protein important in DNA strand break repair. Homozygous ATM 
alterations lead to the syndrome of ataxia-telangiectasia, an autosomal recessive condition 

characterized by ataxia, increased sensitivity to radiation, and an over 100-fold increased 

risk of hematologic malignancies and other cancers.40 Germline ATM mutations are 

significantly more common in patients with familial PDAC compared to controls.41 

Heterozygote ATM carriers are at increased risk for developing cancer, including a 

moderate increased risk of breast and PDAC; with possible risks for colon, prostate and 

ovarian cancer.41,42 One large case-control study found 5.7 fold increased odds of having 

ATM mutations in sporadic pancreatic ductal adenocarcinoma (PDAC) cases compared to 

controls.8 In cohorts of unselected PDAC patients, ATM variants have been identified in 

1.2-3.3%.5,6,8,9

PALB2

PALB2 (partner and localizer of BRCA2) gene encodes a protein that interacts with and 

stabilizes the BRCA2 protein, with overlap in cancer predisposition between BRCA2 
and PALB2 pathogenic variants. In an international study of 524 families with PALB2 
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alterations, the risk to age 80 years for female breast cancer was 53%, 5% for ovarian (RR 

2.91), 2-3% for pancreatic (RR 2.37) and 1% for male breast cancer (RR 7.34).43 PALB2 
mutations have been identified in 3-4% of familial44,45 and 0.2-0.4% of unselected PDAC 

cohorts.5,6,8,9

Li-Fraumeni syndrome

Li-Fraumeni syndrome (LFS) is an autosomal dominant highly penetrant syndrome caused 

by germline mutations in the TP53 gene, a tumor suppressor gene that regulates many 

processes involved in cell cycle and DNA repair. The estimated prevalence is about 1 in 

every 3,500-5,500 individuals, 46 and an analysis of 286 LFS patients in the National Cancer 

Institute (NCI) LFS study reported a cancer incidence of almost 100% for both sexes by age 

70, but only 5 PDACs.47 In cohorts of unselected PDAC patients, TP53 mutations have been 

identified in 0.12-0.5%.5-7,48

Familial PDAC

Familial PDAC (FPC) kindreds are defined as those families with at least two FDRs with 

PDAC, without a known predisposing genetic mutation. In fact, in one study including 185 

FPC patients, less than 15% were found to have informative germline testing.49 Even in 

the absence of an identifiable pathogenic mutation, FPC kindred patients are at increased 

risk for PDAC. An analysis of the prospective National Familial Pancreas Tumor Registry 

compared the number of PDACs observed to the expected number using National Cancer 

Institute (NCI) Surveillance Epidemiology and End Results (SEER) incidence rates and 

found that members of FPC kindreds with one FDR had 4.6 fold (95% CI 0.5-16.4) 

increased risk, 2 FDRs had a 6.4 fold (95% CI 1.8-16.4) increased risk, and those with 3 or 

more FDRs had a 32-fold (95% CI, 10.2-74.7) increased risk compared to SEER incidence 

rates.50

Goals of pancreatic surveillance

The International Cancer of the Pancreas Screening (CAPS) Consortium proposed the 

primary objectives for PDAC surveillance as the detection and treatment of stage I PDAC 

and PDAC precursor lesions with high-grade dysplasia, including pancreatic intraepithelial 

neoplasia (PanIN) and intraductal papillary mucinous neoplasms (IPMNs).51 Surveillance is 

associated with down-staging of diagnosed PDACs, especially among those who maintain 

an annual surveillance schedule.52,53 Recent analysis of NCI SEER data found survival 

of Stage I pancreatic ductal adenocarcinoma has been improving, with an 80% 5-year 

survival among patients who undergo pancreatic resection, highlighting the potential of early 

detection strategies.54

Whom to screen and when

The US Preventative Task Force recommends against screening for PDAC in asymptomatic 

adults in the general population, given no evidence for reduction in mortality and the 

potential for greater harm than benefit.3 Importantly, this recommendation does not apply 

to those individuals at high risk due to genetics and/or family history. Multiple professional 
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society guidelines now recommend surveillance10,51,55,56 specifically for individuals with: 

(1) PJS, FAMMM or hereditary pancreatitis, (2) inherited pathogenic alterations in ATM, 
BRCA1, BRCA2, MLH1, MSH2, MSH6, PALB2, or TP53 and a family history of PDAC in 

at least one FDR51 or second-degree relative (SDR)10, and (3) familial PDAC with at least 

one FDR and one SDR with PDAC. The presence of a single FDR or SDR with PDAC (in 

the absence of a known genetic mutation or inherited PDAC risk syndrome) is not sufficient 

to recommend surveillance.

When PDAC screening is indicated, the optimal age to begin screening is not 

well established. Consensus guidelines from the CAPS Consortium51 and National 

Comprehensive Cancer Network10 recommend a gene/syndrome-specific approach. Carriers 

of high-risk genes or genetic syndromes (due to mutations in ATM, BRCA1, BRCA2, 
MLH1, MSH2, MSH6, PALB2, or TP53) with at least one FDR51 or SDR10 with PDAC 

may begin screening at age 50 years or 10 years younger than the earliest PDAC in the 

family (whichever is earliest). Screening should begin at a younger age for patients with 

PJS (age 30-35 years) and hereditary pancreatitis (age 40 years or 20 years after onset of 

pancreatitis) and CDKN2A mutation carriers (age 40 years or within 10 years of the earliest 

PDAC in the family). It is also not well established when or at what age screening should 

be discontinued, and this decision requires consideration of a patient’s comorbidities and life 

expectancy, perceived cancer risk, and personal preferences. In general, it is important that 

providers have an informed discussion with patients before starting a surveillance program.

Methods of screening

Visualization of the pancreas

Professional society guidelines recommend a combination of EUS and magnetic resonance 

imaging/magnetic resonance cholangiopancreatography (MRI/MRCP) to evaluate the 

pancreas in appropriate high-risk individuals.10,51,57 In a multicenter blinded study 

evaluating the diagnostic yield of EUS and MRI, the former was found to be more sensitive 

for the detection of small, solid lesions and chronic pancreatic type parenchymal changes, 

whereas the latter was more sensitive for detection of small, cystic lesions, suggesting an 

additive rather than duplicative effect of the two imaging techniques.58 In another study 

where patients underwent CT, MRI and EUS, CT imaging often missed subcentimeter 

pancreatic cysts detected by MRI and EUS.59 Given the complementary information 

provided by MRI and EUS, neither of which exposes patients to radiation, these modalities 

are preferentially used for routine high-risk pancreatic screening.

Among patients without concerning features on baseline imaging, alternating EUS and MRI 

screening may be performed annually (Figure 1).51 CAPS guidelines recommend that for 

concerning abnormalities (cysts with worrisome features, solid lesions, main pancreatic 

duct stricture and/or dilation of ≥6mm without a mass), EUS with fine needle aspiration 

(FNA) and/or CT imaging be obtained.51 Surveillance intervals should be shortened when 

worrisome features are present without clear evidence of cancer (3-6 months rather than 

every 12 months).51 Importantly, physician discretion and clinical concern based on patient 

characteristics and family history should be incorporated into the surveillance paradigm for 

all high-risk patients.
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Biomarkers

In middle-aged and older adults, new-onset diabetes (NOD) can be a harbinger of PDAC. In 

a population based study of 2,122 individuals with diabetes diagnosed at ≥50 years of age, 

0.85% were diagnosed with PDAC within 3 years of diabetes diagnosis.60 Similarly, in a 

prospective cohort study of 112,818 individuals from the Nurses’ Health Study and Health 

Professionals Follow-Up Study, NOD was associated with an increased risk of PDAC, and 

this risk was higher still in patients with NOD accompanied by unintentional weight loss 

and older age.61 While NOD and monitoring of fasting blood sugar or hemoglobin A1c 

have not been extensively evaluated in populations with inherited PDAC syndromes, CAPS 

consortium guidelines recommend serial measurement of fasting glucose and/or HgbA1c, 

with rising blood glucose suggestive of the need for closer surveillance.51

Carbohydrate antigen 19-9 (CA19-9) is a serum biomarker that has been associated with 

PDAC disease stage, overall survival time and response to treatment. The use of CA19-9 for 

general population screening is not recommended. However, in a multi-institutional analysis, 

elevation of CA19-9 had a sensitivity of 64% at 99% specificity for newly diagnosed 

resectable PDAC compared to healthy controls.62 Elevated CA19-9 levels were also detected 

in the year prior to PDAC diagnosis, with a sensitivity of 60% at 99% specificity within 

the 6 months prior to diagnosis.62 Similar results were found in a large study comparing 

subjects undergoing pancreatic surveillance with those with early-stage PDAC.63 The CAPS 

consortium recommends considering measurement of CA19-9 at the time of enhanced 

clinical concern for PDAC, such as with worrisome findings on imaging.51

Outcomes from surveillance

Results from imaging surveillance

Small cysts are common (> 40%) among inherited PDAC syndrome patients undergoing 

surveillance,59 although the vast majority are not worrisome or at significant risk of 

neoplastic transformation. The pattern of cysts or lesions may differ in size or progression 

risk depending on the underlying predisposition prompting screening,64 and germline 

mutation carriers are at higher risk for high grade dysplasia or cancer compared to FPC 

patients without known mutation.65

Imaging and clinical features associated with progression

Just as there are certain worrisome features seen on pancreas imaging among the general 

population that require monitoring or other intervention,66 certain imaging findings in 

inherited PDAC syndrome patients may necessitate shorter follow-up or intervention due 

to risk of neoplastic progression (Figure 1). In a CAPS analysis of 354 high-risk patients, 

24 (7%) had progression (10 high-grade dysplasia, 14 pancreatic adenocarcinoma) over 16 

years of evaluation.53 This corresponds to a 1.6% per year progression rate, with 93% of 

patients having a worrisome finding before being diagnosed with high-grade dysplasia or 

adenocarcinoma.53
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Surgical outcomes and survival

The decision to pursue surgical intervention requires multidisciplinary review and evaluation 

of patient specific factors. As surgery remains the only treatment with the potential to cure 

PDAC, the goal of surveillance is to detect high-risk precursors or Stage I invasive cancer 

that can be removed surgically. In a series of 10 PDACs detected during surveillance of 

354 high-risk patients, 9 had an R0 resection and 90% were alive at one year with 60% 

alive at 5 years.67 Another analysis of 71 patients who underwent pancreatic resection 

during surveillance found no difference in survival between those with low-risk and 

high-risk precursors, although survival was poorer in those diagnosed with pancreatic 

adenocarcinoma.68 A meta-analysis of high-risk cohort studies found 253 to 281 high-risk 

patients would need to be screened to prevent one death from PDAC,69 although further 

studies are needed to confirm these results.

Future investigations

New PDAC susceptibility genes

Germline genetic testing is now recommended for all patients diagnosed with PDAC,10 

and the number of genes evaluated will continue to expand as researchers study PDAC 

prone families. For example, whole-genome sequencing of one such family led to 

the identification of a germline truncating mutation in the RABL3 gene, which alters 

RAS pathway regulation.70 Additionally, genome wide association studies (GWAS) have 

identified common genetic variants that predispose to PDAC with much lower penetrance, 

but may ultimately allow for clinically meaningful risk stratification using calculated genetic 

risk scores.71-73

New methods for earlier PDAC detection

The development of new circulating biomarkers for early detection of PDAC remains an 

active area of investigation. A number of tests are in development that measure circulating 

tumor DNA, proteins, metabolites and other types of markers in the blood.74,75 Other 

approaches are evaluating pancreatic juice, including with next generation DNA sequencing 

to detect mutations associated with high-grade dysplasia or invasive cancer.76 Molecular 

analysis of pancreatic cyst fluid is also being evaluated for its utility to distinguishing cysts 

that require resection, surveillance or neither.77
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Summary

For the subset of individuals at increased risk of PDAC due to an inherited PDAC 

syndrome, PDAC surveillance holds promise as a way to improve survival by detecting 

and intervening upon noninvasive dysplastic precursors or early cancers. Further studies 

are required to more clearly define the appropriate populations for screening and quantify 

the benefits and risks of screening programs.
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Clinics Care Points

• PDAC has poor overall survival and is often diagnosed at an advanced stage.

• Individuals with inherited PDAC syndromes may benefit from PDAC 

surveillance.

• For most patients, surveillance involves annual pancreatic imaging utilizing 

EUS and MRI/MRCP which provide complementary views of the pancreas 

and are the current standard of care for PDAC screening.

• The goal of PDAC surveillance is to detect and intervene early upon high

risk noninvasive precursors or early-stage cancers. While surveillance has 

not been definitively shown to improve survival, it is associated with down

staging of detected PDACs, and efforts are ongoing to refine surveillance 

approaches and understand their potential benefits.
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Key points:

• Individuals with inherited pancreatic cancer predisposition syndromes (both 

due to germline pathogenic alterations and family history of pancreatic 

cancer) may benefit from pancreatic cancer surveillance with endoscopic 

ultrasound and magnetic resonance imaging.

• The goal of surveillance is to identify and intervene upon high-risk precursor 

lesions or early-stage cancers.

• Annual pancreatic surveillance results in down-staging of pancreatic cancers 

that are detected.
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Figure 1: Approach to surveillance intervals for high-risk pancreatic cancer screening (per 
CAPS Consortium guidelines)
* For concerning features (including findings listed in the 6 month follow-up and 3 month 

follow-up boxes), fine needle aspiration and/or CT imaging should be considered to better 

characterize the lesion and assess risk for malignancy. In addition to MRI and EUS findings, 

patient specific risk factors (including clinical factors and family history) may also be 

incorporated into risk assessment and lead to earlier tissue sampling or more frequent 

follow-up per provider discretion.

** Worrisome features of cystic lesions include: mural nodule, enhanced solid component, 

thickened or enhanced cyst walls, abrupt main pancreatic duct caliber change or size ≥ 

10mm, or patient symptoms (pancreatitis, jaundice, pain)
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Table 1:

Inherited PDAC syndromes associated with increased PDAC risk

Syndrome Gene name Lifetime risk 
for pancreatic 
cancer

Genetic mutation 
frequency in 
pancreatic cancer 
cohorts

Screening recommendations*

Hereditary 
pancreatitis

PRSS1 7–40% 13,78 < 0.1 Start at age 40 years or 20 years after developing 
pancreatitis

Peutz-Jeghers 
syndrome

STK11 ll-36%19,20 < 0.1 Start at age 30-35 years or 10 years younger than the 
earliest diagnosis in the family

Familial atypical 
mole and multiple 
melanoma 
syndrome

CDK2NA 17%22 0.3-0.7%5,8,9,24 Start at age 40 years or 10 years younger than the 
earliest diagnosis in the family

Hereditary breast 
and ovarian cancer BRCA1

BRCA2

3%79

5-10%30
0.3-1.3%5,8,9,31

1.3-3.6%5,8,9,31
If ≥ 1 FDR or SDR with PDAC, start at age 50 or 10 
years younger than the earliest diagnosis in the family

Lynch syndrome MLH1,MSH2,MSH6 4%36 1.3-3.6%5,8,9,31 If ≥ 1 FDR or SDR with PDAC, start at age 50 or 10 
years younger than the earliest diagnosis in the family

Ataxia 
telangiectasia

ATM Unknown 1.2-3.3%5,6,8,9 If ≥ 1 FDR or SDR with PDAC, start at age 50 or 10 
years younger than the earliest diagnosis in the family

Other PALB2 2-3%43 0.2-0.4 %5,6,8,9 If ≥ 1 FDR or SDR with PDAC, start at age 50 or 10 
years younger than the earliest diagnosis in the family

Li-Fraumeni 
syndrome

TP53 Unknown 0.12-0.5%.5-7 If ≥ 1 FDR or SDR with PDAC, start at age 50 or 10 
years younger than the earliest diagnosis in the family

Familial PDAC- Unknown Varies with #
FDRs with 
PDAC50

Not applicable Start at age 50 years or 10 years younger than the 
earliest diagnosis in the family

FDR: first degree relative; SDR: second degree relative;

#
: number

*
Adapted from the CAPS consortium51 and NCCN guidelines10
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