
© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 15   Number 12 | December 2017

1465
NCCN

Guidelines® 
Insights

Genetic/Familial High-Risk  
Assessment: Colorectal 

C
E

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 15   Number 12 | December 2017

From 1UC San Diego Moores Cancer Center; 2Duke Cancer In-
stitute; 3University of Michigan Comprehensive Cancer Center; 
4The Ohio State University Comprehensive Cancer Center – 
James Cancer Hospital and Solove Research Institute; 5City of 
Hope Comprehensive Cancer Center; 6Fox Chase Cancer Center; 
7Yale Cancer Center/Smilow Cancer Hospital; 8Massachusetts 
General Hospital Cancer Center; 9University of Colorado Can-
cer Center; 10Hereditary Colon Cancer Foundation; 11Case Com-
prehensive Cancer Center/University Hospitals Seidman Cancer 
Center and Cleveland Clinic Taussig Cancer Institute; 12Siteman 
Cancer Center at Barnes-Jewish Hospital and Washington Uni-
versity School of Medicine; 13Stanford Cancer Institute; 14The 
Sidney Kimmel Comprehensive Cancer Center at Johns Hop-
kins; 15Fred Hutchinson Cancer Research Center/Seattle Cancer 
Care Alliance; 16Robert H. Lurie Comprehensive Cancer Center 
of Northwestern University; 17The University of Texas MD An-
derson Cancer Center; 18Moffitt Cancer Center; 19Mayo Clinic 
Cancer Center; 20Fred & Pamela Buffett Cancer Center; 21Me-
morial Sloan Kettering Cancer Center; 22Dana-Farber/Brigham 
and Women’s Cancer Center; 23Vanderbilt-Ingram Cancer Cen-
ter; 24Huntsman Cancer Institute at the University of Utah; 
25University of Alabama at Birmingham Comprehensive Cancer 
Center; 26University of Wisconsin Carbone Cancer Center; and 
27National Comprehensive Cancer Network.

*Provided content development and/or authorship assistance.

Please Note
The NCCN Clinical Practice Guidelines in Oncology 
(NCCN Guidelines®) are a statement of consensus of the 
authors regarding their views of currently accepted ap-
proaches to treatment. The NCCN Guidelines® Insights 
highlight important changes to the NCCN Guidelines® 
recommendations from previous versions. Colored 
markings in the algorithm show changes and the discus-
sion aims to further the understanding of these changes 
by summarizing salient portions of the NCCN Guide-
line Panel discussion, including the literature reviewed.

These NCCN Guidelines Insights do not represent 
the full NCCN Guidelines; further, the National Com-
prehensive Cancer Network® (NCCN®) makes no repre-
sentation or warranties of any kind regarding the content, 
use, or application of the NCCN Guidelines and NCCN 
Guidelines Insights and disclaims any responsibility for 
their applications or use in any way.

The full and most current version of these NCCN 
Guidelines are available at NCCN.org.

© National Comprehensive Cancer Network, Inc. 
2017, All rights reserved. The NCCN Guidelines and the 
illustrations herein may not be reproduced in any form 
without the express written permission of NCCN.
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Abstract
The NCCN Guidelines for Genetic/Familial High-Risk Assessment: Colorectal provide recommendations for the management of 
patients with high-risk syndromes associated with an increased risk of colorectal cancer (CRC). The NCCN Panel for Genetic/Familial 
High-Risk Assessment: Colorectal meets at least annually to assess comments from reviewers within their institutions, examine 
relevant data, and reevaluate and update their recommendations. These NCCN Guidelines Insights focus on genes newly associated 
with CRC risk on multigene panels, the associated evidence, and currently recommended management strategies. 
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NCCN: Continuing Education
Target Audience:  This activity is designed to meet the educa-
tional needs of physicians, nurses, and pharmacists involved in 
the management of patients with cancer.

Accreditation Statement
Physicians: National Comprehensive Cancer Network is accredited 
by the Accreditation Council for Continuing Medical Education 
(ACCME) to provide continuing medical education for physicians.

NCCN designates this journal-based CE activity for a maximum 
of 1.0 AMA PRA Category 1 Credit™. Physicians should claim 
only the credit commensurate with the extent of their partici-
pation in the activity.

Nurses: National Comprehensive Cancer Network is accredited 
as a provider of continuing nursing education by the American 
Nurses Credentialing Center`s Commission on Accreditation. 

NCCN designates this educational activity for a maximum of 
1.0 contact hour. 

Pharmacists:  National Comprehensive Cancer Network is 
accredited by the Accreditation Council for Pharmacy Edu-
cation as a provider of continuing pharmacy education. 

NCCN designates this knowledge-based continuing education 
activity for 1.0 contact hour (0.1 CEUs) of continuing education 
credit. UAN: 0836-0000-17-012-H01-P

All clinicians completing this activity will be issued a certificate 
of participation. To participate in this journal CE activity: 1) re-
view the educational content; 2) take the posttest with a 66% 
minimum passing score and complete the evaluation at http://
education.nccn.org/node/81998; and 3) view/print certificate.

Release date: December 10, 2017; Expiration date: December 
10, 2018

Learning Objectives: 
Upon completion of this activity, participants will be able to: 

•  Integrate into professional practice the updates to the 
NCCN Guidelines for Genetic/Familial High-Risk Assess-
ment: Colorectal

•  Describe the rationale behind the decision-making  
process for developing the NCCN Guidelines for Genetic/
Familial High-Risk Assessment: Colorectal

This activity is supported by educational grants from Astellas, AstraZeneca, Celldex Therapeutics, Clovis Oncology, Genomic Health, Inc., Kyowa Hakko 
Kirin, Jazz Pharmaceuticals, Novartis Pharmaceuticals Corporation, and NOVOCURE. This activity is supported by an independent educational grant 
from Merck Co., Inc.
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NCCN Categories of Evidence and Consensus
 
Category 1: Based upon high-level evidence, there 
is uniform NCCN consensus that the intervention 
is appropriate.

Category 2A: Based upon lower-level evidence, there 
is uniform NCCN consensus that the intervention is 
appropriate.

Category 2B: Based upon lower-level evidence, there 
is NCCN consensus that the intervention is appro-
priate.

Category 3: Based upon any level of evidence, there 
is major NCCN disagreement that the intervention 
is appropriate.

All recommendations are category 2A unless otherwise 
noted.

Clinical trials: NCCN believes that the best management 
for any patient with cancer is in a clinical trial. Participa-
tion in clinical trials is especially encouraged.

Version 3.2017 © National Comprehensive Cancer Network, Inc. 2017, All rights reserved. The NCCN Guidelines® and this illustration may not be reproduced in any 
form without the express written permission of NCCN®. GENE-4

TABLE 4: EVALUATION OF CRC GENES COMMONLY INCLUDED ON MULTI-GENE PANELSc
MULTI-GENE TESTING

cRPS20 is an emerging gene that is potentially linked to CRC, and there are not enough data at present to include RPS20 on this list. Continued on next page

GENE STRENGTH OF
EVIDENCE

RISK LEVEL ASSOCIATION REFERENCE

APC Well-established High Familial adenomatous 
polyposis (FAP) & 
Attenuated FAP

See APC and MUTYH Genetic Testing Criteria 
(APC/MUTYH-1)

APC I1307K 
mutation

Well-established Moderate Increased frequency 
in Ashkenazi Jewish 
individuals; increased 
risk for colorectal cancer

Boursi B, et al. Eur J Cancer 2013;49:3680-3685.
Liang J, et al. Am J Epidemiol 2013;177:1169-1179.

ATM Not well-
established

Unclear – moderate at 
most

Increased risk for breast 
cancer and colorectal 
cancer

Thompson D, et al. J Natl Cancer Inst 2005;97:813-
822.
Olsen JH, et al. Br J Cancer 2005;93:260-265.

AXIN2 Not well-
established

Uncertain – presumed 
high risk from limited 
case reports

Polyposis and 
oligodontia

Lammi L, et al. Am J Hum Genet 2004;74:1043-50.
Marvin ML, et al. Am J Med Genet A 2011;155A:898-
902.
Rivera B, et al. Eur J Hum Genet 2014;22:423-6.
Lejuene S, et al. Hum Mutat 2006;27:1064.
Wong S, et al. Arch Oral Biol 2014;59:349-53.

BLM 
heterozygotes 

Not well-
established

Uncertain – none to 
low

Possible increased risk 
for colorectal cancer

Cleary et al. Cancer Res 2003;3:1769-71. 
Baris et al. Isr Med Assoc J 2007;9:847-50.
Laitman Y, et al. Cancer Genet. 2016;209:70-4.

BMPR1A Well-established High Juvenile polyposis 
syndrome

See Juvenile Polyposis Syndrome Guidelines 
(JPS-1)

CHEK2 Not well-
established

Moderate Increased risk for breast, 
colon, and other cancers

Xiang HP, et al. Eur J Cancer 2011;47:2546-2551.
Liu C, et al. Asian Pac J Cancer Prev 2012;13:2051-
2055.
Gronwald J, et al. Br J Cancer 2009;100:1508-1512.

EPCAM Well-established High Lynch syndrome See Lynch Syndrome Guidelines (LS-1)

Overview
Due to increased lifetime risks of multiple cancers as-
sociated with hereditary cancer syndromes, it is im-
portant to identify genes that may affect risk assess-
ment and potential management strategies.1 In addi-
tion, early intervention has the potential to decrease 
cancer incidence and mortality in affected individu-
als.2,3 The recent introduction of multigene testing 
for hereditary forms of cancer has rapidly altered the 
clinical approach to testing at-risk patients and their 
families. Based on next-generation sequencing, mul-
tigene testing simultaneously analyzes a set of genes 
associated with a specific family cancer phenotype 
or multiple phenotypes, and may include syndrome-
specific tests (ie, panels that test for only one syn-
drome, such as Lynch syndrome), cancer-specific 
tests (ie, panels that test for >1 gene associated with 
a specific type of cancer, such as colorectal cancer 
[CRC]), and comprehensive cancer panels (ie, pan-
els that test for >1 gene associated with multiple can-
cers or cancer syndromes). The NCCN Guidelines 
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TABLE 4: EVALUATION OF GENES COMMONLY INCLUDED ON MULTI-GENE PANELSc (CONTINUED)
MULTI-GENE TESTING

Continued on next page

GENE STRENGTH OF
EVIDENCE

RISK STATUS ASSOCIATION REFERENCE

GALNT12 Not well-
established

Uncertain – moderate at 
most

Increased risk for 
colorectal cancer

Guda K, et al. Proc Natl Acad Sci U.S.A. 
2009;106:12921-12925.
Clarke E, et al. Hum Mutat 2012;33:1056-
1058.
Segui N, et al. Hum Mutat 2014;35:50-52.

GREM1 Not well-
established

Uncertain – presumed 
high risk from limited case 
reports

Hereditary mixed 
polyposis syndrome due 
to a 40kb duplication 
upstream of GREM1 
in Ashkenazi Jewish 
ancestry only

Jaeger E, et al. Nat Genet 2012; 44:699-703.

MLH1 Well-established High Lynch syndrome

See Lynch Syndrome Guidelines (LS-1)

MSH2 Well-established High Lynch syndrome
MSH6 Well-established High Lynch syndrome

MSH3 Not well-
established

Uncertain – presumed 
high risk from limited case 
reports

Polyposis Adam R, et al. Am J Hum Genet. 
2016;99:337-51.

MUTYH 
biallelic 
mutations

Well-established High MUTYH-associated 
polyposis

See APC and MUTYH Genetic Testing 
Criteria (APC/MUTYH-1)

MUTYH 
heterozygotes

Not well-
established

Uncertain – moderate at 
most

Possible increased risk for 
colorectal cancer

Win AK, et al. Gastroenterology 
2014;146:1208-1211.

Panel for Genetic/Familial High-Risk Assessment: 
Colorectal added information regarding multigene 
testing during the 2016 update.

Multigene testing could include high-risk genes 
associated with a specific cancer or both high- and 
moderate-risk genes. Comprehensive cancer risk 
panels, which include a large number of genes 
associated with a variety of cancer types, are also 
available.4 The basis for using multigene testing for 
patient care should be no different from the rationale 
for testing a single gene known to be associated with 
the development of a specific type of cancer. Testing 
is ideally focused on identifying a mutation known 
to be clinically actionable. Specifically, a clinically 
actionable mutation alters patient management 
when present. Multigene testing may be most useful 
when more than one gene can explain a patient’s 
clinical and family history. In these cases, multigene 
testing may be more efficient and/or cost-effective.4 
Multigene testing may also be considered for those 
who tested negative for a particular syndrome 

but whose personal and family history is strongly 
suggestive of an inherited susceptibility.4,5 

Multigene testing is associated with several chal-
lenges. Most multigene panels include genes with 
limited data regarding degree of cancer risk among 
carriers and that support guidelines for risk manage-
ment.4,6–9 In addition, the cancer risk of many of these 
genes is not clear when ascertained in individuals 
who do not have the typical phenotype historically 
associated with the cancer gene.4 Further, it is pos-
sible that the risks associated with these genes may 
not be due entirely to that gene only, but may also 
be influenced by gene/gene or gene/environment in-
teractions. Multigene tests also increase the likeli-
hood of detecting variants of unknown/uncertain 
significance (VUS),4,5,8–12 with likelihood rates rang-
ing from 17% to 38%.6,8,10,13 The considerable pos-
sibility of detecting a VUS adds to the complexity 
of counseling following multigene testing. Address-
ing these challenges will require large studies with 
adequate power to assess outcomes, yet such studies 



© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 15   Number 12 | December 2017

Genetic/Familial High-Risk Assessment: Colorectal, Version 3.2017

1469
NCCN Guidelines Insights

C
E

Version 3.2017 © National Comprehensive Cancer Network, Inc. 2017, All rights reserved. The NCCN Guidelines® and this illustration may not be reproduced in any 
form without the express written permission of NCCN®. GENE-6

TABLE 4: EVALUATION OF GENES COMMONLY INCLUDED ON MULTI-GENE PANELSc (CONTINUED)
MULTI-GENE TESTING

cRPS20 is an emerging gene that is potentially linked to CRC, and there are not enough data at present to include RPS20 on this list.

Continued on next page

GENE STRENGTH OF
EVIDENCE

RISK STATUS ASSOCIATION REFERENCE

NTHL1 Not well-established Uncertain – presumed high 
from limited case reports

Polyposis Weren RD, et al. Nat Genet 2015;47:668-671.
Rivera B, et al. N Engl J Med 2015;373:1985–
1986.
Broderick P, et al. BMC Cancer 2006:6:243.

POLD1 Not well-established Uncertain – presumed high 
risk from limited case reports

Polymerase proofreading-
associated polyposis

Palles C, et al. Nat Genet 2015; 45:136-144.
Spier I, et al. Int J Cancer 2015;137:320-331.
Bellido F, et al. Genet Med 2017;18:325-332.

POLE Not well-established Uncertain – presumed high 
risk from limited case reports

Polymerase proofreading-
associated polyposis

Bellido F, et al. Genet Med 2017;18:325-332.

PMS2 Well-established High Lynch syndrome See Lynch Syndrome Guidelines (LS-1)
PTEN Well-established Moderate-High Cowden syndrome/ PTEN 

Hamartoma syndrome
See NCCN Guideline Genetic Familial High-
Risk Assessment: Breast and Ovarian

SMAD4 Well-established High Juvenile polyposis syndrome See Juvenile Polyposis Syndrome Guidelines 
(JPS-1)

STK11 Well-established High Peutz-Jeghers syndrome See Peutz-Jegher syndrome Syndrome 
Guidelines (PJS-1)

TP53 Well-established High Li Fraumeni syndrome See NCCN Guideline Genetic Familial High-
Risk Assessment: Breast and Ovarian

will be difficult to conduct given the low incidence 
of hereditary disease. 

There are other issues to consider regarding 
multigene testing. First, commercially available tests 
may differ significantly on a number of factors, such 
as number of genes analyzed, turnaround time, and 
insurance coverage. Tests requiring a longer turn-
around time may not be suitable for patients who 
need rapid results to inform surgical decision-mak-
ing or other treatment choices. In addition, there is 
variation across commercial laboratory providers in 
the interpretation of genetic variants or mutations; 
therefore, the specific laboratory and multigene test 
should be chosen carefully.4 Second, in some cases, 
next-generation sequencing may miss some muta-
tions that would have been detected with tradition-
al single-gene analysis.4 Third, mutations identified 
for more than one gene add complexity that may 
lead to difficulty in making risk management rec-
ommendations.5 A management plan should only 
be developed for identified gene mutations that are 

clinically actionable; care should be taken to ensure 
that overtreatment or overscreening does not occur 
due to findings for which clinical management is 
uncertain, or findings that are incorrectly interpret-
ed due to lack of evidence. This issue is particularly 
salient when the clinical management under con-
sideration may include prophylactic surgery, such as 
colectomy. 

Multigene testing is a new and rapidly growing 
field, but there is currently a lack of evidence regard-
ing proper procedures and risk management strate-
gies that should follow testing, especially when mu-
tations are found for moderate-risk genes or when a 
VUS is found. For this reason, the NCCN panel rec-
ommends multigene testing be offered in the context 
of professional genetic expertise, with pretest and 
posttest counseling. Panel recommendations are in 
agreement with those by ASCO, which issued an up-
dated statement regarding genetic testing in 2015.14 
Carriers of a genetic mutation should be encouraged 
to participate in clinical trials or genetic registries.



© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 15   Number 12 | December 2017

Genetic/Familial High-Risk Assessment: Colorectal, Version 3.2017

1470
NCCN Guidelines InsightsC

E

Version 3.2017 © National Comprehensive Cancer Network, Inc. 2017, All rights reserved. The NCCN Guidelines® and this illustration may not be reproduced in any 
form without the express written permission of NCCN®.

TABLE 5: RECOMMENDED MANAGEMENT FOR GENES THAT MAY CONFER A RISK FOR COLORECTAL CANCER
GENE RECOMMENDATION
APC See NCCN Guidelines for Familial Adenomatous Polyposis (FAP-1)
BMPR1A See NCCN Guidelines for Juvenile Polyposis Syndrome (JPS-1)
LS syndrome genes 
(MLH1, MSH2, MSH6, 
PMS2, EPCAM)

See NCCN Guidelines for Lynch Syndrome (LS-2)

MUTYH biallelic mutations See NCCN Guidelines for MUTYH-Associated Polyposis (MAP-1)
PTEN See NCCN Guidelines for Genetic/Familial High-Risk Assessment: Breast and Ovarian
STK11 See NCCN Guidelines for Peutz-Jeghers Syndrome (PJS-1)
SMAD4 See NCCN Guidelines for Juvenile Polyposis Syndrome (JPS-1)
TP53 See NCCN Guidelines for Genetic/Familial High-Risk Assessment: Breast and Ovarian
GREM1d

• Begin colonoscopy at age 25–30 and every 2–3 y if negative. If polyps are found, colonoscopy every 1–2 y with 
consideration of surgery if the polyp burden becomes unmanageable by colonoscopy.

• Surgical evaluation if appropriate.

POLD1d

POLEd

AXIN2
NTHL1
MSH3

APC I1307K mutationd

CHEK2d

• For probands with colorectal cancer and one of these mutations: 
�See surveillance recommendations for post-colorectal cancer resection

 ◊ NCCN Guidelines for Colon Cancer
 ◊ NCCN Guidelines for Rectal Cancer

• For probands unaffected by colorectal cancer with a first-degree relative with colorectal cancer:
�Colonoscopy screening every 5 years, beginning at age 40 or 10 years prior to age of first-degree relative’s age at CRC 

diagnosis.
• For probands unaffected by colorectal cancer and no first-degree relative with colorectal cancer:
�Colonoscopy screening every 5 years, beginning at age 40.

MUTYH heterozygotesd

• For probands unaffected by colorectal cancer with a first-degree relative with colorectal cancer:
�Colonoscopy screening every 5 years, beginning at age 40 y or 10 years prior to age of first-degree relative’s age at CRC 

diagnosis.
• For probands unaffected by colorectal cancer with NO family history of colorectal cancer:
�Data are uncertain if specialized screening is warranted. 

GENE-7

dThe panel recognizes that data to support the surveillance recommendations for these particular genes are evolving at this time. Caution should be used when 
implementing fi nal colonoscopy surveillance regimens in context of patient preferences and new knowledge that may emerge.

MULTI-GENE TESTING

Multigene testing is not recommended when: 

• There is an individual from a family with a 
known mutation and there is no other reason for 
multigene testing; 

• The patient’s family history is strongly sugges-
tive of a specific known hereditary syndrome for 
which single-gene analysis may provide defini-
tive diagnosis; or, 

• The patient is diagnosed with CRC with mic-
rosatellite instability (MSI) or loss of ≥1 DNA 
mismatch repair (MMR) proteins. 

In these 3 scenarios, syndrome-specific panels 
may be considered.

Multigene testing may be considered in the 
following scenarios:

• A patient with a personal or family history that 
meets criteria for >1 hereditary cancer syndrome 
(eg, Lynch syndrome and BRCA-related breast 
and/or ovarian cancer)

• Colonic polyposis with uncertain histology
• Adenomatous or mixed polyposis (specific to 

APC, MUTYH, POLE, and POLD1)
• Family history does not meet criteria for estab-

lished testing guidelines but there is suspicion 
of hereditary cancer, and an appropriate panel 
is available

• Family history is limited or unknown but patient 
has concerns about hereditary cancer

• As second-line testing when first-line testing (eg, 
syndrome-specific or single-gene) is inconclusive

However, additional indications for multigene 
testing may exist based on clinical judgment. 

Risk for CRC and management of genes with 
well-established risk for CRC, including Lynch syn-
drome, familial adenomatous polyposis (FAP), and 
MUTYH-associated polyposis (MAP), have been 
reviewed in detail in prior NCCN Guidelines, and 
have been updated annually (to view the most re-
cent and complete version of these guidelines, visit 
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NCCN.org). In the case of many genes newly associ-
ated with CRC, the evidence is still emerging. To es-
tablish the clinical utility of these genes, it is impor-
tant to review the strength of the evidence.15 Previ-
ously, the panel conditionally developed a framework 
of recommendations for genes commonly included 
in multigene panels (see GENE-7; page 1470). Dur-
ing the 2017 guidelines update meeting, the panel 
evaluated the strength of the evidence based on pub-
lished reports supporting these genes. These NCCN 
Guidelines Insights summarize data focused on genes 
newly associated with CRC risk and current recom-
mended management strategies, although the panel 
notes that the link between mutations/alterations in 
some of these genes and increased CRC risk is in-
completely defined due to limited evidence. These 
include mutations/alterations in the following genes: 
APC (I1307K polymorphism), AXIN2, CHEK2, 
GREM1, MSH3, MUTYH (monoallelic), NTHL1, 
POLD1, and POLE.

Genes Newly Associated With CRC 
Frequently Seen on Multigene Panels: 
Evidence and Management Approaches
APC I1307K Mutation
The adenomatous polyposis coli (APC) gene is a tu-
mor-suppressor gene associated with CRC.16 There is 
well-established evidence that the I1307K polymor-
phism in the APC gene, which occurs in approxi-
mately 6% to 8% of individuals of Ashkenazi Jewish 
decent, predisposes carriers to CRC.17–21 In an analy-
sis of 3,305 individuals from Israel who underwent 
colonoscopic examinations, 8% were identified as 
carriers of the I1307K polymorphism, and the over-
all adjusted odds ratio (OR) for colorectal neoplasia 
among carriers was 1.51 (95% CI, 1.16–1.98).17 A 
subgroup analysis found that the prevalence of the 
I1307K polymorphism in individuals of Ashkenazi 
Jewish descent was 10.1% and the adjusted OR was 
1.75 (95% CI, 1.26–2.45).17 A meta-analysis includ-
ing 40 studies showed that compared with carriers 
of wild-type I1307K, individuals of Ashkenazi Jewish 
descent who carried the I1307K polymorphism had 
a significantly increased risk of colorectal neoplasia, 
with a pooled OR of 2.17 (95% CI, 1.64–2.86).20 
Some studies have identified the I1307K polymor-
phism in the APC gene in individuals of non–Ash-
kenazi Jewish and Arabic descent, although the 

prevalence is higher in individuals of Ashkenazi Jew-
ish descent.22–24 An analysis of 900 cases from a pop-
ulation-based case-control study in northern Israel 
found the I1307K polymorphism in the APC gene 
in 78 CRC cases, with a prevalence of 11.2%, 2.7%, 
and 3.1% among individuals of Ashkenazi Jewish, 
non-Ashkenazi Jewish, and Arabic descent, respec-
tively.23 Overall, however, evidence is insufficient to 
determine whether risk for CRC associated with the 
APC I1307K polymorphism differs among individu-
als with Ashkenazi descent versus without, and the 
panel recognizes that some individuals may not be 
aware of their Ashkenazi heritage.

For carriers of the APC I1307K mutation with 
CRC, the panel recommends colonoscopy surveil-
lance based on NCCN Clinical Practice Guidelines 
in Oncology (NCCN Guidelines) for Colon Cancer 
and for Rectal Cancer (to view the most recent ver-
sion of these guidelines, visit NCCN.org). For carri-
ers of the APC I1307K mutation unaffected by CRC 
with a first-degree relative with CRC, the panel rec-
ommends colonoscopy surveillance every 5 years be-
ginning at age 40 years or at 10 years younger than 
the first-degree relative’s age at CRC diagnosis (see 
GENE-7; page 1470). For carriers unaffected by CRC 
without a first-degree relative with CRC, the panel 
recommends colonoscopy screening every 5 years be-
ginning at age 40 years (see GENE-7; page 1470). 

AXIN2 Mutations
Mutations in the Axin-related protein (AXIN2) gene 
are associated with polyposis and oligodontia.25–29 In a 
study of a 4-generation family from Finland, 11 family 
members had oligodontia, 8 of whom had either CRC 
or precancerous lesions, attributed to a nonsense mu-
tation in the AXIN2 gene.25 Other studies also sup-
port the association of AXIN2 mutations and oligo-
dontia.27,29 A report described a family with a history 
of oligodontia and other findings, including colonic 
polyposis, gastric polyps, a mild ectodermal dysplasia 
phenotype, and early-onset CRC and breast cancer, in 
which an inherited AXIN2 mutation (c.1989G>A) 
segregated in an autosomal dominant pattern.27 An-
other study of 23 families with FAP resulted in the 
identification of a novel AXIN2 variant (c.1387C>T) 
in one family with attenuated FAP (AFAP).28 Car-
riers of the variant had a variable number of polyps 
but no oligodontia or ectodermal dysplasia.28 During 
the 2017 update, AXIN2 was added to a list of genes 
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commonly included on multigene panels (see GENE-
4; page 1467). For carriers of AXIN2 mutations, the 
panel recommends initiation of colonoscopic surveil-
lance at age 25 to 30 years, and if no polyps are locat-
ed, a repeat colonoscopy every 2 to 3 years. If polyps 
are found, colonoscopic surveillance every 1 to 2 years 
is recommended, with consideration of surgical inter-
ventions if the polyp burden becomes unmanageable 
by colonoscopy (see GENE-7; page 1470).  

CHEK2 Mutations
Germline mutations in the cell cycle checkpoint ki-
nase 2 (CHEK2) gene are associated with increased 
risk of breast cancer and CRC.30–32 In a population-
based study of 5,953 patients with breast, prostate, 
or colon cancers (1,934 patients with colon cancer), 
533 were CHEK2-positive and 431 were affected 
relatives.30 After adjusting for mutation type, the 
risk of colon cancer was higher among relatives of 
probands with colon cancer than among relatives of 
patients with prostate or breast cancer (hazard ratio 
[HR], 4.2; 95% CI, 2.4–7.8; P=.0001).30 Significant 
associations between CHEK2 mutations and CRC 
risk have been identified in meta-analyses.31,32 One 
meta-analysis of 7 studies that included 4,029 cases 
and 13,844 controls based on search criteria found a 
significant association between the CHEK2 I157T 
variant and CRC risk.31 For carriers of CHEK2 mu-
tations, the NCCN Panel recommends similar man-
agement strategies as described for carriers of the 
APC I1307K mutation. 

GREM1 Alterations
Hereditary mixed polyposis syndrome (HMPS) is a 
rare autosomal dominant condition that occurs pri-
marily in individuals of Ashkenazi Jewish descent 
and is characterized by multiple types of colorectal 
polyps, extracolonic tumors, onset of polyps in ado-
lescence, and progression of some polyps to advanced 
adenomas.33,34 HMPS is due to a 40-kb duplication 
upstream of the gremlin 1 gene (GREM1), which 
increases ectopic GREM1 expression in normal epi-
thelium.33 Exome sequencing combined with linkage 
analyses and detection of copy-number variations 
identified a 16-kb duplication upstream of GREM1 
in a family of non–Ashkenazi Jewish descent with 
AFAP.35 For carriers of GREM1 alterations, the pan-
el recommends similar management strategies as de-

scribed for carriers of AXIN2 mutations (see GENE-
7; page 1470).

MSH3 Mutations
MutS homolog 3 (MSH3) is a DNA MMR gene 
implicated in tumorigenesis of colon cancer with 
MSI.36 Recent data have suggested that biallelic 
MSH3 germline mutations are a recessive subtype of 
colorectal adenomatous polyposis.37 During the 2017 
NCCN Guidelines update, MSH3 was added to a list 
of genes commonly included on multigene panels 
(see GENE-5; page 1468). However, given available 
data, the panel agreed that the strength of evidence 
linking MSH3 to increased CRC risk is not currently 
well established. For carriers of 2 MSH3 mutations, 
the panel recommends similar management strate-
gies as described for carriers of AXIN2 mutations 
(see GENE-7; page 1470).

MUTYH (Monoallelic) Mutations
MUTYH is a base excision repair gene involved in 
repairing oxidative DNA damage. Individuals with a 
germline mutation in one allele of the MUTYH gene 
are thought to have a modest or slightly increased 
risk of CRC.38–40 A recent study suggests that the 
risks may be higher than previously estimated.41 This 
study analyzed 2,332 individuals with monoallelic 
MUTYH mutations among 9,504 relatives of 264 
CRC cases with a MUTYH mutation. The estimated 
CRC risks, up to 70 years of age, were 7.2% for male 
carriers of monoallelic MUTYH mutations (95% CI, 
4.6%–11.3%) and 5.6% for female carriers (95% CI, 
3.6%–8.8%), irrespective of family history.41 The 
risks for CRC were higher for carriers of monoal-
lelic MUTYH mutations with a first-degree relative 
with CRC.41 Another study evaluated the frequency 
of monoallelic MUTYH mutations and colorectal 
adenomas, and found that 13 of 72 individuals with 
CRC were monoallelic MUTYH mutation carriers, 
and 11 of the 13 had a family history of cancer in 
first- or second-degree relatives.42 

During the 2017 update, the NCCN Panel re-
vised management recommendations for monoal-
lelic MUTYH mutation carriers based on the data 
and expert consensus (see GENE-7; page 1470). For 
probands unaffected by CRC with a first-degree rela-
tive with CRC, the panel recommends colonoscopy 
surveillance every 5 years, beginning at age 40 years 
or at 10 years younger than the age of the first-degree 
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relative’s age at CRC diagnosis. For probands unaf-
fected by CRC without a first-degree relative with 
CRC, the panel notes that the data are not well 
established and it is uncertain whether specialized 
screening is warranted. 

NTHL1 Mutations
The endonuclease III–like 1 (NTHL1) gene is in-
volved in base excision repair and acts on oxidized 
pyrimidine residues.43 A recent study suggests a role 
for NTHL1 mutations in colorectal polyposis.44 
Whole-exome sequencing on 51 individuals from 48 
families diagnosed with polyposis identified a homo-
zygous germline nonsense mutation in NTHL1 in 7 
affected individuals from 3 unrelated families.44 Dur-
ing the 2017 update, NTHL1 was added to a list of 
genes commonly included on multigene panels (see 
GENE-6; page 1469). For carriers of 2 NTHL1 mu-
tations, the panel recommends similar management 
strategies as described for carriers of AXIN2 muta-
tions (see GENE-7; page 1470).

POLD1 and POLE Mutations
DNA polymerases delta [δ]1 (POLD1) and epsilon 
[ε] (POLE) are involved in DNA proofreading and 
replication.45 Mutations in the POLD1 and POLE 
genes may be associated with polyposis and an in-
creased risk for CRC.46–49 Using whole-genome se-
quencing in combination with linkage and associa-
tion analysis, heterozygous POLD1 and POLE germ-
line variants were identified in multiple adenoma 
and/or CRC cases.47 In an analysis of 858 Spanish 
patients with early-onset and/or familial CRC and/or 
colonic polyposis, only 1 patient was found to have 
a POLE mutation.48 In an analysis of 266 unrelated 
probands with polyposis or who met the Amster-
dam criteria, a POLE mutation was found in 1.5% 
of patients.50 Novel variants for both POLD1 and 
POLE have been identified in individuals with CRC, 

broadening the phenotypic spectrum of POLD1- and 
POLE-associated polyposis.46,51 Presently, for carriers 
of POLD1 and POLE mutations, the panel recom-
mends similar management strategies as described 
for carriers of AXIN2 mutations (see GENE-7; page 
1470). 

Summary and Conclusions
During the panel meeting for the 2017 update, panel 
members discussed a number of important updates 
to the NCCN Guidelines for Genetic/Familial High-
Risk Assessment: Colorectal, including the strength 
of evidence linking mutations in genes newly associ-
ated with CRC risk and management recommenda-
tions for these genes. These include mutations/al-
terations in APC (I1307K polymorphism), AXIN2, 
CHEK2, GREM1 (upstream duplications), MSH3, 
MUTYH (monoallelic), NTHL1, POLD1, and 
POLE. Although research has demonstrated a poten-
tial risk for CRC associated with mutations in these 
genes, the value of including these genes for clini-
cal testing (eg, as part of a multigene panel) remains 
uncertain. The panel urges caution in implement-
ing routine clinical testing for genes for which the 
cancer risk and management strategies are currently 
uncertain, and some panel members have concerns 
about the observed practice of genetic testing com-
panies regularly expanding the list of tested genes 
despite availability of only weak evidence to support 
cancer risk. Nonetheless, the panel recognizes that 
many testing companies offer panels that include 
these genes, and that patients are being tested and 
may need guidance regarding subsequent screening 
and surveillance. As additional data regarding the 
clinical significance of genes associated with CRC 
risk emerge, the NCCN Panel expects that these sur-
veillance recommendations will continue to evolve.
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High-Risk Assessment: Colorectal, 
when should an individual with 
monoallelic MUTYH mutations 
unaffected by CRC and with a first-
degree relative with CRC consider 
colonoscopy surveillance?

a.  50 years of age or at 10 years 
younger than the age of first-
degree relative’s age at CRC diagnosis

b.  40 years of age or at 10 years younger than the age 
of first-degree relative’s age at CRC diagnosis

c.  40 years of age or at 5 years younger than the age 
of first-degree relative’s age at CRC diagnosis

d.  50 years of age or at 5 years younger than the age 
of first-degree relative’s age at CRC diagnosis

e.  Data are unclear whether specialized screening is 
needed

choice questions. Credit cannot be obtained for tests complet-
ed on paper. You must be a registered user on NCCN.org. If you 
are not registered on NCCN.org, click on “New Member? Sign 
up here” link on the left hand side of the Web site to register. 
Only one answer is correct for each question. Once you suc-
cessfully answer all posttest questions you will be able to view 
and/or print your certificate. Software requirements: Internet

Instructions for Completion
To participate in this journal CE activity: 1) review the learning 
objectives and author disclosures; 2) study the education con-
tent; 3) take the posttest with a 66% minimum passing score 
and complete the evaluation at http://education.nccn.org/
node/81998; and 4) view/print certificate. After reading the 
article, you should be able to answer the following multiple-

Posttest Questions

1.  According to the 2017 NCCN Guidelines for Genetic/Familial 
High-Risk Assessment: Colorectal, the following genes newly 
associated with CRC frequently seen on multigene panels 
may be associated with an increased risk of CRC:

a. MSH3
b. MSH2
c. CHEK2
d. a and b
e. a, b, and c
f. a and c

2.  True or False: An individual from a family with a known 
mutation and no other reason for multigene testing is an 
appropriate rationale for considering multigene testing.

3.  According to the 2017 NCCN Guidelines for Genetic/Familial 


