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Abstract: The genetic understanding of colorectal cancer (CRC) continues to grow, and it is now
estimated that 10% of the population has a known hereditary CRC syndrome. This article will examine
the evolving surgical and medical management of hereditary CRC syndromes, and the impact of tumor
genetics on therapy. This review will focus on the most common hereditary CRC-prone diseases seen in
clinical practice, which include Lynch syndrome (LS), familial adenomatous polyposis (FAP) & attenuated
FAP (AFAP), MutYH-associated polyposis (MAP), and serrated polyposis syndrome (SPS). Each section will
review the current recommendations in the evaluation and treatment of these syndromes, as well as review
surgical management and operative planning. A highly detailed multigeneration cancer family history with
verified genealogy and pathology documentation whenever possible, coupled with germline mutation testing
when indicated, is critically important to management decisions. Although caring for patients with these
syndromes remains complex, the application of this knowledge facilitates better treatment of both individuals

and their affected family members for generations to come.
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Introduction

A historical review and summary of the molecular basis of
hereditary colorectal cancer (CRC) has been previously
discussed in part 1 of this volume. This article will examine
the evolving surgical and medical management of hereditary
CRC syndromes, and the potential impact of tumor
genetics on therapy. CRC is the third most common cause
of cancer death in the world with an estimated incidence
of over one million cases per year (1). Advancements in
colonoscopy have reduced the incidence of CRC by 45-
77% and have recently been reported to have reduced
mortality by greater than 30% since 1990 (2). The genetic
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understanding of CRC also continues to grow, and it is
now estimated that 2-10% of the population has a known
hereditary CRC syndrome. In addition, there are 20-30%
of CRC cases with evidence of a familial component, but
without a clear hereditary disease identified (1,3,4). Prior
to identifying genetic mutations, the diagnosis of a familial
cancer syndrome was based on highly-targeted clinical
and family history alone (5,6). Now that surgical and
medical management of this disease can often be based on
pathological variants in the patient’s DNA, the physician’s
suspicion for a hereditary component of CRC in high-risk
patients should be greater (6). This knowledge provides the
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indication for early endoscopic and/or surgical intervention,
and plays a role in guiding adjuvant chemotherapy. This
approach may not only prevent or treat CRC for the
individual, but also allows for the care of the entire family (7).

This review will discuss the indications and
recommendations for the surgical and medical oncologic
management of hereditary colorectal cancer syndromes.
It will emphasize how this knowledge can be used in
formulating an operative plan, and decision making for
adjuvant therapy. We will focus upon the most common
hereditary diseases seen in clinical practice, which include
Lynch syndrome (LS), familial adenomatous polyposis (FAP)
and attenuated FAP (AFAP), MutYH-associated polyposis
(MAP), and serrated polyposis syndrome (SPS).

Lynch syndrome (LS)

LS is an autosomal dominant condition that results from a
defect in one of the mismatch repair (MMR) genes and in
the past was also referred to as Hereditary Nonpolyposis
Colorectal Cancer (HNPCC). It is the most common
hereditary CRC syndrome, and is characterized by the
early presentation of colorectal, endometrial, and various
other cancers (8). The MMR genes clearly involved in
the development of LS are MLHI1, MSH2, MSHG6 and
PMS?2, with other gene candidates such as EPCAM and
epimutations being evaluated. The surgical options
for CRC in the setting of LS previously ranged from
segmental colectomy, to subtotal colectomy, and even total
proctocolectomy (TPC). Presently, our preferred option
is total colectomy for a colonic cancer or endoscopically
unresectable advanced adenoma, and TPC for patients with
the less frequent presentation of a primary rectal neoplasm.

Prior to the early 1990’s when pathologic variants
were discovered, some of which were distinctive of LS,
the diagnosis and management of LS was based on a
clinical assessment using the Amsterdam criteria, which
have been modified over time (8,9). However, identifying
patients preoperatively who are not parts of a known LS
family is often challenging. These patients are typically
young, often present with locally advanced tumors, with
associated bleeding, or obstruction, and not infrequently
harbor multiple primary extracolonic cancers, particularly
endometrial cancer. These patients frequently require
timely operative intervention without the ability to wait
for genetic testing (10,11). LS associated cancer has been
reported in 15% of CRC patients less than 50 years old (11).
Baiocchi et a/. used immunohistochemical IHC) testing to
retrospectively compare patients with CRC both above and
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below the age of 50 (10). They analyzed previous specimens
for MLH1, MSH2 and MSH6 expression and determined
that 51% of CRC patients did not express at least one
of these MMR proteins, and therefore were a likely LS
carrier. Furthermore, after establishing a diagnosis of LS
by IHC, retrospectively, only 31% of the LS patients met
the Amsterdam II criteria, and only 50% met the Bethesda
criteria, findings which demonstrate the importance of
molecular analysis. This study may even underestimate
the incidence of LS due to not analyzing PMS2 and
microsatellite instability (MSI). However, an abnormal test
for MLH]I should be interpreted with caution. Based on
a false negative rate of 5-10% by using IHC, the current
National Comprehensive Cancer Network Guidelines
recommend that abnormal MLHI THC should be followed
by testing the tumor for BRAF V600E or hypermethylation
of the MLH]I promoter, as this pattern has been identified
in spontaneous colon tumors (12,13). Germline genetic
analysis should always be performed; however, IHC is a
simple, cheap, and rapid way of determining LS in a patient
who may not have the time to wait for the germline testing
to be completed (10).

CRC surgical implications

There are three main groups of patients who would require
a colectomy: (I) newly diagnosed colon cancer patients with
or without a known personal or family history of LS; (II)
patients with a LS affected family member; and (III) LS
patients considering prophylactic colectomy, particularly
those harboring MMR deleterious mutations and who
decline recommended colonoscopy. The complex decision
making process for the surgical options in LS must consider
the risk of a synchronous and/or metachronous CRC, the
risk of the operation, and the expected alteration of the
patient’s quality of life (QOL) particularly with a rectal
primary cancer.

The risk of synchronous CRC in LS has been reported
to be approximately 6-18%. The risks of metachronous
tumors are reported to be 16% at 10 years, 41% at 20 years
and 62% at 30 years after segmental resection (14,15).
More recently Cirillo ez 4/. identified a risk of at least one
metachronous CRC after a median of 6 years. This was
broken down into colon and rectal cancers with a risk of
a metachronous tumor of 22.2% and 27.7% respectively.
A proportional hazards model in the development of a
metachronous CRC showed a 6-fold increase in the risk
of death, with the metachronous cancer at a greater risk of

being diagnosed at either stage III or IV (16).
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Colon cancer is identified more commonly than rectal
cancer in LS. However, rectal cancer occurs approximately
11-35% of the time, when one includes both synchronous
and metachronous lesions (16,17). It is our opinion
that a newly diagnosed CRC is best managed by a total
abdominal colectomy. However, in the setting of significant
metastatic disease a segmental colectomy may be offered.
A low anterior resection, abdominoperineal resection
or ileal pouch-anal anastomosis can be performed for
rectal cancer, but the operation should be tailored to
the patient (14,18). Total abdominal colectomy can be
considered both therapeutic and prophylactic, given the
high rate of metachronous CRC (16,18). Furthermore,
removing the entire colon allows for easier outpatient
intensive surveillance of the rectum. Parry and colleagues
demonstrated that with every 10 cm of bowel removed in a
LS patient, there is a reduction in their risk of metachronous
CRC by 31% (15). Although a survival benefit has yet to
be shown, multiple studies now advocate for an extended
resection for patients with LS (10,15,16,19,20).

To further support the indication for extended resection,
Natarajan and colleagues compared prophylactic colectomy,
or extended resection, at the time of an initial CRC
diagnosis, with a segmental resection (19). There was a
longer time period to develop a second CRC after extended
resection compared to segmental resection, (16-175 wvs.
6-160 months respectively). In addition, the segmental
resection group required a second operation sooner,
(4-195 ws. 7-275 months). Subsequent operations were due
to complications from the initial operation, treatment of a
second primary or metachronous lesion, or endometrial/
ovarian cancer. Although the risk of a metachronous lesion
was less with subtotal colectomy, this study also did not
demonstrate a survival difference (19).

The QOL following subtotal colectomy versus
segmental resection is also a significant patient concern.
Haanstra et 4/ in 2012 evaluated the effect of extended
resection on functional outcomes and QOL. This study
excluded cases of rectal cancer, end ileostomy, and ileal
pouch-anal anastomosis. Patients were evaluated with
QOL questionnaires. To assess generic QOL the Short
Form-36 health survey was used; to evaluate disease-
specific QOL the European Organization for Research and
Treatment of Cancer Colorectal Cancer-specific Quality
of Life Questionnaire Module was used; and to determine
functional QOL the Colorectal Functional Outcome
questionnaire was used. Subtotal colectomy patients had
a significantly greater frequency of bowel movements as
well as a worse functional outcome; however there was no
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difference in QOL impacted by multiple bowel movements.
This study supports the use of an extended resection for a
LS associated colon cancer (21).

The management of postoperative patients who received
a segmental colectomy for a Lynch related colon cancer is
often encountered in situations where LS was not suspected
pre-operatively, or when a resection was the patient’s
preference. It is critical to counsel the patients on their risk
of metachronous tumors, with the current options being
frequent colonoscopic surveillance or completion colectomy
(14,22). For patients who do not receive a completion
colectomy, postoperative endoscopic surveillance is critical
to survival, and close interval follow up is important since
the transition from adenoma to carcinoma in LS is faster
(3 vs. 8-15 years in sporadic CRC) (18). A subsequent study
demonstrated that the median time from the diagnosis of
CRC and the most recent colonoscopy was 11.3 months;
therefore, this data supports surveillance at least once a year
with a full clearing colonoscopy (23). It is our practice to
add narrow band imaging to the surveillance colonoscopy,
as it has been shown to increase the detection of additional
adenomas by 27%, and to improve the detection rate of flat
adenomas from 12% to 45% when compared to standard
colonoscopy (24).

The risk of CRC in LS is approximately 60-85%
depending on which MMR gene is involved. Patients with
MLHI and MSH?2 mutations have a higher risk of cancer,
with diagnosis at a younger age, compared to MSH6 and
PMS?2 mutations (25,26). MLHI mutation carriers have a
higher risk of CRC, while MSH?2 carriers have a higher rate
of multiple primary extracolonic cancers, to include brain
(glioblastoma), ovarian, stomach, hepatobiliary, urinary
tract, breast, and prostate cancers (27-32). Colonoscopy
screening decreases the risk of a second CRC by 62%
when patients have routine surveillance (33). It is rare for
colonoscopy to miss a polyp >10 mm. However, for polyps
between 1-5 mm, up to 35% can be overlooked (34).
With this knowledge, prophylactic colectomy may be
ideal for some patients, requiring only a subsequent yearly
rectal surveillance. Prophylactic colectomy before the age
of 25 has been associated with the greatest increase in life
expectancy when compared to older patients and those
where surgery was performed after a CRC diagnosis (35).
It is still widely debated about recommendations for a
prophylactic colectomy. It is important to evaluate the
patient for both emotional and physical perspectives,
understand his or her MMR mutation status, and ensure
that a genetic counselor is actively engaged with the decision
making process. In women who present with uterine cancer,
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prophylactic colectomy can be considered in addition to the
surgical treatment of gynecologic diseases, if the patient is
being managed in a comprehensive manner (36). Prophylactic
hysterectomy and bilateral salpingo-oophorectomy is a
prudent option given limited endometrial and extremely poor
ovarian cancer screening (36).

Familial adenomatous polyposis (FAP)

FAP is an autosomal dominant syndrome found in less
than 1% of all CRCs, but will progress on to colon cancer
nearly 100% of the time (26). FAP results from a mutation
of the adenomatous polyposis coli (APC) gene located on
chromosome 5q21-22 (37). The genotypic understanding
of the APC mutation is clinically relevant to the phenotypic
presentation. Classic FAP occurs when there are mutations
between codons 168-1,580 with severe disease between
codons 1250-1464 (38). Classical FAP is defined clinically
if there are 100 or more adenomatous colon and rectal
polyps, and typically occurs in patients younger than age 40.
AFAP is generally defined in individuals with 10-99 colonic
adenomatous polyps, or those with 100 or more colonic
polyps occurring at an older age, or those with a history
of CRC before age 60 and a family history of multiple
adenomatous polyps (39,40). The latter group of patients
will usually have rectal sparing, have right-sided colonic
adenomas, and lack extra colonic manifestations (37).
Because of the greater genotypic and phenotypic variability
in AFAP, a high clinical suspicion and thorough family
history is critical for the diagnosis, as these patients
frequently, if not always, progress on to a colon cancer (37).
Although there have been multiple studies describing the
sequence and the location of the APC gene, the significance
of a single amino acid missense variants in the APC gene
is difficult to interpret (37). With the advent of genetic
testing, it has become important to characterize these
variants in order to properly counsel and treat FAP patients,
particularly those patients with AFAP.

The treatment for FAP is surgical removal of the colon
and rectum. The options for surgery include abdominal
colectomy with ileorectal anastomosis (IRA), restorative
proctocolectomy with either ileal J-pouch anal anastomosis
(IPAA), and TPC and ileostomy (14,41). Patients are
recommended to undergo this procedure during their teens
or early twenties. Initial screening colonoscopy has been
recommended to begin at age 10 years, but Kennedy and
colleagues recommends that the ideal time at 7 years old. In
their series the average age for colectomy was at 15.4 years
old with the youngest patient being four. The majority of
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operations performed in this group were IPAA, with 88%
having a hand sewn anal anastomosis with a mucosectomy.
This series had no recurrences following IPAA and routine
surveillance pouchoscopy was recommended (42).

If there is limited rectal polyposis, then IRA is a feasible
option. This is also recommended in woman of child-bearing
age, as this operation can be converted to an IPAA once child
bearing has been completed (43). The risk of developing
rectal cancer in a patient undergoing IRA increases from 4%
at 5 years to up to 25% at 20 years. This data has even lead
to recommendations of patients having their IRA converted
to IPAA before the age of 50 (44). The number of rectal
polyps and the presence of rectal cancer should be the main
factor in the determination of whether or not to perform a
proctectomy. As with LS, the functional outcomes following
IPAA are of a significant concern for patients when making
these operative decisions. In a meta-analysis performed
by Aziz er al., no difference was found in postoperative
compilations, though IRA required a significantly lower
rate of reoperations within 30 days (44). IPAA demonstrated
superior results in cancer reduction: 0% vs. 5.5% following
IRA. There was a decrease in the long-term need for
reoperation in IPAA group. There was no difference in
dietary restrictions or sexual dysfunction, although patients
with IRA had a lower incidence of social restrictions
compared to IPAA; 4% vs. 14%. Furthermore the frequency
of daily stools, need for night defecation, and incontinence
over 24 hours, was greater in IPAA (44). Recent studies
advocate for a laparoscopic approach, and have demonstrated
an association with fewer postoperative complications, better
overall outcomes, and shorter length of stay. However, this
operation requires technical expertise, and a large volume
of cases to maintain this skill. Future studies are needed to
further elucidate these findings (45-48).

MutYH-associated polyposis (MAP)

MAP was discovered in 2002 when studying patients who
appeared to meet clinical criteria for FAP but tested negative
for a defect in the APC gene. Further testing identified a
biallelic mutation in the MYH gene, which produced an
autosomal recessive polyposis syndrome. MYH mutations
can vary with ethnicity, and phenotypically this disease can
mimic FAP. It has been shown that 7.5% of classical FAP
that was negative for an APC mutation had a biallelic MYH
mutation (49). Biochemically, the MYH gene repairs DNA
mutations damaged by reactive oxygen species. It typically
presents as FAP with multiple colon adenomas, though
it can also result in a MMR gene mutation and present
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similar to LS. The diagnostic confusion makes the surgical
recommendations challenging (50). Due to the rarity and
complexity of the diagnosis of this disease, referral to a
genetic counselor is recommended for the optimal care of
these patients.

Leite et al. evaluated the incidence of germline MYH
mutations in 19 APC-mutation negative patients. They
found 69% of patients registered as classical FAP and 17%
registered as AFAP to actually have a MYH mutation. All
ten patients in this series with a MYH mutation had surgical
resection, which included: five total colectomies, four
restorative proctocolectomies and one left partial colectomy.
The patient with a partial colectomy eventually underwent
a completion colectomy. Two patients had a prophylactic
colectomy prior to the diagnosis of cancer. Ten patients had
a diagnosis of CRC and three of these patients also had a
synchronous or metachronous lesion. The mean age to the
development of CRC cancer was 50.6 years, which is about
10 years later than classical FAP. Although the number of
patients identified in this study is low, the data suggests that
screening alone with polypectomy is not sufficient for these
patients, and they should be treated as AFAP including
consideration for a prophylactic colectomy. The timing of
prophylactic colectomy, however, may be later than AFAP
based on this study (51).

Serrated polyposis syndrome (SPS)

Serrated polyps, previously called hyperplasic polyps,
are characterized by the serrated appearance of the crypt
epithelium on histology. These lesions were previously
thought to be benign, but recent data shows a 15-20%
risk of CRC arising through this serrated neoplasia
pathway. Gene inactivation through hypermethylation of
a promoter region, BRAF mutations, or MSI is thought
to be the molecular etiology of this syndrome (52). SPS
is characterized by: (I) =5 serrated polyps proximal to
the sigmoid colon with at least 2 greater than 10 mm;
(IT) a least one serrated polyp proximal to the sigmoid
colon in an individual who has a first-degree relative with
serrated polyposis; (IIT) >20 serrated polyps of any size but
distributed throughout the colon (53,54).

Jasperson er al. analyzed 51 patients with SPS. The
average age of diagnosis was 49 years old. The average
number of serrated polyps identified was 35, and 71% had
at least one greater than 10 mm. Adenomas were identified
in 82% of patients, and CRC in 16%, with the earliest
age of onset at 22 years. This study advocates for full
colonoscopy every 1-2 years for surveillance and endoscopic
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treatment as needed due to the development of cancer.
Surgical management is considered when polyps cannot be
endoscopically controlled, or if there are numerous large
serrated lesions in the proximal aspect of the colon (52,53).

Hazewinkel et 4/. also supports annual surveillance
colonoscopy for serrated polyposis. Recurrence rates were
80% if the serrated polyp was =3 mm. It took, on average,
two procedures to completely clear the colon. Advanced
adenomas were detected in 9% of patients, with a median
interval of 13 months between detection and the previous
clearing colonoscopy. Prophylactic resection was performed
in 8% of SPS patients after clearing colonoscopy. These
patients received a subtotal colectomy with IRA, which is
the recommended resection (52,53,55,56).

Familial CRC-type X

Familial CRC-type X or “syndrome X” involves patients
who clinically meet all criteria for LS, but have neither MSI
nor an expression of a MMR mutation, and therefore are
not genetically defined LS (3,6,25). These patients have
a lower incidence of CRC than LS patients, but a greater
incidence than the general population (25). The mean age
of diagnosis is later than in LS patients, but approximately
10 years younger than in spontaneous cases (57,58). Tumors
are found mainly in the left colon or rectum, and there is
a lower association of tumors with mucinous features (3).
There are no current reports of extracolonic neoplasia
in these patients (5). Without more knowledge of the
molecular nature of this disease, there are no genetically
based current guidelines or recommendations for surgical
management.

Chemotherapy implications

CRC genetics has the potential to influence screening,
prevention, treatment and survivorship. At this juncture,
the current knowledge of CRC genetics has an impact
on the therapy of both adjuvant and metastatic disease.
While multiple molecular markers and gene expression
assays have been studied, only MSI has prognostic value.
A survival benefit has been demonstrated when comparing
hereditary CRC, to include FAP and LS to sporadic cases,
and this benefit is more pronounced for patients with LS.
This benefit was previously thought to be due to selection
bias, younger age and/or more aggressive screening (59-62).
Bertario er al. demonstrated in a study group of over two
thousand patients no survival difference in LS and FAP
compared to sporadic cases (62). This study further analyzed
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patients under 60 years old, which again showed comparable
outcomes between the groups. To counter these findings,
Stigliano and colleagues retrospectively compared survival
between LS and sporadic CRC. This study demonstrated
an improved five year survival with LS CRC compared to
spontaneous cases (94.2% vs. 75.3%; P>0.01). Interestingly
this study was able to show that all tumors that demonstrated
MST had a 100% survival, suggesting that MSI plays a critical
role in the prognosis of colon cancer (63).

MSI may result from germline mutations in MMR
genes MLHI1, MSH2, MSH 6 or PMS2 and EpCam.
Somatic mutations in these genes may occur in up to
20% of sporadic CRC patients and hypermethylation of
MLH] results in gene inactivation in 50% of cases. These
mutations will result in LS and these cases are classified as
either MSI-H or MSI-L (high or low).

MSI-H tumors are more common in stage II patients
(20%) and proximal colon (29%). Evidence suggests
that MSI-H stage II colon cancer patients do not benefit
for adjuvant chemotherapy with a fluoropyrimidine,
and tumors treated with these agents may even have a
worse outcome (64-66). Stage II MSI-H patients with
adverse clinicopathologic features such as obstruction and
perforation should be counseled regarding the benefit of
adjuvant chemotherapy. However, a recent analysis of the
Mosaic Trial demonstrated a benefit to the combination
of oxaliplatin and infusional 5-FU/leucovorin in stage III
MSI-H patients (67).

Five gene expression profiling assays are marketed in the
US. Of these the 12 gene recurrence score (oncotype-DX
Colon Cancer Assay) has the most data and validation (68).
This assay has prognostic but not predictive value, and
unlike MSI-L is not endorsed by the NCCN for routine
decision making in stage II patients. This assay may,
however, be useful in the counseling of MSI-L patient who
have other risk factors.

Genetic based treatment has been established and widely
accepted in patients with metastatic CRC. Epidermal
growth factor receptor (EGFR) overexpression is seen in
more than 50% of patients. This however, does not correlate
with response to treatment with targeted inhibitors against
a downstream EGFR signaling pathway (69). Tumors that
are KRAS exon 2 wild types have a higher response rate to
the EGFR inhibitors cetuximab and panitumumab. KRAS
activating mutations are associated with resistance to these
agents and are seen in approximately 40% of patients
with metastatic CRC (70,71). Due to these findings, the
American Society of Clinical Oncology issued a provisional
clinical opinion that testing for KRAS gene mutations in
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patients with metastatic colorectal carcinoma should be
performed to predict response to anti-EGFR monoclonal
antibody therapy. Furthermore, metastatic CRC patients
with KRAS exon 2 codon 12 or 13 mutations should not
receive an EGFR inhibitor as part of their treatment (72).
Even though wild type KRAS is necessary for a response
to anti-EGFR agents, it may not be sufficient in up to
20-40% of cases. In the PRIME study, 17% of patients
without KRAS exon 2 mutations had mutations in KRAS
exons 3 and 4 or exons 2.3 and 4 on NRAS. Panitumumab
based treatment had an inferior progression free and
overall survival in combination with FOLFOX versus the
chemotherapy arm alone. A recent meta-analysis looked at
22 studies that included 2,395 patients. It concluded that
further examination of downstream mutations in KRAS exons 3
and 4, NRAS, BRAF and PIK3CA and non-functional PTEN
are able to demonstrate resistance to anti-EGFR therapies.
This study suggests that biomarker analysis beyond KRAS
exon 2 should be implemented for prediction of a clinical
benefit of anti-EGFR antibodies in metastatic CRC (73).
NCCN currently recommends performing genotyping for
RAS mutations to include the exon 2 and non-exon 2 for
KRAS, and NRAS. The guidelines further state that there
was insufficient information in the use of BRAF V600E
mutation, which is downstream of KRAS, as a status to guide
anti-EGFR therapy. BRAF can be prognostic for adverse
overall progression free and overall survival in the adjuvant
setting but are less predictive for response to treatment (74).

Conclusions

Advances made in screening, diagnosing and treating
CRC, progressively increases our understanding of CRC
tumors with respect to their genome, biome, and proteome,
and ultimately clinical outcomes. With further study and
subsequent elucidation of the molecular basis and biologic
mechanisms of CRC, the application of this knowledge
holds the promise to better treat not just a general disease,
but each individual disease. In essence, a molecular based
prescription for optimal care. Furthermore, the application
of a multidisciplinary approach to the evaluation and
management of these syndromes has fundamentally changed
the best practices used to help not just a single individual,
but entire families for generations to come.
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