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Abstract: A number of inherited syndromes affect the gastroin-

testinal tract, including Lynch syndrome and other hereditary 

colorectal cancers, hereditary polyposis, hereditary gastric cancer, 

hereditary pancreatic cancer, and hereditary pancreatitis. Recog-

nition and diagnosis of these syndromes are paramount because 

affected individuals and family members can be offered life-saving 

screening, risk-reducing surgeries, and other therapies. Genetic 

counseling and testing are critical components of risk assess-

ment and diagnosis of inherited syndromes. With the advent of 

next-generation sequencing, multigene panels have significantly 

changed the practice of genetic counseling and testing. Gastroen-

terology providers interface with patients who are at risk for inher-

ited gastrointestinal syndromes; thus, providers should learn to 

recognize these syndromes and know when to refer their patients. 

Additionally, gastroenterology providers should have an under-

standing of genetic counseling and be able to interpret multigene 

panel test results. This article provides an overview of and practical 

tips for the assessment and diagnosis of hereditary gastrointestinal 

cancer syndromes and pancreatitis.

Inherited gastrointestinal syndromes include cancer predisposi-
tion syndromes such as Lynch syndrome and polyposis as well 
as hereditary gastric cancer, hereditary pancreatic cancer, and 

hereditary pancreatitis (Table). Identification of at-risk relatives 
through genetic testing is actionable through intensive screening, 
surgery, and/or medical treatments. Moreover, finding a pathogenic 
variant (ie, mutation) in an individual has implications for family 
members and cascade testing. Despite knowledge of inherited gas-
trointestinal syndromes and clinical criteria for diagnosis, high-risk 
individuals and their family members often remain undiagnosed. 
Gastroenterology providers should learn to recognize patients at 
increased risk and ensure they undergo genetic counseling and possi-
bly testing, preferably with a genetic counselor. Over the last decade, 
genetic testing for hereditary syndromes has become more complex. 
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allows practitioners to identify patterns of disease and 
formulate a differential diagnosis, not only for the patient 
as an individual but for the family as a whole.1

Ideally, in order to accurately assess an individual’s 
genetic risk, a 3- to 4-generation family history should 
be obtained to identify patterns of inheritance. Typically, 
this is part of a genetic counseling session, but a family 
history can also be gathered by the patient’s provider. 
All relatives should be included with their current age 
or age at death, if known. Additionally, both maternal 
and paternal ethnic backgrounds should be acquired, 
paying particular attention to Ashkenazi Jewish ancestry, 
as founder mutations exist in this population.2 For any 
suspicion of genetic disease, specific diagnosis as well as 
age at diagnosis should be noted for each relative. The 
indication for genetics evaluation will determine the 

Instead of testing for a specific syndrome gene by gene, 
multigene panel testing now enables testing of multiple 
genes simultaneously. This multiplexed testing allows for 
a cost-effective evaluation for hereditary gastrointestinal 
syndromes but can also lead to unexpected or uncertain 
results. In addition, direct-to-consumer genetic testing 
has gained in popularity but should be interpreted with 
caution. This article provides practical tips for risk assess-
ment and genetic testing considerations for hereditary 
gastrointestinal syndromes.

Key Elements of Family History for Risk 
Assessment

Family history is a key component of assessing heredi-
tary syndromes. A thorough and accurate family history 

Table. Hereditary Gastrointestinal Syndromes and Indications for Genetics Referral

Syndrome(s) (Implicated Genes) Indications for Referral

Hereditary 
Colorectal 
Cancer

•   Lynch syndrome (MLH1, MSH2, 
MSH6, PMS2, EPCAM)

•   Lynch syndrome–associated cancers under age 50 years (eg, 
colorectal, endometrial, gastric, ovarian)

•   Multiple relatives with Lynch syndrome–associated cancers
•   Individuals with multiple primary Lynch syndrome–associated 

cancers
•   Distinguishing pathologic features (ie, microsatellite  

instability–high)
•   Abnormal mismatch repair universal tumor screening
•   Known germline Lynch syndrome mutation in the family

Adenomatous 
Polyposis

•   Familial adenomatous polyposis 
(APC)

•   MUTYH-associated polyposis 
(MUTYH)

•   Polymerase proofreading–associated 
polyposis (POLE, POLD1)

•   Multiple colorectal adenomatous polyps
•   Small bowel and gastric polyps or cancers
•   Extraintestinal features (eg, desmoid tumors, congenital 

hypertrophy of the retinal pigment epithelium, extra or missing 
teeth, osteomas, epidermoid cysts, hepatoblastomas)

Hamartoma-
tous Polyposis

•   Peutz-Jeghers syndrome (STK11)
•   Juvenile polyposis syndrome 

(BMPR1A, SMAD4)
•   Cowden syndrome (PTEN)

•   Multiple gastrointestinal hamartomatous polyps
•   Personal or family history of other cancers, including breast, 

thyroid, renal, endometrial, and pancreatic
•   Perioral or buccal pigmentation
•   Macrocephaly

Hereditary 
Gastric Cancer

•   Hereditary diffuse gastric cancer 
(CDH1, CTNNA1)

•   Diffuse-type gastric cancer (particularly early onset)
•   Lobular breast cancer

Hereditary 
Pancreatic 
Cancer

•   Hereditary breast and ovarian cancer 
syndrome (BRCA1/2, PALB2)

•   Familial atypical multiple mole 
melanoma syndrome (CDKN2A)

•   Pancreatic cancer at any age
•   Personal or family history of other cancers, including breast, 

ovarian, prostate, and melanoma

Hereditary 
Pancreatitis

•   (PRSS1, CFTR, SPINK1, CTRC, 
CASR)

•   Idiopathic chronic or recurrent acute pancreatitis (particularly 
early onset)

•   Family history of pancreatitis or pancreatic cancer
•   Personal or family history of cystic fibrosis, male infertility, 

chronic sinusitis, nasal polyps, diabetes, and/or exocrine  
insufficiency
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line of specific questioning for family history assess-
ment. During a busy clinic or endoscopy visit, it might 
not be feasible to obtain a complete family history as 
described previously. In this situation, providers can ask 
more directed questions to screen for the possibility of a 
hereditary syndrome, such as the 3-question survey for 
Lynch syndrome validated by Kastrinos and colleagues.3

Genetic Testing Considerations

Panel Testing for Cancer Risk Assessment
For many hereditary cancer syndromes, the personal and/
or family history of cancer can be helpful in dictating 
which syndrome or gene(s) to test for. However, in some 
cases, this distinction may not be so apparent, as there can 
be overlapping phenotypes and syndromes with multiple 
types of associated cancers. This overlap can present chal-
lenges, particularly when the personal and family histories 
present atypically.4,5 Additionally, the number of genes 
implicated in hereditary cancer syndromes can create a 
lengthy and expensive evaluation process if all genes are 
tested for individually.

Next-generation sequencing technology enables 
the analysis of multiple genes simultaneously, effectively 
reducing cost and turnaround times for cases in which 
multiple hereditary syndromes are in the differential 
diagnosis.6,7 Currently available hereditary cancer panels 
include cancer site–specific panels, high- or moderate-
risk gene panels, guideline-based panels, and pancancer 
panels.8 Panel testing has the benefit of providing a more 
comprehensive, cost-effective method of sequencing mul-
tiple genes concurrently,9,10 and has been shown to be a 
more effective method of genetic testing for families with 
overlapping phenotypes. Given the complexity of panel 
testing, consultation with an experienced cancer genetic 
specialist may be of benefit, especially when the testing 
strategy or test results are unclear.11

Cascade Testing for At-Risk Family Members
In addition to patients being counseled about the com-
plexities related to multigene panel testing, patients should 
be informed of the importance of family testing when a 
mutation is identified. Cascade testing in family members 
relies heavily on efforts by both the patient and the clini-
cian to inform relatives and encourage them to undergo 
their own testing.12 The identification of a mutation in 
the family allows for risk stratification of at-risk relatives, 
as relatives who test positive for a familial mutation can 
then initiate increased screening and risk-reduction strate-
gies while relatives who test negative (ie, true negatives) 
can then be reassured that they are not at increased risk 
for cancer and can follow general population screening 
guidelines.

Direct-to-Consumer Genetic Testing
In recent years, direct-to-consumer genetic testing for 
health information has become increasingly available, and 
consumer interest and demand for testing has risen. Cur-
rently available direct-to-consumer panels include specific 
markers in BRCA1, BRCA2, and MUTYH. Patients 
utilizing direct-to-consumer genetic testing should be 
informed of the limitations of testing. In particular, the 
possibility of both false-positive and false-negative results 
should be reinforced, as these have the potential to pro-
vide false reassurance or increase anxiety related to risk. 
In a study evaluating 49 patients undergoing confirma-
tory testing of variants reported on direct-to-consumer 
genetic testing, 40% of variants in clinically actionable 
genes were false-positive results.13 Additionally, 8 variants 
had discordant classifications. These results highlight the 
need for clinical confirmation of all potentially actionable 
variants detected on direct-to-consumer genetic testing at 
this point in time.

Genetic Testing and Counseling for 
Hereditary Colorectal Cancer and Hereditary 
Polyposis

Risk Assessment for Hereditary Colorectal Cancer and 
Hereditary Polyposis
When obtaining a family history for the evaluation of 
hereditary colorectal cancer, particular attention should 
be paid to cancer and colon polyp history in first- and 
second-degree relatives as well as the history of colonos-
copy and number and types of polyps found, if known.4 
A number of features in a family history should raise 
suspicion for Lynch syndrome (Table).

For patients being evaluated for hereditary polyposis, 
additional information about intestinal and extraintestinal 
manifestations should be obtained. For familial adenoma-
tous polyposis (FAP) and MUTYH-associated polyposis, 
additional questions should be asked about small bowel 
and gastric polyps or cancers, desmoid tumors, extra or 
missing teeth, osteomas, hepatoblastomas, and a retinal 
finding called congenital hypertrophy of the retinal 
pigment epithelium. For hamartomatous polyposis syn-
dromes, such as Peutz-Jeghers syndrome and Cowden 
syndrome, any history of breast cancer, thyroid cancer, 
endometrial cancer, renal cancer, macrocephaly, skin find-
ings, and hyperpigmentation of the buccal mucosa should 
be obtained.14

Testing and Counseling for Hereditary Colorectal  
Cancer and Hereditary Polyposis 
There are several important considerations when perform-
ing genetic testing for hereditary colorectal cancer and 
hereditary polyposis. Criteria from multiple professional 
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organizations, including the National Comprehensive 
Cancer Network, the American College of Gastroenterol-
ogy, and a joint statement from the American College of 
Medical Genetics and Genomics and the National Society 
of Genetic Counselors, are available to help guide test-
ing for these conditions, among other hereditary cancer 
syndromes.15-17

For individuals with colorectal (or endometrial) can-
cer, testing the tumor for evidence of a defective DNA 
mismatch repair is widely advocated. So-called universal 
tumor screening can be performed using microsatellite 
instability testing and/or immunohistochemical staining 
for mismatch repair protein expression. Given that there 
are several explanations for microsatellite instability 
or abnormal immunohistochemistry, algorithms have 
been developed to guide follow-up testing for Lynch 
syndrome (Figure 1). While a step-by-step approach 
may still be taken to determine the etiology of abnormal 
tumor screening, laboratories also offer paired germline 
and somatic testing to determine the likely etiology in a 
single comprehensive test.18 In the presence of normal 
tumor testing, genetic testing may still be indicated in 
the case of early-onset colorectal cancer and/or the pres-
ence of other Lynch syndrome–associated tumors in the 
individual or family.

One challenge related to genetic counseling for 
hereditary polyposis includes syndrome heterogeneity. 
Up to 90% of individuals with classic FAP carry muta-
tions in APC, and biallelic mutations in MUTYH are 
found in an additional one-third of APC mutation–nega-
tive FAP cases.19 Of note, the APC I1307K variant is an 
increased risk allele commonly found in Ashkenazi Jewish 
individuals.20 While many genetic testing laboratories 
classify this variant as pathogenic, it does not cause a FAP 
phenotype and classic polyposis, but rather is associated 
with a 2-fold increased risk of colorectal cancer.21 To that 
end, carriers of this particular variant do not need to be 
managed as FAP but should proceed with colonoscopies 
every 5 years beginning at age 40 years or based on the 
earliest age of colorectal cancer in the family.15 Addition-
ally, phenotypic overlap in the adenomatous polyposis 
syndromes may require consideration of additional genes 
for testing. Mutations in POLE and POLD1 have been 
associated with polymerase proofreading–associated pol-
yposis, which has been seen with an attenuated polyposis 
phenotype that carries an increased risk for colorectal 
and endometrial cancer.22 Biallelic mutations in NTHL1 
and MSH3 have also been associated with adenomatous 
polyposis, although additional research is needed to fully 
clarify the phenotypes associated with these genes.23,24 
Hamartomatous polyposis syndromes include juvenile 
polyposis syndrome (SMAD4, BMPR1A), Peutz-Jeghers 
syndrome (STK11), and Cowden syndrome (PTEN). 25-28 

Additional genes associated with polyposis include 
GREM1 (hereditary mixed polyposis syndrome), AXIN2 
(polyposis and oligodontia), and RNF43 (serrated pol-
yposis syndrome).29-31 Given the significant heterogeneity 
of these polyposis syndromes, simultaneous sequencing 
of multiple genes utilizing a panel approach allows for a 
comprehensive, efficient testing strategy.4

An additional challenge of genetic counseling for 
hereditary polyposis and Lynch syndrome can be the 
pattern of inheritance. While most polyposis syndromes 
appear to follow an autosomal dominant pattern of 
inheritance, there are some syndromes that are inherited 
in an autosomal recessive pattern, including MUTYH-, 
NTHL1-, and MSH3-associated polyposis. Additionally, 
approximately 30% of individuals harboring APC muta-
tions will have de novo mutations,32 so a lack of family 
history does not exclude the diagnosis of FAP. For indi-
viduals of reproductive age carrying mutations in the mis-
match repair genes, additional discussion of reproductive 
risk for constitutional mismatch repair deficiency may 
need to be addressed.33 In these situations, genetic test-
ing for the partner may be indicated to allow for prenatal 
diagnosis and/or preimplantation genetic diagnosis.

Testing using a multigene panel can present a chal-
lenge because of the possibility of identifying mutations 
in genes not traditionally associated with colorectal can-
cer. Studies utilizing multigene panel tests in colorectal 
cancer patients identified the prevalence of germline 
mutations to be between 14% and 18%. Mutations were 
identified in genes not usually related to colorectal cancer, 
including ATM, CHEK2, BRCA1, BRCA2, CDKN2A, 
and PALB2.34-36 Notably, one-third of mutation carriers 
did not meet testing criteria for the gene(s) in which they 
were found to carry a mutation. These studies highlight 
the need to evaluate not only hereditary colorectal cancer 
genes but also additional cancer predisposition genes 
when providing genetic testing to a patient with a colorec-
tal cancer diagnosis.

Genetic Testing and Counseling for 
Hereditary Gastric Cancer

Risk Assessment for Hereditary Gastric Cancer
Familial gastric cancer has been associated with a num-
ber of syndromes, including hereditary diffuse gastric 
cancer (HDGC), gastric adenocarcinoma and proximal 
polyposis of the stomach, and familial intestinal gastric 
cancer. Syndromes associated with intestinal gastric 
cancer include Lynch syndrome, Li-Fraumeni syn-
drome, Peutz-Jeghers syndrome, hereditary breast and 
ovarian cancer syndrome, FAP, and juvenile polyposis 
syndrome.37 The family history and age of onset of any 
gastric cancer diagnosis help inform the differential 
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diagnosis. Family history assessment for hereditary gas-
tric cancer should focus on the type of gastric cancer 
(eg, diffuse-type gastric cancer), history of breast cancer 
(lobular breast cancer in particular), and family history 
of other syndrome-specific cancers (ie, Lynch syndrome) 
or gastrointestinal polyposis.

Inherited gastric cancers are more commonly of 
the diffuse type (ie, HDGC), and approximately 40% 
of families meeting HDGC diagnostic criteria will har-
bor mutations in CDH1 (E-cadherin).38 Mutations in 
CDH1 confer a cumulative risk of gastric cancer by age 
80 years of 70% for men and 56% for women. Addition-
ally, the cumulative risk of lobular breast cancer is 42% 

for women carrying CDH1 mutations.39 The current 
guidelines suggest following a protocol that includes 
prophylactic total gastrectomy beginning at age 20 years 
or endoscopic surveillance following the Cambridge 
protocol,40 with a minimum of 30 biopsies in targeted 
anatomic zones in patients opting not to undergo gas-
trectomy. Finally, breast cancer screening should include 
annual mammogram and breast magnetic resonance 
imaging beginning at age 35 years.40

Testing and Counseling for Hereditary Gastric Cancer
In 2010, the International Gastric Cancer Linkage 
Consortium (IGCLC) broadened the consideration of 

All colorectal cancers screened by IHC staining and/or MSI testing

Intact MMR 
protein expression 

and/or MSS

Figure 1. Algorithm for universal tumor screening for Lynch syndrome.

IHC, immunohistochemistry; MMR, mismatch repair; MSI, microsatellite instability; MSS, microsatellite stable.

Likely sporadic 
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sional if early 
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family history.
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and PMS2 and/

or MSI-high

Perform MLH1 
promoter 

hypermethylation 
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or BRAF mutation

Negative MLH1 promoter 
hypermethylation and/

or BRAF mutation absent
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only
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MSH6  
only
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PMS2  
only

Refer to genetics professional.
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genetic testing for HDGC for families meeting any of 
the following criteria: (1) 2 cases of diffuse gastric can-
cer, with 1 confirmed case of diffuse gastric cancer in an 
individual younger than age 50 years, (2) 3 confirmed 
cases of diffuse gastric cancer in first- or second-degree 
relatives independent of age, (3) 1 case of diffuse gastric 
cancer in an individual younger than age 40 years, or (4) 
personal or family history of diffuse gastric cancer and 
lobular breast cancer, with 1 diagnosis of diffuse gastric 
cancer or lobular breast cancer in an individual younger 
than age 50 years.40 Genetic testing should include 
both sequencing and deletion or duplication analysis of 
CDH1, with consideration of testing for CTNNA1 vari-
ants, which have been reported in a handful of families 
meeting IGCLC criteria who were negative for CDH1 
mutations.41 Other genes have been implicated in famil-
ial gastric cancer, such as ATM, BRCA2, and STK11, 
so panel testing may be indicated for families without 
CDH1 mutations, particularly those with other cancer 
histories.39

Unique genetic counseling challenges for HDGC 
primarily stem from the recommendation of prophy-
lactic total gastrectomy. Due to the lack of effective 
endoscopic surveillance, prophylactic total gastrectomy 
has been strongly recommended for CDH1 mutation 
carriers.40 Gastrectomy has typically been recommended 
beginning at age 20 years given the relatively small risk 
of diffuse gastric cancer prior to this age,42 which brings 
up the issue of when to begin testing offspring for known 
mutations. There is no well-established recommended 
age at which to offer testing, but the IGCLC agrees that 
testing could be considered at the age of consent (age 18 
years in the United States) or based on family history of 
gastric cancer.40

Genetic Testing and Counseling for 
Hereditary Pancreatic Cancer

Risk Assessment for Hereditary Pancreatic Cancer
There are a number of hereditary syndromes that involve 
pancreatic cancer, including hereditary breast and ovar-
ian cancer syndrome (BRCA1 and BRCA2), familial 
atypical multiple mole melanoma syndrome (CDKN2A), 
hereditary pancreatitis (PRSS1), Peutz-Jeghers syndrome 
(STK11), Lynch syndrome (MLH1, MSH2, MSH6, 
PMS2, and EPCAM), and Li-Fraumeni syndrome 
(TP53).16 Additionally, many families with multiple cases 
of pancreatic cancer without a known genetic etiology 
have been identified as familial pancreatic cancer.43 Famil-
ial pancreatic cancer is defined as families with at least 2 
affected first-degree relatives, with some practices expand-
ing these criteria to 1 affected first-degree relative and 1 
affected second-degree relative for screening purposes.

Testing and Counseling for Hereditary Pancreatic  
Cancer
In recent years, several studies have reported the preva-
lence of deleterious germline mutations in patients with 
pancreatic cancer to be between 4.0% and 13.5%.44-47 
Mutations in these cohorts included genes previously 
known to be associated with an increased risk of pancre-
atic cancer, but also included mutations in other genes, 
such as ATM, CHEK2, and RAD50, which do not confer 
an increased risk of pancreatic cancer but are associated 
with other cancers for which modified management 
recommendations may be made.46 Age at diagnosis and 
family history of pancreatic or other cancers appear to be 
poor predictors for mutation detection.44,46 In fact, in a 
cohort of suspected sporadic pancreatic cancer patients, 
3.9% of patients carried deleterious mutations, many of 
which would have been missed if guidelines for heredi-
tary cancer susceptibility testing had been utilized.45 
These findings led the National Comprehensive Cancer 
Network to recommend consideration of germline test-
ing for all pancreatic cancer patients, regardless of age at 
diagnosis or family history of cancer.48 Genetic testing for 
all pancreatic cancer patients not only provides informa-
tion about the cause of disease and treatment options,49 
but also allows for cascade testing of unaffected relatives, 
which aids in determining relatives who may benefit from 
pancreatic cancer surveillance.

The main challenge of genetic counseling for pan-
creatic cancer is that screening for early detection is not 
well established. Presently, expert opinion is that annual 
endoscopic ultrasound and/or magnetic resonance 
cholangiopancreatography may be offered to high-risk 
patients.50 Figure 2 depicts the algorithm to determine 
the individuals who are eligible for pancreatic cancer 
screening. Although more studies are needed to prove 
the efficacy of pancreatic cancer screening, early data 
are promising. In a study of 345 patients undergoing 
pancreatic cancer screening, 24 subjects (7%) had neo-
plastic progression over a 16-year follow-up period (14 
pancreatic adenocarcinomas and 10 high-grade dysplas-
tic lesions).51 Ten out of 14 pancreatic adenocarcinomas 
were detected on routine surveillance, and 9 out of those 
10 were surgically resectable. Overall, 85% of resectable 
pancreatic adenocarcinomas survived 3 years. The mor-
tality rate for high-risk individuals developing pancreatic 
adenocarcinoma was 64% (9/14), whereas none of the 
10 individuals who developed high-grade dysplastic 
lesions had died as of the last follow-up. Larger studies 
are needed to further refine pancreatic cancer screening 
guidelines. For patients at highest risk due to family 
history or mutation status, screening appears to aid in 
detecting lesions at localized, resectable stages, with the 
potential to increase survival rates. Ideally, screening for 
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pancreatic cancer should be performed under a study 
protocol.

Genetic Testing and Counseling for 
Hereditary Pancreatitis

Risk Assessment for Hereditary Pancreatitis
Chronic pancreatitis (CP) and recurrent acute pancreatitis 
(RAP) have both been associated with hereditary factors, 
often with unusual presentations, including childhood 
onset, chronic pancreatitis in young adulthood, and a 
high risk of pancreatic cancer.52-54 Affected individuals 
may be considered for evaluation of hereditary pancreati-
tis and genetic testing in the case of idiopathic CP or RAP, 
particularly in the context of a family history of disease.55 
Specific questions should be asked regarding the family 
history, such as whether the patient has any relatives with 
pancreatitis (including age at diagnosis and amylase and 

lipase levels, if available), pancreatic cancer (including age 
at diagnosis), or diagnoses of diabetes, exocrine insuffi-
ciency, male infertility, chronic sinusitis or nasal polyps, 
or cystic fibrosis. It is also helpful to ascertain any history 
of smoking or alcohol abuse in family members.56

Testing and Counseling for Hereditary Pancreatitis
To date, there are 5 genes known to be associated with 
hereditary pancreatitis, with the strongest risk associated 
with mutations in PRSS1, CFTR, and SPINK1, and 
lesser risk associated with variants in CTRC and CASR.57 
Genetic testing is generally considered first for individuals 
who have already manifested symptoms of CP or RAP, 
who have a family history of pancreatitis, who have early-
onset idiopathic CP or RAP, or who have asymptomatic 
relatives of a mutation carrier.56 With panel testing read-
ily available, genetic testing should consist of full gene 
sequencing and deletion or duplication analysis of all 5 

Annual surveillance with EUS or MRCP may be  
considered for the following scenarios:

Mutations in genes 
with the highest PC risk

Figure 2. Eligibility criteria for pancreatic cancer (PC) screening.

EUS, endoscopic ultrasound; MRCP, magnetic resonance cholangiopancreatography.

STK11

Mutations in other 
genes with PC risk

First-degree 
relative plus 

an additional 
relative with PC

First-degree relative 
or >2 relatives 

with PC (consider 
second-degree  

relatives).

Start PC 
screening at 
age 35 years.

Familial PC

CDKN2A BRCA2 ATM, BRCA1, PALB2, MLH1, 
MSH2, MSH6, PMS2, EPCAM

First-degree relative 
(consider second-
degree relative).

Start PC screening at age 50 years (or 10 years prior 
to the youngest age of diagnosis in the family).
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genes, as both sequence changes and copy-number vari-
ants have been associated with hereditary pancreatitis.58

The primary genetic counseling challenges pertaining 
to hereditary pancreatitis relate to the risk of pancreatitis 
for family members. Recurrence risk is dependent on gen-
otype, as PRSS1 mutations are inherited in an autosomal 
dominant pattern, whereas CFTR, SPINK1, CTRC, and 
CASR mutations may be inherited in either a dominant 
or recessive pattern and are often cotransmitted.56 CFTR 
mutation carriers should be counseled not only about 
risk of pancreatitis for family members, but also about 
reproductive risk for cystic fibrosis. Additionally, testing 
positive for a hereditary pancreatitis gene mutation does 
not guarantee manifestation of symptoms due to incom-
plete penetrance; in fact, asymptomatic relatives who 
choose to undergo genetic testing should be informed 
that while penetrance is high, there is a 20% chance they 
may never develop symptoms and may continue to have 
normal pancreatic function throughout their lifetime.59 
The risk of pancreatic cancer in these individuals appears 
to be contingent upon the history of pancreatitis itself, 
and carrying a gene mutation alone does not necessar-
ily result in an increased risk of pancreatic cancer in the 
absence of pancreatitis.52,54

Conclusion

Many genetic conditions exist that affect risk of gastro-
intestinal disease, including hereditary gastrointestinal 
cancer syndromes and hereditary pancreatitis. As genetic 
testing becomes increasingly utilized in a clinical setting, 
particular attention should be paid to how patients are 
counseled with regard to this testing and the information 
provided by such tests. Additionally, public interest in 
genetic testing and genetic information continues to grow 
with the increasing availability of direct-to-consumer 
testing. Recognition and prompt referral to a genetic 
counselor for at-risk patients and their families should be 
routine in every gastrointestinal practice.

Ms Stoll and Dr Kupfer have conducted research with 
Myriad Genetic Laboratories. Ms Stoll is also on the advisory 
board for Invitae.

References

1. Berliner JL, Fay AM, Cummings SA, Burnett B, Tillmanns T. NSGC practice 
guideline: risk assessment and genetic counseling for hereditary breast and ovarian 
cancer. J Genet Couns. 2013;22(2):155-163.
2. Ready K, Arun B. Clinical assessment of breast cancer risk based on family 
history. J Natl Compr Canc Netw. 2010;8(10):1148-1155.
3. Kastrinos F, Allen JI, Stockwell DH, et al. Development and validation of a 
colon cancer risk assessment tool for patients undergoing colonoscopy. Am J Gas-
troenterol. 2009;104(6):1508-1518.
4. Stoffel EM, Kastrinos F. Familial colorectal cancer, beyond Lynch syndrome. 

Clin Gastroenterol Hepatol. 2014;12(7):1059-1068.
5. Niendorf KB, Thomas BC. Genetic counseling for cancer: technology 
promises better screening for hereditary cancer patients. Curr Genet Med Rep. 
2013;1(2):135-141.
6. Klee EW, Hoppman-Chaney NL, Ferber MJ. Expanding DNA diagnostic panel 
testing: is more better? Expert Rev Mol Diagn. 2011;11(7):703-709.
7. Meldrum C, Doyle MA, Tothill RW. Next-generation sequencing for cancer 
diagnostics: a practical perspective. Clin Biochem Rev. 2011;32(4):177-195.
8. Domchek SM, Bradbury A, Garber JE, Offit K, Robson ME. Multiplex genetic 
testing for cancer susceptibility: out on the high wire without a net? J Clin Oncol. 
2013;31(10):1267-1270.
9. Pritchard CC, Smith C, Salipante SJ, et al. ColoSeq provides comprehensive 
Lynch and polyposis syndrome mutational analysis using massively parallel 
sequencing. J Mol Diagn. 2012;14(4):357-366.
10. Walsh T, Casadei S, Lee MK, et al. Mutations in 12 genes for inherited ovarian, 
fallopian tube, and peritoneal carcinoma identified by massively parallel sequenc-
ing. Proc Natl Acad Sci U S A. 2011;108(44):18032-18037.
11. Hall MJ, Forman AD, Pilarski R, Wiesner G, Giri VN. Gene panel testing for 
inherited cancer risk. J Natl Compr Canc Netw. 2014;12(9):1339-1346.
12. Hampel H. Genetic counseling and cascade genetic testing in Lynch syn-
drome. Fam Cancer. 2016;15(3):423-427.
13. Tandy-Connor S, Guiltinan J, Krempely K, et al. False-positive results released 
by direct-to-consumer genetic tests highlight the importance of clinical confirma-
tion testing for appropriate patient care. Genet Med. 2018;20(12):1515-1521.
14. Omundsen M, Lam FF. The other colonic polyposis syndromes. ANZ J Surg. 
2012;82(10):675-681.
15. National Comprehensive Cancer Network. Genetic/familial high-risk assess-
ment: colorectal. Version 1.2018. https://www.nccn.org/professionals/physi-
cian_gls/pdf/genetics_colon.pdf. Accessed January 31, 2019.
16. Syngal S, Brand RE, Church JM, Giardiello FM, Hampel HL, Burt RW; 
American College of Gastroenterology. ACG clinical guideline: genetic testing and 
management of hereditary gastrointestinal cancer syndromes. Am J Gastroenterol. 
2015;110(2):223-262.
17. Hampel H, Bennett RL, Buchanan A, Pearlman R, Wiesner GL; Guideline 
Development Group, American College of Medical Genetics and Genomics 
Professional Practice and Guidelines Committee and National Society of Genetic 
Counselors Practice Guidelines Committee. A practice guideline from the 
American College of Medical Genetics and Genomics and the National Society 
of Genetic Counselors: referral indications for cancer predisposition assessment. 
Genet Med. 2015;17(1):70-87.
18. Haraldsdottir S, Hampel H, Tomsic J, et al. Colon and endometrial cancers 
with mismatch repair deficiency can arise from somatic, rather than germline, 
mutations. Gastroenterology. 2014;147(6):1308-1316.e1.
19. Sieber OM, Lipton L, Crabtree M, et al. Multiple colorectal adenomas, clas-
sic adenomatous polyposis, and germ-line mutations in MYH. N Engl J Med. 
2003;348(9):791-799.
20. Laken SJ, Petersen GM, Gruber SB, et al. Familial colorectal cancer in Ashke-
nazim due to a hypermutable tract in APC. Nat Genet. 1997;17(1):79-83.
21. Liang J, Lin C, Hu F, et al. APC polymorphisms and the risk of colorectal neo-
plasia: a HuGE review and meta-analysis. Am J Epidemiol. 2013;177(11):1169-
1179.
22. Palles C, Cazier JB, Howarth KM, et al; CORGI Consortium; WGS500 
Consortium. Germline mutations affecting the proofreading domains of POLE 
and POLD1 predispose to colorectal adenomas and carcinomas. Nat Genet. 
2013;45(2):136-144.
23. Weren RD, Ligtenberg MJ, Kets CM, et al. A germline homozygous muta-
tion in the base-excision repair gene NTHL1 causes adenomatous polyposis and 
colorectal cancer. Nat Genet. 2015;47(6):668-671.
24. Adam R, Spier I, Zhao B, et al. Exome sequencing identifies biallelic MSH3 
germline mutations as a recessive subtype of colorectal adenomatous polyposis. Am 
J Hum Genet. 2016;99(2):337-351.
25. Schwenter F, Faughnan ME, Gradinger AB, et al. Juvenile polyposis, heredi-
tary hemorrhagic telangiectasia, and early onset colorectal cancer in patients with 
SMAD4 mutation. J Gastroenterol. 2012;47(7):795-804.
26. Calva-Cerqueira D, Chinnathambi S, Pechman B, Bair J, Larsen-Haidle J, 
Howe JR. The rate of germline mutations and large deletions of SMAD4 and 
BMPR1A in juvenile polyposis. Clin Genet. 2009;75(1):79-85.
27. van Lier MG, Wagner A, Mathus-Vliegen EM, Kuipers EJ, Steyerberg EW, 
van Leerdam ME. High cancer risk in Peutz-Jeghers syndrome: a systematic review 
and surveillance recommendations. Am J Gastroenterol. 2010;105(6):1258-1264.



470  Gastroenterology & Hepatology  Volume 15, Issue 9  September 2019 

S T O L L  A N D  K U P F E R

28. Heald B, Mester J, Rybicki L, Orloff MS, Burke CA, Eng C. Frequent gastro-
intestinal polyps and colorectal adenocarcinomas in a prospective series of PTEN 
mutation carriers. Gastroenterology. 2010;139(6):1927-1933.
29. Jaeger E, Leedham S, Lewis A, et al; HMPS Collaboration. Hereditary 
mixed polyposis syndrome is caused by a 40-kb upstream duplication that leads 
to increased and ectopic expression of the BMP antagonist GREM1. Nat Genet. 
2012;44(6):699-703.
30. Lammi L, Arte S, Somer M, et al. Mutations in AXIN2 cause familial tooth 
agenesis and predispose to colorectal cancer. Am J Hum Genet. 2004;74(5):1043-
1050.
31. Gala MK, Mizukami Y, Le LP, et al. Germline mutations in oncogene-induced 
senescence pathways are associated with multiple sessile serrated adenomas. Gastro-
enterology. 2014;146(2):520-529.
32. Jasperson KW, Tuohy TM, Neklason DW, Burt RW. Hereditary and familial 
colon cancer. Gastroenterology. 2010;138(6):2044-2058.
33. Bakry D, Aronson M, Durno C, et al. Genetic and clinical determinants of 
constitutional mismatch repair deficiency syndrome: report from the constitu-
tional mismatch repair deficiency consortium. Eur J Cancer. 2014;50(5):987-996.
34. Pearlman R, Frankel WL, Swanson B, et al; Ohio Colorectal Cancer Preven-
tion Initiative Study Group. Prevalence and spectrum of germline cancer suscep-
tibility gene mutations among patients with early-onset colorectal cancer. JAMA 
Oncol. 2017;3(4):464-471.
35. Yurgelun MB, Allen B, Kaldate RR, et al. Identification of a variety of muta-
tions in cancer predisposition genes in patients with suspected Lynch syndrome. 
Gastroenterology. 2015;149(3):604-613.e20.
36. Stoffel EM, Koeppe E, Everett J, et al. Germline genetic features of young 
individuals with colorectal cancer. Gastroenterology. 2018;154(4):897-905.e1.
37. Oliveira C, Pinheiro H, Figueiredo J, Seruca R, Carneiro F. Familial gastric 
cancer: genetic susceptibility, pathology, and implications for management. Lancet 
Oncol. 2015;16(2):e60-e70.
38. Oliveira C, Bordin MC, Grehan N, et al. Screening E-cadherin in gastric 
cancer families reveals germline mutations only in hereditary diffuse gastric cancer 
kindred. Hum Mutat. 2002;19(5):510-517.
39. Hansford S, Kaurah P, Li-Chang H, et al. Hereditary diffuse gastric cancer 
syndrome: CDH1 mutations and beyond. JAMA Oncol. 2015;1(1):23-32.
40. Fitzgerald RC, Hardwick R, Huntsman D, et al; International Gastric Can-
cer Linkage Consortium. Hereditary diffuse gastric cancer: updated consensus 
guidelines for clinical management and directions for future research. J Med Genet. 
2010;47(7):436-444.
41. Majewski IJ, Kluijt I, Cats A, et al. An α-E-catenin (CTNNA1) mutation in 
hereditary diffuse gastric cancer. J Pathol. 2013;229(4):621-629.
42. Pharoah PD, Guilford P, Caldas C; International Gastric Cancer Linkage 
Consortium. Incidence of gastric cancer and breast cancer in CDH1 (E-cadherin) 
mutation carriers from hereditary diffuse gastric cancer families. Gastroenterology. 
2001;121(6):1348-1353.
43. Klein AP, Brune KA, Petersen GM, et al. Prospective risk of pancreatic cancer 
in familial pancreatic cancer kindreds. Cancer Res. 2004;64(7):2634-2638.
44. Hu C, Hart SN, Bamlet WR, et al. Prevalence of pathogenic mutations in 

cancer predisposition genes among pancreatic cancer patients. Cancer Epidemiol 
Biomarkers Prev. 2016;25(1):207-211.
45. Shindo K, Yu J, Suenaga M, et al. Deleterious germline mutations in 
patients with apparently sporadic pancreatic adenocarcinoma. J Clin Oncol. 
2017;35(30):3382-3390.
46. Yurgelun MB, Chittenden AB, Morales-Oyarvide V, et al. Germline cancer 
susceptibility gene variants, somatic second hits, and survival outcomes in patients 
with resected pancreatic cancer. Genet Med. 2019;21(1):213-223.
47. Chaffee KG, Oberg AL, McWilliams RR, et al. Prevalence of germ-line muta-
tions in cancer genes among pancreatic cancer patients with a positive family his-
tory. Genet Med. 2018;20(1):119-127.
48. National Comprehensive Cancer Network. NCCN clinical practice guidelines 
in oncology (NCCN guidelines): genetic/familial high-risk assessment: breast 
and ovarian. Version 1.2018–October 3, 2017. https://www2.tri-kobe.org/nccn/
guideline/gynecological/english/genetic_familial.pdf. Published October 3, 2017. 
Accessed July 16, 2019.
49. Golan T, Hammel P, Reni M, et al. Maintenance olaparib for germline BRCA-
mutated metastatic pancreatic cancer. N Engl J Med. 2019;381(4):317-327.
50. Canto MI, Harinck F, Hruban RH, et al; International Cancer of Pancreas 
Screening (CAPS) Consortium. International Cancer of the Pancreas Screening 
(CAPS) Consortium summit on the management of patients with increased risk 
for familial pancreatic cancer. Gut. 2013;62(3):339-347.
51. Canto MI, Almario JA, Schulick RD, et al. Risk of neoplastic progression in 
individuals at high risk for pancreatic cancer undergoing long-term surveillance. 
Gastroenterology. 2018;155(3):740-751.e2.
52. Howes N, Lerch MM, Greenhalf W, et al; European Registry of Heredi-
tary Pancreatitis and Pancreatic Cancer (EUROPAC). Clinical and genetic 
characteristics of hereditary pancreatitis in Europe. Clin Gastroenterol Hepatol. 
2004;2(3):252-261.
53. Rebours V, Lévy P, Ruszniewski P. An overview of hereditary pancreatitis. Dig 
Liver Dis. 2012;44(1):8-15.
54. Lowenfels AB, Maisonneuve P, DiMagno EP, et al; International Hereditary 
Pancreatitis Study Group. Hereditary pancreatitis and the risk of pancreatic cancer. 
J Natl Cancer Inst. 1997;89(6):442-446.
55. Ellis I, Lerch MM, Whitcomb DC; Consensus Committees of the European 
Registry of Hereditary Pancreatic Diseases, Midwest Multi-Center Pancreatic 
Study Group, International Association of Pancreatology. Genetic testing for 
hereditary pancreatitis: guidelines for indications, counselling, consent and privacy 
issues. Pancreatology. 2001;1(5):405-415.
56. Solomon S, Whitcomb DC. Genetics of pancreatitis: an update for clinicians 
and genetic counselors. Curr Gastroenterol Rep. 2012;14(2):112-117.
57. LaRusch J, Whitcomb DC. Genetics of pancreatitis. Curr Opin Gastroenterol. 
2011;27(5):467-474.
58. Masson E, Le Maréchal C, Delcenserie R, Chen JM, Férec C. Hereditary pan-
creatitis caused by a double gain-of-function trypsinogen mutation. Hum Genet. 
2008;123(5):521-529.
59. Whitcomb DC, Gorry MC, Preston RA, et al. Hereditary pancreatitis is caused 
by a mutation in the cationic trypsinogen gene. Nat Genet. 1996;14(2):141-145.


