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Abstract: As our understanding of gastrointestinal cancers evolves, so do definitive treatment regimens.

The objective of prophylactic surgery is to eliminate or greatly reduce the risk of developing cancer. Many

of these conditions are genetic in nature; some are congenital without a known heritable susceptibility.

This review discusses methods and guidelines for various surgical approaches for prophylactic treatment

of the stomach, colon, and rectum. The primary identified syndromes with increased risk of developing

cancer are familial adenomatous polyposis (FAP) and the spectrum of its associated conditions, hereditary

nonpolyposis colorectal cancer (HNPCC), and hereditary diffuse gastric cancer (HDGC). Many guidelines

and recommendations are still being developed for these conditions and this review of the literature intends

to consolidate evidence for future direction of these growing patient populations.
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Introduction

Genetic syndromes are thought to be responsible for
5-10% of cancers worldwide (1,2). A number of these lead
to gastrointestinal malignancies. Currently, no genetic
therapy or alteration of the genome exists to treat these
conditions. In the absence of systemic disease, solid
tumors of the gastrointestinal tract are most effectively
treated by surgical resection (1). As a natural extension of
the treatment of early stage disease, increasingly surgeons
are being asked to council patients harboring a deleterious
mutation linked to GI malignancy on the risks and benefits
of prophylactic surgery prior to any measurable disease.
The objective of prophylactic surgery is to prevent or
greatly reduce the risk of malignancy developing in at
risk individuals. The risk reduction is balanced against
the potential morbidity and mortality of the prophylactic
procedure. The most common indications for prophylactic
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gastrointestinal surgery are adenomatous polyposis coli (APC)
gene mutations for familial adenomatous polyposis (FAP)
syndrome, attenuated familial adenomatous polyposis
(AFAP) syndromes, and CDHI mutations for hereditary
diffuse gastric cancer (HDGC). Hereditary nonpolyposis
colorectal cancer (HNPCC) or Lynch syndrome (LS)
may also have indications for prophylactic surgery. The
improvement of surgical technique and the increasing
use of minimally invasive techniques have decreased
complications and hospital stay and likely increased patient
acceptance of these procedures. This review intends to
identify the hereditary syndromes that can benefit from
consideration of prophylactic GI surgery. The various
surgical options for each disease state will be discussed
including such details, as the timing of surgery, morbidity/
mortality, effectiveness, postoperative surveillance needs
and quality of life (QOL) following surgery.
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Hereditary diffuse gastric cancer (HDGC)

HDGC is an autosomal dominant inherited syndrome
primarily associated with the development of diffuse
gastric cancer (DGC). The identified mutation affects
the gene encoding for the E-cadherin protein (CDHI).
Mutation carriers have a greater than 70% risk of
developing (DGC) (3). Prophylactic total gastrectomy
(PTGQG) represents the only viable intervention to prevent
development of DGC in these patients. E-cadherin also
plays an important role in the development of lobular
breast cancer (LBC) and females with a CDHI mutation
are also at increased risk.

Epidemiology

Gastric cancer is divided histologically between
intestinal-type, related to H. pylori and environmental
factors, and diffuse-type, which is related to host factors,
and genetics (4,5). Approximately 10% of gastric cancers
are familial in origin. Li-Fraumeni syndrome, FAP,
Peutz-Jeghers syndrome (PJS), LS and a mutation in the
CDH]1 gene have all been associated with an increased
risk of gastric cancer (6). However, the overall lifetime
risk of gastric cancer is still low in most of these genetic
syndromes (3). Mutations in the CDHI gene, which
is located on chromosome 16q22.1, make up 1-3% of
familial associated gastric cancers and the syndrome
is called HDGC (7,8). This genetic mutation has high
penetrance with a mean age of developing gastric cancer
at age 38 and an overall lifetime risk of 67% in males
and 83% in females (9,10). Of the patients who meet
diagnostic criteria for HDGC, 30% possess CDHI gene
mutation. More than 100 different mutations of the
CDH]1 gene have been identified worldwide (11,12).
There is worldwide distribution of HDGC, with the
highest incidence present in Japan (13).

Pathophysiology

Mutation of the tumor suppressor CDHI gene results in
the loss of function of the protein E-cadherin, which is
responsible for cell-cell adhesion (14). This loss of function
impairs cell proliferation pathways ultimately leading to
adenocarcinoma. The mutation is inherited via autosomal
dominant distribution (7). LBC also has an association with
loss of E-cadherin, with lifetime risks reported between
40-60% for women (10,15).
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Diagnosis

The International Gastric Cancer Linkage Consortium
(IGCLC) has developed diagnostic criteria for HDGC,
which includes at least two cases of DGC in first or second-
degree relatives, one of which occurs prior to age 50, or
three documented cases regardless of age (10,16,17). The
original criteria was later broadened to include DGC in
individuals less than 40 years of age without a family history,
and individuals and families with diagnoses of both DGC
and LBC in which one of the cases is less than 50 years
of age (10). Other groups have also established guidelines
with slight variations from above, for who should be
considered for genetic testing for CDHI (6). Identification
of high-risk families via gene identification should prompt
testing in relatives and consideration of intervention.
The management of patients with a history suggestive of
HDGC but without a germline CDHI mutation has not
been established. The IGCLC recommends that intensive
endoscopic surveillance should also be offered to these
patients and their families (10).

Treatment

Preoperative endoscopic surveillance has not been effective
in detecting early cancer. A series of 23 patients with
HDGC underwent endoscopic surveillance with failure
to detect cancer in 91% of patients (18). Specifically,
in a study examining patients undergoing prophylactic
gastrectomy, preoperative chromoendoscopy was unable to
identify cancers 4 mm or less (19). Various institutions have
reported normal preoperative endoscopic examinations,
while adenocarcinoma was later confirmed after pathologic
sectioning of the gastrectomy specimen (4,20). Fujita ez al.
demonstrate that endoscopic biopsy remains a challenging
diagnostic gold standard to maintain, and should not be
offered in place of surgical therapy (21). Because of the
failure of endoscopic surveillance, prophylactic surgery has
become the recommended intervention.

For patients who meet criteria for HDGC and
test positive for mutation of the CDHI gene, PTG is
recommended beginning at age 20 due to low risk of
metastasis before this age (6,9,10,22). Another group
recommends that PT'G occur 5 years earlier than the age
of onset of the youngest relative, but not before 16 years
of age for nutritional and psychosocial reasons (23). The
general consensus is that PTG is probably inappropriate
until age 20 and surveillance can be undertaken beginning
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5 years prior age of youngest case until the patient reaches
age 20 (6). A prospective study from Stanford of 18 patients
with CDHI mutations revealed unrecognized cancer in
12/13 asymptomatic subjects after pathologic sectioning.
However, all of these cancers were stage I and there have
been no recurrences in this group with 37 months of follow-
up. In contrast, the five symptomatic patients had higher
stages and only one remained free of disease at the time of
follow-up. Based on these results the authors recommend
early prophylactic treatment (8). Total gastrectomy with
D1 node dissection is the recommended procedure and
can be performed entirely laparoscopically (8,24). Given
the lack of nodal metastases seen in asymptomatic patients
extensive lymphadenectomy seems unwarranted (8,20).
The method of reconstruction after gastrectomy is left
to the discretion of the operating surgeon, but complex
reconstructions can result in increased complication
rates (24). Less than a total gastrectomy is inappropriate and
it is essential to document the complete removal of gastric
mucosa by pathologic conformation of rims of esophageal
and duodenal mucosa at the two ends of the specimen (3).
HDGC does not have a predisposition for specific areas;
although reports of a dominant focus of cancer in the
proximal third of the stomach have been reported (25).
Additionally, metachronous cancers can develop in the
remaining stomach (6,16,26).

Surveillance

Previously we noted that endoscopic surveillance in known
carriers of a mutation is ineffective at identifying early
cancers. However surveillance has a role in very young
patients until they reach maturation, carriers declining PTG,
and in patients meeting criteria for HDG but not carrying
a known deleterious mutation. The recommendation
is annual endoscopy with using high-resolution white-
light endoscopy. All endoscopically visible lesions are
targeted and in addition, at least six random biopsies be
taken from the antrum, transitional zone, body, fundus
and cardia. This results in a minimum of 30 biopsies (10).
Autofluorescence and narrow-band imaging (NBI) are
probably of limited additional value (21). There is no
endoscopic surveillance needed after PTG.

Female carriers of the CDHI mutation have an increased
risk of LBC. The lifetime risk is approximately 40-60%.
Various groups have slightly different recommendations
for breast screening in CDH1 mutation carriers. IGCLC
recommends monthly breast self-examination, in addition
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to annual mammogram and breast MRI, beginning at
35 years of age. The Stanford cancer center recommends
annual screening but beginning at age 25 (10,23). Currently,
there is no indication for prophylactic mastectomy in
asymptomatic carriers of a CDHI mutation (3). Future
studies to better quantify the risk may identify patients
in whom prophylactic mastectomy may be appropriate.
There are reported associations with CDHI mutations
and colorectal cancer (CRC), but not enough data exists to
support additional colorectal screening (20).

Complications and QOL

Complications associated with elective total gastrectomy
include bleeding, infection, stricture, anastamotic leak,
bowel obstruction and anesthetic complications. In patients
undergoing total gastrectomy with reconstruction for cancer,
morbidity has been as high as 60% and mortality ranges from
0-4% (24). However studies, albeit small numbers, looking
specifically at PTG have shown that the surgery can be done
with low morbidity and no mortality (8,20,22).

Several studies have established that many patients
experience diarrhea, fatigue, postprandial discomfort,
and reflux after total gastrectomy (22,27). Significant
reduction in body weight (10-20%) occurs and personal
body image is affected. The majority of post-operative
gastrointestinal function and QOL following gastrectomy
comes from studies involving resection for cancer. This
data may not be entirely applicable to PTG patients
because of potential impact of an advanced cancer
diagnosis on long-term mental QOL and lack of long-
term survival in this group. Worster et 4l.’s prospective
cohort study of 32 patients undergoing prophylactic
gastrectomy used validated general and specific for post-
gastrectomy QOL questionnaires at 1, 3, and 12 months
post-surgery and annually thereafter. The study showed
an impairment of well-being within 30 days of surgery but
mental, physical, and emotional functionality returned
to preoperative levels within 6 months to 1 year (22).
These findings are also consistent with several other
studies (28,29). Although these studies show that QOL
related to daily functioning returns to baseline, individual
symptoms persist long-term (22). Many of these symptoms
are related to dumping syndrome, including diarrhea,
fatigue, reflux, and discomfort when eating. In addition to
dumping symptoms, eating restrictions, and body image
change persist post-surgery. Based on this study global
QOL appears to fully recovery, however there remain some
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specific aspects of both physical and mental health that
persist long term.

Summary

HDGC represents 1-3% of familial gastric cancers.
Screening for families with gastric and LBC should occur
to determine who should be tested for CDHI mutations.
Endoscopy is not a recommended screening modality as
it is not sensitive enough to identify early cancers. The
treatment of choice for HDGC is PTG with D1 node
dissection and appropriate reconstruction, beginning at age
20, or 5 years younger than the age of the earliest familial
diagnosis. Women should undergo annual mammogram and
breast MRI screening at a young age. QOL after PTG is
diminished within the first postoperative month but returns
to baseline within 1 year compared to the general public.

Familial adenomatous polyposis (FAP)

FAP is characterized by the development of multiple (>100)
colorectal adenomas throughout the colon and rectum (30).
Because of the high lifetime risk of developing cancer and
the high penetrance of FAP, strict guidelines for diagnosis
and screening have been meticulously developed to identify
those who may harbor the disease. Consequently, there
are well-established regimens for surgical prophylaxis.
The role of the surgeon in caring for these patients
involves consideration for prophylactic surgery, endoscopic
surveillance, and the possibility of additional surgery if
cancer develops in remaining at risk tissue. FAP and AFAP
also have a propensity for developing upper gastrointestinal
neoplasms and extra-intestinal pathologic conditions.
Duodenal and peri-ampullary adenomas may affect up
to 90% of patients with FAP, and have a 10% lifetime
risk of developing carcinoma proximal to the ligament
of Treitz (31-33). Fundic gland gastric polyps can also
complicate FAP, but pose minimal risk of carcinoma (34).
Desmoid tumors occur in 15 to 20 percent of patients
with FAP, causing significant morbidity via obstruction or
encroachment on mesenteric vessels (35-37). Papillary and
follicular thyroid cancer and pediatric hepatoblastoma have
a known association with FAP (38).

Epidemiology

Identification of the APC gene mutation is paramount in
these patients due to the autosomal dominant transmission,
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and a high penetrance with a cancer risk approaching
100% by age 60 (30,39,40). The mutation is responsible
for 1% of colon cancers in the United States, and occurs
once in every 10,000 to 30,000 births (41). The average
age of cancer diagnosis is 40, with a large portion of those
with the mutation developing adenomatous polyps by
age 35 (40). There is no gender-specific or geographic
disposition. These patients are also at risk of developing
peri-ampullary and duodenal adenomas, as well as desmoid
tumors (32,42,43). AFAP has a similarly high lifetime risk of
developing CRC upwards of 80% but has a later mean age
of diagnosis and onset of disease at 56 (44,45).

Pathophysiology

The APC gene is a tumor suppressor gene located on
chromosome 5q21 and 5q22. In FAP it is inactivated
resulting in loss of function (30,40,44,46). The mutation
is inherited via autosomal dominant distribution and has
variable but typically high penetrance. Some patients have
no family history of FAP and approximately 25 percent of
mutations are de novo (46). Analysis has shown over 800
different pathogenic mutations in APC, and analysis of
disease phenotype has revealed correlations with the site
of the mutation for numbers of polyps, age of onset and
extra-intestinal manifestations (30,47). This allows clinically
helpful predictions of the course of the disease and timing
of surgery. The classically known FAP mutations are found
between codons 169 to 1,393. AFAP patients will have
mutations of the gene at the terminal ends: 5’ to codon
158 and 3’ to codon 1,596 (44-46). The loss of function
propagates the dysplasia-carcinoma sequence throughout
the entire colon and rectum, resulting in polyposis.

Diagnosis

The diagnosis of FAP is usually based on the clinical finding
of 100 or more polyps, or with fewer than 100 polyps but
with a family history of FAP (30). AFAP is phenotypically
expressed as 10-99 polyps with a right-sided predominance
(30,40,48). Genetic testing should be performed for
confirmation of the diagnosis of FAP in a patient with colon
polyps or prior to development of polyps in patients who
are at risk for FAP. First-degree relatives of FAP patients
should undergo genetic counseling and screening for
FAP between the ages of 10 and 12 years of age (30). The
diagnosis of FAP is made via genetic testing and appropriate
screening in those with a family history of FAP or AFAP.
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For de novo mutations, the diagnosis is typically made
during endoscopic examination. The typical diagnostic
procedure of choice in detection of CRC is endoscopy. The
hallmark of FAP is hundreds to thousands of pan-colonic
adenomatous polyps. Histologically, these polyps pose no
greater risk of colorectal carcinoma in patients who have
adenomas without FAP. The quantity of polyps numbering
in the hundreds to thousands is what leads to the inevitable
malignant transformation to CRC.

Treatment

Treatment strategies should be determined on the basis of
disease presence (polyps), family history/mutation location,
and life circumstances. Patients with a personal history of
classical FAP should undergo prophylactic proctocolectomy
or colectomy at a determined appropriate time. Patients
without polyps but with a known APC disease-causing
mutation should be recommended for flexible endoscopy
every 12 months beginning at 10-15 years of age. Patients
without polyps and negative genetic testing results but with
family history of mutation can undergo colorectal screening
based on average risk recommendations. Patients without
polyps, with a family history of mutation but decline testing
should have endoscopy beginning at 10-15 years of age
and gradually decrease the interval over time if clinical
disease is not found (49). CRC is rare before the age of
20 so prophylactic surgeries can usually be delayed until
physical maturity, particularly in asymptomatic patients (39).
Beyond that, when to perform the surgery is important for
the patient from a social and lifestyle perspective balanced
against risk of malignancy. Patients who develop symptoms
such as bleeding or obstruction should have surgical
intervention at the time of presentation given a high risk of
malignancy (50). Timing of surgery for female FAP patients
involves fertility and timing of childbirth considerations.
Extensive pelvic surgeries can compromise fecundity
through scarring, pelvic nerve injuries and damage to pelvic
structures (39,51). Often the patients will choose a time in
life that is ideal for surgery and postoperative recovery, such
as a period between jobs or a transition period before or
after higher education (39).

The surgical prophylactic treatment of FAP has three
utilized procedures: total proctocolectomy with end
ileostomy, total proctocolectomy with ileal-pouch anal
anastomosis (IPAA), and total colectomy abdominal
colectomy with ileorectal anastomosis (IRA) (47). Total
proctocolectomy with end ileostomy has become less
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common given most patients desire to retain intestinal
continuity. The chosen procedure is a balance of reducing
future cancer risk while preserving bowel function and
QOL. While IRA maintains better bowel function, there
is cancer risk associated with the remaining rectum. IPAA
reduces the CRC risk to a very small level, but results in
worse bowel function when compared to an IRA (39).
Studies consistently show better bowel function for IRA
when compared to IPAA particularly in regard to nocturnal
soiling, incontinence and frequency of nighttime bowel
movements (52).

Historically the need for completion proctectomy
following colectomy with IRA could exceed 30% due to
the development of rectal cancer. However, the advent of
IPAA allows patients who are at high risk for rectal cancer
but desired to maintain intestinal continuity an option other
than IRA. This allows better selection of patients to undergo
IRA, thereby decreasing the rate of salvage proctectomy.
The Cleveland Clinic examined their experience with IRA
before and after the introduction of IPAA. The completion
proctectomy rate dropped from 50% in the pre-pouch era
to 2% in the pouch era (47). IRA for FAP is the preferred
operation if the rectum is relatively spared. Less than five
rectal adenomas at initial presentation correlate with a low risk
of failure with IRA. Conversely, 20 or more rectal adenomas
imply severe disease and IRA should be avoided (53).
Given the fewer number of polyps and the later onset, AFAP
patients are good candidates for IRA (39). Adenomas and
carcinomas can develop in patients following IPAA for FAP.
"This can occur in the transitional zone of the anus or the ileal
pouch (39,54). Finally, IPAA is still possible with comparable
outcomes after an initial IRA (55).

There are two types of anastomosis for IPAA, hand-sewn
and stapled. The hand-sewn anastomosis sews the ileum
to the dentate line after first removing all of the mucosa
above this. This has the advantage of removing theoretically
all of the at risk tissue. The stapled technique creates the
anastamosis 1-2 cm above the dentate line preserving the
transition zone. This has the theoretical advantage of a
lower risk of anal sphincter damage given less dissection
with an improvement in post-operative bowel function.
Furthermore, the transitional zone is implicated in the
discrimination between feces and gas. Finally the extra
1-2 cm above the dentate can aid in creating an anastamosis
with a short mesentery or other condition limiting length
into the pelvis of the ileum (56). There have been a number
of prospective, randomized trials comparing a hand-sewn
to a stapled anastomosis that have not shown a significant
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difference in postoperative bowel function (57-60).
However, these are small studies and may not be adequately
powered to show a difference. To account for this a meta-
analysis has been performed to increase the statistical
power. The meta-analysis by Schluender ez /. included only
prospective randomized trials and again found no significant
differences in postoperative bowel function but was again
limited by small numbers (86 hand-sewn patients compared
to 98 stapled patients) (61). A larger meta-analysis that
included prospective randomized trials but also prospective
non-randomized and retrospective studies evaluated
4,183 patients and found more frequent incontinence to
liquid stool and an increase in nighttime seepage in the
hand-sewn group. The mean number of stools per day,
nighttime bowel movements, and daytime seepage were
all similar (62). Finally, a very large single institution
prospective database found improved overall QOL, and
although the adenoma rate was higher in the stapled group,
cancer rates were similar (63). This increased risk of polyps
and dysplasia in the stapled group but similar overall rates
of cancer has been seen in several other studies as well
(64-66). This may be related to an inability to completely
eradicate at risk mucosa. Residual rectal mucosa is present
in up to 20% of patients after mucosectomy and there is
a low rate of dysplasia within the transitional zone (67).
Remzi et al. found a 4.5% incidence of anal transitional
zone (ATZ) dysplasia at a median follow-up of 130 months
and no cases of invasive cancer (66). Overall comparison
between the two techniques regarding functional outcome
and cancer risk reduction does not show a clear advantage
of either and both techniques should be in the skill set
of surgeons performing restorative proctocolectomy. All
patients regardless of the type of prophylactic surgery
performed require surveillance due to the tendency for
adenomas to develop in the ileum, as well as in the rectum
if IRA is performed (30,68,69).

As mentioned previously, the location of the mutation
on the APC gene can impact treatment decisions. Patients
with codon 1,309 or 1,328 mutations have onset of polyps
in their 20’s and profuse polyposis and should undergo
IPAA because of the risk of rectal cancer if IRA is done
(39,47). Mutations at the 5’ end and 3’ end of the APC
gene are associated with AFAP associated with a later age
of onset and fewer polyps and can generally undergo IRA
(30,39,47). Although in general there is correlation between
a specific genotype and phenotype, there can be marked
heterogeneity in expression, between patients with the
same mutations (30). The decision about which operation
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to recommend is driven primarily by phenotype (polyposis
severity).

Mutations 3’ of codon 1,400 are associated with desmoid
disease. Desmoid disease can lead to serious morbidity and
potential mortality in patients with FAP and a strategy is
to defer surgery in these patients for as long as possible
may be appropriate (47). Patients predisposed to desmoid
tumors also prove to be challenging when planning surgery,
as they tend to form even after the colon is removed,
resulting in extrinsic compression of peritoneal structures
and organs (42,43,70,71). In this subset of patients who
develop desmoids, IPAA is preferred; additional surgery or
completion proctectomy would be extremely challenging
(70,71). In IRA patizents, if desmoids do develop
and propagate adhesions and mass effect, completion
proctectomy may become extremely problematic (37,38).

Surveillance

Surveillance is dependent on the initial prophylactic surgery
chosen by the surgeon and the patient. All patients require
surveillance due to the propensity for ileal adenomas to
develop postoperatively. At 7 years follow-up in IPAA
patients, there is a 42% risk of pouch polyposis (72). In
patients who have undergone IRA, annual endoscopic
surveillance and detection of polyps dictates future surgical
intervention. If greater than 20 polyps are identified,
completion proctectomy is recommended (39,53).

In FAP patients who have undergone prophylactic
surgery, the most common cause of death is peri-
ampullary and duodenal adenocarcinoma. The American
Society for Gastrointestinal Endoscopy recommendations
includes front and side viewing endoscopic examinations
beginning at the age of lower endoscopic screening,
however there is no established frequency or interval of
endoscopic examination (68). European guidelines use
Spigelman classification (Table 1) of polyp burden to dictate
interval of endoscopy (38,73). Pancreas-preserving total
duodenectomies have been performed for large polyp
burdens with good results. Other authors report performing
pylorus-preserving pancreaticoduodenectomy and total
duodenectomy without pancreatectomy but no standard
of case for prophylactic upper gastrointestinal surgery has
been established (32,74-78).

Complications and QOL
A meta-analysis of 12 studies with IRA versus IPAA had
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Table 1 Modified Spigelman’s score and classification

Score
Factor - - -
1 point 2 points 3 points
No. of polyps 1-4 5-20 >20
Polyp size, mm 1-4 5-10 >10
Histology Tubulous Tubulovillous  Villous
Dysplasia Low grade - High grade

Classification: no polyp, stage 0; 1 to 4 points, stage I; 5
to 6 points, stage Il; 7 to 8 points, stage Ill; 9 to 12 points,
stage IV. Reprinted with permission. © (2004) American
Society of Clinical Oncology. All rights reserved. Saurin, J-C
et al.: J Clin Oncol 22 (3), 2004: 493-98.

comparable postoperative complication rates, including
bleeding, sepsis, anastomotic leak, and obstruction, but
IPAA returned to the operating room for correction within
30 days more frequently (69). There is decreased fertility in
females and impotence in males following IPAA that is not
observed in IRA (51,79). Although studies uniformly show
differences in post-operative bowel function between IRA
and TPAA, differences in overall QOL are not identified in
all studies (52,80-85).

The lack of an impact of altered bowel function
on overall QOL is seen also following IPAA. A recent
evaluation of QOL following IPAA in 116 patients with
FAP showed that almost half of the patients reported greater
than six bowel movements per day, 29% reported at least
two nocturnal bowel movements, one quarter had impaired
continence, 47% complained of daytime seepage and 57%
with nighttime seepage. Despite these significant changes
in bowel function their generic QOL scores were similar
to the general population (86). It appears that assessing
patients’ QOL with generic measures is insufficient
to evaluate the impact of surgery on their lives (87).
Evaluations into the impact of surgery may need to focus
on more specific gastrointestinal functional concerns to
adequately council patients regarding options.

Summary

FAP is the most extensively studied genetic syndrome
with indications for prophylactic surgery. Several methods
of treatment have been established, each with its own
advantages and disadvantages. Those who possess the APC
gene mutation or fall into the category of AFAP should
undergo prophylactic surgery. The extent and specific
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procedure should be dictated by disease phenotype and
patient preferences. Surveillance is a necessity to assess for
future adenomas, and upper endoscopy is also warranted to
detect duodenal and peri-ampullary adenomas. Patients do
experience increased frequency of stools compared to the
general public, as well as night soiling and incontinence, but
objective measurements of their QOL are equivalent to the
general public.

Hereditary nonpolyposis colon cancer

Hereditary nonpolyposis colorectal cancer (HNPCC) or LS
is an autosomal dominant condition caused by a mutation in
one of the mismatch repair (MMR) genes: MLHI1, MSH2,
MSHG6 or PMS?2 (88). The primary predisposition for cancer
in these patients is right-sided colon cancer and endometrial
cancer. Additional associated malignancies include stomach,
breast, ovaries, urinary tract, brain, and soft tissues (89,90).
HNPCC is probably the most common inherited CRC
syndrome accounting for 1-3% of all CRC (88). Prophylactic
surgery for HNPCC differs to that of FAP in terms of extent
of colectomy. The role for prophylactic surgery in HNPCC
is not as well defined as in FAP.

Epidemiology

MLHI and MSH?2 are the most commonly associated
mutations in the MMR genes, present in 90% of HNPCC
patients (91). The overall spectrum of HNPCC has a
70% risk of developing cancer by age 70 and a mean
age of diagnosis in the fifth decade of life (89). CRC is
predominantly right sided, but the risk of metachronous
cancers is relatively high in the remainder of the colon,
with a 40% risk of developing a second tumor within
7 years. There is wide variation in cancer risk within and
between families indicating that the risk is influenced by
environmental and genetic factors (92). Women also have a
high lifetime risk of developing endometrial cancer at 40-
60%, with mean age of diagnosis at 50, and a 12% lifetime
risk of ovarian cancer (93,94).

Pathophysiology

The DNA MMR genes MSH2, MLHI1, MSH6, PMS1,
PMS2, and MLH3 have all been identified in the
involvement of HNPCC, with a lifetime cancer risk of
approximately 70-80% (95,96). These genes, when mutated
or silenced via hypermethylation, allow damaged DNA
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Table 2 Amsterdam criteria II: all of the following must apply
for a putative diagnosis of HNPCC to be made in a family

There are at least three relatives with an HNPCC-
associated cancer (large bowel, endometrium, small bowel,
ureter, or renal pelvis, though not including stomach, ovary,
brain, bladder, or skin)

One affected person is a first-degree relative of the other
two

At least two successive generations are affected

At least one person was diagnosed before the age of

50 years

Familial adenomatous polyposis has been excluded
Tumors have been verified by pathologic examination

Reprinted with permission. © (2004) American Society of
Clinical Oncology. All rights reserved. Lipton, LR et al.: J
Clin Oncol 22 (24), 2004: 4934-43.

Table 3 Modified Bethesda guidelines for MSI testing:
tumors from any of the following should be tested for MSI (or
by immunohistochemistry) and then positive patients should

continue for MMR testing

CRC < age 50 years

Synchronous or metachronous colorectal or other HNPCC-
associated tumors regardless of age

CRC with MSI-positive morphology < age 60 years

CRC with one or more first-degree relatives with CRC or
other HNPCC-related tumor, with one of the cancers < age
50 years

CRC diagnosed with one or more first-degree relatives
with an HNPCC-related tumor [colorectal, endometrial,
stomach, ovarian, pancreas, bladder, ureter and renal
pelvis, biliary tract, brain (usually glioblastoma as seen
in Turcot syndrome), sebaceous bland adenomas and
keratoacanthomas in Muir-Torre syndrome, and carcinoma
of the small bowel], with one of the cancers being
diagnosed under age 50 years, or CRC diagnosed in two or
more first or second degree relatives with HNPCC-related
tumor, regardless of age

MSI, microsattelite instability; MMR, mismatch repair;
CRC, colorectal cancer; HNPCC, hereditary nonpolyposis
colorectal cancer. Reprinted with permission. © (2004)
American Society of Clinical Oncology. All rights reserved.
Lipton, LR et al.: J Clin Oncol 22 (24), 2004: 4934-43.
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to replicate indiscriminately, resulting in transformation
and carcinogenesis (97). Extensive modification via
microsatellite instability is thought to be responsible for

adenocarcinoma present in HNPCC patients and 15% of
other CRCs (98).

Diagnosis
HNPCC is suspected in families with early onset of CRC or

associated malignancies (endometrium, renal pelvis/ureter,
stomach, small bowel, ovary, brain, and also sebaceous
tumors), a high rate of synchronous and metacronous
cancers and a right sided predominance of the colon
cancers (99). Multiple diagnostic guidelines to identify
these individuals have been developed, the most common
being Amsterdam and Bethesda criteria (100) (Tubles 2,3).
However these criteria are complex and lack sensitivity (88).
The population most easily identified is those who present
with CRC. A prospective molecular screening was applied
to over 10,000 CRC cases and found an incidence of
HNPCC associated mutations of 3.1% (101). This has
led some groups to recommend testing all CRC tumors
with immunohistochemistry or microsattelite instability
(MSI) (88). This approach has been shown to be cost-
effective (102). Patients with MSI-high tumors should
undergo testing for germline MMR mutations (100).

Treatment

There are currently no guidelines for prophylactic surgery
in asymptomatic patients with HNPCC (96). There are
several concerns regarding making recommendations
for prophylactic colon surgery including: a high risk of
developing several types of cancer (not just colon), risk of
cancer in retained rectum, timing of surgery (HNPCC is
not characterized by a large number of polyps), and because
not all mutation carriers will develop cancer (103). The
argument for prophylactic colectomy in HNPCC is the risk
of developing colon cancer in HNPCC is not significantly
lower than in FAP. The penetrance of FAP is near 100%
and the penetrance in HNPCC is 70-85% and the average
age of onset of cancer is less than a decade later in HNPCC.
Additionally because of the right-sided predominance of
cancer in HNPCC, IRA is the procedure of choice instead
of IPAA (104,105). IRA is also amenable to minimally

invasive techniques potentially further decreasing impact of
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surgery on QOL (103,105).

There are no direct comparisons between surveillance and
prophylactic surgery in HNPCC. Syngal ez 4/. used a Mrakov
model to evaluate the benefit of surveillance colonoscopy
to prophylactic total colectomy to total proctocolectomy at
various ages. They found that total protocolectomy at age
25 years had an increase in life expectancy (LE) of 15.6 years
compared to subtotal colectomy of 15.3 years and surveillance
colonoscopy of 14.2 years. They also found that the benefit of
surgery over colonoscopy becomes less than 1 year if surgery
is done at an age of 40 or greater and negligible if done
following the diagnosis of a cancer. Finally, if quality adjusted
LE is examined, surveillance is superior to surgery (106).
Given the available evidence, prophylactic colorectal surgery
can be considered in select individuals based upon age, the
histologic characteristics of the polyp(s) if present, cancer
pattern in the family and probably most importantly their
willingness and ability to follow the recommended rigorous
surveillance program (105,107).

Prophylactic surgery for endometrial and ovarian
cancer has been better established in HNPCC. There is
sufficient evidence supporting prophylactic hysterectomy
and oophorectomy; a cohort of 61 patients who underwent
prophylactic surgery had no evidence of cancer after
10-year follow-up (108). Evidence supports the use of
prophylactic gynecologic surgery in this patient population
and should be routinely offered (109). Laparoscopic
colectomy, hysterectomy, and bilateral oophorectomy can
all be performed within the same operation safely (103).

Surveillance

Colonoscopy should be performed at regular intervals in
patients with HNPCC beginning at 20-25 years. Colonoscopy
every 3 years has been shown to reduce CRC and decrease
overall mortality by 65% in HNPCC cohorts (110). Several
studies have looked prospectively at shorter intervals to
decrease the development of interval cancers. It appears that
decreasing the interval to 1-2 years is optimal to prevent
advanced stage interval cancers (88,100).

Screening for endometrial cancer is also important in
HNPCC. The American Cancer Society recommends
annual trans-vaginal ultrasound and endometrial sampling
annually starting at age 30 in patients with LS (111).

Quality of life (QOL)
QOL scores for IPAA and IRA have been demonstrated
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in patients with FAP above. For patients with LS who
undergo similar procedures, QOL can be assumed
equivalent. Evidence supports the laparoscopic approach
for prophylactic surgery. Consistent with most laparoscopic
procedures decreased postoperative pain and recovery time
is well described in the literature (103,105).

Summary

HNPCC is genetically and biologically different from
FAP, with a more diverse spectrum of disease phenotype.
Identification of asymptomatic patients can be difficult
given current criteria that lack sensitivity. Screening all
CRC cancer patients’ tumors offers a potential to identify
index cases and additional family members. The role of
prophylactic colon surgery is not well defined but can
be considered in select individuals. Females should be
routinely screened for endometrial cancer and prophylactic
hysterectomy can be offered if the patient does not desire
children.

MUTYH and hamartomatous polyposis
syndromes

Other less common genetic syndromes that are inherited
differently include MUTY homolog associated polyposis
(MAP), PJS, and Juvenile polyposis syndrome (JPS).

MTYH is a base excision repair (BER) gene located on
chromosome 1p35 and is involved in repairing oxidative
DNA damage (112). MUTYH is a germline mutation with
widely varying phenotype, ranging from classic polyposis
with adenomas in the thousands, to a similar presentation
of AFAP, with only several to dozens of polyps; and polyps
can be serrated. Given the clinical variability it has been
proposed that MUTYH testing should be considered
in early-onset CRC patients with intact DNA MMR,
regardless of family history or number of colonic polyps.

In a recent population based case-control study
MUTYH mutations accounted for 0.7% of CRC (113).
MUTYH-related CRC are seen in younger patients and
have a right-sided predominance. The risk of CRC is
highest in patients who are homozygous for the mutation
but there appears to be a small increase in risk for even
heterozygotes. Biallelic CRC risk approaches 80% by
age 70 (114). Associated extra-intestinal manifestations of
the syndrome include duodenal adenomas, skin, ovarian, and
bladder (115). There are no specific screening guidelines
for MUTYH mutations established. However, given the
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established increased CRC risks guidelines for FAP can
be used but beginning at a later age (25-30 years) given
later onset (112). There are no established guidelines
regarding prophylactic surgery but depending on number
and location of the polyps, patients with MYH biallelic
mutations should undergo total colectomy or restorative
proctocolectomy, just like AFAP (116). Extensive polyposis
involving the rectum mandates proctocolectomy (117).
If the rectum is spared they can probably undergo IRA but
long-term data regarding subsequent rectal cancers in the
remaining rectum is limited (38).

PJS is an autosomal dominant inherited syndrome
that predisposes the affected individual to a number of
malignancies. The mutation is in the serine threonine
kinase (STK) gene (115). PJS, patients present with buccal
and mucosal pigmentation as well as gastrointestinal
hamartomatous polyps (118). The diagnosis of PJS requires
histologic confirmation of a hamartomatous, Peutz-Jeghers-
type polyp. These polyps can also be seen in individuals who
do not have PJS; therefore in addition to the hamartoma
at least two of the following must be present: small bowel
polyposis, family history of PJS; or pigmented macules
of buccal mucosa, lips, fingers, and toes (119). These
hamartomas cause a number of issues for the patients,
including intussusception, bowel obstruction, and dysplastic
transformation to adenocarcinoma (118). In addition to
an increase risk of CRC other associate cancers include
gastric, small bowel, pancreatic, breast, ovarian, lung,
cervical, and uterine/testicular (120). A European consensus
statement recommended upper endoscopy, colonoscopy
and capsule endoscopy beginning at age 8 and repeated
every 3 years if polyps present. If no polyps are present the
exams are repeated at age 18 and then every 3 years. At age
50 surveillance should be every 1-2 years (121). Although
the risk of all cause cancer death is elevated in PJS the risk
of CRC is only 3-8% in followed cohorts (118). Therefore
prophylactic colectomy cannot be advocated based on the
available evidence.

Conclusions

As research and technology advances, these congenital
and inherited conditions may one day be treated via gene
therapy or cellular manipulation. For now, prophylactic
surgery is the only curative option. As the surgeon
approaches the patient with said condition, he or she
must take several things into consideration: the patient’s
desire for surgery, their willingness for postoperative
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surveillance, their postoperative QOL, and genetic testing
for their family members who also would need prophylactic
surgery. Surgical technique has evolved rapidly over the
last few decades and utilization of minimally invasive and
laparoscopic techniques has improved patient satisfaction
and improved QOL. This can potentially make prophylactic
surgery more appealing. Postoperative surveillance methods
for recurrence as well as secondary malignancies have
improved as the general understanding of the disease
process becomes more apparent. The timeline for genetic
solutions is unknown at this time; thus, the surgeon remains
an important part of preventing the development of cancer
in patients with inherited cancer syndromes.
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