
PRACTICAL GASTROENTEROLOGY • SEPTEMBER 2007 37

INTRODUCTION 

A pproximately 25% of colon cancer patients have
a family history of CRC (1). These familial clus-
ters are thought to be predominately due to

shared multifactorial gene-environment interactions.
Approximately 5% of CRC cases, however, are attrib-

uted to germline mutations, most often inherited, and
associated with highly penetrant hereditary CRC syn-
dromes (2–5). Genetic testing is now available for these
conditions. Identifying the potential for hereditary CRC
is medically necessary, as affected individuals require a
more rigorous screening and prevention program (6–8).
Presently, familial CRC risk is largely unrecognized by
healthcare providers (HCPs) and referrals to genetic
specialists for evaluation are low (9–11).

In order to bridge the gap between cancer genetics
and settings where genetic risk for CRC can be identi-
fied, we review the characteristic clinical and molecular
features of Lynch syndrome and familial adenomatous
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polyposis (FAP), the two most common causes of
hereditary CRC. Other rare syndromes that predispose
to CRC are summarized in Table 1. We also highlight
the role HCPs can play in identifying, referring, and
coordinating management of patients at high genetic
CRC risk.

LYNCH SYNDROME 
Lynch syndrome is the most common form of heredi-
tary CRC and is characterized by early onset of disease,
preponderance of right-sided colon malignancies,
increased risk of synchronous and metachronous can-
cers, and few to no adenomatous colon polyps (Table 1)
(12–14). Lynch syndrome, also known as hereditary
non-polyposis colorectal cancer (HNPCC), is an auto-
somal dominant condition caused by a germline muta-
tion in one of the mismatch repair (MMR) genes,
MSH2, MLH1, MSH6 and PMS2. 

Prior to the development of genetic testing for MMR
genes, the identification of Lynch syndrome was made
using the Amsterdam criteria (AC) (15). The original AC
is based on personal and family history of CRC and
requires at least three individuals affected, two or more
generations involved, and at least one diagnosis prior to
age 50 (15). With the advent of genetic testing for MMR
mutations, it was soon realized that these criteria were
too stringent and multiple families with Lynch syndrome
were being missed. Other criteria such as the Bethesda
guidelines are more sensitive than the AC as they take
into account other features commonly seen in Lynch
syndrome families (16). The Bethesda guidelines are
summarized in a list of “red flags” for identifying hered-
itary CRC syndromes, outlined in Table 2. 

Interestingly, Lynch syndrome related CRCs
exhibit characteristic tumor histologies and molecular
features. Compared to sporadic tumors, Lynch syn-
drome-associated CRCs more frequently display
increased tumor infiltrating lympocytes, Crohn’s like
lymphocytic reaction, mucinous or signet ring cell dif-
ferentiation, or a medullary growth pattern (16-18).
CRC diagnosed prior to age 60 and one of these histo-
logical features should prompt the physician and
pathologist to consider an inherited etiology and dis-
cuss with the patient referral for cancer risk counseling
(Table 2) (17, 19).

One of the key molecular features found in Lynch
syndrome-associated CRCs is microsatellite instability
(MSI) (20). MSI is the result of a defective MMR sys-
tem, and is characterized by the failure to repair errors
during DNA replication (21). CRCs that do not display
MSI (termed microsatellite stable), are unlikely to be
associated with Lynch syndrome, and further genetic
testing for this condition is generally not warranted
(16,22,23). MSI is not pathognomonic for Lynch syn-
drome, as approximately 10% to 20% of sporadic CRCs
will display this feature due to somatic (acquired) DNA
changes within the cancer cells (24–26). MSI analysis is
therefore used as a screening tool to help facilitate the
identification of individuals appropriate for germline
genetic testing (16). Immunohistochemistry (IHC) to
assess the presence or absence of the MMR proteins in
colon cancer tissue can be done along with or as substi-
tute for MSI testing. Absence of one of the MMR pro-
teins on IHC correlates highly with the presence of MSI
in the tumor (27). Loss of protein expression also indi-
cates which of the MMR genes most likely harbors the
mutation if one is present.

Ramsey and colleagues (28) evaluated the cost-effec-
tiveness of using the Bethesda guidelines to determine
which patients should undergo MSI analysis of CRC tis-
sue followed by genetic testing when indicated. When
only the patients with CRC were included in the assess-
ment, cost-effectiveness analysis showed $73,711 per life
year gained through increased screening (28). When pre-
dictive genetic testing of families was included in the
analysis, the cost-effectiveness improved to $11,865 per
life year gained (28). This dramatic improvement in cost
and lives saved highlights the importance of including
family members in the cancer risk assessment process.
Once a genetic diagnosis has been confirmed in an index
case or proband, at-risk family members can be offered
predictive testing for the known mutation. Those found to
be negative for the known mutation can be spared the
heightened surveillance that is recommended for carriers,
while those with the mutation can know with certainty the
need for additional screening.

Population based studies have found that a small
portion of Lynch syndrome families will be missed by
relying on the red flags associated with this condition
for identification (26). Therefore, routine MSI and/or
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Table 1
Features of Hereditary Colorectal Cancer and Polyp Predisposition Syndromes (27,56,57)

Condition Life Time Cancer Risks Other Features

Cowden Syndrome Breast 25–50% • Mucocutaneous papules
Gene: PTEN Thyroid (especially follicular) 10% • Macrocephaly

Endometrium 5% • Hamartomas of the gastrointestinal tract, thyroid, and breast
Kidney Increased • Lhermitte–Duclos disease
Colon and upper GI tract CRC may be 

increased

Juvenile Polyposis Colon 68% • GI juvenile polyps
Syndrome Upper GI cancers including 21% • Features of HHT
Genes: SMAD4, stomach, pancreas, and • Digital clubbing
BMPR1A small bowel • Congenital defects

Peutz-Jeghers Breast 54% • Mucocutaneous pigmentation
Syndrome Colon/rectum 39% • Histologically characteristic gastrointestinal hamartomas, 
Gene: STK11 Pancreas 36% mostly small bowel but in all areas

Stomach 29%
Ovarian 1 21%
Small bowel 13%
Lung 15%
Uterine/cervix2 9%
Testicle 3 rare

FAP Colon 100% if • CHRPE
Gene: APC untreated • Epidermoid cysts

Duodenum/periampullary 4–12% • Adrenal adenomas
Small bowel Rare • Desmoid tumors
Stomach 0.5% • Un-erupted or missing teeth
Pancreas 2%
Thyroid 2%
CNS <1%
Hepato-blastoma 1.6%
Biliary Rare
Adrenal Rare

Lynch Syndrome Colon 50–80% • Non-cancer features are uncommon. Sebaceous adenomas, 
Genes: MLH1, MSH2, Endometrium 20–60% epitheliomas, and keratoacanthomas may occur. Café-au-lait 
MSH6, PMS2 Stomach 11–19% spots, hematologic cancers, and brain tumors have been 

Ovary 9–12% reported in individuals with biallelic MMR mutations.
Hepatobiliary tract 2–7%
Upper urinary tract 4–5%
Small bowel 1–4%
Brain/CNS 1–3%
Sebaceous carcinoma 
of the skin 1%

GI = gastrointestinal; HHT = hereditary hemorrhagic telangiectasia; CRC = colorectal cancer; 
CHRPE = congenital hypertrophy of the retinal pigment epithelium; MMR = mismatch repair
1Sex cord tumors with annular tubules; 2Adenoma malignum; 3Sertoli cell tumors
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IHC analysis of all CRCs has been suggested to ensure
identification of all patients with Lynch syndrome.
Although this has been done on a research basis, the
cost-effectiveness or feasibility for implementing this
type of program into routine clinical care has not been
demonstrated. 

Clinical molecular testing is available for Lynch
syndrome and these technologies allow for tailored
medical management recommendations (Table 3) using
genetic status rather than empiric risk based on family
history. Due to the increased tumorgenesis of adeno-
matous polyps found in Lynch syndrome, colono-
scopies every one to two years is recommended (8,29).
Families with histories of CRC, but no evidence of
defective MMR, do not appear to have an increased
risk for rapid progression of adenomas, and familial
screening guidelines are appropriate (Table 3) (30).
CRC screening in mutation carriers reduces both mor-
tality and morbidity of this disease (31). In addition,
screening and prophylactic measures for extra-colonic
cancers are warranted in Lynch syndrome (8, 32). 

FAMILIAL POLYPOSIS 
Familial adenomatous polyposis (FAP) is the most
highly penetrant CRC syndrome and is caused by a
mutation in the tumor suppressor gene APC. FAP is

inherited in an autosomal dominant pattern and is char-
acterized by hundreds to thousands of adenomatous
colon polyps, with the average age of polyp onset
occurring in the teens (18,33). Without prophylactic
colectomy, colon cancer is inevitable and often occurs
in the third or fourth decade of life. Individuals with
FAP are also at an increased risk for extra-colonic can-
cers and physical findings (Table 1). 

An attenuated phenotype of FAP has also been
described where affected individuals typically present
with fewer polyps (average of 25 with a range of 0 to
470), more proximally located adenomas, and a later
age of CRC onset (usually occurring in the 50s)
(34–36). The milder polyp burden may be amenable to
management with screening and polypectomy. How-
ever, as with the classic form of FAP, prophylactic
colectomy is necessary once polyps are too numerous
to safely address endoscopically (37). Screening for
extra-colonic cancers is also recommended for attenu-
ated FAP (AFAP) and FAP (Table 3). 

Recently mutations in the MYH gene were demon-
strated as another cause of multiple adenomatous
polyps. MYH-associated polyposis (MAP) is inherited
in an autosomal recessive pattern. Thus, individuals
with MAP inherit two mutated copies of the MYH gene.
The identification of MAP has important implications
for families as cancer and polyp risk is generally con-
fined to siblings of affected individuals (4,38). Clini-
cally unaffected monallelic (a mutation in only one
allele) MYH carriers are not believed to be at a signifi-
cantly elevated risk for CRC or polyps (39). The phe-
notype associated with MAP is similar to AFAP.
However, MAP has also been identified in rare cases of
early onset CRC without additional polyps and in indi-
viduals with classical FAP presentation (40–42). MAP
is detected most commonly in individuals with 15–100
adenomas, and also can be found in patients with a clin-
ical diagnosis of FAP, accounting for up to 40% of APC
negative patients with these phenotypes (41).

Because MAP is inherited in an autosomal reces-
sive manner, it is important to differentiate this condi-
tion from other hereditary CRC syndromes because
implications for relatives are different. Due to the vari-
ability in phenotypic expression of colonic polyps in
AFAP (range 0 to 470) and MAP (range 0 to 100’s), the
National Comprehensive Cancer Network (NCCN) rec-
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Table 2
Red Flags of Hereditary Colorectal Cancer Syndromes

1. Early age of cancer onset (e.g. colorectal or endometrial
cancer prior to age 50)

2. CRC diagnosed prior to age 60 and characteristic histology1 

3. Multiple close family members with CRC or other cancers2

4. Individual or family member with multiple primary cancers
(e.g. Colon and endometrial cancer)

5. Ten or more cumulative adenomatous polyps
6. Five or more hamartomotous colon polyps or any histologi-

cally distinct Peutz-Jeghers polyp
7. Family member with a confirmed mutation in a gene associ-

ated with a hereditary CRC syndrome

CRC = colorectal cancer
1Tumor infiltrating lympocytes, Crohn’s like lymphocytic reaction, muci-
nous or signet ring cell differentiation, or a medullary growth pattern
2Endometrial, ovarian, gastric, small bowel, brain, hepatobiliary tract,
upper uroepithelial, sebaceous gland and pancreas cancer



ommends that individuals with greater than 10 cumula-
tive adenomas throughout their lifetime be referred for
cancer genetics evaluation (Table 2) (8). This highlights
the importance of both the physician’s and patient’s
involvement in accurately keeping track of the number
and types of polyps identified throughout a lifetime. 

CLINICAL TOOLS
The National Coalition for Health Professional Educa-
tion in Genetics (NCHPEG) recommends that all
HCPs be able to collect a multigenerational family his-
tory, identify individuals who would benefit from
genetics services, and know how to make a referral to
experts in genetics (43). It is also essential that each
HCP be able to appreciate limitations of his or her

genetics expertise (43). Primary care physicians and
specialists who are most likely to encounter inherited
CRC syndromes should routinely document the family
history and make appropriate referrals to genetics pro-
fessionals for cancer risk assessment and genetic test-
ing when indicated. After a genetic diagnosis is made
and/or familial risk is determined, patients are returned
to the referring physician where coordinating clinical
management based on genetic and familial risk infor-
mation is of utmost importance. 

FAMILY HISTORY 
Identifying individuals with genetic risk for cancer
provides the physician the opportunity to intervene on
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Table 3
Screening Recommendations for Lynch Syndrome, FAP, and Familial Colon Cancer (27,37,58)

Lynch syndrome Colon • Colonoscopy every 1 to 2 years beginning between 20-25 years of age
Endometrium/Ovary • Annual endometrial biopsy (for pre-menopausal women), transvaginal ultra-

sound, and CA-125 
• Consider prophylactic TAH/BSO
• Consider chemoprevention with oral contraceptives for pre-menopausal

women
Urinary Tract • Consider annual urine analysis with cytology and imaging of the urinary tract
Other • Physical exam that includes a review for symptoms suggestive of HNPCC

related cancers and a skin examination to look for sebaceous carcinoma
• There are no data to support routine screening for other Lynch syndrome

related cancers, but approaches may be considered after counseling about the
risks and benefits of available approaches

FAP Colon • Annual colonoscopy/flexible sigmoidoscopy between 10-15 years of age.
Screening can be delayed until the late teenage years in families with attenu-
ated FAP

• Prophylactic colectomy when polyps become to numerous to manage
Upper Gastrointestinal Tract • Baseline EGD with a side viewing scope between 25 to 30 years of age

• Frequency of follow-up is determined by the severity of the polyp burden
Other • Annual physical examination that includes an exam of the thyroid

One FDR with CRC diagnosed >60 years of age • Colonoscopy beginning at age 40 and repeated every 5 to 10 years if no
polyps detected.  Other CRC screening approaches, such as FOBT and sigmoi-
doscopy may also be appropriate for this group 

One FDR with CRC diagnosed ≤60 years of age • Colonoscopy is the preferred screening approach for this group. It should 
or ≥2 FDR or SDR relatives with CRC begin at age 40 or 10 years younger than the earliest CRC diagnosis in the

family and be repeated every 5 years if no polyps detected

FDR =first degree relative; SDR =second degree relative; EGD = esophagogastroduodenoscopy; TAH/BSO = total abdominal hysterectomy with bilateral
salpingo-oopherectomy; CRC = colorectal cancer; FOBT = fecal occult blood test
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behalf of both the patient and family. When taking a
family history it is important to be aware of “red flags”
(Table 2), any of which should prompt a referral to a
genetics professional for further evaluation and possi-
bly testing. The ideal approach is to obtain a three gen-
eration (children, siblings, parents, uncles, aunts,
grandparents, cousins, nephews and nieces) family
history that includes: 

1. current age or age at death and cause; 
2. medical history including types of cancer and age

of diagnosis; 
3. history of polyps including location, histologic

type, number and age at presentation; 
4. syndrome-specific characteristics (e.g. sebaceous

adenomas, congenital hypertrophy of the retinal
pigment epithelium (CHRPE), soft tissue tumors,
trichelemmomas, etc.); 

5. ethnicity/country of origin; 
6. known syndrome in the family (8).

However, in practice, time to discuss the family
history together with all the details listed is often lim-
ited. Additionally, the information documented in the
medical record is often not sufficient to make an accu-
rate assessment (44). Various resources are available to
help the clinician with collecting and documenting
appropriate family history information (Table 4). The
patient can be an active participant in documenting
family history and tools are available online in both
English and Spanish (Table 4). These tools allow indi-
viduals to enter relevant health history into a web-
based program and print out a pedigree. Patients can
then bring the pedigree to their appointments thus sav-
ing physician time. Documentation of the family his-
tory should not be a one time event. The family history
is fluid, and should be reassessed at all follow-up vis-
its because risk status may change over time. 

REFERRAL 
Even when sufficient family history information is
obtained to identify a high-risk family, referrals for a
genetics evaluation are often not made (44, 45). The
specific reasons for the lack of action have not been
well determined. A 2003 study seemed to indicate that
lack of information and misconceptions about risk may

be a barrier to referral. Freedman and colleagues (46)
found that only 40% of primary care physicians felt
qualified to recommend a genetic test. A significant
portion of primary care physicians in this survey ques-
tioned the clinical utility of genetic testing for heredi-
tary cancers due to concerns about inaccuracies in the
tests, lack of management guidelines for mutation car-
riers, and fears of insurance discrimination. Only 3%
of primary care providers had ordered genetic testing
for a hereditary CRC syndrome themselves (46). 

Cancer genetics clinics and specialists are becom-
ing more widely available, and resources are listed in
Table 4. Contacting local clinics to establish a referral
plan may help referring physicians feel more prepared
to act when they encounter a high-risk family. Famil-
iarity with the process and services provided by local
cancer genetics centers will also help the referring
physician prepare patients and answer questions
regarding the referral. Patients often wonder what a
genetics consultation will entail and whether or not
genetic testing will be performed. Genetic counseling
is a process which often involves: 

1. eliciting, verifying, and interpreting personal and
family medical history; 

2. genetics education; 
3. risk assessment and discussion of genetic testing

options; 
4. psychosocial assessment; 
5. post-test counseling including interpretation of

genetic test results; 
6. discussion of medical management recommenda-

tions; 
7. identifying community resources and research

opportunities (47). 

These services are typically covered by health
insurance plans. Fear of insurance discrimination has
been noted to be a major barrier for both physician
referral and patients seeking these services (46,48,49).
However, studies have not demonstrated that presymp-
tomatic genetic testing affects insurability (50,51).

MANAGEMENT 
Individuals diagnosed with inherited syndromes need
more frequent screening beginning at younger than
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average ages. While CRC may be the hallmark feature
of Lynch syndrome and FAP, these conditions increase
the risks for multiple cancers requiring the expertise of
various specialists. The referring physician can play an
important role in overseeing and coordinating these
services.

Even when a hereditary predisposition to CRC is
identified, individuals often do not comply with rec-
ommended surveillance and thus a more active role in
coordinating care by the attending physician is needed
(52). Lack of physician recommendation is a major
barrier to cancer screening (53,54). While high-risk
patients referred to a cancer genetics specialist will be
advised about screening protocols, they will usually

return to their referring physician to carry out these
recommendations. Encouragement from their HCPs is
likely to have the greatest impact on continued adher-
ence to screening (55). 

Patients with hereditary cancer syndromes have
unique screening needs; however, the more common
situation encountered in practice are patients with a
moderate history of cancer and no defined genetic syn-
dromes. These families will still benefit from
increased surveillance. Familial screening guidelines
are recommended for those with first degree relatives
diagnosed with colon cancer <60 years of age or with
multiple family members with colon cancer (Table 3)
(27). 
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Table 4
Online Family History Tools, Cancer Genetics Resources, and General Genetics Information

Resource URL Content

Family History Tools
U.S. Surgeon General: My Family https://familyhistory.hhs.gov/ Tool for patients to create their family history (English)
Health Portrait https://familyhistory.hhs.gov/spanish/index.cfm? Tool for patients to create their family history (Spanish)

National Society of Genetic Counselors: http://www.nsgc.org/consumer/familytree/index.cfm Instruction on gathering and recording family health 
Your Family History-Your Future history

American Medical Association: http://www.ama-assn.org/go/familyhistory Family history tools for professional
Family History Tools

American Academy of Family Physicians: http://www.aafp.org Physician information on family history screening tools 
Family History Program and how to identify red flags

Cancer Genetics Professionals and Clinics
National Society of Genetic Counselors: http://www.nsgc.org/resourcelink.cfm Nationwide list of genetic counselors
ResourceLink

National Cancer Institute: Cancer http://www.cancer.gov/search/genetics_services/ Nationwide list of genetic professionals
Genetics Services Directory

GeneTests: Clinic Directory Search http://www.genetests.org/ U.S. and international list of genetics clinics

General Genetics and Cancer
National Comprehensive Cancer http://www.nccn.org/ Cancer Care information for healthcare professionals 
Network (NCCN) and pateints

U.S. National Library of Medicine: http://ghr.nlm.nih.gov/ghr/page/BrowseConditions Consumer information about genetic diseases 
Genetics Home Reference

University of Utah: Genetic Science http://learn.genetics.utah.edu/ Educational resources about genetics for non-research 
Learning Center audiences

Johns Hopkins University: Online http://www.ncbi.nlm.nih.gov/entrez/query. Catalog, textual information, and references of human 
Mendelian Inheritance in Man fcgi?db=OMIM genes and genetic disorders

University of Washington, Seattle: http://www.genetictools.org General genetics and case studies focused on teaching 
Genetics Through a Primary Care Lens in the primary care setting
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CONCLUSION 
The rapid advancement in genetic knowledge rel-

evant to many diseases makes it necessary for physi-
cians to implement genetics into their practices. The
inherited syndromes of CRC are described in this
review along with tools for suspecting them. Guide-
lines for management once specific diagnoses have
been made are also provided. Various resources to help
facilitate the collection of family history and make a
genetics referral are given. The red flag items listed in
Table 2 represent a starting point for attending physi-
cians to identify individuals who should be referred for
risk assessment and possible genetic testing for an
inherited CRC syndrome. Also available are numerous
online resources to assist physicians in keeping abreast
of medical genetics (Table 4). ■
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