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Genetic testing has become a mainstream approach for the diagnosis of a number of gastrointestinal 
cancer predisposition syndromes. These include familial adenomatous polyposis (FAP), Lynch 
syndrome, and the rare hamartomatous polyposis conditions of Peutz-Jegher syndrome, juvenile 
polyposis syndrome and Cowden syndrome. All of these have a marked increased risk for colon and 
other malignancies. FAP and the hamartomatous polyposis syndromes are most often recognized by 
clinical features including characteristic polyps of the gastrointestinal tract. Genetic testing verifies 
the diagnosis in an index case and allows precise genetic testing of family members to determine 
which of them needs syndrome specific screening and which needs only average risk screening. 
Lynch syndrome is more difficult as there is not a specific clinical phenotype. Nonetheless there is a 
high risk of colon cancer that often occurs at a young age. Colorecta and endometrial cancer tumor 
testing for microsatellite instability and for abnormal expression of the mismatch repair genes (the 
genes mutated in this disease) is a growing approach to find persons who should have genetic testing 
for Lynch syndrome. Additionally, risk based genetic testing is often indicated when tumor tissue is 
not available. Genetic testing is now sufficiently accurate that most persons and families with one 
of the inherited syndromes can be identified and appropriate cancer surveillance measures applied.

Genetic testing has become a vital part of adult 
medicine.  This is especially true for the diagnosis 
of the inherited syndromes of gastrointestinal 

cancer. The challenge for the practicing physician is to 
know which patients need to have genetic testing for 
the diagnoses of these syndromes, and to know how to 
interpret the results. After a genetic diagnosis is made in 
an index case, the testing results can then be applied to 

relatives who are at risk to determine who should have 
special cancer screening and who should have average 
risk screening. The syndromes in question are listed in 
Table 1 and when to do genetic testing is summarized 
in Table 2.

FAMILIAL ADENOMATOUS POLYPOSIS (FAP)

Clinical Characteristics
FAP is an autosomal dominantly inherited condition 
arising from mutations in the APC gene.[1] It is 
characterized by hundreds to thousands of colorectal 
adenomatous polyps and a near 100% risk of colon 
cancer if the colon is not removed.[2] Polyps emerge 
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1. Syndromes with adenomatous polyps 

a. Familial adenomatous polyposis

i. Gardner syndrome

ii. Turcot syndrome

iii. Attenuated familial adenomatous polyposis

iv. MYH gene associated polyposis

b. Lynch syndrome (previously hereditary nonpolyposis colorectal cancer---HNPCC)

i. Turcot syndrome

ii. Muir-Torre syndrome

2. Syndromes where the main feature is hamartomatous polyps

a. Peutz-Jegher syndrome

b. Juvenile polyposis syndrome

c. Cowden syndrome

3. Other conditions, not inherited, which need to be distinguished

a. Serrated polyposis (previously hyperplastic polyposis syndrome)

b. Pseudopolyposis of inflammatory bowel syndrome

Table 1. Inherited syndromes of colon cancer for which genetic testing is required

at an average age of 16 years and cancer at an average 
age of 39 years. Other features include gastric polyposis 
in over 50% (gastric fundic gland polyps) and duodenal 
polyps (adenomatous polyps) in eventually 90%. There 
is a 5% to 10% lifetime risk of duodenal cancer and 
a 1% to 2% risk of gastric, thyroid, pancreas, and 
hepatoblastoma cancers.

When clinically prominent extra-intestinal growths, 
especially osteoma, epidermiod cysts and supernumerary 
teeth are present, the syndrome has been referred to as 
Gardner syndrome. Other benign manifestations of FAP 
include desmoids tumors and congenital hypertrophy 
of the retinal pigment epithelium. It is now known 
that Gardner syndrome and FAP are the same disease, 
both arising from mutations of the APC gene and both 
carrying similar cancer risks. The expression of extra-
intestinal manifestations is somewhat related to the 
location of the mutation in the APC gene. The presence 
of central nervous system (CNS) cancers, particularly 

medulloblastoma, together with other manifestations 
of FAP, has been historically referred to as Turcot 
syndrome. These CNS tumors are now also known to 
be another manifestation of FAP. 

An attenuated form of FAP is now also known to 
occur and is called attenuated FAP.[3] It is characterized 
by fewer colorectal adenomas (usually less than 100), 
and a somewhat lower risk of colon cancer, about 
70%. Polyp and cancer occurrence is also delayed by 
10 to 15 years compared to typical FAP. Attenuated 
FAP occurs when the APC mutations are found in the 
extreme proximal or distal ends of the gene or in exon 
9. A condition very similar to attenuated FAP is the 
MYH gene associated polyposis (MAP) syndrome. This 
condition is autosomal recessive, however, arising from 
biallelic mutations of the MYH gene. Approximately 
20% to 30% of persons with a cumulative number of 10 
to 40 adenomatous polyps will be found to have either 
attenuated FAP or MAP on genetic testing.

Schapiro_May_12.indd   43 5/11/12   12:38 AM



Who to Send for Genetic Testing

Practical aPProaches to the Diagnosis anD treatment of colorectal cancer #2

44� Practical�GastroenteroloGy� •� May�2012

Genetic Testing
Proper surveillance of persons with APC and MAP 
gene associated syndromes leads to near elimination 
of colon cancer and much improved outcomes of other 
less common malignancies.[2] It is thus of critical 
importance that these conditions be recognized early 
so appropriate screening and preventive treatments can 
be undertaken. The syndromes are most commonly 
recognized by either primary care physicians or 
gastroenterologists. Family history and adenomatous 
polyp numbers are the most common and obvious clues 
indicating that genetic testing is appropriate.

Any person with a cumulative number of 20 or 
more adenomatous polyps should have genetic testing 
to diagnose FAP, its subtypes, and MAP.[1] A relative of 
someone known to have one of these conditions should 
be suspected as having the disease if they develop 
any adenomas, especially at a young age. Genetic 

testing should follow in them after a specific genetic 
diagnosis is made in the index case. Most genetic testing 
laboratories will look for mutations of the APC gene 
first in the index case and if none is found the MYH 
gene will be examined. Genetic testing laboratories 
can be found by going to the web to “genetests.org”. 
The various labs are listed there, along with disease 
descriptions and instructions on sending blood samples 
for the testing.  

Genetic testing methods are far from perfect, but are 
nonetheless often successful in making a diagnosis of 
the disease in question. In the index case one examines 
DNA to find the disease causing or “deleterious” 
mutation in the relevant gene. In an index case with 
clinically typical FAP and a typical family history, the 
deleterious mutation will be found greater than 90% of 
the time. Interestingly about 30% of persons first found 

1. APC or MYH genes (for a diagnosis of familial adenomatous polyosis [FAP] and related conditions). 
Genetic testing should be done in: 

a. Any patient with ≥ 20 cumulative adenomatous polyps

b. Any adenomous polyps in a person of a family known to have FAP

2. Mismatch repair genes (for a diagnosis of Lynch syndrome and related conditions). Genetic 
testing should be done in: 

a.  Any patient with colorectal or endometrial cancer and indicative tumor testing 
for micro-satellite instability or expression of mismatch repair genes---see 
text

b.  Any patient with 5% or greater risk for Lynch syndrome if tumor tissue is not 
available from a relative

3.  Hamartomatous polyposis syndromes, genetic testing should be done when:  

a.  Peutz-Jeghers disease: characteristic pigmentations and gastrointestinal polyps 
are present

b. Juvenile polyposis syndrome:  ≥ 3 colonic juvenile polyps are present

c. Cowden syndrome:  typical clinical features and gastrointestinal polyps are present

Table 2. When to do Genetic Testing

(continued on page 46)
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to have FAP by genetic testing represent “de novo” 
mutations, meaning that the mutation fist occurred in 
that person and siblings and parents are not affected.  
Children, however will each still have a 50% risk of 
the inheriting the disease from the affected parent. If a 
more attenuated form of the disease is present and/or 
no apparent family history of colon polyps or cancer 
is present, then the likelihood of finding a relevant 
mutation in the index case drops to often under 50%.  

Genetic testing results can appear complicated, 
but a few simple guides are helpful. First, if no disease 
causing mutation of the APC or MYH genes is found 
on genetic testing in the index case, then the report will 
indicate such, and genetic testing will not be helpful in 
this patient or other family members. The diagnosis of 
the condition in question is still possible, but much less 
likely. Unfortunately genetic testing is not yet perfect in 
finding all relevant mutations.  In this situation where 
a mutation is not found, management must be done on 
clinical grounds only. All relatives must be suspected 
as possibly having the condition in question.

Second, if a disease causing mutation is present in 
the index case, the report will say that a “deleterious” 
mutation was found. This makes the diagnosis in 
question a certainty.  Other family members can then 
be tested for the presence or absence of that specific 
mutation, but this time with virtually 100% accuracy.  
The other family members either have the deleterious 
mutation or not. This “mutation specific testing” is much 
less expensive than finding the deleterious mutation in 
the index case, and is so accurate that it can be used to 
determine which other persons in the family need the 
more aggressive surveillance and which do not.[2] The 
absence of finding a deleterious mutation in relatives 
of an index case where the mutation was found is a 
true negative, i.e. the person does not have the disease.

Finally, the report from the index case testing may 
say “variation of uncertain significance (VUS).” In this 
case the testing laboratory can’t tell if the mutation is 
deleterious or not. Clinically, the VUS result has the 
same relevance as not finding a deleterious mutation in 
the index case. The only difference is that at some later 
time, that specific mutation may be determined to be 
either deleterious or not. The physician will always be 
notified when the implication of the mutation becomes 
certain, but before that, the patient and family must 
be managed on clinical grounds, as if no deleterious 
mutation was found.

LYNCH SYNDROME (Previously Known as 
Hereditary Nonpolyposis Colorectal Cancer 
[HNPCC])

Clinical Characteristics
Lynch syndrome (LS) is an autosomal dominantly 
inherited condition arising from mutations of one 
of four “mismatch repair genes (MMR).”[1] These 
genes normally repair errors that occur during DNA 
replication. When one of the MMR genes is inherited 
in a mutated form and is thus dysfunctional, LS 
occurs. It is clinically characterized by the presence of 
frequent colon cancers in a family along with several 
other cancers. The lifetime risk of colorectal cancer 
in a person with LS is usually 70% or more, with an 
average age of occurrence of between 45 and 55 years.
[4] Other cancers that occur in LS include endometrial 
(about 40% lifetime risk in women) and a 5% to 20% 
risk of gastric, ovarian, upper urinary tract, pancreatic, 
biliary, duodenal, small bowel, and CNS cancers.  
Interestingly, the CNS tumors, although rare in LS, are 
usually glioblastomas, and when present, those families 
historically have been said to have Turcot syndrome.  
Some families also have a risk of sebaceous adenomas 
or carcinomas, and when these are present, the condition 
has historically been called Muir-Torre syndrome.

In the past LS has been defined clinically by the 
“Amsterdam I criteria.” These criteria include: three 
family members with colorectal cancer, two of them 
related to the third, and one case diagnosed under the 
age of 50 years. The criteria have a high specificity, but 
a low sensitivity, so that about 50% of affected persons 
and families with the condition will be missed. Less 
restrictive are the Amsterdam II criteria, where any 
type of cancer that occurs in LS can be substituted for 
colon cancer in the Amsterdam I criteria. These criteria 
are more sensitive, but less specific 

Colon and other cancers in LS exhibit “microsatellite 
instability” which is one measurement of frequent DNA 
mutations.[1] Thus testing the tumor tissue, especially 
colon or endometrial, for MSI raises the suspicion 
for LS. Unfortunately, about 10% to 15% of sporadic 
colorectal and endometrial cancers also exhibit this 
feature, so that a positive MSI tumor test makes the 
syndrome more likely, but does not define it. Only 
about one in five persons with an MSI positive tumor 
will actually have Lynch syndrome.  

Another tumor test applies a specific 
immunochemistry to the tumor to examine for 

(continued from page 44)
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expression of MMR proteins.[1] Abnormal expression 
of one of the four MMR proteins suggests the diagnosis 
of LS.  Like MSI testing, however, abnormal expression 
of MMR proteins also occurs in 10% to 15% of sporadic 
colon cancers. But fortunately, the abnormal MMR 
expression in sporadic tumors is almost always confined 
to a single MMR protein (MLH1). Thus when abnormal 
MLH1 expression is found in tumors, further tumor 
testing can be done that suggests whether LS is present 
or the tumor is sporadic. Advantages of MMR protein 
expression testing is that it can be done in any pathology 
laboratory and it indicates which of the four MMR genes 
should be analyzed for deleterious mutations. By testing 
all colorectal and endometrial tumors for MSI and/
or MMR protein expression, followed by appropriate 
genetic testing, one can determine which of these cancer 
patients has LS with 90% to 95% accuracy. Guidelines 
have been suggested to determine which colorectal 
cancer patients should have tumor testing, called the 
“Bethesda guidelines.” These guidelines consider the 
age, tumor histology, personal and family history of a 
patient with colorectal cancer. Although quite sensitive, 
these guidelines are somewhat difficult to apply and 
therefore present approaches concentrate on testing all 
colorectal and endometrial tumor tissues.

Genetic Testing for Lynch Syndrome
As there is not a characteristic clinical phenotype to 
identify LS, determining who should have genetic 
testing to find specific deleterious mutations in one of 
the MMR genes has depended on personal and family 
cancer history, including age of cancer diagnosis.  
Specific approaches have included utilizing the 
Amsterdam I and II criteria, the Bethesda guidelines, 
tumor testing and risk based approaches to determine 
who should have genetic testing. A recent modeling 
study examined all of these approaches and found that 
when a person was diagnosed with colorectal cancer, 
the most cost effective approach was to do tumor testing 
and then genetic testing for LS if the tumor testing was 
abnormal.[5] The specific approach to tumor testing 
was the same as outlined above.

The only shortcoming with tumor testing as the 
initial approach is that a person must first develop 
cancer. Another modeling study, however, found that 
determining the risk of Lynch syndrome based on a 
simple web based algorithm could indicate who should 
have genetic testing in those who hadn’t yet developed 
cancer.[6] The study indicated that it was cost effective 

to go directly to genetic testing if a person without 
cancer had a five percent or higher risk of LS starting 
between the ages of 25 and 35 years. The information 
needed to determine the risk was the family history 
of cancer, including age of diagnosis, in immediate 
relatives. More distant relatives could be added also, but 
was not necessary. There are several available simple 
online algorithms to determine LS risk, and usually less 
than 2 minutes is required.[7]

Once it is determined who should have genetic 
testing, the approach is identical to that outlined 
for FAP, i.e. obtain blood for DNA and send it to a 
laboratory which does the testing. And once the 
deleterious mutation is found in an index case, other 
family members can be tested with virtually 100% 
accuracy. Interpretation of the result is also the same 
as for FAP.

The growing consensus for LS identification 
testing is that all colorectal and endometrial cancer 
tumors should have immunohistochemistry testing for 
MMR protein expression. One should then proceed 
to genetic testing if indicated.[7] When tumor tissue 
is not available, especially in dealing with a person 
who has a family history suggestive of LS, on-line risk 
calculations can easily be done and if >5% risk for LS 
is found, genetic testing appears justified in that person. 
As primary care physicians and gastroenterologists 
frequently see patients with a suggestive family history 
but no cancer, the risk based approach may well be 
valuable, especially if tumor tissue cannot be obtained 
from a relative for testing.

HAMARTOMATOUS POLYPOSIS SYNDROMES
These mainly include Peutz-Jegher syndrome (STK11 
gene), juvenile polyposis syndrome (SMAD4 or 
BMPR1A genes) and Cowden syndrome (PTEN 
gene).[1, 8] Each is autosomal dominantly inherited 
and extremely rare. But again, these conditions 
are usually found by primary care physicians and 
gastroenterologists. Each also has a significant risk of 
colorectal, as well as a number of other malignancies 
and each has specific surveillance guidelines. The 
conditions are usually first defined clinically and 
histologically. Persons with Peutz-Jegner syndrome 
have characteristic perioral and facial pigmentation as 
well as histologically characteristic polyps. Any person 
with ≥ 3 juvenile polyps should be suspected as having 
juvenile polyposis syndrome. Cowden syndrome is 
suspected on the basis of families with a high risk of 
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breast cancer, thyroid cancer, endometrial cancer and 
characteristic gastrointestinal polyps.

When these features are present, genetic testing 
should be done on the gene relevant to the syndrome 
expected. The approach and interpretation of the genetic 
test is the same as outlined under FAP genetic testing, 
and clinical management can be based on the results 
of genetic testing. n
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