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Abstract
• Objective:  To review the clinical features, genetics,
surveillance, and management of common hereditary colorectal cancer (CRC) syndromes.
• Methods:  Review of the literature.
• Results:  Almost 10% of all CRC patients display a
hereditary pattern, and their risk of developing CRC
or other related malignancies can be as high as
100%. Some features such as early age of onset
(< 50 years), several family members with colorectal
or other related malignancies, presence of more
than 1 type of cancer or 2 primary CRCs, and more
than 10 to 15 cumulative colorectal adenomatous
polyps over time are highly suggestive of hereditary
CRC syndromes and should prompt a thorough
evaluation. The most common form of inherited
CRC, hereditary nonpolyposis colorectal cancer or
Lynch syndrome, is characterized by an early age
of onset of CRC and an increased risk of other related cancers, most commonly endometrial, ovarian,
gastric, small bowel, brain, hepatobiliary tract, pancreatic, ureteral, or renal pelvis. Affected individuals
have an estimated risk of developing CRC that approaches 80% by age 70 years.
• Conclusions:  Genetic testing is an important tool
in the identification and management of hereditary
CRC.

T

he cumulative lifetime risk for colorectal cancer
(CRC) in the United States is approximately 6% [1].
In 2007, an estimated 154,000 men and women were
diagnosed with CRC and 52,180 died of the disease [1].
Roughly 15% to 20% of patients with CRC present in familial
clusters, with approximately 10% displaying a hereditary
pattern [2]. Of these hereditary cancers, about half represent
well-characterized syndromes in which the responsible
genes have already been described [3]. Individuals with an
inherited predisposition to CRC are at extremely high risk
of developing this cancer and often other types of cancer as
well [3]. Identifying the individuals and families affected
with a genetic predisposition allows for implementation of
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tailored screening and preventive interventions that have
been shown to save lives. The American Society of Clinical
Oncology recommends that genetic counseling and testing
be offered when (1) an individual has personal or family
history features suggestive of a genetic cancer susceptibility
condition, (2) the genetic test can be adequately interpreted,
and (3) the test results will aid in diagnosis or influence the
medical or surgical management of the patient or family
members at hereditary risk of cancer [4].
This article reviews the clinical features, genetics, surveillance, and management for the most common CRC
syndromes.
GENERAL GUIDANCE
Identifying Patients at Risk
Some hereditary CRC syndromes, such as classical familial
adenomatous polyposis, are often easily recognized due to
the presence of family members with history of polyps and
cancer, prompting the performance of colonoscopy with the
subsequent finding of large numbers of polyps at an early
age. Polyposis syndromes also present as attenuated forms,
such as attenuated familial adenomatous polyposis or the
more recently identified MYH-associated polyposis syndrome. In these cases, the number of polyps may be limited
to 15 to 100 over time and present at a later age. These cases
are often missed, as the clinician tends to expect a more spectacular syndrome with hundreds or thousands of polyps
presenting at very early ages. The presence of more than 10
adenomas or more than 15 cumulative adenomas in 10 years
should raise suspicion for an attenuated polyposis form [5].
While family history is determinant in identifying patients at risk, the lack of family history does not rule out
a hereditary syndrome as inherited CRC can be the result
of de novo mutations. At any time, a new family can be affected. This is particularly common in familial adenomatous
polyposis, where up to 30% of affected families result from
new mutations [3].
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Table 1. Red-Flag System for Suspicion of Hereditary
Colorectal Cancer Syndrome
Questions that can be used for a quick prescreen of patients who
may have hereditary colorectal cancer:
• Has the patient or any relatives had colorectal cancer at an
age younger than than 50 years?
• Are there 2 or more relatives affected with colorectal cancer
or other types of cancer, predominantly endometrial, ovarian, or gastric?
• Has the patient had more than 10 to 15 cumulative adenomatous polyps in the colon over time?
• Has the patient had more than 1 type of cancer or 2 primary
colorectal cancers?
• Does the patient have any relatives with polyposis?

The most common form of inherited CRC, hereditary
nonpolyposis colorectal cancer (HNPCC) or Lynch syndrome, may present with a small number of polyps or none
at all before cancer is diagnosed.
A “red flag” system can be used to identify patients who
may have hereditary CRC (Table 1) [5].
Obtaining a Family History
Obtaining a family history in the primary care physician’s
office is often challenging, as time is limited and urgent
issues may take precedence. Options for facilitating a family history assessment include adding a few questions to
the patient’s initial intake form addressing family history;
asking patients to complete a questionnaire at home prior
to their appointment or in the waiting room the day of the
appointment; and training nurses and medical assistants to
ask patients about family history prior to seeing the physician. In addition, the American Medical Association has
created an adult family history form as a means to initiate
a family history (available online at www.ama-assn.org/
ama/pub/physician-resources/medical-science/geneticsmolecular-medicine/family-history.shtml) [6]. By increasing
the opportunities for a patient to share family history information, the more likely it is that a physician will recognize
at-risk families.
Family Cancer Units
When any of the features associated with HNPCC is present
or there is a family history of cancer and multiple adenomas,
a timely referral to a specialized unit is often the most sensible approach. Familial cancer units or services specialize
in caring for families with inherited cancer syndromes.
These units usually include genetic counselors and clinical geneticists that identify families at risk, provide genetic
counseling, select tumors for pregenetic screening tests,
and choose the appropriate genetic tests according to the
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suspected genetic mutation. These units are also responsible
for advising on the appropriate surveillance tests for early
cancer detection and provide risk information so patients
can decide about prophylactic interventions.
SPECIFIC SYNDROMES
Lynch Syndrome
Clinical Features
Lynch syndrome is an autosomal dominant disorder and
the most common form of hereditary CRC. It accounts for
2% to 3% of all CRC. Penetrance is approximately 80%.
Lynch syndrome is challenging to diagnose because there is
no distinctive premalignant phenotype. Usually the diagnosis is suspected on the basis of strong family history of CRC
and other associated malignancies. Patients with Lynch
syndrome may present with a small number of polyps
early in life, usually in the third or fourth decades. Cancers
develop from a discrete number of adenomas through an
accelerated carcinogenic process [7]. They tend to present in
the proximal colon (up to 70%) and often are multiple, either
presenting synchronously (~18%) or metachronously (~24%)
[8]. Lynch tumors more commonly present with certain histological features (see Diagnostic Strategies, below) [9].
Lynch syndrome is characterized by an early age of onset
of CRC and an increased risk of other related cancers, most
commonly endometrial, ovarian, gastric, small bowel, brain,
hepatobiliary tract, pancreatic, ureteral, or renal pelvis. Affected individuals have an estimated risk of developing CRC
that approaches 80% by age 70 years. The mean age at diagnosis is the mid 40s [10,11]; however, there is a wide range of
ages at presentation, ranging from 16 to 90 years [12].
Less frequently, patients with Lynch syndrome can
also present with sebaceous gland adenomas and carcinomas and multiple keratoacanthomas, constituting a
variant named Muir-Torre syndrome [13]. Furthermore,
approximately 30% of patients identified as having Turcot
syndrome (polyposis and central nervous system tumors,
usually glioblastomas) have the mutations usually responsible for Lynch syndrome tumors [13].
Genetics and Genetic Testing
Lynch syndrome is caused by mutations in the main genes
of the DNA mismatch repair (MMR) system: MLH1, MSH2,
MSH6, and PMS2. Mutations in these genes result in malfunctioning of the DNA repair activity and ultimately in a
widespread presence of errors all over the genome. These
types of errors can usually be detected in microsatellite
segments of DNA. Microsatellites are short sequences, commonly of mononucleotide or dinucleotide repeats, present
throughout the genome. When the MMR system is compromised, the integrity of these repeats cannot be maintained.
This phenomenon, called microsatellite instability (MSI), is
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Table 2. Amsterdam Criteria for Clinical Definition of
Lynch Syndrome

Table 3. Revised Bethesda Guidelines for Testing
Colorectal Cancer  Tumors for Microsatellite Instability

Amsterdam I criteria*
3 or more relatives with colorectal cancer, 1 of whom is a firstdegree relative of the other 2
Cancer in at least 2 generations of the same family
At least 1 colorectal cancer case diagnosed before age 50

The presence of any 1 of these features should prompt testing for
microsatellite instability and/or immunohistochemistry testing
CRC diagnosed at age < 50 years
Presence of synchronous or metachronous CRC or other
HNPCC-associated tumors,* regardless of age
CRC that exhibits MSI-H histology (presence of tumorinfiltrating lymphocytes, Crohn’s-like lymphocytic reaction,
mucinous/signet-ring differentiation, or medullary growth
pattern) diagnosed in a patient age < 60 years
CRC diagnosed in a patient with 1 or more first-degree relatives with an HNPCC-related tumor,* with 1 of the cancers
being diagnosed age < 50 years
CRC diagnosed in a patient with 2 or more first- or seconddegree relatives with HNPCC-related tumors,* regardless
of age

Amsterdam II criteria*
3 or more relatives with a Lynch-associated cancer (ie,
colorectal, endometrial, ureter or renal pelvis, small-bowel),
1 of whom is a first-degree relative of the other 2
Cancer in at least 2 generations of the same family
At least 1 cancer case diagnosed before age 50
Adapted from references 20 and 21.
*The presence of all 3 features is necessary to fulfill either set of
criteria.

one of the hallmarks of tumors from patients with Lynch
syndrome. It is important to bear in mind that 10% to 15%
of sporadic CRC tumors also display MSI, and these cases
are almost always due to loss of MLH1 protein expression
caused by gene silencing through promoter hypermethylation [14]. These patients with sporadic colorectal cancer
with MSI tumors are older and mostly female [15].
Recently, it has been shown that sporadic MSI tumors
usually present a BRAF mutation (V600E) [16]. The fact
that this BRAF mutation is commonly absent in Lynch
syndrome tumors makes its study a good molecular tool
to distinguish hereditary MSI tumors from their sporadic
counterparts [17,18]. When a tumor shows an MSI phenotype, immunohistochemical analysis of MLH1, MSH2,
MSH6 and PMS2 commonly results in one of these proteins
not being expressed. In Lynch syndrome cases, this lack
of expression is due to a pathogenic mutation in the corresponding gene [19].
Diagnostic Strategies
Several diagnostic approaches have been suggested in order
to identify Lynch syndrome–causing mutations. In 1991, an
international panel drafted the Amsterdam criteria, a set of
clinical conditions that would suggest the presence of this syndrome in a given family and therefore would prompt MMR
gene testing (Table 2) [20]. These criteria were later revised in
order to take into account the extracolonic tumors associated
with this syndrome (Amsterdam II criteria) (Table 2) [21]. Soon
after, it became apparent that these criteria are so strict that a
majority of families with Lynch syndrome do not fulfill them
[22,23]. The sensitivity of genetic testing in patients meeting
the criteria is between 40% and 60% [15,24].
To improve the detection rate of Lynch syndrome families, a set of looser criteria, the Bethesda guidelines, were
www.turner-white.com

HNPCC = hereditary nonpolyposis colon cancer. (Adapted from
reference 26.)
*Endometrial, stomach, ovarian, pancreas, ureter and renal pelvis,
biliary tract, glioblastoma, sebaceous gland adenomas and keratoacanthomas, and carcinoma of the small bowel.

proposed and recently revised (Table 3) [25–27]. These
criteria take into account not only personal and familial history of cancer but also histology features commonly associated with this syndrome [9]. Patients who meet any of the
Bethesda criteria should undergo genetic counseling and
MSI analysis and/or immunohistochemistry (IHC) testing
for MMR protein expression [28]. A suggested algorithm of
pregenetic and genetic testing is provided in the Figure.
Finally, some authors have proposed various algorithms
that combine family history information and tumoral features in order to predict the likelihood of carrying a germline mutation in any of the MMR genes [29–31]. Recently,
one algorithm, the PREMM 1,2 model (www.dfci.org/pat/
cancer/gastrointestinal/crc-calculator/default.asp) has been
shown to be highly useful in identifying MMR gene mutations in a large group of unselected colorectal cancers [32].
Genetic testing and counseling in Lynch syndrome has
been shown to reduce morbidity and mortality in affected
families [33].
Surveillance and Management
Actions are directed towards detection of polyps (and
subsequent polypectomy) or early CRC and the other associated malignancies (Table 4). While these interventions have
been shown to prevent CRC and CRC deaths [7], there is no
definitive data about reduction of other associated cancers
with the proposed strategies. In patients carrying a Lynch
syndrome mutation and presenting with CRC, a subtotal
colectomy should be performed given the very high risk of
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Bethesda guidelines met

Analyze tumor for microsatellite instability
and immunohistochemistry

Microsatellite instability and loss
of MLH1 protein expression

Microsatellite instability and
loss of MSH2, MSH6, or PMS2
protein expression

BRAF mutation analysis and/or
MLH1 methylation

Germline genetic testing of
the corresponding gene

Microsatellite stability and
normal protein expression

Mutation +

Lynch syndrome
Mutation –

Mutated BRAF and/or
MLH1 hypermethylation

Likely undetectable
mutation

Wild-type BRAF
and/or normal MLH1
methylation

Unlikely Lynch syndrome

Figure. Algorithm for evaluation of a patient with possible Lynch syndrome.

developing metachronous cancers. Regarding prophylactic
surgery in mutation carriers, colectomy should be evaluated
taking into consideration the unique circumstances of each
patient, such as potential screening compliance. Hysterectomy and oophorectomy should also be considered after
completion of childbearing age in mutation carriers.
These recommendations apply to all family members
who carry a cancer-causing mutation. If a mutation is
identified in the family, all family members can be tested,
and the ones who did not inherit the mutation do not need
to undergo the mentioned surveillance and management
measures as they did not inherit a high risk of cancer development. If families do clinically have Lynch syndrome, the
recommendations stand for all family members as we do
not have a way to individually assess who is at risk.
Non–Lynch Syndrome HNPCC
When MMR gene mutations were identified as the cause
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of hereditary HNPCC, it was thought that they would be
responsible for the great majority of cases fulfilling clinical
criteria for HNPCC. The reality is more complex, and we
now know that at least half of families fulfilling Amsterdam criteria of HNPCC actually do not have alterations in
the MMR system [15]; therefore, it is likely that other genes
are responsible for this syndrome. Thus, HNPCC includes
Lynch syndrome (caused by inherited MMR genes) and at
least 1 other group of inherited cancers of a yet unknown
cause. The latter group, as a whole, also presents clinical
features distinct from Lynch syndrome tumors: patients
present with mostly left-sided tumors without lymphocytic
infiltrate; cancers usually present at a later age, though still
much earlier than sporadic colorectal cancers; penetrance is
lower; and patients more often fulfill Amsterdam II criteria
[15]. Other authors have reported a subset of families fulfilling Amsterdam I clinical criteria for HNPCC but without
MMR deficiency. This group had a lower incidence of CRC
www.turner-white.com
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Table 4. Recommended Surveillance for Lynch Syndrome
Type of
Screening
Colon cancer

Intervention
Colonoscopy every 1–2 years beginning at age
20–25 (or 10 years before the youngest diagnosis of colon cancer in the family)

Table 5. Recommended Surveillance for Familial
Adenomatous Polyposis Syndrome
Type of
Screening
Colon
cancer

Annual flexible sigmoidoscopy beginning at age
10–12. Total colectomy (or subtotal colectomy if
relative rectal sparing of polyps) once polyposis
is established.

Gastric/
duodenal/
ampullary
cancer

Upper endoscopy with side-viewing scope every
1–3 years beginning at age 25–30

Thyroid
cancer

Annual thyroid exam or ultrasound beginning
age 12

Hepatoblastoma

Liver palpation, α-fetoprotein test, and hepatic ultrasound annually during the first decade of life

Endometrial/
Annual transvaginal ultrasound, endometrial
ovarian cancer
biopsy every year beginning at age 25–30
Gastric cancer

Upper endoscopy every 2–3 years starting at
age 25

Genitourinary
cancer (renal
pelvis, ureter,
bladder)

Annual renal ultrasound, urinalysis with cytology starting at age 25

Data from reference 5.

Intervention

Data from reference 5.

than the group with Lynch syndrome but no increased
incidence of other cancers. The authors named this group
familial CRC type X [34].
While it has not been well established, these patients
should have CRC surveillance as Lynch syndrome patients.
The onset of surveillance tests may be at a later age but
always taking into consideration the age of onset of the different family members affected with cancer. It is unclear if
they need surveillance for other cancers, as data about the
risk of these cancers are limited.
Familial Adenomatous Polyposis
Clinical Features
Familial adenomatous polyposis (FAP) is an autosomal
dominant disease that accounts for less than 1% of all CRC
[35]. Affected patients, if not treated, have a CRC risk close to
100%, with a mean age of diagnosis of 39 years [36].
FAP is clinically characterized by the presence of hundreds to thousands of adenomatous colon polyps. The
average age at polyp appearance is 16 years, but polyps
can present at a much younger age. FAP patients are also
at higher risk for upper gastrointestinal tract tumors [37],
desmoid tumors [38], and thyroid cancer [39]. The presence
of congenital hypertrophy of the retinal pigment epithelium
is often seen associated with mutations in specific areas of
the APC gene.
In addition to classical FAP, 3 variants of the syndrome
have been described: Gardner syndrome, Turcot syndrome,
and attenuated FAP (AFAP). Gardner syndrome is characterized by all the manifestations of FAP plus benign
extracolonic tumors, such as desmoid or soft-tissue tumors,
osteomas, and dental abnormalities [40]. Turcot syndrome is
characterized by the development of central nervous system
malignancies such as medulloblastomas, astrocytomas, and
ependymomas. Most patients also commonly present with
www.turner-white.com

typical FAP features. A small subset of patients with Turcot
have MMR gene mutations instead of APC mutations [41].
Genetics and Genetic Testing
FAP is caused by germline mutations in the APC gene. One
mutated allele is inherited from the affected parent, and
the subsequent development of an acquired (or somatic)
mutation in the other APC allele results in development of
adenomas and eventually carcinomas. When a patient has
clinical evidence of FAP, genetic analysis can be performed.
This involves mutation testing of APC. Approximately 30%
of FAP cases arise de novo. In these cases, there is no warning
from the family history data, and this can lead to a delay in
diagnosis. Referral for genetic evaluation and APC testing is
recommended for all individuals with clinical symptoms of
FAP even in the absence of a family history.
If a mutation is identified in a proband, family members
can be unequivocally tested for that specific mutation. This
would allow appropriate management with prophylactic
colectomy, or alternatively, a subtotal colectomy if there
were relative rectal sparing of polyps and upper gastrointestinal tract screening for patients who have inherited the
familial mutation. Family members who had not inherited
the mutation could be spared unnecessary procedures and
the anxiety about potential development of the disease. In
a small percentage of cases, APC testing does not yield an
identifiable mutation. In this case, all family members need
to be screened as if they had inherited the mutation and in
fact had FAP.
Surveillance and Management
Patients with FAP need intense surveillance for gastrointestinal cancers as well as thyroid cancer (Table 5). These
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recommendations apply to all family members who carry
a cancer-causing mutation. If a mutation is identified in the
family, all family members can be tested and the ones who
did not inherit the mutation do not need to undergo the
mentioned surveillance and management measures, as they
did not inherit a high risk of cancer development. If families
do clinically have FAP, the recommendations stand for all
family members as we do not have a way to individually
assess who is at risk.
Attenuated FAP
Clinical Features
AFAP-affected patients develop a much lower number of
polyps, commonly less than 100. The risk of cancer development is very high (~80%) but not reaching the almost 100%
risk in FAP [42]. Polyps and cancer appear 10 to 15 years
later on average than in FAP [43]. Polyps tend to present
in the proximal colon and rectal sparing is not uncommon
[43]. Duodenal adenomas and fundic gland polyps are also
frequently described in AFAP patients [43].
Genetics and Genetic Testing
Most cases of AFAP are caused by germline mutations in the
APC gene, often at the proximal and distal extremes of the
gene or in certain areas of exon 9 [44], but a significant number are caused by biallelic mutations in the base excision repair gene MYH. Genetic testing involves APC gene mutation
analysis and MYH mutations analysis if APC is not mutated.
Surveillance and Management
Screening for AFAP is tailored to the individual’s family history. A flexible sigmoidoscopy is not sufficient for screening
purposes due to the common proximal location of the polyps.
Therefore, a full colonoscopy should be performed. Surveillance should start at age 25 or 10 years earlier than the youngest age of diagnosis in the family and continue yearly or at intervals according to the individual’s disease expression. Upper
endoscopy with side-viewing scope every 2 to 3 years starting
at age 25 should be performed for screening of gastric, duodenal, or ampullary cancer. Colectomy should be recommended
when polyps become difficult to manage endoscopically [40].
If colectomy needs to be performed, a subtotal modality sparing the rectum is often a sensible approach.
These recommendations apply to all family members
who carry a cancer-causing mutation. If a mutation is identified in the family, all family members can be tested and the
ones who did not inherit the mutation do not need to undergo the mentioned surveillance and management measures,
as they did not inherit a high risk of cancer development.
If families do clinically have AFAP, the recommendations
stand for all family members as we do not have a way to
individually assess who is at risk.
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MYH-Associated Polyposis Syndrome
Clinical Features
Recently, the base excision repair gene MYH has been
identified as being responsible for an autosomal recessive
inherited syndrome associated with multiple adenomas and
carcinoma. This constitutes a new paradigm in hereditary
CRC, as the other CRC syndromes have an autosomal dominant pattern of inheritance. The syndrome has been called
MAP for MYH-associated polyposis syndrome [45]. This
syndrome represents 0.7% of all CRC [46]. Patients with this
syndrome have more than a 90-fold increased risk of CRC
[47]. The presence of more than 15 synchronous colorectal
adenomas and a colorectal adenocarcinoma diagnosis before 50 years of age have been described recently as factors
independently associated with the syndrome [46].
Genetics and Genetic Testing
As with all autosomal recessive inherited syndromes, the
mutation has to be inherited from both paternal and maternal alleles. Biallelic MYH mutations account for 7% of FAP
cases without an identified germline mutation in the APC
gene and for 29% of patients with 15 to 100 adenomas [48].
Therefore, in those cases with a clinical phenotype characteristic of FAP or AFAP in which a mutation in the APC
gene is not identified, it is recommended to proceed with
sequencing of MYH.
Surveillance and Management
Surveillance and management in MAP is not well established, although it is reasonable to proceed as in AFAP.
Hamartomatous Polyposis Syndromes
The hamartomatous polyposis syndromes are characterized
by the development of multiple polyps at a very young age,
representing an overgrowth of cells native to the area in
which they normally occur (ie, mesenchymal, stromal, endodermal, ectodermal elements) [49]. Although altogether
the hamartomatous polyposis syndromes represent less
than 1% of all CRC, their identification is important due to
their predisposition to colorectal and other extraintestinal
malignancies. All hamartomatous polyposis syndromes are
autosomal dominant.
Juvenile Polyposis Syndrome
Juvenile polyposis syndrome (JPS) affects 1 in 100,000 individuals. Unlike the sporadic juvenile polyps, polyps in JPS
are more numerous and may affect the proximal gastrointestinal tract [50]. The clinical diagnosis of JPS is made when a
patient presents with at least 3 to 10 colonic hamartomatous
polyps, any extracolonic hamartomatous polyps, or any
hamartomatous polyps in a person with a known family history of JPS [51]. CRC risk is approximately 60% [52].
www.turner-white.com
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JPS is caused by germline mutations in BMPR1A (10q22.3),
SMAD4 (18q21.1), and PTEN [53,54]. Approximately 25% are
de novo mutations [24]. Surveillance involves upper endoscopy and colonoscopy beginning in the late teens, or earlier
if symptoms are present. Repeat annually if polyps are present or every 3 years if no polyps are found.
Cowden Syndrome
Cowden syndrome affects 1 in 200,000 patients [55]. Patients
have a high risk of benign and malignant tumors. Up to
80% present dermatologic manifestations (trichellemomas
or oral papillomas) [56]. Breast cancer is the most serious
complication (≥ 50% of male and female patients) [56]. PTEN
mutations are responsible for 80% of Cowden cases. No special screening recommendations are given for CRC due to at
most a slight increased risk [57], but screening for breast and
thyroid tumors is often recommended.

Table 6. Recommended Surveillance for Peutz-Jeghers
Syndrome
Age, yr

Intervention

Birth to 12

History and physical exam (with attention to
testicles in males) and routine blood tests

8

Upper endoscopy and small bowel series. If
positive, repeat every 2–3 years

18

Colonoscopy, upper endoscopy, and small
bowel series or capsule endoscopy every
2–3 years. Monthly breast self-exam in
females.

21

Pelvic exam with Pap smear annually

25

Endoscopic ultrasound of the pancreas every
1–2 years. For females, clinical breast
exam semi-annually and mammography or
MRI annually, transvaginal ultrasound and
serum CA-125 annually.

Data from reference 57.

Peutz-Jeghers Syndrome
Peutz-Jeghers syndrome (PJS) affects 1 in 10,000 to 100,000
patients [40]. There is a highly variable penetrance, even
within families [55]. These patients present with typical
freckling mucocutaneous hyperpigmentation in lips, buccal mucosa, vulva, fingers, and toes [58]. Gastrointestinal
polyps occur in almost all individuals. They start developing
during the first decade with symptoms usually presenting
in the second or third decades due to polyp growth and
subsequent obstruction or intussuception. Patients have an
increased risk of developing gastrointestinal cancers, such as
colon (40%), stomach (30%–60%), small intestine (15%–30%),
and esophagus (0.5%–30%) [40]. Other commonly seen cancers are breast, endometrial, pancreatic, and lung [59]. PJS is
diagnosed when hamartomatous polyps are present and at
least 2 of the following are present: family history, hyperpigmentation, and small bowel polyposis [60].
PJS is caused in 50% to 75% of familial cases by germline
mutations in STK11 or LKB1 [61]. In 25% they are de novo
mutations [59]. Patients with PJS should have cancer surveillance for different intestinal and extraintestinal cancers
(Table 6). Colectomy may be necessary if polyps are difficult
to control endoscopically [57]. An attempt should be made
to locate and remove all polyps larger than 1 cm in diameter,
preferably by endoscopic techniques [58].
Conclusion
The field of hereditary CRC has seen great development
over the last few years, and striking advances have been
achieved in the areas of diagnosis, surveillance, and prophylaxis. For the primary care provider, being aware of a
few red flags can help identify cases that have a significant
chance of being a hereditary type of CRC. Prompt referral
of these cases to teams that specialize in these cancers and
www.turner-white.com

incorporate genetic counseling and testing can improve
the survival and well being of families affected by these
syndromes.
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