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Abstract
Genetic testing aims to identify patients at risk for inherited 
cancer susceptibility. In the last decade, there was a signifi-
cant increase in the request of broader panels of genes as 
multi-gene panel testing became widely available. However, 
physicians may be faced with genetic findings for which 
there is lack of management evidence, despite some prog-
ress in understanding their clinical relevance. In this short 
review, we discuss the advantages and the drawbacks re-
lated to multi-gene panel testing in the setting of a Gastro-
intestinal Familial Cancer Risk clinic. We also summarize the 
available recommendations on management of pathogenic 
variant carriers. © 2021 Sociedade Portuguesa de Gastrenterologia

Published by S. Karger AG, Basel

Painel Multi-gene em Gastrenterologia: estamos 
prontos para os resultados?

Palavras Chave
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Resumo
O estudo genético tem como objetivo identificar indi-
víduos em risco de cancro hereditário. Na última década, 
verificou-se um aumento significativo do número de 
genes analisados devido ao surgimento de painéis de 
sequenciação multi-gene. Neste sentido, os médicos po-
dem ser confrontados com resultados genéticos para os 
quais não há orientações de manejo ou seguimento, 
apesar de progressos na compreensão da relevância 
clínica dessas variantes genéticas. Nesta revisão de lit-
eratura, discutimos as vantagens e desvantagens dos 
testes de sequenciação multi-gene e apresentamos um 
resumo das recomendações disponíveis relativas à ori-
entação dos portadores de variantes genéticas patogé-
nicas. © 2021 Sociedade Portuguesa de Gastrenterologia

Publicado por S. Karger AG, Basel

Introduction

Genetic testing aims to find a variant known to be clin-
ically actionable, meaning the management of the patient 
will be altered according to the presence of a variant [1]. 
It may include a single-gene analysis or a comprehensive 
multi-gene cancer panel. Based on next-generation se-
quencing technology, the latter allows for the simultane-
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ous analysis of many genes associated with multiple can-
cers or syndromes [1].

In the last decade, there was a significant increase in 
the request of broader panels of genes as multi-gene pan-
el testing became widely available and commonly used in 
the study of hereditary cancer syndromes, particularly in 
breast, ovarian and endometrial cancers [2]. Knowledge 
of genetic susceptibility to gastrointestinal cancers has 
also increased thanks to evolving research, identification 
of new gene variants and clarification of the role of previ-
ously known variants [3]. 

Patients with hereditary gastrointestinal cancer syn-
dromes are at high risk of developing one or more malig-
nancies, synchronously or metachronously, in several or-
gans (stomach, small bowel, colon, rectum, pancreas, en-
dometrium, ovaries, breast,...) [3]. It is therefore of 
paramount importance to identify patients and family 
members carrying a genetic predisposition for gastroin-
testinal cancer, so they can be offered screening (to pre-
vent or detect cancer at an earlier stage) and risk-reducing 
measures (counselling about lifestyle habits, chemopre-
vention or prophylactic surgeries) [4].

The present article aims to: (1) discuss the advantages 
and the drawbacks related to multi-gene panel testing, 
particularly in the setting of Gastrointestinal Familial 
Cancer Risk clinic; and (2) address the available recom-
mendations on management of individuals with in-
creased risk of gastrointestinal cancer based on germline 
variant status.

Methods

A narrative non-systematic review was performed 
based on an electronic search through the medical lit-
erature using PubMed and Google. The keywords 
“Multi-gene panel testing,” “Next-generation sequenc-
ing,” “Hereditary colorectal cancer,” “Hereditary pan-
creatic cancer,” “Hereditary gastric cancer,” “Heredi-
tary gastrointestinal cancer,” “Polyposis syndromes” 
were used. Review articles and guidelines from gastro-
enterology, endoscopy, oncology and genetics were in-
cluded. When more than one guideline concerning the 
same subject was available, the most up-to-date one 
was selected. Articles published in English were con-
sidered.

Multi-Gene Panel Testing

In recent years, there was a massive spread in the use 
of multi-gene panels in order to identify patients at risk 
for hereditary cancer.

Single-gene analysis may be suitable when a specific 
disease is known to be associated with only one gene or 
when testing an individual from a family with a known 
pathogenic variant. However, when more than one gene 
may explain the patient’s clinical presentation and family 
history, selecting a multi-gene panel testing may be more 
useful as it provides more information in a sole analysis 
[5, 6]. A panel testing allows not only to identify expected 
pathogenic alterations in gene(s) known to cause the phe-
notype for which the sequencing was ordered, but also to 
search for pathogenic or likely pathogenic variants that 
may or may not be related with the indication of the test 
[7].

Furthermore, multi-gene panels are cost-effective and 
time efficient. Compared to several sequential single gene 
testings, a multi-gene panel becomes more affordable and 
prevents patient’s fatigue and potentially loss of follow-
up from multiple testings [6, 8].

The National Comprehensive Cancer Network 
(NCCN) guideline [5] proposes a set of clinical scenarios 
for which multi-gene panel testing should be considered, 
namely:
•	 when personal medical and/or family cancer history 

meets criteria for more than one hereditary cancer 
syndrome

•	 when family cancer history does not meet established 
testing guidelines, but consideration of inherited can-
cer risk persists 

•	 in individuals concerned about cancer predisposition 
for whom family cancer history is limited or unknown
A multi-gene panel is extensively used for the study of 

hereditary breast and ovarian cancer. It includes genes 
like ATM, BRCA1, BRCA2, CHEK2, MLH1, MSH2, 
MSH6, PALB2, PTEN, STK11 or TP53 [9]. These genes 
also share a susceptibility to gastrointestinal cancer, re-
quiring a specific management and follow-up [5, 10].

In the Gastroenterology setting, a multi-gene panel 
testing approach may also be helpful when alterations in 
several genes (frequent or infrequent) may explain a pa-
tient or family phenotype. For example, hereditary 
colorectal cancer and/or polyposis may be caused by 
pathogenic variants in many genes (APC, MUTYH, 
SMAD4, BMPR1A, STK11, PTEN, MLH1, MSH2, MSH6, 
PMS2, EPCAM, TP53, AXIN2, GREM1, MSH3, NTHL1, 
POLE, POLD1 or GALNT12) [5, 9]. Likewise, the study of 
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hereditary pancreatic cancer may require the analysis of 
several genes (CDKN2A, STK11, ATM, BRCA1, BRCA2, 
PALB2, MLH1 or MSH2) [10].

On the other hand, multi-gene panels present some 
limitations. They increase the likelihood of identifying 
pathogenic variants for which clinical management is un-
certain due to lack of data regarding degree of cancer risk 
[5, 8]. They also increase the risk of finding variants of 
uncertain significance that are not actionable [5, 8]. Con-
sequently, genetic counselling becomes more complex, 
since physicians may not know how to communicate and 
manage risk for carriers of these gene variants, beyond 
family history. Ultimately, multi-gene panel testing may 
cause overtreatment or overscreening, as well as undue 
anxiety and cancer worry, with negative implications in 
the patient’s quality of life. It may also result in a work 
overload and increasing waiting list for endoscopy and 
radiology units. However, these challenges may be mini-
mized by restricting the variants to be reported to those 
that are known or expected to cause the disorder [7].

Panel Gene Testing in Gastroenterology

In our clinical practice, several patients have been re-
ferred to our Gastrointestinal Familial Cancer Risk clinic 
for management of gene variants associated with a poten-
tially increased risk of digestive cancer. Many of these 
variants were detected in multi-gene panel testing pri-
marily requested for study of hereditary breast, ovarian 
or endometrial cancer, including patients with personal 
and/or family history of cancer.

Examples of genes currently included on our sequenc-
ing multi-gene panel are: ATM, AXIN2, BRCA1, BRCA2, 
BMPR1A, CDH1, CDKN2A, CHEK2, EPCAM, GALNT12, 
GREM1, MLH1, MSH2, MSH3, MSH6, MUTYH, NTHL1, 
PMS2, PALB2, POLE, POLD1, PTEN, SMAD4, STK11 or 
TP53 [2, 6, 8]. There has been some progress in under-
standing the clinical relevance of variants in many of 
these genes, allowing the establishment of consensus rec-
ommendations to guide management of carriers [5, 10].

Pathogenic variants in several genes are known for 
causing specific hereditary disorders or syndromes asso-
ciated with increased risk of digestive cancer. The most 
prevalent affected genes and syndromes are the follow-
ing: monoallelic pathogenic variants in a DNA mismatch 
repair gene (MLH1, MSH2, MSH6, PMS2) or deletions 
of the 3′ end of the EPCAM gene are responsible for 
Lynch syndrome [5], while biallelic variants lead to Con-
stitutional Mismatch Repair Deficiency syndrome [5]; 

APC and MUTYH pathogenic variants are responsible 
for Familial adenomatous polyposis and MUTYH-asso-
ciated polyposis (biallelic), respectively [5]; SMAD4 and 
BMPR1A pathogenic variants are identified in patients 
with Juvenile polyposis syndrome [5]; pathogenic vari-
ants in STK11 and PTEN are associated with Peutz-Jegh-
ers syndrome and Cowden syndrome, respectively [5]; 
TP53 pathogenic variants are responsible for Li-Fraume-
ni syndrome [5]; CDH1 and CTNNA1 pathogenic vari-
ants are associated with Hereditary diffuse gastric cancer 
[11]; CDKN2A pathogenic variants characterize the Fa-
milial atypical multiple mole and melanoma syndrome, 
associated with an increased risk of pancreatic cancer 
[10].

Specific guidelines concerning gastrointestinal cancer 
screening are widely available for these established condi-
tions [5, 12–14]. 

Other less prevalent germline variants associated with 
a potentially increased risk for one or more gastrointesti-
nal cancer types have been described:
•	 The CHEK2 (checkpoint kinase 2) gene is a tumor sup-

pressor gene, located on chromosome 22, and it is in-
volved in DNA repair [2]. Pathogenic variants in 
CHEK2 are associated with a moderate risk for breast 
and colorectal cancer [5, 12]. 

•	 BRCA1 and BRCA2 are tumor suppressor genes, lo-
cated on chromosomes 17 and 13 (respectively), and 
participate in homologous recombination repairing of 
damaged DNA [8]. They are the most frequent genes 
involved in hereditary breast and ovarian cancer and 
they also increase the risk for pancreatic cancer [12]. 
Pathogenic variants in BRCA2 are also associated with 
an increased risk of gastric cancer [11].

•	 PALB2 (partner and localizer of BRCA2) is a tumor 
suppressor gene located on chromosome 16 [8]. Patho-
genic variants in PALB2 are associated with breast, 
gastric and pancreatic cancer [11, 12].

•	 ATM (ataxia-telangiectasia mutated) gene is located 
on chromosome 11 and plays a role in cell division and 
DNA repair [8]. Pathogenic variants in ATM are as-
sociated with increased risk for breast, gastric and pan-
creatic cancer [11, 12].

•	 GREM1 (Gremlin 1) is a gene located on chromosome 
15 and it is a BMP antagonist [15]. Pathogenic variants 
are associated with colorectal polyposis and cancer [5].

•	 POLE (DNA Polymerase Epsilon, Catalytic Subunit) 
and POLD1 (DNA Polymerase Delta 1, Catalytic Sub-
unit) are genes involved in DNA replication and re-
pair, and they are located on chromosomes 12 and 19, 
respectively. Pathogenic variants in POLE and POLD1 
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Table 1. Screening recommendations on management of individuals with increased risk of gastrointestinal cancer based on germline variant status

Gene Phenotype Starting age Recommendations

MLH1, MSH2, MSH6, PMS2, 
EPCAM [3, 11]

Lynch syndrome Colon: 
MLH1 / MSH2 – 25 years
MSH6 / PMS2 – 35 years

Stomach: 30–35 years

Colonoscopy every 2 years in asymptomatic individuals. Repeat 
colonoscopy within 3 months in the case of a colonoscopy of 
suboptimal quality (poor bowel preparation or incomplete 
procedure)
Non-invasive testing for Helicobacter pylori. For selected 
individuals with a family history of gastric cancer or from regions 
with high gastric cancer incidence, EGD may be considered every 
1–3 years

APC [12] Familial adenomatous 
polyposis

EGD: 25 years
Colon: 12–14 years

EGD according to Spigelman score 
Colonoscopy every 1–2 years

MUTYH [12] MUTYH-associated 
polyposis

EGD: 35 years 
Colon: 18 years

EGD according to Spigelman score 
Colonoscopy every 1–2 years

SMAD4, BMPR1A [12] Juvenile polyposis 
syndrome

EGD:
SMAD4 – 18 years
BMPR1A – 25 years 
Colon: 12–15 years

EGD every 1–3 years 
Colonoscopy every 1–3 years

STK11 [9, 12] Peutz–Jeghers 
syndrome

Baseline: 8 years

Routine: 18 years
Pancreas: 40 years or 10 years 
before the age of the youngest 
affected first-degree relative

Baseline EGD and colonoscopy; if polyps are found, repeat every 
1–3 years
Small-bowel capsule endoscopy or MRI study every 1–3 years
Routine EGD and colonoscopy every 1–3 years
Initial screening with MRI/MRCP, endoscopic ultrasound and 
exclusion of new-onset diabetes (fasting blood glucose and/or 
HbA1c)
Follow-up every year alternating MRI/MRCP or endoscopic 
ultrasound and searching for new-onset diabetes

PTEN [10] Cowden syndrome 35 years or 5–10 years before the 
age of the youngest affected first-
degree relative

Colonoscopy every 5 years

TP53 [10] Li-Fraumeni 
syndrome

25 years or 5 years before the age 
of the youngest affected first-de-
gree relative

EGD and colonoscopy every 2–5 years

CDH1 [3, 19] Hereditary diffuse 
gastric cancer

18–40 years Prophylactic total gastrectomy
EGD with biopsies (via the Cambridge protocol) every year prior 
to gastrectomy, for individuals who decline prophylactic 
gastrectomy and for those with comorbidities; any malignant 
lesion detected should prompt a referral for gastrectomy

CDKN2A [9] Pancreatic cancer 40 years or 10 years before the 
age of the youngest affected first-
degree relative

Initial screening with MRI/MRCP, endoscopic ultrasound and 
exclusion of new-onset diabetes (fasting blood glucose and/or 
HbA1c)
Follow-up every year alternating MRI/MRCP or endoscopic 
ultrasound and searching for new-onset diabetes

CHEK2 [4] Non-polyposis 
colorectal cancer

40 years or 10 years before the age 
of the youngest affected first-
degree relative

Colonoscopy every 5 years

AXIN2, GREM1, MSH3, 
NTHL1, POLE, POLD1, 
GALNT12 [4]

Colorectal polyposis 
and cancer

25–30 years Colonoscopy every 2–3 years if normal and every 1–2 years if 
polyps are found

ATM, BRCA1, BRCA2, MLH1, 
MSH2, PALB2
+ First-degree relative with 
pancreatic cancer [9]

Pancreatic cancer 50 or 10 years before the age of 
the youngest affected first-degree 
relative

Initial screening with MRI/MRCP, endoscopic ultrasound and 
exclusion of new-onset diabetes (fasting blood glucose and/or 
HbA1c)
Follow-up every year alternating MRI/MRCP or endoscopic 
ultrasound and searching for new-onset diabetes

EGD, esophagogastroduodenoscopy; MRI, magnetic resonance imaging; MRCP, magnetic resonance cholangiopancreatography.
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may be associated with predisposition to colorectal 
polyposis and cancer [5].

•	 GALNT12 (polypeptide N-acetylgalactosaminyltrans-
ferase 12) is located on chromosome 9 and may play a 
role in glycosylation of mucin-type glycans [16]. 
Pathogenic variants in this gene are associated with an 
increased susceptibility to colorectal cancer [5].

•	 AXIN2 is a gene involved in the regulation of the sta-
bility of beta-catenin in the Wnt signaling pathway 
and is located on the chromosome 17 [17]. Pathogenic 
variants in AXIN2 are associated with colorectal can-
cer [5].

•	 The NTHL1 gene is located on the chromosome 16 and 
is involved in the DNA base excision repair pathway 
[18]. Biallellic pathogenic variants in this gene are as-
sociated with an increased risk for colorectal polyposis 
and cancer [5].

•	 MSH3 is a DNA mismatch repair gene located on the 
chromosome 5, and biallelic pathogenic variants also 
present predisposition for colorectal polyposis and 
cancer [5].
Particularly in the setting of colorectal cancer and/or 

polyposis, the Collaborative Group of the Americas on 
Inherited Gastrointestinal Cancer proposes the use of 
multi-gene panel testing in all patients with colorectal 
cancer diagnosed under the age of 50 years, in patients 
with colorectal cancer and at least one first degree relative 
with colorectal or endometrial cancer, and in patients 
with at least 10 cumulative adenomatous polyps or three 
cumulative hamartomatous polyps [19].

Management of New Germline Variants in 
Gastroenterology

Identification of patients and families with genetic 
predisposition for digestive cancer is of great importance 
as endoscopic and/or radiological surveillance can help 
prevent the development of cancer or its detection at an 
earlier stage [14]. However, evidence regarding the clin-
ical impact of these less prevalent gene variants on the 
development of gastrointestinal malignancies are still 
limited, whereby recommendations about management 
are also scarce. In Table 1, we summarize the available 
guidelines on management of individuals with increased 
risk of gastrointestinal cancer based on germline variant 
status.

As genetic testing and multi-gene panels are rapidly 
evolving with an increasingly number of germline patho-
genic variants detected, it is of paramount importance 

that patients receive adequate post-test counselling and 
follow-up. Gastroenterologists involved in the care of pa-
tients with gastrointestinal cancer should be familiar with 
hereditary cancer syndromes and main germline variants 
associated with cancer susceptibility. Referral for expert 
centers should be warranted for patients or their relatives 
(carriers) in order to provide adequate genetic counsel-
ling and surveillance [3].

Below, we describe the available recommendations on 
management of these new less prevalent germline patho-
genic variants.

Colorectal Cancer
CHEK2 pathogenic variants are associated with non-

polyposis colorectal cancer and, for their carriers, NCCN 
recommends colonoscopy every 5 years beginning at age 
40 years or, if there is history of a first-degree relative 
with colorectal cancer, starting 10 years before the age of 
the youngest affected blood relative [5]. These recom-
mendations are identical to the guidelines regarding 
screening in patients with a family history of colorectal 
cancer. 

For carriers of pathogenic variants in AXIN2, GREM1, 
MSH3, NTHL1, POLE, POLD1 and GALNT12 genes, as-
sociated with colorectal adenomatous polyposis and can-
cer, NCCN recommends starting colonoscopy screening 
at the age of 25–30 years, with follow-up colonoscopies 
every 2–3 years if negative, and 1–2 years if polyps are 
found [5]. Surgery may be considered if the polyp burden 
becomes unmanageable by colonoscopy [5]. 

Pancreatic Cancer
Pathogenic variants in ATM, BRCA1, BRCA2, MLH1, 

MSH2 and PALB2 present an increased susceptibility for 
pancreatic cancer, and the International Cancer of the 
Pancreas Screening (CAPS) Consortium recommends 
pancreas cancer screening for those carriers who also 
have a first-degree relative with pancreatic cancer [10]. 
Screening should begin at the age of 50 years or 10 years 
before the age of the youngest affected blood relative with 
magnetic resonance cholangiopancreatography (MRCP), 
endoscopic ultrasound and exclusion of new-onset dia-
betes (fasting blood glucose and/or HbA1c) [10]. There-
after, the CAPS Consortium recommends yearly follow-
up alternating MRCP or endoscopic ultrasound and 
searching for new-onset diabetes [10]. Discontinuation 
of pancreas cancer screening should be considered if a 
patient becomes unfit for a potential surgical resection 
[20].
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Conclusion

Multi-gene panel testings have been increasingly used 
to study potentially hereditary cancer phenotypes, lead-
ing to detection of less prevalent pathogenic gene variants 
associated with predisposition to gastrointestinal cancer. 
However, evidence concerning penetrance and clinical 
impact of these genetic alterations are still limited, ham-
pering the development of recommendations on patients 
and carriers’ management.

In this review, we approached the impact of multi-
gene panel testing in gastroenterology and present the 
available recommendations on the management of indi-
viduals with increased risk of gastrointestinal cancer 
based on germline variant status.

As knowledge of genetic susceptibility to gastrointes-
tinal cancers expands and more variants are detected 
thanks to multi-gene panels, the results pose challenges 
for both physicians and carriers (patients or family mem-
bers). For physicians, interpretation of the results be-
comes more complex as it requires understanding of the 
genetic susceptibility to cancer risk (particularly the pen-
etrance of the new less prevalent gene variants) and care-
ful evaluation of the carrier (including personal and fam-
ily history) in order to propose a management plan. Vari-

ants carriers seek appropriate counselling to balance the 
benefits and the psychological burden of cancer screening 
and risk-reducing procedures.
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