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The Multi-Society Task Force, in collaboration with
invited experts, developed guidelines to assist health
care providers with the appropriate provision of genetic
testing and management of patients at risk for and
affected with Lynch syndrome as follows: Figure 1 pro-
vides a colorectal cancer risk assessment tool to screen
individuals in the office or endoscopy setting; Figure 2 il-
lustrates a strategy for universal screening for Lynch syn-
drome by tumor testing of patients diagnosed with
colorectal cancer; Figures 3-6 provide algorithms for ge-
netic evaluation of affected and at-risk family members
of pedigrees with Lynch syndrome; Table 10 provides
guidelines for screening at-risk and affected persons
with Lynch syndrome; and Table 12 lists the guidelines
for the management of patients with Lynch syndrome. A
detailed explanation of Lynch syndrome and the method-
ology utilized to derive these guidelines, as well as an
explanation of, and supporting literature for, these guide-
lines are provided.

Colorectal cancer (CRC) is a major American health
problem that ranks as the second leading cause of cancer
death after lung cancer. In the United States, approxi-
mately 143,000 new cases are diagnosed each year, and
51,000 Americans die annually from this disorder.1

The cause of CRC is multifactorial, with environment
and inheritance playing varying roles in different patients.2

Approximately 70%�80% of patients with CRC seem to
have sporadic disease with no evidence of an inherited dis-
order. In the remaining 20%�30%, a potentially definable
inherited component might be causative.3

Lynch syndrome (LS), an autosomal dominant condition,
is the most common cause of inherited CRC, accounting for
about 3% of newly diagnosed cases of colorectal malig-
nancy.4-8 The eponym “Lynch syndrome” recognizes Dr
Henry T. Lynch, the first author on the original 1966 publi-
cation that comprehensively described this condition.9

In the early 1990s, mutation of genes in the DNA
mismatch repair (MMR) pathway were implicated as the
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cause of LS, and the presence of the mutations now
defines the syndrome. Since then, germline testing with
increasing sensitivity has been available for patients, as
additional genetic discoveries have occurred. When used
appropriately, genetic testing for LS can confirm the diag-
nosis at the molecular level, justify surveillance of at-risk
persons, decrease the cost of surveillance by risk strati-
fication, aid in surgical and chemoprevention manage-
ment, and help in decisions concerning family and career
planning. However, when used inappropriately, genetic
testing can misinform affected patients with false-negative
results and waste patient and societal resources.

The goal of this consensus document is to critically analyze
the current literature and provide “best practice” evidence-
based recommendations for diagnosis and management
strategies to health care providers caring for these patients.
METHODOLOGY

Literature review
A systematic computer-aided search of MEDLINE from

2005 to 2012 was performed focusing on LS, hereditary
nonpolyposis colorectal cancer (HNPCC), and associated
reports of genetic testing. The search identified all litera-
ture under the medical subject headings and text words,
“hereditary nonpolyposis colorectal cancer,” “HNPCC,”
“Lynch syndrome,” “Muir Torre syndrome,” “Turcot syn-
drome,” and “gene/genetic testing.” In addition, a search
was conducted using references from all retrieved reports,
review articles, and textbook chapters. Publications were
retrieved, and the authors synthesized and assessed the
quality of the available data with respect to topicality and
timeliness. Differences among reviewers concerning inclu-
sions were resolved by consensus. Editorials and letters to
the editors were excluded from this review.
Levels of evidence
A variety of different types of publications were

reviewed, including randomized controlled trials, retro-
spective and prospective observational cohorts, and
population-based and case-control studies. The strength
of the evidence from these sources was rated according
to the National Cancer Institute levels of evidence for can-
cer genetic studies (Table 1).14
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TABLE 1. Levels of Evidence by National Cancer
Institute Levels of Evidence for Cancer Genetic Studies

Level of
evidence Description

I Evidence obtained from at least 1
well-designed and well-controlled
randomized controlled trial that
has either:
a. Cancer end point with mortality or

incidence, or
b. Intermediate end point

II Evidence obtained from well-designed
and well-conducted nonrandomized
controlled trials that have:
a. Cancer end point
b. Intermediate end point

III Evidence obtained from well-designed
and well-conducted cohort or case-control
studies with:
a. Cancer end point
b. Intermediate end point

IV Evidence from descriptive studies with:
a. Cancer end point
b. Intermediate end point

V Conclusions from authorities based on
clinical experience, descriptive studies
and/or expert committees

TABLE 2. Rating of Evidence by Grades of
Recommendation, Assessment, Development, and
Evaluation Methodology

Rating of
evidence

Impact of potential
future research

A. High quality Very unlikely to change confidence
in the estimate of effect

B. Moderate
quality

Likely to have an important impact
on confidence and might change
estimate of effect

C. Low quality Very likely to have an important
impact on confidence in the estimate
of effect and is likely to change
the estimate

D. Very low
quality

Any estimate of effect is very
uncertain

TABLE 3. Gene-Specific Cumulative Risks of Colorectal
Cancer by Age 70 Years in Lynch Syndrome

Gene
mutation
carriers Risk, %

Mean
age at

diagnosis,
y References

Sporadic
cancer

5.5 69 29

MLH1/MSH2 Male: 27–74
Female: 22–53

27–46 17–21, 23

MSH6 Male: 22
Female: 10
Male and
female: 18

54–63 17, 22

PMS2 Male: 20
Female: 15

47–66 25

Genetic evaluation and management of Lynch syndrome
In addition, a well-accepted rating of evidence, Grades
of Recommendation, Assessment, Development, and Eval-
uation (GRADE), which relies on expert consensus about
whether new research is likely to change the confidence
level (CL) of the recommendation was also utilized for eval-
uation of LS interventions (Table 2).15
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The Multi-Society Task Force is composed of gastroen-

terology specialists with a special interest in CRC, repre-
senting the following major gastroenterology professional
organizations: American College of Gastroenterology,
American Gastroenterological Association Institute, and
the American Society for Gastrointestinal Endoscopy.
Also, experts on LS from academia and private practice
were invited authors of this guideline. Representatives of
the Collaborative Group of the Americas on Inherited
Colorectal Cancer and the American Society of Colon and
Rectal Surgeons also reviewed this manuscript. In addition
to the Task Force and invited experts, the practice com-
mittees and Governing Boards of the American Gastro-
enterological Association Institute, American College of
Gastroenterology, American Society for Gastrointestinal
Endoscopy reviewed and approved this document.
LYNCH SYNDROME CHARACTERISTICS

Clinical manifestations
In 1966, Dr Henry T. Lynch and colleagues reported

familial aggregation of CRC with stomach and endometrial
tumors in 2 extended pedigrees and designated this condi-
tion cancer family syndrome.9 Later, to differentiate this
syndrome from the other well-known inherited form of
CRC, familial adenomatous polyposis, the appellation
hereditary nonpolyposis colorectal cancer was utilized.
In 1984, the term Lynch syndrome was coined by Boland
and Troncale to refer to this disorder.16 Today this condi-
tion is called Lynch syndrome. This designation is correctly
applied to families and patients with a germline mutation
in an MMR gene or loss of expression of the MSH2 gene
due to deletion in the EPCAM gene. Also, this name is
www.giejournal.org
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TABLE 4. Cumulative Risks of Extracolorectal Cancer by Age 70 Years in Lynch Syndrome

Cancer
Risk general
population, % Risk in LS, %

Mean age at
diagnosis, y References

Endometrium 2.7 65 17–19, 21, 22, 24, 25

MLH1/MSH2 14–54 48–62

MSH6 17–71 54–57

PMS2 15 49

Stomach !1 0.2–13 49–55 17, 40, 44–48

Ovary 1.6 4–20 43–45 17, 28, 39, 40, 44, 46, 48

Hepatobiliary tract !1 0.02–4 54–57 17, 28, 39, 44

Urinary tract !1 0.2–25 52–60 17, 39, 40, 44, 46, 48, 49

Small bowel !1 0.4–12 46–49 17, 40, 44, 46, 48

Brain/central nervous system !1 1–4 50 39, 40, 44, 46

Sebaceous neoplasm !1 1–9 NA 41, 42

Pancreas 1.5 0.4–4.0 63–65 44, 50–52

Prostate 16.2 9–30 59–60 44, 48, 53, 59

Breast 12.4 5–18 52 44, 48, 56, 57

NA, Not available.

Genetic evaluation and management of Lynch syndrome
more appropriate than HNPCC because most LS patients
will develop one or several adenomatous polyps, which
makes the term nonpolyposis misleading.

LS is an autosomal dominant disorder with colorectal
malignancy as the major clinical consequence.4-8 The life-
time risk of CRC in LS has been variably estimated and ap-
pears dependent on sex and the MMR gene mutated.17-23

Most reports of lifetime risks of CRC for MLH1 and MSH2
gene mutation carriers range from 30% to 74% (Table 3).
Lower cumulative lifetime risk for colorectal malignancy
ranging from 10% to 22% has been found in patients
with MSH6 mutations24 and 15%�20% in those with
PMS2 mutations.25 Mean age at CRC diagnosis in LS pa-
tients is 44–61 years6,26-28 compared with 69 years in spo-
radic cases of CRC.29 In LS, colorectal tumors arise
primarily (60%�80%) on the right side of the colon (prox-
imal to the splenic flexure) compared with 30% in sporadic
CRC.30 A high rate of metachronous CRC (16% at 10 years;
41% at 20 years) is noted in LS patients with segmental sur-
gical resection of the initial CRC.31-33 The precursor lesion
for LS appears to be a discrete colonic adenoma, which
can occasionally be flat rather than elevated/polypoid.
Compared with patients with attenuated polyposis syn-
dromes, LS patients develop fewer colorectal adenomas
by age 50 years (usually !3 neoplasms).34 LS colorectal
adenomas typically demonstrate features of increased
risk of cancer, including villous histology and high-grade
dysplasia.35 The adenoma�carcinoma sequence appears
www.giejournal.org
more rapid in LS with polyp to cancer dwell times esti-
mated at 35 months compared with 10–15 years in spo-
radic cancer.34 This phenomenon is likely related to
dysfunction of the MMR genes, leaving frequent DNA
mismatches in multiple genes leading to malfunction
of these genes. The histopathology of LS CRC is more
frequently poorly differentiated, can be signet cell histol-
ogy, abundant in extracellular mucin, with tumor infil-
trating lymphocytes, and distinguished by a lymphoid
(Crohn’s-like pattern and/or peritumoral lymphocytes)
host response to tumor.36,37 LS patients have improved
survival from CRC stage for stage compared with those
with sporadic cancer.38

In addition to CRC, LS patients have a significantly
increased risk for a wide variety of extracolonic malig-
nancies (Table 4). The highest risk is for endometrial can-
cer (EC), which occurs in up to 54% of women with MLH1
and MSH2 mutations, with lower risk in those with PMS2
(15%) mutations25 and much higher risk in persons with
MSH6 mutations (71%).24 LS caused by MSH6 mutation is
also characterized by later onset of colorectal and endome-
trial cancers than with other MMR gene alternations.
Increased lifetime risk of transitional cell carcinoma of
the ureter, renal pelvis, and bladder; adenocarcinomas of
the ovary, stomach, hepatobiliary tract, and small bowel;
brain cancer (glioblastoma); and cutaneous sebaceous
neoplasms also occur in LS families.17,28,39-53 An increased
risk of pancreas cancer in LS has been described by some
Volume 80, No. 2 : 2014 GASTROINTESTINAL ENDOSCOPY 199
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TABLE 5. Amsterdam I and II Criteria for Diagnosis of Hereditary Nonpolyposis Colorectal Cancer

Amsterdam I criteria

1. Three or more relatives with histologically verified colorectal cancer, 1 of which is a first-degree relative of the other two. Familial
adenomatous polyposis should be excluded.

2. Two or more generations with colorectal cancer.

3. One or more colorectal cancer cases diagnosed before the age of 50 years.

Amsterdam II criteria

1. Three or more relatives with histologically verified HNPCC-associated cancer (colorectal cancer, cancer of the endometrium, small
bowel, ureter, or renal pelvis), 1 of which is a first-degree relative of the other 2. Familial adenomatous polyposis should be excluded.

2. Cancer involving at least 2 generations.

3. One or more cancer cases diagnosed before the age of 50 years.

Genetic evaluation and management of Lynch syndrome
investigators50,54 but not others.44 The relationship be-
tween LS and breast cancer is unclear. Although a small in-
crease in absolute risk of breast cancer (18%) has been
found,48,55 most registry reports have not demonstrated
this consistently.46,56 However, there are early-onset breast
cancers in some LS kindreds in which tumors have the
microsatellite instability (MSI) phenotype.57,58 In several
studies, the relative risk of prostate cancer is 2.0- to
2.5-fold higher than the general population risk.48,59 Also,
an excess of laryngeal and hematologic malignancies has
been described, but a definite association to LS has not
been established.30,60,61 An association between sarcoma
and LS probably exists, but the magnitude of risk is
unclear.62

Phenotypic stigmata of LS are found rarely on physical
examination, but can include café au lait spots, cutaneous
sebaceous gland tumors, and keratoacanthomas.63,64 Café
au lait spots are found in patients with biallelic mutations
of the MMR genes. This variant of LS is referred to as
constitutional MMR deficiency syndrome and will be
described here.
Clinical criteria
In 1990, the International Collaborative Group on Hered-

itary Nonpolyposis Colorectal Cancer established criteria
(Amsterdam I Criteria) for HNPCC (Table 5).65 All of the
following are required to diagnose HNPCC: 3 or more rela-
tives with histologically verified colorectal cancer, 1 of which
is a first-degree relative of the other 2 (familial adenomatous
polyposis should be excluded); CRC involving at least 2
generations; and 1 or more CRC cases diagnosed before
the age of 50 years. In response to concern that these stan-
dards were too stringent for clinical and research appli-
cation, more sensitive criteria (Amsterdam II criteria) were
established in 1999 (Table 5).66 Amsterdam II criteria
include some extracolonic tumors commonly seen in LS
as qualifying cancersdin particular, cancer of the endo-
metrium, small bowel, ureter, or renal pelvis. Most experts
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today expand the spectrum of LS-related tumors to also
include cancer of the ovary, stomach, hepatobiliary tract,
and brain.

The Revised Bethesda Guidelines are a third set of
clinicopathologic criteria developed to identify individ-
uals who deserve investigation for LS by evaluation of
MSI and/or immunohistochemistry (IHC) testing of their
tumors (Table 6).67
Terminology/differential diagnosis
HNPCC designates patients and/or families who fulfill

the Amsterdam I or II criteria. LS is applied to patients
and families in which the genetic basis can be linked to
a germline mutation in one of the DNA MMR genes or
the EPCAM gene. Lynch-like syndrome describes patients
and/or families in which molecular testing demonstrates
the presence of MSI and/or abnormalities in the expres-
sion of MMR gene proteins on IHC testing of tumor tissue
expression, but no pathogenic germline mutation can be
found in the patient (eg, in the absence of a BRAF muta-
tion and/or MLH1 promoter hypermethylation when there
is loss of tumor expression of the MLH1 protein). In a
recent publication, about half of LLS patients had biallelic
somatic mutations of MLH1 or MSH2 to explain the MMR
deficient tumors without having causal germline or pro-
motor mutations.68

Familial colorectal cancer type X (FCRCTX) refers to
patients and/or families that meet Amsterdam I criteria,
but, when tumors are tested, lack the MSI characteristic
of LS.10,11,69-75 Studies suggest that the age at diagnosis
of CRC in these pedigrees is slightly older than in families
with LS. Also, the lifetime risk of CRC appears substan-
tially lower in FCRCTX families than in LS69,70,72; the stan-
dardized incidence ratio for CRC in FCRCTX pedigrees was
2.3 (95% CL: 1.7–3.0) compared with 6.1 (95% CL: 5.7–7.2)
for individuals in pedigrees with LS.69 In addition, in
FCRCTX families, risk of extracolonic cancers found in LS
is not significantly higher than the general population.71
www.giejournal.org
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TABLE 6. Revised Bethesda Guidelines

1. CRC diagnosed at younger than 50 years.

2. Presence of synchronous or metachronous CRC or other LS-associated tumors.a

3. CRC with MSI-high pathologic-associated features (Crohn-like lymphocytic reaction, mucinous/signet cell differentiation, or medullary
growth pattern) diagnosed in an individual younger than 60 years old.

4. Patient with CRC and CRC or LS-associated tumora diagnosed in at least 1 first-degree relative younger than 50 years old.

5. Patient with CRC and CRC or LS-associated tumora at any age in 2 first-degree or second-degree relatives.
aLS-associated tumors include tumor of the colorectum, endometrium, stomach, ovary, pancreas, ureter, renal pelvis, biliary tract, brain, small bowel, sebaceous
glands, and kerotoacanthomas.

Genetic evaluation and management of Lynch syndrome
Muir-Torre syndrome, a rare variant of LS, is diagnosed
in patients and/or families with LS and skin sebaceous
gland neoplasms (sebaceous adenomas and carcinomas)
and/or neoplasms of the hair follicle (keratoacanthomas).73

Mutations in any of the MMR genes can be found in these
patients, but MSH2 mutation appears most common.50 MSI
can be identified in the skin neoplasms and colorectal tu-
mors of affected patients.74

Turcot’s syndrome is defined as patients and/or families
with colorectal neoplasia and brain tumors. However,
these families can be cases of LS (associated with glioblas-
tomas) or familial adenomatous polyposis (associated with
medulloblastomas), so Turcot’s syndrome is not an inde-
pendent entity.75

Constitutional mismatch repair deficiency syndrome is
the term applied to patients and/or families with biallelic
mutations of the DNA MMR genes. These patients are char-
acterized by café au lait spots, early (in childhood and
teenage years) onset of colorectal neoplasia or other LS
cancers, oligopolyposis in the small bowel and/or colon,
brain tumors, and hematologic malignancies.63,64
GENETIC ALTERATIONS

Germline mutations
LS is caused by inactivation of one of several DNA MMR

genes. These genes function to maintain fidelity of the
DNA during replication by correction of nucleotide base
mis-pairs and small insertions or deletions generated by
mis-incorporations or slippage of DNA polymerase during
DNA replication. Germline mutation in the MMR genes
MLH1, MSH2, MSH6, and PMS2 cause LS.10,76-79 Also, dele-
tions of the terminal codon of the EPCAM gene (previously
called the TACSTD1 gene), located just upstream from the
MSH2 gene, result in silencing of the MSH2 gene in tissues
that express EPCAM and, consequently, produce a pheno-
type very similar to LS.80 In an investigation of 2 families,
when the deletion is isolated to the stop codon of EPCAM,
a colon-only phenotype occurs.81 In another study, if the
deletion also includes critical portions of the MSH2 pro-
moter, a full LS phenotype results.82 Mutations in MLH1
www.giejournal.org
and MSH2 account for up to 90% and MSH6 about 10%
of mutations found in LS families. In the past, PMS2 muta-
tions have been identified rarely because of the presence
of multiple PMS2 pseudogenes, which confuse genetic di-
agnostics.83,84 A recent study found PMS2 mutations in
6% of all LS families.85

Germline epimutations
Rare patients have been reported with germline MLH1

hypermethylation. These patients do not have MLH1
sequence variations or rearrangements. This epimutation
appears to be mosaic, involving different tissues to varying
extents and is typically reversible so that offspring are usu-
ally unaffected, but inheritance has been demonstrated in a
few families. Patients with this epimutation have early-
onset LS and/or multiple LS cancers.86

Tumor alterations
LS is caused by a single dominant mutation inherited in

the germline, which increases risk for cancer. The LS can-
cers form only after a second hit (by one of several genetic
damage mechanisms) occurs within somatic tissue, which
causes loss of function to the normal (wild-type) allele in-
herited from the unaffected parent; this results in total
loss of DNA MMR activity in that cell and subsequent
MSI. Therefore, the disease is inherited as a Mendelian
dominant. However, the tumors occur after somatic bial-
lelic gene inactivation, with one mutation inherited and
the other acquired.

Microsatellite instability. MSI is a phenomenon
manifested by ubiquitous mutations at simple repetitive
sequences (microsatellites) found in the tumor DNA
(but not in the DNA of the adjacent normal colorectal
mucosa) of individuals with MMR gene mutations.87

MSI is characterized by abnormal expansion or contrac-
tion of these microsatellite repeats. Microsatellite repeats
are normally found through the genome primarily in in-
tronic sequences. MSI in CRC indicates a defect in one
of the MMR genes caused by either somatic changes of
the gene (hypermethylation of the MLH1 promoter) or
a germline defect (LS). MSI is found in most (O90%) co-
lon malignancies in patients with LS (due to germline
Volume 80, No. 2 : 2014 GASTROINTESTINAL ENDOSCOPY 201
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TABLE 7. Sensitivity and Specificity for Lynch Syndrome Utilizing Different Strategies

Criteria Sensitivity (range) Specificity (range) References

Clinical

Amsterdam II criteria 0.22 (0.13–0.67) 0.98 (0.97–1.0) 5, 6, 8, 99, 100

Revised Bethesda Guidelines 0.82 (0.78–0.91) 0.77 (0.75–0.79) 6, 7

Models

MMRpredict 0.69 (0.68–0.75) 0.90 (0.86–0.94) 5, 100

MMRPro 0.89 (0.60–1.0) 0.85 (0.60–1.0) 100

PREMM1,2,6 0.90 (0.60–1.0) 0.67 (0.60–1.0) 105

Tumor testing

MSI 0.85 (0.75–0.93) 0.90 (0.87–0.93) 107

IHC 0.83 (0.75–0.89) 0.89 (0.68–0.95) 107

Genetic evaluation and management of Lynch syndrome
MMR gene mutation) and in 12% of patients with sporadic
CRC (due to somatic hypermethylation of the
MLH1gene).87 MSI is graded as MSI-high (R30% of markers
are unstable), MSI-low (!30% of markers are unstable), and
MS-stable (no markers are unstable).88 Most CRCs in LS are
MSI-high. The significance of MSI-low tumors is controver-
sial. Some evidence suggests that MSI-low is due to MSH6
germline mutation in certain cases,89 but this phenomenon
is most often caused by somatic inactivation of the MSH3
gene, which is common and not inherited.90,91 Somatic
down-regulation of MSH3 is accompanied by MSI-low, as
well as mutations at trinucleotide and tetranucleotide re-
peats, but not mutations at mononucleotide and dinucleo-
tide repeats, which are used for standard ascertainment of
MSI.90 In addition, germline mutations in MLH3 have not
been associated with an LS phenotype.92,93

Loss of expression of DNA mismatch repair pro-
teins. IHC of CRCs utilizing antibodies to the MMR gene
proteins MLH1, MSH2, MSH6, and PMS2 evaluates for
the loss of MMR protein expression and assists in the iden-
tification of patients with LS.94 Deleterious alterations
(either germline or somatic) in specific DNA MMR are indi-
cated by loss or partial production of the MMR protein pro-
duced by that gene. MSH2 and MSH6 proteins are often
lost concurrently and indicate MSH2 mutation. Isolated
loss of MSH2 or MSH6 on IHC testing has high specificity
for a germline mutation of the MSH2 or MSH6 gene,
respectively, hence the diagnosis of LS. Also, loss of the
MSH2 protein can be caused by germline mutation in
the EPCAM gene rather than MSH2 gene. Similarly, MLH1
and PMS2 proteins are also often lost together; this gener-
ally indicates loss of MLH1 function either due to germline
mutation or somatic (not germline) silencing of the MLH1
gene (see Somatic methylation of MLH1). Isolated loss of
PMS2 protein generally indicates an underlying germline
PMS2 mutation.
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Somatic methylation of MLH1. Aberrant MLH1 gene
promoter methylation is a somatic event that is confined
to the CRC and is rarely inherited. Aberrant methylation
of MLH1 is responsible for causing loss of MLH1 protein
expression and results in MSI found in approximately
12% of sporadic cancers.95 The methylation of MLH1
must be biallelic to abrogate MMR activity.

BRAF mutations. The BRAF gene, a member of the
RAF-RAS gene family, encodes a cytoplasmic serine/threonine
kinase, an important component of the mitogen-activated
protein kinase signaling pathway. Somatic mutations in the
BRAF gene, largely at codon 600, are noted in 15% of spo-
radic CRCs. These are CRCs that develop through a methyl-
ation pathway called CpG island methylator phenotype.
These cancers can also demonstrate MSI-high through
somatic promoter methylation of MLH1.

Somatic BRAF V600 mutations have been detected pre-
dominantly in sporadic CRC96,97 of the type discussed
here. Consequently, the presence of a BRAF mutation in
an MSI-high CRC is usually, but not always, evidence
against the presence of LS.98
IDENTIFICATION OF LYNCH SYNDROME

Several strategies have been developed to identify
patients with LS. These include clinical criteria, prediction
models, tumor testing, germline testing, and universal
testing. The effectiveness of these strategies will be dis-
cussed here (Table 7).

Clinical criteria
Amsterdam criteria. Utilizing Amsterdam II criteria

(Table 5) involves the clinical evaluation of the patient
and patient’s pedigree for colorectal and other LS
cancers. Analysis from several sources reveals that patients
www.giejournal.org
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Figure 1. Colorectal cancer risk assessment tool. Adapted with permission from Kastrinos et al.101

Genetic evaluation and management of Lynch syndrome
and families meeting Amsterdam II criteria have a 22%
sensitivity and 98% specificity for diagnosis of LS.5,6,8,99,100

However, when a large number of families were collected
and exhaustive searches performed for germline
mutations in DNA MMR genes, fully 40% of families that
meet the Amsterdam I criteria do not have LS.69

Revised Bethesda guidelines. These guidelines
specify circumstances in which a patient’s CRC should be
tested for MSI (Table 6). The sensitivity and specificity
for LS in those meeting any one of the guidelines is 82%
and 77%, respectively.6,7

Colorectal cancer risk assessment tool. Clinical
criteria to identify patients at high risk for CRC are complex
and difficult to apply in a busy office or endoscopy prac-
tice. Kastrinos and colleagues101 developed and validated
a simple 3-question CRC risk assessment tool. When all 3
questions were answered “yes,” the tool correctly identi-
fied 95% of individuals with germline mutations causing
LS. The cumulative sensitivity was 77% to identify patients
with characteristics suggestive of hereditary CRC and who
should undergo a more extensive risk assessment. This
tool can be found in Figure 1.

Computational models
Several clinical prediction models exist to determine an

individual’s risk for LS, including the MMRpredict,
MMRpro, and the PREMM1,2,6 models. All appear to outper-
form existing clinical criteria, including the revised Be-
thesda guidelines.99,100,102,103
www.giejournal.org
MMRpredict model. This model uses sex, age at diag-
nosis of CRC, location of tumor (proximal vs distal), multi-
ple CRCs (synchronous or metachronous), occurrence of
EC in any first-degree relative, and age at diagnosis of
CRC in first-degree relatives to calculate risk of the patient
having an LS gene mutation. Reported sensitivity and spec-
ificity for this model is 69% and 90%, respectively.5,100 This
model appears to have the best specificity for LS of other
calculators of gene mutation. This model can be accessed
online at: hnpccpredict.hgu.mrc.ac.uk/.

MMRpro model. This model utilizes personal and
family history of colorectal and endometrial cancer, age
at diagnosis, and molecular testing results for MMR
genes, when available, to determine the risk of a patient
having a germline mutation of MLH1, MSH2, or MSH6.104

This calculator also indicated the risk for future cancer
in presymptomatic gene carriers and other unaffected
individuals. The sensitivity and specificity of this model
is 89% and 85%, respectively, and can be found at:
www4utsouthwestern.edu/breasthealth/cagene/.

PREMM1,2,6, model. Variables utilized in this model
include proband, sex, personal, and/or family history
of colorectal, endometrial, or other LS cancers.105 This
calculator gives a specific estimate of risk for a MLH1,
MSH2, and MSH6 mutation. Analysis of the accuracy of
this model reveals a sensitivity of 90% and specificity of
67%. PREMM1,2,6 appears to have the best sensitivity
but worse specificity compared with the others. The
use of this model to determine risk of LS in the general
Volume 80, No. 2 : 2014 GASTROINTESTINAL ENDOSCOPY 203
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Figure 2. Universal screening by tumor testing.

Figure 3. Traditional testing strategy indications and genetic counseling.

Genetic evaluation and management of Lynch syndrome
population was a cost-effective approach when a 5% cut-
off was used as a criterion for undergoing germline
genetic testing.106 This model can be found at: premm.
dfci.harvard.edu.

Tumor testing
Testing of tumor tissue can be done on archived

formalin-fixed tissue from surgical resection specimens or
biopsies from colorectal or endometrial cancer. Some ex-
perts would also recommend testing adenomas O1 cm
in size in appropriate individuals. Laboratories in the
United States are required to save specimens for at least
7 years.

Microsatellite instability testing. The sensitivity for
diagnosing LS using molecular testing of CRC tissue for
MSI is estimated at 85%, with a specificity of 90%.107

Immunohistochemistry testing. IHC testing of
tumor tissue for evidence of lack of expression of MMR
gene proteins has an overall reported sensitivity and spec-
ificity for LS of 83% and 89%, respectively. As discussed
here, loss of MLH1 protein is likely secondary to somatic
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events, and loss of MSH2 protein is likely from a germline
mutation.107 Of note, the specificity of MSI and IHC testing
decreases with increasing age due to increased prevalence
of somatic MLH1 hypermethylation. In persons older than
age 70 years, the use of BRAF testing (as will be discussed)
when loss of MLH1 expression is seen, can help distinguish
sporadic CRC tumors with somatic loss of MLH1 from
those individuals who do require testing for a germline
mutation for LS.108 An advantage of IHC testing is that
lack of a specific mismatch gene protein can direct germ-
line testing to that specific gene.

The accuracy of IHC is operator dependent and varies
according to the experience and skill of the laboratory per-
forming the testing. Consequently, prudence would sug-
gest that this testing be performed in recognized
reference laboratories with high-quality control measures.

Universal testing
Utilization of clinical criteria and modeling to identify

patients with LS has been criticized for less than optimal
sensitivity and efficiency. Studies of molecular testing of
all CRCs reveal that up to 28% of LS patients would be
missed with the most liberal of clinical criteriadthe revised
Bethesda guidelines.25,109-112 Evaluation of Genomic Appli-
cation in Practice and Prevention, a project sponsored by
the Office of Public Health Genomics at the Center for Dis-
ease Control and Prevention, determined that sufficient ev-
idence exits to offer genetic testing for LS to all individuals
with newly diagnosed CRC.113 The rationale was to reduce
morbidity and mortality of relatives of patients with LS.
Evaluation of Genomic Application in Practice and Preven-
tion concluded that there was insufficient evidence to
recommend a specific genetic testing strategy.113 Universal
www.giejournal.org

http://premm.dfci.harvard.edu
http://premm.dfci.harvard.edu
http://www.giejournal.org


Figure 4. Traditional testing strategy when family mutation known.

Figure 5. Traditional testing strategy when patient is clinically affected and the family mutation is unknown.

Genetic evaluation and management of Lynch syndrome
testing for LS has also been endorsed by the Healthy Peo-
ple 2020 and the National Comprehensive Cancer Network
(NCCN). Evaluation of a universal strategy by Ladabaum
et al revealed that a systematic application of testing
among patients with newly diagnosed CRC at %70 years
of age could provide substantial clinical benefits at accept-
able costs.114 Other studies have also reported the cost
effectiveness of universal CRC testing.115 Ladabaum et al
concluded that IHC testing of CRCs for MMR gene proteins
followed by BRAF mutation testing of the tumors when
MLH1 protein expression is absent, emerged as the most
cost-effective approach. Patients with absence of BRAF mu-
tation would then have germline testing for a mutation in
the presumed altered MMR gene.

Additional reports suggest that universal tumor IHC
testing among individuals with CRC had greater sensitivity
for identification of LS compared with other strategies,
including Bethesda guidelines, or a selective strategy (tu-
mor testing of patients with CRC %70 years of age or older
patients meeting Bethesda guidelines).112,116
www.giejournal.org
Although universal testing of CRC is recommended,
development and implementation of such a screening sys-
tem are complicated. These programs require cooperation
and effective communication across multiple disciplines,
ensuring that patients at risk for LS are identified, notified
of abnormal results, and referred for genetic counseling
and genetic testing.117

Panel testing for germline mutations in O20 cancer-
causing genes (which include the MMR and EPCAM genes)
is now available commercially as a single test. Inevitably,
advances in technology will decrease the cost of such analy-
sis. In the future, germline testing, rather than tumor eval-
uation, might be the most cost-effective universal testing
approach.
GENETIC TESTING

Germline testing of individuals for a deleterious muta-
tion in MLH1, MSH2, MSH6, PMS2, or EPCAM genes has
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Figure 6. Traditional testing strategy of at-risk family member when family mutation is unknown.

Genetic evaluation and management of Lynch syndrome
several benefits. First, it can confirm the diagnosis of LS in
a patient and/or family. Second, it can determine the status
of at-risk family members in pedigrees where the patho-
genic mutation has been found. Third, it can direct the
management of affected and unaffected individuals.

Indications for testing
Universal testing (tumor testing). As per the recom-

mendations of the Evaluation of Genomic Application in
Practice and Prevention group from the Centers for Disease
Control and Prevention, discussed here, testing all patients
with CRC for LS is recommended. If utilizing this strategy,
most experts would recommend routine tumor-based
testing on all CRCs with IHC followed by BRAF testing, if
there is a lack of expression of MLH1 (Figure 2). Alterna-
tively, the CRC can be initially tested for MSI. Universal
tumor testing is likely to become the future national standard
of care and is already conducted in some US hospitals. But
this standard requires development of sufficient local and
community infrastructure to appropriately handle genetic re-
sults before implementation as discussed. Consequently, the
Multi-Society Task Force endorses testing all patients with
CRC 70 years of age or younger as described here when
appropriate infrastructure for testing exists. If tumor testing
is done for those aged 70 years or younger only, a thorough
family history is essential for those CRC patients older than
70 years; IHC and/or MSI testing should be performed for
any individual whose personal and family history fulfill the
Amsterdam or Bethesda guidelines or who have a R5%
risk prediction based on the prediction models.

Guideline: Testing for MMR deficiency of newly
diagnosed CRC should be performed. This can be
done for all CRCs, or CRC diagnosed at age 70 years
or younger, and in individuals older than 70 years
who have a family history concerning for LS. Analysis
can be done by IHC testing for the MLH1/MSH2/
MSH6/PMS2 proteins and/or testing for MSI. Tumors
that demonstrate loss of MLH1 should undergo BRAF
testing or analysis of MLH1 promoter hypermethyla-
tion (Figure 2). To facilitate surgical planning, tumor
testing on suspected CRC should be performed on preop-
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erative biopsy specimens, if possible. This guideline is a
strong recommendation, with evidence level III, and
GRADE moderate-quality evidence.

Traditional testing (selective tumor and/or germ-
line testing). Traditional indications for LS genetic testing
(tumor and/or germline testing) have been developed
through expert consensus by several institutions and na-
tional organizations, including the NCCN.118-122 Genetic
testing for LS is indicated for affected individuals in families
meeting Amsterdam I or II criteria (Table 5) or revised Be-
thesda guidelines (Table 6), those with EC diagnosed at
younger than 50 years old, first-degree relatives of those
with known MMR/EPCAM gene mutation, and some ex-
perts would recommend individuals with O5% chance of
gene mutation by computer modeling.106

When considering genetic testing, efforts should be
made to first perform tumor testing for MSI and/or IHC
in an affected relative from the family. If a tumor sample
is not available, then germline testing of the MMR genes
of an unaffected individual is reasonable (focusing on fam-
ily members most likely to carry a mutation). Genetic
testing should be offered to all at-risk relatives in families
with known MMR/EPCAM gene mutations. In these cases,
germline testing can be specific for the known gene muta-
tion that causes LS in the pedigree.

Guideline: Individuals who have a personal his-
tory of a tumor showing evidence of MMR deficiency
(without evidence of MLH1 promoter methylation);
uterine cancer diagnosed at younger than age 50
years; a known family MMR gene mutation; fulfill
Amsterdam criteria or revised Bethesda guidelines;
and/or have a personal risk of R5% chance of LS
based on prediction models should undergo genetic
evaluation for LS (Figure 3-6). This guideline is a strong
recommendation, with evidence level III, and GRADE
moderate-quality evidence.

Process of genetic testing
Genetic counseling. Recommendations for rational

use of genetic testing for cancer predisposition have
been published by several groups.123-126 They advocate
www.giejournal.org
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TABLE 8. Colorectal Cancer Testing Result and Additional Testing Strategies

MSI

Immunohistochemistry protein expression

Possible causes Additional testsMLH1 MSH2 MSH6 PMS2

MSS/MSI-L þ þ þ þ Sporadic cancer None

MSI-H þ þ þ þ Germline mutation in MMR
or EPCAM genes

Consider MLH1, MSH2, then MSH6,
PMS2, EPCAM genetic testing

MSI-H NA NA NA NA Sporadic or germline
mutation in the MMR or
EPCAM genes

Consider IHC to guide germline
testingIf IHC is not done germline
testing of MLH1, MSH2, MSH6,
PMS2, and EPCAM genes

MSI-H or NA � þ þ � Sporadic cancer or germline
mutation of MLH1

Consider BRAF/MLH1 promoter
methylation testing
MLH1 genetic testing if no BRAF
mutation and absent
hypermethylation or if testing
not done

MSI-H or NA � þ þ þ Germline mutation MLH1 MLH1 genetic testing

MSI-H or NA þ þ þ � Germline mutation of PMS2,
rarely MLH1

PMS2 genetic testing if negative
MLH1 testing

MSI-H or NA þ � � þ Germline mutation of MSH2
or EPCAM, rarely of MSH6

Consider MSH2 genetic testing, if
negative EPCAM, if negative MSH6

MSI-H or NA þ � þ þ Germline mutation of MSH2 MSH2 genetic testing if negative
EPCAM testing

MSI-H MSI-L
or NA

þ þ � þ Germline mutation of MSH6,
less likely MSH2

MSH6 genetic testing if negative
MSH2 testing

Adapted from the National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology: Colorectal Cancer Screening. Lynch syndrome. Version
2.2012. Available at: http://www.nccn.org/professionals/physiciangls/PDF/colorectal_screening.pdf.122

MSI-L, microsatellite low; MSI, microsatellite high; MMR, mismatch repair genes (ie, MLH1, MSH2, MSH6, PMS2); NA, not available; þ, protein present in tissue; �,
protein not present in tissue.

Genetic evaluation and management of Lynch syndrome
pre- and post-test genetic counseling by trained health care
professionals due to the clinical, psychosocial, financial,
and ethical issues raised during the testing process. Of
concern, a nationwide study of individuals undergoing ge-
netic testing for hereditary CRC revealed major practitioner
lapses, including failure to obtain informed consent, misin-
terpretation of test results (giving false-negative results),
and pursuing expensive nonindicated testing.14 The Com-
mission on Cancer has established standards for genetics
professionals, including experience and education in can-
cer genetics and appropriate certification.127

Components of the counseling session should include
the collection of personal and family medical history; edu-
cation about the disorder; exploration of psychosocial di-
mensions; informed consent, including cost and risk of
genetic discrimination; disclosure of test results; and
follow-up, including the ability of the patient to recontact
the counselor for future discoveries pertinent to the pa-
tient’s management. Details of this process can be found
in Trimbath and Giardiello128 and in the American Society
of Clinical Oncology Policy Statement on Genetic Testing
for Cancer Susceptibility.127
www.giejournal.org
In the past, several barriers to patient acceptance of
germline testing existed, including cost of genetic tests
(exceeding $4800 in some cases) and patient concern
about genetic discrimination. In recent years, improved
insurance coverage and genetic laboratory preauthoriza-
tion (checking insurance plan for out-of-pocket patient
cost before testing) have eroded this barrier. Also, federal
legislation, the Genetic Information Nondiscrimination
Act of 2008, has eliminated a positive gene test as a health
insurance pre-existing condition or factor for employ-
ment in most patients. However, currently, no legislation
outlaws the use of this information in military person-
nel or in disability, long-term care, and life insurance
procurement.

Universal testing strategy. Figure 2 outlines the
pathway for universal testing.

Traditional testing strategy. Figure 3 reviews the in-
dications for traditional genetic assessment and the com-
ponents of genetic counseling. Figures 4-6 outline the
pathways for traditional testing as described here.

Clinically affected membersdfamily mutation
known. When the gene mutation causing LS in the
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TABLE 9. Studies of Colorectal Screening in Hereditary Nonpolyposis Colorectal Cancer/Lynch Syndrome

First author,
year Reference Subjects Design Findings

Järvinen, 1995 129 252 at-risk persons from
20 of 22 families with MMR
mutations

Observational: all invited for
colonoscopy screening; 133
had every 3 y colonoscopy,
118 declined colonoscopy

62% less CRC in screened
(P Z .03)
Tumor stage more favorable in
screened
No deaths in screened vs
5 deaths in nonscreened

Järvinen, 2000 130 252 at-risk persons from
20 of 22 families with MMR
mutations

Observational: follow-up of
reference 129

62% reduction in CRC in screened
(P Z .02)
No deaths from CRC in screened
vs 9 deaths in nonscreened

de Vos tot
Nederveen
Cappel, 2002

32 857 members of 114 HNPCC
or MMR-positive families

Observational: Tumor stage
with more frequent (%2 y)
vs less frequent colonoscopy;
10-y risk of CRC with partial
vs subtotal colectomy

Earlier stage CRC with more
frequent colonoscopy
15.7% risk of CRC with partial
vs 3.4% with subtotal colectomy
at 10 y

Dove-Edwin,
2005

132 554 at-risk members of 290
families with HNPCC or MMR
mutations

Prospective observational:
evaluation of efficacy of
colonoscopy

Estimated 72% decrease in CRC
death in screened individuals

Järvinen, 2009 131 242 MMR mutation�positive
and 367 mutation-negative
subjects

Observational: Cancer
incidence/survival at 11.5 y
follow-up of colonoscopy
surveillance

No increase in cancer mortality
in mutation positive vs negative
persons

Stuckless, 2012 135 322 MSH2 mutation carriers Observational: Cancer
incidence and survival in
152 screened vs 170 not
screened by colonoscopy

Median age to CRC later in
screened vs nonscreened
Survival statistically improved
in screened vs nonscreened

Genetic evaluation and management of Lynch syndrome
pedigree is known, clinically affected patients can have site-
specific germline testing to confirm the diagnosis of LS in
the patient. A negative test result for the pedigree muta-
tion in a patient with CRC would indicate that the patient
does not have LS, but coincidentally developed a sporadic
CRC (phenocopy) (Figure 4).

Clinically affected memberLfamily mutation not
known. Most often patients are affected with CRC in fam-
ilies meeting Amsterdam criteria or Bethesda guidelines, or
with other indications for genetic testing, but no LS gene
mutation has been established in the pedigree. In this
circumstance, if the patient’s CRC tissue is available
(required by federal law to be kept for 7 years after pro-
curement), MSI and/or IHC testing can be done on tumor
tissue. If microsatellite testing is stable and IHC reveals the
presence of all 4 MMR proteins, then LS is essentially
excluded and no additional testing is suggested. The inter-
pretation of these results is that the patient has sporadic
(noninherited) CRC. But consideration for the diagnosis
of FCRCTX should be given in a patient with a family his-
tory meeting Amsterdam I criteria (Figure 5).

Conversely, if MSI testing reveals high instability or
IHC testing reveals absence of 1 or more MMR proteins,
then, in most circumstances, germline testing of the
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MMR/EPCAM genes is warranted. Specific germline
testing can be guided by IHC results (see Table 8). Ad-
ditional tumor testing for BRAF mutation and/or
hypermethylation of the MLH1 promoter should precede
genetic testing when concomitant loss of MLH1 and
PMS2 proteins is noted (caused by somatic hypermethy-
lation of the MLH1 promoter). Germline testing can
result in the following possibilities: a deleterious (patho-
genic) mutation of an MMR/EPCAM gene that confirms
the diagnosis of LS in the patient and family; no mutation
founddan inconclusive finding unless a deleterious mu-
tation is found in other family members; and a variant of
unknown significancedan inconclusive finding unless
future status of the alteration is determined by the testing
laboratory (a variant of unknown significance is a variation
in a genetic sequence whose association with disease risk is
unknown). In the latter 2 circumstances, when IHC reveals
loss of MSH2, MSH6, or PMS 2 protein alone, suspicion of
LS should be maintained and the diagnosis of Lynch-like
syndrome entertained. When no germline mutation is
found in patients with MLH1 protein loss, BRAF and
MLH1 promoter testing for hypermethylation can help
differentiate between patients with somatic and germline
mutations. Epigenetic mutations causing LS are very rare
www.giejournal.org
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TABLE 10. Guidelines for Screening At-Risk or Affected Persons With Lynch Syndrome

Intervention Recommendation Strength of recommendation

Colonoscopy Every 1–2 y beginning at age 20–25 y
or 2–5 y younger than youngest age at
diagnosis of CRC in family if diagnosis
before age 25 y
Considerations:
Start at age 30 y in MSH6 and 35 in
PMS2 families
Annual colonoscopy in MMR mutation
carriers

Strong recommendation:
Level of evidence (III): well-designed and
conducted cohort or case-controlled studies
from more than 1 group with cancer
GRADE rating: moderate

Pelvic examination
with endometrial sampling

Annually beginning at age 30–35 y Offer to patient:
Level of evidence (V): expert consensus
GRADE rating: low

Transvaginal ultrasound Annually beginning at age 30–35 y Offer to patient:
Level of evidence (V): expert consensus
GRADE rating: low

EGD with biopsy
of the gastric antrum

Beginning at age 30–35 y and
subsequent surveillance every 2–3 y
can be considered based on patient
risk factors

Offer to patient:
Level of evidence (V): expert consensus
GRADE rating: low

Urinalysis Annually beginning at age 30–35 y Consideration:
Level of evidence (V): expert consensus
GRADE rating: low

EGD, esophagogastroduodenoscopy; GRADE, Grades of Recommendation, Assessment, Development, and Evaluation.

Genetic evaluation and management of Lynch syndrome
but are characterized by MLH1 promoter methylation in
both the tumor and normal tissue.

When tumor tissue of the clinically affected patient is
not available, germline testing can be done. If a deleterious
mutation is found, then the diagnosis of LS can be
confirmed in the patient. If not, then the patient and family
members should be treated as per the patient’s personal
and family history.

Clinically unaffected (at-risk) memberdfamily
mutation known. Mutation-specific germline testing
can be done in the at-risk member when the family muta-
tion is known and render a dichotomous test result. If the
gene mutation is found (positive), the individual has LS; if
the gene mutation is not found (negative), the person does
not have LS (Figure 4).

Clinically unaffected (at-risk) memberdfamily
mutation not known. In this circumstance, first seek a
clinically affected family member to genetically test to
attempt to identify the family deleterious gene mutation
(Figure 6). An affected family member is the most informa-
tive individual to test to find the pedigree mutation.
Initially, an evaluation of the tumor is preferred to germ-
line genetic testing if tissue is available. Once the delete-
rious mutation has been determined, the at-risk person
can be definitively tested. If no clinically affected family
member is available, germline testing of the at-risk person
can be done. If a deleterious mutation is found in the un-
affected member, then the diagnosis of LS is made. How-
www.giejournal.org
ever, receiving results of “no mutation found” or “variant
of unknown significance” are inconclusive results and no
additional family genetic testing can be done.

Of note, new types of mutations or genetic alterations are
continuously being reported, such as the effect of EPCAM de-
letions on MSH2 expression, or the rare germline epimuta-
tions of MLH1. Also, commercial laboratories doing the
germline testing might lack sensitive technology for deter-
mining genetic rearrangements (in which all of the genetic
components are retained), or alterations in the promoters
or introns of the DNA MMR genes. Consequently, families
with suspicious clinical histories and concurrent evidence of
MMR deficiency through tumor testing should be counseled
to undergo periodic repeated assessments as new genetic
data can emerge that ultimately elucidate the underlying
cause of the cancer risk in their families. In addition, the use
of genetic panels might uncover patients and families with
formsof attenuatedpolyposis, such asMYH-associatedpolyp-
osis, attenuated familial adenomatous polyposis, and poly-
merase proofreading polyposis; there is often blurring of
the clinical presentations of these syndromes and LS.
LYNCH SYNDROME MANAGEMENT

Screening
Patients with LS are at increased risk for the develop-

ment of colorectal and extracolonic cancers at early ages.
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TABLE 11. Studies of Endometrial and Ovarian Cancer Screening and Prophylactic Surgery in Hereditary Nonpolyposis Colorectal
Cancer/Lynch Syndrome

First author, year Reference Subjects Design Findings

Dove-Edwin, 2002 139 292 women from HNPCC
or HNPCC-like families

Observational: all offered
transvaginal ultrasound

2 cases of EC presented with
symptoms, neither detected
by ultrasound

Rijcken, 2003 140 41 women with MMR
mutations or fulfilled
Amsterdam I criteria
followed for median
of 5 y

Observational: all offered
annual pelvic examination,
transvaginal ultrasound,
CA-125

17 of 179 ultrasounds gave
reason for endometrial sampling
with 3 premalignant lesions noted;
1 interval EC presented
symptomatically

Renkonen-Sinisalo,
2007

141 175 women with MMR
mutations

Observational: all offered
transvaginal ultrasound and
endometrial biopsy

14 cases of EC; 11 diagnosed by
surveillance
Biopsy diagnosed 8 of 11 ECs
and 14 cases of premalignant
hyperplasia
Ultrasound indicated 4 EC cases
but missed 6 others
4 cases of ovarian cancer, none
found by ultrasound

Lécuru, 2008 142 62 women (13 with
MMR mutation, 49 met
Amsterdam II criteria)

Observational: annual
hysteroscopy and endometrial
biopsy

3 malignancies in 3 patient with
abnormal bleeding; 3 cases of
hyperplasia in asymptomatic
patients; hysteroscopy 100%
sensitive for cancer or hyperplasia

Gerritzen, 2009 143 100 women from
families with MMR
mutation

Observational: annual
transvaginal ultrasound,
CA-125, endometrial
sampling

3 atypical hyperplasias and 1
endometrial cancer diagnosed
1 stage III ovarian cancer
developed despite ultrasound

Stuckless, 2013 144 174 women with MSH2
gene mutation

Case-control:
Cases: 54 patients with at
least 1 screening examination
(transvaginal, endometrial
biopsy or CA-125 test)
Controls: matched women
without screening

Stage I/II cancer diagnosed in
92% of screened patients
compared with 71% in control
group (P Z .17)
2 of 3 deaths in the screened
group from ovarian cancer

Schmeler, 2006 146 315 women with MMR
mutation with and
without gynecologic
surgery

Retrospective: risk of uterine
and ovarian cancer in patients
with and without
prophylactic/clinically indicated
gynecologic surgery

No uterine or ovarian cancer in
surgery group vs 33% and 5%
cancer, respectively, in nonsurgery
group

Genetic evaluation and management of Lynch syndrome
Although there is insufficient evidence to assess the
benefit of annual history, physical examination, and patient
and family education, expert opinion would recommend
this practice starting at 20–25 years old. The use of other
screening tests is discussed here.

Colorectal cancer. CRC prevention in LS families is
guided by the distinctive characteristics of these malig-
nancies, including the younger age of presentation, right-
sided colon predominance, and rapid polyp growth with
shorter dwell time before malignant conversion. Evidence
for the effectiveness of colorectal screening in decreasing
CRC mortality has been documented in studies by Järvinen
et al129-131 (Table 9). Persons at-risk for LS who took up
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colonoscopic surveillance had 65% (P Z .003) fewer
deaths from CRC compared with those who refused sur-
veillance. Update of this Finnish study, which analyzed co-
lonoscopic surveillance in LS mutation carriers, found no
difference in CRC deaths between mutation carriers and
mutation-negative relatives.131 Dove-Edwin et al reported
the results of a prospective observational study of colonos-
copy surveillance of members in HNPCC or LS families
revealing a 72% decrease in mortality from CRC in those
undergoing screening.132 In several studies,32,133-135 more
frequent colonoscopy screening (%2 years) was associated
with earlier-stage CRC at diagnosis and less CRC than less
frequent colonoscopy. At least every 2-year colonoscopic
www.giejournal.org
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TABLE 12. Guidelines for Management of Affected Persons with Lynch Syndrome

Intervention Recommendation Strength of recommendation

Colectomy with
ileorectal anastomosis

Patients with colon cancer or colorectal
neoplasia not removable by endoscopy
Consideration for less extensive surgery
in patients older than age 60–65 y

Strong recommendation:
Level of evidence (III): well-designed and
conducted cohort or case-controlled studies
from more than 1 group with cancer
GRADE rating: moderate

Hysterectomy
and bilateral
salpingo-oophorectomy

After childbearing or age 40 y Recommendation:
Level of evidence (IV): observation study
GRADE rating: moderate

Daily aspirin Treatment of an individual patient with
aspirin is a consideration after discussion
of patient-specific risks, benefits, and
uncertainties of treatment is conducted

Consideration:
Level of evidence (I): randomized
controlled study
GRADE rating: moderate

Genetic evaluation and management of Lynch syndrome
surveillance of LS patients is supported by the data pre-
sented here and the rapid adenoma�carcinoma sequence
reported in these patients.

Guideline: Screening for CRC by colonoscopy is
recommended in persons at risk (first-degree rela-
tives of those affected) or affected with LS every 1
to 2 years, beginning between ages 20�25 years or
2�5 years before the youngest age of diagnosis of
CRC in the family if diagnosed before age 25 years.
In surveillance of MMR germline mutation-positive pa-
tients, consideration should be given to annual colonos-
copy. The age of onset and frequency of colonoscopy in
this guideline is in agreement with most organizations
and authorities.122,131,136-138 This guideline is a strong
recommendation, with evidence level III, and GRADE
moderate-quality evidence (Table 10).

In carriers of deleterious MSH6 and PMS2mutations, the
risk of CRC is lower and age at diagnosis later22,25 than in
patients with MLH1 and MSH2 mutations. In these affected
individuals, consideration could be given to starting
screening at age 30 years in MSH6 and 35 years in PMS2
carriers, unless an early-onset cancer exists in a given
family.

Endometrial cancer. EC is the second most common
cancer occurring in LS. Estimates of the cumulative lifetime
risk of EC in LS patients range from 21% to 60%, with vari-
ability depending on specific gene mutation; reports of age
at diagnosis of this malignancy are clearly a decade or more
younger than sporadic EC, but range from 48 to 62 years
old.

Due to the worrisome cumulative risk of EC, several
annual screening modalities have been proposed, in-
cluding pelvic examinations, transvaginal ultrasound, endo-
metrial sampling, and CA-125 testing. Few studies of these
interventions have been conducted. At present, the litera-
ture reports reveal no evidence of survival benefit from
endometrial surveillance (Table 11). Decrease in death
from EC can be difficult to prove because 75% of LS
www.giejournal.org
patients with EC present with stage I disease and have
an 88% 5-year survival rate. Investigation of transvaginal ul-
trasound reveals poor sensitivity and specificity for the
diagnosis of EC in this population.139-141 However, endo-
metrial sampling appears useful in identifying some asymp-
tomatic patients with EC and those with premalignant
endometrial lesions142-144 (Table 11).

Guideline: Screening for EC should be offered to
women at risk for or affected with LS by pelvic exam-
ination and endometrial sampling annually starting
at age 30–35 years (Table 10). The strength of evidence
for this guideline is expert consensusdlevel V, GRADE
low-quality evidence, and is in concert with other expert
opinion.122,137,138

Ovarian cancer. Estimates of the cumulative lifetime
risk of ovarian cancer in LS patients ranges from 0.3% to
20%. Currently, no studies on the effectiveness of ovarian
screening are available for women in LS families. In pa-
tients with hereditary breast cancer from mutation of
BRCA1 or BRCA2 at increased risk for ovarian cancer, 1
investigator found transvaginal ultrasound and CA-125
screening not useful.145

Guideline: Screening for ovarian cancer should be
offered to women at risk for or affected with LS by
transvaginal ultrasound annually starting at age
30–35 years (Table 10). The strength of evidence for
this guideline is expert consensusdlevel V and GRADE
low-quality evidence. In the absence of data on this issue,
several consensus panels have suggested that transvaginal
ultrasound for ovarian cancer is a screening consideration
in LS.122,137,138

Prophylactic hysterectomy and oophorectomy. As
discussed here, patients with LS have substantial risk for
uterine and ovarian cancer. One US study showed benefit
for prophylactic gynecologic surgery to reduce or eliminate
gynecologic cancer146 (Table 11). Retrospective analysis of
315 women with MMR mutations who did and did not have
gynecologic surgery revealed no cancers in the surgical
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TABLE 13. Studies of Screening for Extracolorectal/Gynecological Cancers in Hereditary Nonpolyposis Colorectal Cancer/Lynch
Syndrome

First author, year References Subjects Design Findings

Renkonen-Sinisalo,
2002 (gastric)

149 73 patients with MMR
mutation; 32 MMR
mutation�negative
family members

Observational:upper
endoscopy with
gastric biopsies

In MMR gene�positive patients:
H pylori in 26%, atrophy 14%,
intestinal metaplasia 14%
No statistical difference between
gene-positive and gene-negative
groups

Saurin, 2010
(small bowel)

151 35 patients with
MMR mutations

Observational:capsule
endoscopy and CT
enteroclysis screening
of small bowel

Small bowel neoplasms 8.6%
(1 patient with jejunal carcinoma and
2 with jejunal adenoma)
Capsule endoscopy found all lesions;
CT enteroscopy found cancer but
missed adenomas

Myrhøj, 2008
(urinary)

152 977 at-risk persons
in families suspected
to have HNPCC/LS

Observational:retrospective
review of screening urine
cytology and diagnosis of
urinary cancer

0.1% of urine cytology examinations
lead to diagnosis of urothelial tumor
10 times more urine cytology
examinations
lead to false-positive diagnosis
Sensitivity of urine cytology was 29%

Genetic evaluation and management of Lynch syndrome
group compared with a 33% and 5.5% rate of uterine and
ovarian cancer, respectively, in the nonsurgical group.146

Cost-effectiveness analysis modeling of gynecologic screening
vs prophylactic gynecologic surgery (hysterectomy and bilat-
eral salpingo-oopherectomy) in a theoretical population of
30-year-old women with LS revealed that prophylactic surgery
had lower cost and higher quality-adjusted life-years.147 An
additional modeling study evaluated multiple screening and
surgical strategies. This investigation concluded that annual
screening starting at age 30 years followed by prophylactic
surgery at age 40 years was the most effective gynecologic
cancer prevention strategy, but incremental benefit over pro-
phylactic surgery at age 40 years alone was attained at sub-
stantial cost.148

Guideline: Hysterectomy and bilateral salpingo-
oophorectomy should be recommended to women
with LS who have finished childbearing or at age
40 years (Table 12). Patient considerations in this deci-
sion could include differences in uterine cancer risk, de-
pending on MMR gene mutation; morbidity of surgery;
and the risk of menopausal symptoms, osteoporosis, and
cardiac disease if hormone replacement therapy is not
given. The strength of evidence for this guideline is obser-
vational studydlevel IV and GRADE moderate-quality evi-
dence. This recommendation is in agreement with the
Mallorca Group.138 The NCCN recommends considering
prophylactic surgery after child bearing is completed.122

Gastric cancer. Some studies have estimated the life-
time risk of gastric cancer in LS as high as 13%, but cur-
rently this appears to be much lower in North America
and Western Europe. A carefully conducted time trend
study of gastric cancer found an 8.0% and 5.3% lifetime
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risk of this malignancy in males and females with MMR
gene mutation, respectively, and lack of familial clus-
tering.47 The majority of gastric cancers in LS patients
appear to be histologically classified as intestinal type45,47

and, consequently, potentially amenable to endoscopic
surveillance.

Data on screening for gastric cancer are lacking. Howev-
er, Renkonen-Sinisalo et al149 reported that precursor le-
sions for gastrointestinal cancer, including Helicobacter
pylori infection, and intestinal metaplasia were seen in
26% and 14%, respectively, of patients with MMR muta-
tions (Table 13).

Guideline: Screening for gastric cancer should be
considered in persons at risk for or affected with LS
by esophagogastroduodenoscopy (EGD) with gastric
biopsy of the antrum at age 30–35 years with treat-
ment of H pylori infection when found. Subsequent,
surveillance every 2–3 years can be considered based
on individual patient risk factors (Table 10). The
strength of evidence for this guideline is expert consensusd
level V and GRADE low-quality evidence.

This guideline is in concert with that of the NCCN.122

The Mallorca group recommends initial screening EGD
with biopsy without a recommendation for ongoing
surveillance.138

Small intestinal cancer. The lifetime risk for this can-
cer ranges from 0.4% to 12.0%.17,28,39,40,44,48 Two large
studies of extracolonic cancer in patients with MMR muta-
tions came to opposite conclusions, with lifetime risks of
0.6% and 12%, respectively.17,48 Another investigation re-
vealed that the majority of small bowel cancers in an LS
cohort were located in the duodenum or ileum150 and
www.giejournal.org
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TABLE 14. Risk of Metachronous Colorectal Cancer in Lynch Syndrome Patients With Colectomy

First author,
year Reference Subjects Design Findings

de Vos tot
Nederveen
Cappel, 2002

31 110 patients with MMR gene
mutation or meet HNPCC criteria
with CRC and partial colectomy;
29 MMR gene mutation patients
with colorectal cancer and total
colectomy

Observational:risk of colorectal
cancer in patients with partial
vs subtotal colectomy

10-y cumulative risk of
colorectal cancer 15.7% with
partial colectomy and 3.4%
after subtotal colectomy

Win, 2013 33 79 patients with MMR gene
mutation and proctectomy for
rectal cancer undergoing post
surgical surveillance by
colonoscopy on average
every 1.6 y

Observational: retrospective
cohort study of risk of
metachronous colon cancer
after surgery

Cumulative risk of colon
cancer was 19%, 47%, 69% at
10, 20, and 30 y, respectively

Parry, 2001 32 332 MMR gene mutation carriers
with CRC and partial colectomy;
50 patients with CRC and
extensive colectomy

Observational:retrospective
cohort study of risk of
colorectal cancer in patients
with partial vs subtotal
colectomy

Cumulative risk of colon cancer
was 16%, 41%, 62% at 10, 20,
and 30 y respectively
None of patients with extensive
surgery diagnosed with CRC

Kalady, 2012 160 55 HNPCC patients with
proctectomy for rectal cancer
undergoing postsurgical
surveillance by colonoscopy

Observational:retrospective
cohort study of risk of
advanced neoplasia (cancer
and severe dysplasia) in
patients with proctectomy

55% advanced neoplasia
(15.2% developed colon cancer
at median of 6 y)

Genetic evaluation and management of Lynch syndrome
within the reach of EGD and colonoscopy with dedicated
ileal intubation. There appears to be no evidence of familial
clustering of this extracolonic malignancy.46

Studies of small bowel screening in LS patients are lack-
ing. However, one screening investigation of 35 gene mu-
tation carriers found that 2 had jejunal adenomas and 1
had a jejunal cancer151 (Table 13). Six additional patients
had capsule endoscopy images of uncertain clinic rele-
vance, prompting additional invasive investigation in 5 pa-
tients. A recent publication suggested that routine
surveillance of the small bowel in LS was not cost effi-
cient.46 However this calculation could change with addi-
tional literature evidence.

Guideline: Routine screening of the small intes-
tine is not recommended. This guideline is in concert
with the Mallorca group,138 which does not recommend
routine screening of the small intestine, but suggests atten-
tion to investigation of the distal duodenum and ileum dur-
ing endoscopic studies. The NCCN suggests capsule
endoscopy screening can be considered122 at 2–3 year in-
tervals beginning at age 30–35 years.

Urinary cancer. Estimates of the lifetime risk of uri-
nary tract cancer in LS ranges from 0.2% to 25% in men
with MSH2 mutations. This includes elevated risk for transi-
tional cell carcinoma of the ureter, renal pelvis, and
bladder.17,28,39,40,44,48,49,152,153 Currently, a dearth of litera-
ture on screening for urinary cancer in LS patients exists.
One retrospective study evaluating screening for urinary
www.giejournal.org
cancer by urine cytology in individuals in HNPCC or LS
families found poor sensitivity (29%) in diagnosing can-
cer in asymptomatic patients and production of many
false-positive results requiring invasive investigation152

(Table 13). Screening studies have not been effective with
urine cytology and urinalysis for microscopic hematuria
for urinary cancer in the general population and in groups
at higher risk for bladder cancer from environmental fac-
tors.154,155 The benefit of ultrasound screening is unknown.
In summary, limited data exist to advocate urinary
screening. Expert consensus concludes that urinalysis is
inexpensive, noninvasive, usually part of a routine physical
examination, easily done, and should be considered in LS
patients. Future studies could change this consideration.

Guideline: Screening for cancer of the urinary
tract should be considered for persons at risk for
or affected with LS, with urinalysis annually starting
at age 30–35 years (Table 10). The strength of evidence
for this guideline is expert consensusdlevel V and GRADE
low-quality evidence. The guideline is in concert with the
NCCN.122 The Mallorca group138 does not recommend
routine screening for urinary cancers.

Pancreatic cancer. Risk of pancreatic cancer in LS
patients was noted to be elevated in 2 cohort studies. In
1 study, the standardized incident ratio for pancreatic can-
cer was 10.7 (95% confidence interval: 2.7–47.7), with a
10-year cumulative risk of 0.95%,51 and the other reported
a 8.6-fold increase (95% confidence interval: 4.7–15.7),
Volume 80, No. 2 : 2014 GASTROINTESTINAL ENDOSCOPY 213

http://www.giejournal.org


TABLE 15. Chemopreventive Trials in Lynch Syndrome

First author,
year Reference Subjects Design Findings

Burn, 2008
(CAPP2 study)

161 1071 LS patients
from 43 centers

Randomized, placebo-controlled,
2 � 2 design
727 randomized to resistant
starch (30 g/d) or placebo; 693
randomized to aspirin (600 mg/d)

or no aspirin

No effect on incidence of colorectal
adenoma/cancer by starch or aspirin
or both at mean follow-up of 29 months

Mathers, 2012
(CAPP2 study)

162 918 LS patients
from 43 centers

Long-term follow-up report on
randomized, placebo-controlled,
2 � 2 design
463 randomized to resistant-starch;
455 randomized to placebo

No effect on incidence of CRC by starch
at median follow-up of 52.7 months

Burn, 2011
(CAPP2 study)

163 861 LS patients
from 43 centers

Long-term follow-up report on
randomized, placebo-controlled,
2 � 2 design
427 randomized to aspirin
(600 mg/d); 434 randomized
to placebo

600 mg aspirin/d for mean of 25 months
reduced cancer incidence after 55.7 months
Time to first CRC hazard ratio (HR) by per
protocol analysis, 0.41 (95% CI: 0.19–0.86;
P Z .02);intention-to treat analysis of all LS
cancers, HR Z 0.65; 95% CI: 0.42–1.00;
P Z .05)

Genetic evaluation and management of Lynch syndrome
with cumulative risk of 3.7% by age 70 years.50 In 1 inves-
tigation, the risk of pancreatic cancer was not elevated in a
cohort in which the pancreatic cancers were validated by
dedicated histologic review.52

Guideline: Routine screening of the pancreas is
not recommended. The benefit of screening for pancre-
atic cancer with this magnitude of risk is not established.
This recommendation is in concert with other soci-
eties.122,138 However, an international pancreas consensus
panel recommends that MMR gene mutation carriers with
1 affected first degree relative with pancreatic cancer
should be considered for screening.156

Other cancers. There are conflicting data about the
risk of several extracolonic cancers in patients with LS pa-
tients. With regard to prostate cancer, several studies
have revealed no significantly increased risk of this malig-
nancy.42,51 Other investigations draw opposite conclusions,
with relative risk ranging from 2.5- to 10-fold and lifetime
risk ranging from 9% to 30% by age 70 years.48,53,59,157 In
breast cancer, inconsistent data exist. One large study re-
vealed no increased risk in LS patients.46 In contrast, a
British study of 121 MMR mutation families found an
increased risk of breast cancer for positive and obligate
MLH1 mutation carriers with a cumulative risk of 18.2%
to age 70 years (95% CI: 11.9–24.5), but not for MSH2 car-
riers.44 A German and Dutch study found a mild increase in
cumulative risk of breast cancer of 14% by age 70 years.48

In a recent prospective study of patients with MMR muta-
tions an increased cumulative risk of breast cancer of
4.5% during 10 years of observation was noted (standard-
ized incident ratio Z 3.95; 95% CL: 1.59–8.13).51
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Guideline: Routine screening of the prostate and
breast cancer is not recommended beyond what is
advised for the general population. This recommenda-
tion is in concert with other societies.122,138

Treatment
Colectomy. The treatment for patients with colon can-

cer or premalignant polyps that cannot be removed by co-
lonoscopy is colectomy. The risk of metachronous CRC
after partial colectomy is summarized in Table 14. With par-
tial colectomy, a high 10-year cumulative risk of CRC
(16%�19%) is reported in several studies, even in those
patients undergoing vigilant colonoscopic surveillance32-34

and is ingravescent with longer observation. This risk is
substantially reduced if a subtotal (anastomosis of the small
bowel to sigmoid) or total (ileorectal anastomosis) colec-
tomy is performed (0–3.4%).32-34 In a Dutch study, no dif-
ference in global quality of life was noted between 51 LS
patients who underwent partial colectomy, and 53 who un-
derwent subtotal colectomy, although functional outcomes
(eg, stool frequency, stool-related aspects, and social
impact) were worse after subtotal colectomy than after par-
tial colectomy.158 Comparison of life expectancy gained
performing total colectomy vs hemicolectomy in LS pa-
tients at ages 27, 47, and 67 years by Markov modeling
was 2.3, 1, and 0.3 years, respectively.159 These investiga-
tors concluded that total colectomy is the preferred treat-
ment in LS, but hemicolectomy might be an option in
older patients.

Although most LS CRCs are right sided, up to 20% can
occur in the rectum. When this happens surgical decision
www.giejournal.org
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making needs to include the use of neoadjuvant chemora-
diation and consideration of total protocolectomy and ileal
pouch-anal anastomosis. This surgical option is commonly
performed in familial adenomatous polyposis patients with
severe rectal polyposis or cancer. However, familial adeno-
matous polyposis patients are usually younger than those
with LS, in whom this operation would pose a significant
challenge to surgical recovery and postoperative quality
of life. However, Kalady et al found a risk of metachronous
advanced neoplasia (cancer and severe dysplasia) of 51% in
HNPCC patients who had an anterior resection for rectal
cancer.160 Win et al found the overall risk of cancer to be
24.5% and a cumulative risk to 30 years of 69%.33 There-
fore, total proctocolectomy with ileal pouch-anal anasto-
mosis is an important option to discuss with patients
with rectal cancer and LS.

Guideline: Colectomy with ileorectal anastomosis
is the primary treatment of patients affected with LS
with colon cancer or colon neoplasia not removable
by endoscopy (Table 12). Consideration for less exten-
sive surgery should be given in patients older than 60–65
years of age and those with underlying sphincter dysfunc-
tion. This guideline is a strong recommendation with level
III evidence and GRADE moderate-quality evidence. The
NCCN122 and Mallorca group138 both recommend colec-
tomy with ileorectal anastomosis with no deference to pa-
tient age.

Chemoprevention. Resistant starch and aspirin have
been assessed as chemopreventive agents in patients
with LS (Table 15). The Colorectal/Adenoma/Carcinoma
Prevention Programme 2 (CAPP2) was a randomized
placebo-controlled trial with a 2 � 2 design investigating
the effect of resistant starch (Novelose) 30 g/d and aspirin
600 mg/d taken up to 4 years on development of colorectal
adenoma and cancer.161 This study randomized 727 partic-
ipants to starch or placebo and 693 between aspirin and
placebo. The use of resistant starch, aspirin, or both had
no effect on the incidence of colorectal neoplasia in LS car-
riers during a mean period of follow-up of 29 months.
CAPP2 follow-up analysis of the long-term effect (median
follow-up of 52.7 months) of resistant starch again revealed
no effect on CRC development.162

The CAPP2 investigators also evaluated the long-term ef-
fect of 600 mg of aspirin on CRC development.163 At a
mean follow-up of 55.7 months, intention-to-treat analysis
of time to first CRC showed a hazard ratio of 0.63 (95%
CL: 0.35–1.13; P Z .12). For participants completing 2
years of intervention (258 on aspirin and 250 on placebo)
per-protocol analysis yielded a hazard ratio of 0.41 (95%
CL: 0.19–0.86; P Z .02). An intention-to-treat analysis of
all LS cancers (ie, colorectal, endometrial, ovarian, pancre-
atic, small bowel, gallbladder, ureter, stomach, kidney, and
brain) revealed a protective effect of aspirin vs placebo
(hazard ratio Z 0.65; 95% CL: 0.42–1.00; P Z .05). During
the intervention, adverse events did not differ between
aspirin and placebo groups.
www.giejournal.org
The chemoprotective effect of aspirin on colorectal and
extracolonic cancer noted in the CAPP2 study of LS pa-
tients is supported by a recent meta-analysis of randomized
trials of daily aspirin use vs no aspirin (primarily in patients
with cardiovascular disease) with a mean duration of treat-
ment of 4 years or longer.164 This study found decreased
risk of death from colorectal and extracolonic cancer after
10 to 20 years of follow-up. Of note, the benefit was unre-
lated to aspirin doses O75 mg/d.

The CAPP2 trial has several limitations. First, ascertain-
ment of the end point, CRC, was not standardized, and
more intensive colonoscopic evaluation could have occurred
in the aspirin group than in the nonaspirin group because of
more frequent adverse effects after intervention. Second, the
extracolonic cancers did not undergo molecular evaluation
to assess whether they were related to the germline MMR
mutation. Also, the dose of daily aspirin utilized in the
CAPP2 trial is significantly higher than that noted to be effec-
tive (75 mg/d) in CRC chemoprevention in sporadic CRC.

The CAPP3 is underway to establish the optimum dose
and duration of aspirin treatment. Although data exist to
suggest that aspirin can decrease the risk of colorectal
and extracolonic cancer in LS, currently the evidence is
not sufficiently robust or mature to make a recommenda-
tion for its standard use.164

Guideline: Growing but not conclusive evidence
exists that use of aspirin is beneficial in preventing
cancer in LS patients. Treatment of an individual pa-
tient with aspirin is a consideration after discussion
of patient-specific risks, benefits, and uncertainties
of treatment is conducted (Table 12). The strength
of evidence for this guideline is evidence obtained from
at least 1 randomized controlled trialdlevel I and GRADE
moderate-quality evidence. This approach is endorsed by
the Mallorca group138 and the NCCN.122
DISCLOSURE

These authors disclose the following: C. Richard Bo-
land and Randall W. Burt are consultants for Myriad Ge-
netic. Jason A. Dominitz received resources in support of
this work from the VA Puget Sound Health Care System,
Seattle, Washington. The views expressed in this article
are those of the authors and do not necessarily represent
the views of the Department of Veterans Affairs. David A.
Johnson is a clinical investigator for EXACT Sciences, a
consultant for Epigenomics, and on the advisory board
for Given Imaging. Tonya Kaltenbach is a research grant
recipient and consultant for Olympus American Inc. Da-
vid A. Lieberman is on the advisory board for Given Im-
aging and Exact Sciences. Douglas J. Robertson is on
the advisory board of Given Imaging. Sapna Syngal is
an unpaid advisor/collaborator with Myriad genetics
and a consultant for Archimedes, Inc. Douglas K. Rex is
a consultant for Olympus America, Braintree
Volume 80, No. 2 : 2014 GASTROINTESTINAL ENDOSCOPY 215

http://www.giejournal.org


Genetic evaluation and management of Lynch syndrome
Laboratories, Ferring Pharmaceuticals, Epigenomics,
EXACT Sciences, Given Imaging, received research sup-
port from Olympus America; and is on the speaker’s bu-
reau for Olympus America and Boston Scientific. The
remaining authors disclose no conflicts.

Abbreviations: CAPP2, Colorectal/Adenoma/Carcinoma Prevention
Programme; CL, confidence level; CRC, colorectal cancer; EC,
endometrial cancer; FCRCTX, familial colorectal cancer type X;
GRADE, Grades of Recommendation, Assessment, Development, and
Evaluation; HNPCC, hereditary nonpolyposis colorectal cancer; IHC,
immunohistochemistry; LS, Lynch syndrome; MMR, mismatch repair;
MSI, microsatellite instability; NCCN, National Comprehensive Cancer
Network.
REFERENCES

1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA Cancer J
Clin 2013;63:11-30.

2. Platz EA, Willett WC, Colditz GA, et al. Proportion of colorectal cancer
risk that might be preventable in a cohort of middle-aged US men.
Cancer Causes Control 2000;11:579-88.

3. Lichtenstein P, Holm NV, Verkasalo PK. Environmental and heritable
factors in the causation of cancerdanalysis of cohorts of twins
from Sweden, Denmark, and Finland. N Engl J Med 2000;343:78-85.

4. Aaltonen LA, Salovaara R, Kristo P, et al. Incidence of hereditary non-
polyposis colorectal cancer and the feasibility of molecular screening
of the disease. N Engl J Med 1998;338:1481-7.

5. Barnetson RA, Tenesa A, Farrington SM, et al. Identification and sur-
vival of carriers of mutations in DNA mismatch-repair genes in colon
cancer. N Engl J Med 2006;354:2751-63.

6. Hampel H, Frankel WL, Martin E, et al. Screening for the Lynch syn-
drome (hereditary nonpolyposis colorectal cancer). N Engl J Med
2005;352:1851-60.

7. Pinol V, Castells A, Andreu M, et al. Gastrointestinal Oncology Group
of the Spanish Gastroenterology Association. Accuracy of revised Be-
thesda guidelines, microsatellite instability, and immunohistochem-
istry for the identification of patients with hereditary nonpolyposis
colorectal cancer. JAMA 2005;293:1986-94.

8. Salovaara R, Loukkola A, Kristo P, et al. Population-based molecular
detection of hereditary nonpolyposis colorectal cancer. J Clin Oncol
2000;182:193-200.

9. Lynch HT, Shaw MW, Magnuson CW, et al. Hereditary factors in can-
cer: study of two large midwestern kindreds. Arch Intern Med
1966;117:206-12.

10. Fishel R, Lescoe MK, Rao MRS, et al. The human mutator gene homo-
log hMSH2 and its association with hereditary nonpolyposis colon
cancer. Cell 1993;75:1027-38.

11. Leach FS, Nicolaides N, Papadopoulos N, et al. Mutations of a MutS
homolog in hereditary non-polyposis colorectal cancer. Cell
1993;75:1215-55.

12. Papadopoulos N, Nicolaides NC, Wei Y-F, et al. Mutation of a mutL ho-
molog in hereditary colon cancer. Science 1994;263:1625-9.

13. Bronner CE, Baker SM, Morrison PT, et al. Mutations in the DNA
mismatch repair gene homologue hMLH1 is associated with heredi-
tary nonpolyposis colon cancer. Nature 1994;368:258-61.

14. National Cancer Institute. Levels of evidence for cancer genetic
studies (PDQ). 2012. Available at: http://www.cancer.gov/cancer
topics/pdq/levels-evidence-genetics. Accessed November 1, 2013.

15. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus
on rating quality of evidence and strength of recommendations. BMJ
2008;336:924-6.

16. Boland CR, Troncale FJ. Familial colonic cancer without antecedent
polyposis. Ann Intern Med 1984;100:700-1.
216 GASTROINTESTINAL ENDOSCOPY Volume 80, No. 2 : 2014
17. Bonadona V, Bonaïti B, Olschwang S, et al. Cancer risks associated
with germline mutations in MLH1, MSH2, and MSH6 genes in Lynch
syndrome. JAMA 2011;30:2304-10.

18. Dunlap MG, Farrington SM, Carothers AD, et al. Cancer risk associated
with germline DNA mismatch repair gene mutations. Hum Mol Genet
1997;6:105-10.

19. Quehenberger F, Vasen HF, van Houwelingen HC. Risk of colorectal
and endometrial cancer for carriers of mutations of the hMLH1 and
hMSH2 gene: correction for ascertainment. J Med Genet 2005;42:
491-6.

20. Jenkins MA, Baglietto L, Dowty JG, et al. Cancer risks for mismatch
repair gene mutation carriers: a population-based early onset care-
family study. Clin Gastroenterol Hepatol 2006;4:489-98.

21. Alarcon F, Lasset C, Carayol J, et al. Estimating cancer risk in HNPCC
by the BRL method. Eur J Hum Genet 2007;15:831-6.

22. Baglietto L, Lindor NM, Dowty JG, et al. Risks of Lynch syndrome can-
cers for MSH6 mutation carriers. J Natl Cancer Inst 2010;102:193-201.

23. Choi YH, Cotterchio M, McKeown-Eyssen G, et al. Penetrance of colo-
rectal cancer among MLH1/MSH2 carriers participating in the colo-
rectal cancer familial registry in Ontario. Hered Cancer Clin Pract
2009;7:14.

24. Hendriks YM, Wagner A, Morreau H, et al. Cancer risk in hereditary
nonpolyposis colorectal cancer due to MSH6 mutations: impact on
counseling and surveillance. Gastroenterology 2004;127:17-25.

25. Senter L, Clendenning M, Sotamaa K, et al. The clinical phenotype of
Lynch syndrome due to germ-line PMS2 mutations. Gastroenterology
2008;135:419-28.

26. Hampel H, Frankel WL, Martin E, et al. Feasibility of screening for
Lynch syndrome among patients with colorectal cancer. J Clin Oncol
2008;26:5783-8.

27. Vasen HR. Clinical description of the Lynch syndrome [hereditary
nonpolyposis colorectal cancer (HNPCC)]. Fam Cancer 2005;4:219-25.

28. Hampel H, Stephens JA, Pukkala E, et al. Cancer risk in hereditary non-
polyposis colorectal cancer syndrome: later age of onset. Gastroen-
terology 2005;129:415-21.

29. Howlader N, Noone AM, Krapcho M, et al, editors. SEER Cancer Statis-
tics Review, 1975-2009 (Vintage 2009 populations). Bethesda (MD):
National Cancer Institute. Available at: http://seer.cancer.gov/csr/
1975_2009_pops09/. Accessed November 1, 2013.

30. Lynch HT, Smyrk TC, Watson P, et al. Genetics, natural history, tumor
spectrum, and pathology of hereditary nonpolyposis colorectal can-
cer: an update review. Gastroenterology 1993;104:1535-49.

31. de Vos tot Nederveen Cappel WH, Nagengast FM, Griffioen G, et al.
Surveillance for hereditary nonpolyposis colorectal cancer: a long-
term study of 114 families. Dis Colon Rectum 2002;45:1588-94.

32. Parry S, Win AK, Parry B, et al. Metachronous colorectal cancer risk for
mismatch repair gene mutation carriers: the advantage of more
extensive colon surgery. Gut 2011;60:950-7.

33. Win AK, Parry S, Parry B, et al. Risk of metachronous colon cancer
following surgery for rectal cancer in mismatch repair gene mutation
carriers. Ann Surg Oncol 2013;20:1829-36.

34. Edelstein DL, Axilbund JE, Baxter M, et al. Rapid development of colo-
rectal neoplasia in patients with Lynch syndrome. Clin Gastroenterol
Hepatol 2011;9:340-3.

35. Jass JR, Stewart SM, Stewart J, et al. Hereditary nonpolyposis colo-
rectal cancerdmorphologies, genes and mutations. Mut Res
1994;310:125-33.

36. Jenkins MA, Hayashi S, O’Shea AM, et al. Pathology features in Bethes-
da guidelines predict colorectal cancer microsatellite instability: a
population based study. Gastroenterology 2007;133:48-56.

37. Peltomaki P, Offerhaus GJA, Vasen HFA. Lynch syndrome. In: Bos-
man FT, Carneiro F, Hruban RH, editors. WHO classification of
tumors of the digestive system. Sterling (Va): Stylus Publishing;
2010. p. 152-5.

38. Gryfe R, Kim H, Hsieh ETK, et al. Tumor microsatellite instability and
clinical outcome in young patients with colorectal cancer. N Engl J
Med 2000;342:69-77.
www.giejournal.org

http://refhub.elsevier.com/S0016-5107(14)01839-2/sref1
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref1
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref2
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref2
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref2
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref3
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref3
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref3
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref4
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref4
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref4
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref5
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref5
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref5
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref6
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref6
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref6
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref7
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref7
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref7
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref7
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref7
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref8
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref8
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref8
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref9
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref9
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref9
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref10
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref10
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref10
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref11
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref11
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref11
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref12
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref12
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref13
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref13
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref13
http://www.cancer.gov/cancertopics/pdq/levels-evidence-genetics
http://www.cancer.gov/cancertopics/pdq/levels-evidence-genetics
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref14
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref14
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref14
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref15
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref15
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref16
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref16
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref16
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref17
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref17
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref17
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref18
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref18
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref18
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref18
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref19
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref19
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref19
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref20
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref20
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref21
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref21
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref22
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref22
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref22
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref22
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref23
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref23
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref23
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref24
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref24
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref24
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref25
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref25
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref25
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref26
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref26
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref27
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref27
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref27
http://seer.cancer.gov/csr/1975_2009_pops09/
http://seer.cancer.gov/csr/1975_2009_pops09/
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref28
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref28
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref28
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref29
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref29
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref29
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref30
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref30
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref30
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref31
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref31
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref31
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref32
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref32
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref32
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref33
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref33
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref33
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref34
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref34
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref34
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref35
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref35
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref35
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref35
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref36
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref36
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref36
http://www.giejournal.org


Genetic evaluation and management of Lynch syndrome
39. Aarnio M, Sankila R, Pukkala E, et al. Cancer risk in mutation carriers of
DNA-mismatch-repair genes. Int J Cancer 1999;81:214-8.

40. Vasen HR, Stormorken A, Menko FH, et al. MSH2 mutation carriers are
a higher risk for cancer than MLH1 mutation carriers: a study of he-
reditary nonpolyposis colorectal cancer families. J Clin Oncol
2001;19:4074-80.

41. Ponti G, Losi L, Pedroni M, et al. Value of MLH1 and MSH2 mutations
in the appearance of Muir-Torre syndrome phenotype in HNPCC pa-
tients presenting sebaceous gland tumors or keratoacanthomas.
J Invest Dermatol 2006;126:2302-7.

42. South CD, Hampel H, Comeras I, et al. The frequency of Muir-Torre
syndrome among Lynch syndrome families. J Natl Cancer Inst
2008;100:277-81.

43. Watson P, Burzow R, Lynch HT, et al. The clinical features of ovarian
cancer in hereditary nonpolyposis colorectal cancer. Gynecol Oncol
2001;82:223-8.

44. Barrow E, Robinson L, Alduaij W, et al. Cumulative lifetime incidence
of extracolonic cancers in Lynch syndrome: a report of 121 families
with proven mutations. Clin Genet 2009;75:141-9.

45. Aarnio M, Salovaara R, Aaltonen LA, et al. Features of gastric cancer in
hereditary non-polyposis colorectal cancer. Int J Cancer 1997;74:
551-5.

46. Watson P, Vasen HF, Mecklin JP, et al. The risk of extra-colonic, extra-
endometrial cancer in Lynch syndrome. Int J Cancer 2008;123:444-9.

47. Capelle LG, Van Grieken NC, Lingsma HF, et al. Risk and epidemiolog-
ical time trends of gastric cancer in Lynch syndrome carriers in the
Netherlands. Gastroenterology 2010;138:487-92.

48. Engel C, Loeffler M, Steinke V, et al. Risks of less common cancers in
proven mutation carriers with lynch syndrome. J Clin Oncol 2012;30:
4409-15.

49. van der Post RS, Kiemeney LA, Ligtenberg MJ, et al. Risk of urothelial
bladder cancer in Lynch syndrome is increased, in particular among
MSH2 mutation carriers. J Med Genet 2010;47:464-70.

50. Kastrinos F, Stoffel EM, Balmaña J, et al. Phenotype comparison of
MLH1 and MSH2 mutation carriers in a cohort of 1914 individuals un-
dergoing clinical genetic testing in the United States. Cancer Epide-
miol Biomarkers Prev 2008;17:2044-51.

51. Win AK, Young JP, Lindor NM. Colorectal and other cancer risks for
carriers and noncarriers from families with a DNA mismatch repair
gene mutation: a prospective cohort study. J Clin Oncol 2012;30:
958-64.

52. Axilbund JE, Klein AP, Bacon JA, et al. Risk of pancreatic cancer in he-
reditary nonpolyposis colorectal cancer. Presented at: the 3rd Bien-
nial Meeting of the International Society for Gastrointestinal
Hereditary Tumours (InSiGHT); June 24-27, 2009; Dusseldorf,
Germany.

53. Grindedal EM, Moller P, Eeles R, et al. Germ-line mutations in
mismatch repair genes associated with prostate cancer. Cancer Epi-
demiol Biomarkers Prev 2009;18:2460-7.

54. Kastrinos F, Mukherjee B, Tayob N, et al. Risk of pancreatic cancer in
families with Lynch syndrome. JAMA 2009;302:1790-5.

55. Muller A, Edmonston TB, Corao DA, et al. Exclusion of breast cancer as
an integral tumor of hereditary nonpolyposis colorectal cancer. Can-
cer Res 2002;62:1014-9.

56. Vasen HF, Morreau H, Nortier JW. Is breast cancer part of the tumor
spectrum of hereditary nonpolyposis colorectal cancer? Am J Hum
Genet 2001;68:1533-5.

57. Walsh MD, Buchanan DD, Cummings MC, et al. Lynch syndrome–
associated breast cancers: clinicopathologic characteristics of a case
series from the colon cancer family registry. Clin Cancer Res
2010;16:2214-24.

58. Buerki N, Gautier L, Kovac M, et al. Evidence for breast cancer as an
integral part of Lynch syndrome. Genes Chromosomes Cancer
2012;51:83-91.

59. Raymond VM, Mukherjee B, Wang F, et al. Elevated risk of prostate
cancer among men with Lynch syndrome. J Clin Oncol 2013;31:
1713-8.
www.giejournal.org
60. Gruber SB. Cancer genetics: lesions from colorectal cancer. In: Kelsen
DP, Daly JM, Kern SE, editors. Gastrointestinal oncology: principles
and practice. Philadelphia: Lippincott William and Wilkins; 2002.
p. 1635-9.

61. Teruya-Feldstein J, Greene J, Cohen L, et al. Analysis of mismatch
repair defects in the familial occurrence of lymphoma and colorectal
cancer. Leuk Lymphoma 2002;43:1619-26.

62. Nilbert M, Therkildsen C, Nissen A, et al. Sarcomas associated with he-
reditary nonpolyposis colorectal cancer: broad anatomical and
morphologic spectrum. Fam Cancer 2009;8:209-13.

63. Trimbath JD, Petersen GM, Erdman SH, et al. Cafe-au-lait spots and
early onset colorectal neoplasia: a variant of HNPCC? Fam Cancer
2001;1:101-5.

64. Durno CA, Holter S, Sherman PM, et al. The gastrointestinal pheno-
type of germline biallelic mismatch repair gene mutations. Am J Gas-
troenterol 2010;105:2449-56.

65. Vasen HFA, Mecklin JP, Meera Khan P, et al. The International Collab-
orative Group on Hereditary Non-Polyposis Colorectal Cancer. Dis Co-
lon Rect 1991;34:424-5.

66. Vasen HFA, Watson P, Mecklin JP, et al. New criteria for hereditary
non-polyposis colorectal cancer (HNPCC, Lynch syndrome) proposed
by the International Collaborative Group on HNPCC (ICG-HNPCC).
Gastroenterology 1999;116:1453-6.

67. Umar A, Boland CR, Terdiman JP, et al. Revised Bethesda Guidelines
for hereditary polyposis colorectal cancer (Lynch syndrome) and mi-
crosatellite instability. J Natl Cancer Inst 2004;96:261-8.

68. Mensenkamp AR, Vogelaar IP, van Zelst-Stams WAG, et al. Somatic
mutations in MLH1 and MSH2 are a frequent cause of mismatch-
repair deficiency in Lynch syndrome-like tumors. Gastroenterology
2014;146:643-6.

69. Lindor NM, Rabe K, Petersen GM, et al. Lower cancer incidence in
Amsterdam-I criteria families without mismatch repair deficiency: fa-
milial colorectal cancer type X. JAMA 2005;293:1979-85.

70. Mueller-Koch Y, Vogelsang H, Koop R, et al. Hereditary nonpolyposis
colorectal cancer: clinical and molecular evidence for a new entity of
hereditary colorectal cancer. Gut 2005;54:1733-40.

71. Lior X, Pons E, Xicola RM, et al. Differential features of colorectal can-
cers fulfilling Amsterdam criteria without involvement of the mutator
pathway. Clin Cancer Res 2005;11:7304-10.

72. Valle L, Perea J, Carbonell P, et al. Clinicopathologic and pedigree dif-
ferences in Amsterdam I-positive hereditary nonpolyposis colorectal
cancer families according to tumor microsatellite instability status.
J Clin Oncol 2007;25:781-6.

73. Lynch HT, Lynch PM, Pester J, et al. The cancer family syndrome: rare
cutaneous phenotypic linkage of Torre’s syndrome. Arch Intern Med
1981;141:607-11.

74. Entius MM, Keller JJ, Drillenburg P, et al. Microsatellite instability
and expression of hMLH-1 and hMSH-2 in sebaceous gland carci-
nomas as markers for Muir-Torre syndrome. Clin Cancer Res
2000;6:1784-9.

75. Hamilton SR, Liu B, Parsons RE, et al. The molecular basis of Turcot’s
syndrome. N Engl J Med 1995;332:839-47.

76. Bronner CE, Baker SM, Morrison PT, et al. Mutation in the DNA
mismatch repair gene homologue hMLH1 is associated with heredi-
tary non-polyposis colon cancer. Nature 1994;368:258-61.

77. Nicolaides NC, Papadopoulos N, Liu B, et al. Mutations of two PMS ho-
mologues in hereditary nonpolyposis colon cancer. Nature 1994;371:
75-80.

78. Akiyama Y, Sato H, Yamada T, et al. Germ-line mutations of
hMSH6/GTBP gene in an atypical hereditary nonpolyposis colorectal
cancer kindred. Cancer Res 1997;57:3920-3.

79. Miyaki M, Konishi M, Tanaka K, et al. Germline mutation of the hMSH6
gene as the cause of hereditary nonpolyposis colorectal cancer. Nat
Genet 1997;17:271-2.

80. Kovacs ME, Papp J, Szentirmay Z, et al. Deletions removing the last
exon of TACSTD1 constitute a distinct class of mutations predispos-
ing to Lynch syndrome. Hum Mutat 2009;30:197-203.
Volume 80, No. 2 : 2014 GASTROINTESTINAL ENDOSCOPY 217

http://refhub.elsevier.com/S0016-5107(14)01839-2/sref37
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref37
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref38
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref38
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref38
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref38
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref39
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref39
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref39
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref39
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref40
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref40
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref40
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref41
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref41
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref41
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref42
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref42
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref42
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref43
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref43
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref43
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref44
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref44
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref45
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref45
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref45
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref46
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref46
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref46
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref47
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref47
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref47
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref48
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref48
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref48
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref48
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref49
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref49
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref49
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref49
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref50
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref50
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref50
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref51
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref51
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref52
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref52
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref52
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref53
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref53
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref53
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref54
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref54
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref54
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref54
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref55
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref55
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref55
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref56
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref56
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref56
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref57
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref57
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref57
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref57
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref58
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref58
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref58
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref59
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref59
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref59
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref60
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref60
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref60
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref61
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref61
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref61
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref62
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref62
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref62
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref63
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref63
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref63
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref63
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref64
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref64
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref64
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref65
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref65
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref65
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref65
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref66
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref66
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref66
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref67
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref67
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref67
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref68
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref68
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref68
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref69
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref69
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref69
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref69
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref70
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref70
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref70
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref71
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref71
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref71
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref71
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref72
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref72
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref73
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref73
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref73
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref74
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref74
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref74
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref75
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref75
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref75
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref76
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref76
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref76
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref77
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref77
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref77
http://www.giejournal.org


Genetic evaluation and management of Lynch syndrome
81. Lynch HT, Riegert-Johnson DL, Snyder C, et al. Lynch syndrome-
associated extracolonic tumors are rare in two extended families with
the same EPCAM deletion. Am J Gastroenterol 2011;106:1829-36.

82. Kempers MJ, Kuiper RP, Ockeloen CW, et al. Risk of colorectal and
endometrial cancers in EPCAM deletion-positive Lynch syndrome: a
cohort study. Lancet Oncol 2011;12:49-55.

83. Rustgi AK. The genetics of hereditary colon cancer. Genes Dev
2007;21:2525-38.

84. Vaughn CP, Robles J, Swensen JJ, et al. Clinical analysis of PMS2: mu-
tation detection and avoidance of pseudogenes. Hum Mutat 2010;31:
588-93.

85. Borràs E, Pineda M, Cadiñanos J, et al. Refining the role of pms2 in
Lynch syndrome: germline mutational analysis improved by compre-
hensive assessment of variants. J Med Genet 2013;50:552-63.

86. Hitchins MP, Ward RL. Constitutional (germline) MLH1 epimutation as
an aetiological mechanism for hereditary non-polyposis colorectal
cancer. J Med Genet 2009;46:793-802.

87. Aaltonen LA, Peltomaki P, Leach FS, et al. Clues to the pathogenesis
of familial colorectal cancer. Science 1993;260:812-6.

88. Boland CR, Thibodeau SN, Hamilton SR, et al. A National Cancer Insti-
tute Workshop of microsatellite instability for cancer detection and
familial predisposition: development of international criteria for the
determination of microsatellite instability in colorectal cancer. Cancer
Res 1998;58:5248-57.

89. Wu Y, Berends MJ, Mensink RG, et al. Association of hereditary non-
polyposis colorectal cancer-related tumors displaying low microsatel-
lite instability with MSH6 germline mutations. Am J Hum Genet
1999;65:1291-8.

90. Haugen AC, Goel A, Yamada K, et al. Genetic instability caused by loss
of MutS homologue 3 in human colorectal cancer. Cancer Res
2008;68:8465-72.

91. Lee SY, Chung H, Devaraj B, et al. Microsatellite alterations at selected
tetranucleotide repeats are associated with morphologies of colo-
rectal neoplasias. Gastroenterology 2010;139:1519-25.

92. Hienonen T, Laiho P, Salovaara R, et al. Little evidence for involve-
ment of MLH3 in colorectal cancer predisposition. Int J Cancer
2003;106:292-6.

93. Liu HX, Zhou XL, Liu T, et al. The role of hMLH3 in familial colorectal
cancer. Cancer Res 2003;63:1894-9.

94. Lindor NM, Burgart LJ, Leontovich O, et al. Immunohistochemistry
versus microsatellite instability testing in phenotyping colorectal tu-
mors. J Clin Oncol 2002;20:1043-8.

95. Cunningham JM, Kim CY, Christensen ER, et al. The frequency of he-
reditary defective mismatch repair in a prospective series of unse-
lected colorectal cancers. Am J Hum Genet 2001;68:795-801.

96. Deng G, Bell I, Crawley S, et al. BRAF mutation is frequently present in
sporadic colorectal cancer with methylated hMLH1, but not in hered-
itary nonpolyposis colorectal cancer. Clin Cancer Res 2004;10:191-5.

97. Domingo E, Niessen RC, Oliveria C, et al. BRAF-V600E is not involved
in the colorectal tumorigenesis of HNPCC in patients with functional
MLH1 and MSH2 genes. Oncogene 2005;24:3995-8.

98. Nakagawa H, Nagasake T, Culling HM, et al. Efficient molecular
screening of Lynch syndrome by specific 30 promoter methylation
of the MLH1 or BRAF mutation in colorectal cancer with high-
frequency microsatellite instability. Oncol Rep 2009;21:1577-83.

99. Balmaña J, Balaguer F, Castellví-Bel S, et al. Gastrointestinal Oncology
Group of the Spanish Gastroenterological Association, comparison of
predictive models, clinical criteria and molecular tumour screening
for the identification of patients with Lynch syndrome in a
population-based cohort of colorectal cancer patients. J Med Genet
2008;45:557-63.

100. Green RC, Parfrey PS, Woods MO, et al. Prediction of Lynch syndrome
in consecutive patients with colorectal cancer. J Natl Cancer Inst
2009;101:331-40.

101. Kastrinos F, Allen JI, Stockwell DH, et al. Development and validation
of a colon cancer risk assessment tool for patients undergoing colo-
noscopy. Am J Gastroenterol 2009;104:1508-18.
218 GASTROINTESTINAL ENDOSCOPY Volume 80, No. 2 : 2014
102. Monzon JG, Cremin C, Armstrong L, et al. Validation of predictive
models for germline mutations in DNA mismatch repair genes in
colorectal cancer. Int J Cancer 2010;126:930-9.

103. Boland CR, Shike M. Report from the Jerusalem Workshop on Lynch
syndromedhereditary nonpolyposis colorectal cancer. Gastroenter-
ology 2010;138:2197-201.

104. Barnetson RA, Tenesa A, Farrington SM, et al. Identification and sur-
vival of carriers of mutations in DNA mismatch-repair genes in colon
cancer. N Engl J Med 2006;354:2751-63.

105. Kastrinos F, Steyerberg EW, Mercado R, et al. The PREMM(1,2,6) model
predicts risk of MLH1, MSH2, and MSH6 germline mutations based on
cancer history. Gastroenterology 2011;140:73-81.

106. Dinh TA, Rosner BI, Atwood JC, et al. Health benefits and cost-
effectiveness of primary genetic screening for Lynch syndrome in
the general population. Cancer Prev Res 2010;4:9-22.

107. Palomaki GE, McClain MR, Melillo S, et al. EGAPP supplementary evi-
dence review: DNA testing strategies aimed at reducing morbidity
and mortality from Lynch syndrome. Genet Med 2009;11:42-65.

108. Kastrinos F, Steyerberg EW, Balmaña J, et al. Comparison of the clin-
ical prediction model PREMM(1,2,6) and molecular testing for the sys-
tematic identification of Lynch syndrome in colorectal cancer. Gut
2013;62:272-9.

109. Julié C, Trésallet C, Brouquet A, et al. Identification in daily practice of
patients with Lynch syndrome (hereditary nonpolyposis colorectal
cancer): revised Bethesda guidelines-based approach versus molecu-
lar screening. Am J Gastroenterol 2008;103:2825-35.

110. van Lier MG, Leenen CH, Wagner A, et al. Yield of routine molecular
analyses in colorectal cancer patients%70 years to detect underlying
Lynch syndrome. J Pathol 2012;226:764-74.

111. Pérez-Carbonell L, Ruiz-Ponte C, Guarinos C, et al. Comparison be-
tween universal molecular screening for Lynch syndrome and revised
Bethesda guidelines in a large population-based cohort of patients
with colorectal cancer. Gut 2012;61:865-72.

112. Moreira L, Balaguer F, Lindor N, et al. Identification of Lynch syn-
drome among patients with colorectal cancer. JAMA 2012;308:
1555-65.

113. Evaluation of Genomic Applications in Practice and Prevention
(EGAPP) Working Group. Recommendations from the EGAPP Working
Group: genetic testing strategies in newly diagnosed individuals with
colorectal cancer aimed at reducing morbidity and mortality for
Lynch syndrome in relatives. Genet Med 2009;11:35-41.

114. Ladabaum U, Wang G, Terdiman J, et al. Strategies to identify the
Lynch syndrome among patients with colorectal cancer: a cost-
effectiveness analysis. Ann Intern Med 2011;155:69-79.

115. Palomaki GE, McClain MR, Melillo S, et al. EGAPP supplementary evi-
dence review: DNA testing strategies aimed at reducing morbidity
and mortality for Lynch syndrome. Genet Med 2009;11:42-65.

116. Mvundura M, Grosse SD, Hampel H, et al. The cost-effectiveness of
genetic testing strategies for Lynch syndrome among newly diag-
nosed patients with colorectal cancer. Genet Med 2010;12:93-104.

117. Heald B, Plesec T, Liu X, et al. Implementation of universal microsat-
ellite instability and immunohistochemistry screening for diagnosing
Lynch syndrome in a large academic medical center. J Clin Oncol
2013;31:1336-40.

118. Stoffel EM, Chitenden A. Genetic testing for hereditary colorectal can-
cer: challenges in identifying, counseling, and managing high-risk pa-
tients. Gastroenterology 2010;139:1436-41.

119. American Gastroenterological Association Medical Position State-
ment: hereditary colorectal cancer and genetic testing. Gastroenter-
ology 2001;121:195-7.

120. Giardiello FM, Brensinger JD, Petersen GM. AGA technical review on
hereditary colorectal cancer and genetic testing. Gastroenterology
2001;121:198-213.

121. Genetic testing for colon cancer: joint statement of the American Col-
lege of Medical Genetics and American Society of Human Genetics.
Joint Test and Technology Transfer Committee Working Group. Genet
Med 2000;2:362-6.
www.giejournal.org

http://refhub.elsevier.com/S0016-5107(14)01839-2/sref78
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref78
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref78
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref79
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref79
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref79
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref80
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref80
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref81
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref81
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref81
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref82
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref82
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref82
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref83
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref83
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref83
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref84
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref84
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref85
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref85
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref85
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref85
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref85
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref86
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref86
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref86
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref86
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref87
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref87
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref87
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref88
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref88
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref88
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref89
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref89
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref89
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref90
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref90
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref91
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref91
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref91
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref92
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref92
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref92
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref93
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref93
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref93
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref94
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref94
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref94
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref95
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref95
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref95
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref95
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref95
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref96
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref96
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref96
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref96
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref96
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref96
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref97
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref97
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref97
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref98
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref98
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref98
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref99
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref99
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref99
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref100
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref100
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref100
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref101
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref101
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref101
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref102
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref102
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref102
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref103
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref103
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref103
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref104
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref104
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref104
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref105
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref105
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref105
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref105
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref106
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref106
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref106
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref106
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref107
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref107
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref107
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref108
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref108
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref108
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref108
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref109
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref109
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref109
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref110
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref110
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref110
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref110
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref110
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref111
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref111
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref111
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref112
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref112
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref112
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref113
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref113
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref113
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref114
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref114
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref114
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref114
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref115
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref115
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref115
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref116
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref116
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref116
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref117
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref117
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref117
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref118
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref118
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref118
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref118
http://www.giejournal.org


Genetic evaluation and management of Lynch syndrome
122. National Comprehensive Cancer Network. NCCN Clinical Practice
Guidelines in Oncology: Colorectal Cancer Screening. Version
2.2012. Available at: http://www.nccn.org/professionals/physician_
gls/PDF/colorectal_screening.pdf. Accessed November 1, 2013.

123. Robson ME, Storm CD, Weitzel J, et al. American Society of Clinical
Oncology policy statement update: genetic and genomic testing
for cancer susceptibility. J Clin Oncol 2010;28:893-901.

124. Statement of the American Society of Clinical Oncology: genetic
testing for cancer susceptibility. J Clin Oncol 1996;14:1730-40.

125. Holtzman NA. Promoting safe and effective genetic testing in the
United States: work of the task force on genetic testing. Clin Chem
1999;45:732-8.

126. National Advisory Council for Human Genome Research. Statement
on use of DNA testing for presymptomatic identification of cancer
risk. JAMA 1994;271:785.

127. American College of Surgeons. Commission on Cancer; standard 2.3: risk
assessment and genetic counseling. Available at: http://www.facs.org/
cancer/cocsource/2012/february.html#. Accessed November 1, 2013.

128. Trimbath JD, Giardiello FM. Genetic testing and counseling for hered-
itary colorectal cancer. Aliment Pharmacol Ther 2002;16:1843-57.

129. Järvinen HJ, Mecklin JP, Sistonen P. Screening reduces colorectal can-
cer rate in families with hereditary nonpolyposis colorectal cancer.
Gastroenterology 1995;108:1405-11.

130. Järvinen HJ, Aarnio M, Mustonen H, et al. Controlled 15-year trial on
screening for colorectal cancer in families with hereditary nonpolypo-
sis colorectal cancer. Gastroenterology 2000;118:829-34.

131. Järvinen HJ, Renkonen-Sinisalo L, Aktán-Collán K, et al. Ten years after
mutation testing for Lynch syndrome: cancer incidence and outcome
in mutation-positive and mutation-negative family members. J Clin
Oncol 2009;27:4793-7.

132. Dove-Edwin I, Sasieni P, Adams J, et al. Prevention of colorectal can-
cer by colonoscopic surveillance in individuals with a family history of
colorectal cancer: 16 year, prospective, follow-up study. BMJ
2005;331:1047.

133. Vasen HF, Abdirahman M, Brohet R, et al. One to 2-year surveillance
intervals reduce risk of colorectal cancer in families with Lynch syn-
drome. Gastroenterology 2010;138:2300-6.

134. Engel C, Rahner N, Schulmann K, et al. Efficacy of annual colonoscopic
surveillance in individuals with hereditary nonpolyposis colorectal
cancer. Clin Gastroenterol Hepatol 2010;8:174-82.

135. Stuckless S, Green JS, Morgenstern M, et al. Impact of colonoscopic
screening in male and female Lynch syndrome carriers with an
MSH2 mutation. Clin Genet 2012;82:439-45.

136. Grover S, Sygal S. Risk assessment, genetic testing and management
of Lynch syndrome. J NCCN 2010;8:98-105.

137. Lindor NM, Petersen GM, Hadley DW, et al. Recommendations for the
care of individuals with an inherited predisposition to Lynch syn-
drome: a systematic review. JAMA 2006;296:1507-17.

138. Vasen HF, Blanco I, Aktan-Collan K, et al. Revised guidelines for the
clinical management of Lynch syndrome (HNPCC): recommendations
by a group of European experts. Gut 2013;62:812-23.

139. Dove-Edwin I, Boks D, Goff S, et al. The outcome of endometrial car-
cinoma surveillance by ultrasound in women at risk of hereditary
nonpolyposis colorectal carcinoma and familial colorectal carcinoma.
Cancer 2002;94:1708-12.

140. Rijcken FE, Mourits MJ, Kleibeuker JH, et al. Gynecologic screening in
hereditary nonpolyposis colorectal cancer. Gynecol Oncol 2003;91:
74-80.

141. Renkonen-Sinisalo L, Butzow R, Leminen A, et al. Surveillance for
endometrial cancer in hereditary nonpolyposis colorectal cancer syn-
drome. Int J Cancer 2007;120:821-4.

142. Lécuru F, Le Frère Belda MA, Bats AS, et al. Performance of office hys-
teroscopy and endometrial biopsy for detecting endometrial disease
in women at risk of human non-polyposis colon cancer: a prospective
study. Int J Gynecol Cancer 2008;18:1326-31.

143. Gerritzen LH, Hoogerbrugge N, Oei AL, et al. Improvement of endo-
metrial biopsy over transvaginal ultrasound alone for endometrial
www.giejournal.org
surveillance in women with Lynch syndrome. Fam Cancer 2009;8:
391-7.

144. Stuckless S, Green J, Dawson L, et al. Impact of gynecological
screening in Lynch syndrome carriers with an MSH2 mutation. Clin
Genet 2013;83:359-64.

145. Evans DG, Gaarenstroom KN, Stirling D, et al. Screening for familial
ovarian cancer: poor survival of BRCA1/2 related cancers. J Med
Genet 2009;46:593-7.

146. Schmeler KM, Lynch HT, Chen LM, et al. Prophylactic surgery to
reduce the risk of gynecological cancers in Lynch syndrome. N Engl
J Med 2006;354:261-9.

147. Yang KY, Caughey AB, Little SE, et al. A cost-effectiveness analysis of
prophylactic surgery versus gynecologic surveillance for women from
hereditary non-polyposis colorectal cancer (HNPCC) families. Fam
Cancer 2011;10:535-43.

148. Kwon JS, Sun CC, Peterson SK, et al. Cost-effectiveness analysis of pre-
vention strategies for gynecologic cancers in Lynch syndrome. Can-
cer 2008;113:326-35.

149. Renkonen-Sinisalo L, Sipponen P, Aarnio M, et al. No support for
endoscopic surveillance for gastric cancer in hereditary non-
polyposis colorectal cancer. Scand J Gastroenterol 2002;37:574-7.

150. Schulmann K, Brasch FE, Kunstmann E, et al. HNPCC-associated small
bowel cancer: clinical and molecular characteristics. Gastroenterology
2005;128:590-9.

151. Saurin JC, Pilleul F, Soussan EB, et al. Small-bowel capsule endoscopy
diagnoses early and advanced neoplasms in asymptomatic patients
with Lynch syndrome. Endoscopy 2010;42:1057-62.

152. Myrhøj T, Andersen MB, Bernstein I. Screening for urinary tract cancer
with urine cytology in Lynch syndrome and familial colorectal cancer.
Fam Cancer 2008;7:303-7.

153. Stoffel E, Mukherjee B, Raymond VM, et al. Calculation of risk of colo-
rectal and endometrial cancer among patients with Lynch syndrome.
Gastroenterology 2009;137:1621-7.

154. Thériault GP, Tremblay CG, Armstrong BG. Bladder cancer screening
among primary aluminum production workers in Quebec. J Occup
Med 1990;32:869-72.

155. Office of Disease Prevention and Health Promotion. Screening for
bladder cancer. Available at: http://odphp.osophs.dhhs.gov/pubs/
guidecps/PDF/CH17.PDF. Accessed November 1, 2013.

156. CantoMI, HarinckF, HrubanRH, et al. International Cancer of the Pancreas
Screening (CAPS) Consortium summit on the management of patients
with increased risk for familial pancreatic cancer. International Cancer
of Pancreas Screening (CAPS) Consortium. Gut 2013;62:339-47.

157. Barrow PJ, Ingham S, O'Hara C, et al. The spectrum of urological ma-
lignancy in Lynch syndrome. Fam Cancer 2013;12:57-63.

158. Haanstra JF, de Vos tot Nederveen Cappel WH, Gopie JP, et al. Quality
of life after surgery for colon cancer in patients with Lynch syndrome:
partial versus subtotal colectomy. Dis Colon Rectum 2012;55:653-9.

159. de Vos tot Nederveen Cappel WH, Buskens E, van Duijvendijk P, et al.
Decision analysis in the surgical treatment of colorectal cancer due to
a mismatch repair gene defect. Gut 2003;52:1752-5.

160. Kalady MF, Lipman J, McGannon E, et al. Risk of colonic neoplasia af-
ter proctectomy for rectal cancer in hereditary nonpolyposis colo-
rectal cancer. Ann Surg 2012;255:1121-5.

161. Burn J, Bishop DT, Mecklin JP, et al. Effect of aspirin or resistant starch
on colorectal neoplasia in the Lynch syndrome. N Engl J Med
2008;359:2567-78.

162. Mathers JC, Movahedi M, Macrae F, et al. Long-term effect of resistant
starch on cancer risk in carriers of hereditary colorectal cancer: an
analysis from the CAPP2 randomized controlled trial. Lancet Oncol
2012;13:1242-9.

163. Burn J, Gerdes AM, Macrae F, et al. Long-term effect of aspirin on can-
cer risk in carriers of hereditary colorectal cancer: an analysis from the
CAPP2 randomized controlled trial. Lancet 2011;378:2081-7.

164. Rothwell PM, Fowkes FG, Belch JF, et al. Effect of daily aspirin on long-
term risk of death due to cancer: analysis of individual patient data
from randomized trials. Lancet 2011;377:31-41.
Volume 80, No. 2 : 2014 GASTROINTESTINAL ENDOSCOPY 219

http://www.nccn.org/professionals/physician_gls/PDF/colorectal_screening.pdf
http://www.nccn.org/professionals/physician_gls/PDF/colorectal_screening.pdf
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref119
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref119
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref119
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref120
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref120
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref121
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref121
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref121
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref122
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref122
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref122
http://www.facs.org/cancer/cocsource/2012/february.html#
http://www.facs.org/cancer/cocsource/2012/february.html#
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref123
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref123
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref124
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref124
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref124
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref125
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref125
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref125
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref126
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref126
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref126
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref126
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref127
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref127
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref127
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref127
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref128
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref128
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref128
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref129
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref129
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref129
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref130
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref130
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref130
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref131
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref131
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref132
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref132
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref132
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref133
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref133
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref133
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref134
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref134
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref134
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref134
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref135
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref135
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref135
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref136
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref136
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref136
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref137
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref137
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref137
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref137
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref138
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref138
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref138
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref138
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref139
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref139
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref139
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref140
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref140
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref140
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref141
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref141
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref141
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref142
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref142
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref142
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref142
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref143
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref143
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref143
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref144
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref144
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref144
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref145
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref145
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref145
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref146
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref146
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref146
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref147
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref147
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref147
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref148
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref148
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref148
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref149
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref149
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref149
http://odphp.osophs.dhhs.gov/pubs/guidecps/PDF/CH17.PDF
http://odphp.osophs.dhhs.gov/pubs/guidecps/PDF/CH17.PDF
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref150
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref150
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref150
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref150
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref151
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref151
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref152
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref152
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref152
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref153
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref153
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref153
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref154
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref154
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref154
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref155
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref155
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref155
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref156
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref156
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref156
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref156
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref157
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref157
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref157
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref158
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref158
http://refhub.elsevier.com/S0016-5107(14)01839-2/sref158
http://www.giejournal.org


Genetic evaluation and management of Lynch syndrome
Francis M. Giardiello
John I. Allen
Jennifer E. Axilbund
C. Richard Boland
Carol A. Burke
Randall W. Burt
James M. Church
Jason A. Dominitz
David A. Johnson
Tonya Kaltenbach
Theodore R. Levin
220 GASTROINTESTINAL ENDOSCOPY Volume 80, No. 2 : 2014
David A. Lieberman
Douglas J. Robertson
Sapna Syngal
Douglas K. Rex

Reprint requests: Francis M. Giardiello, MD, 1830 East Monument Street,
Rm 431. Baltimore, MD 21205. e-mail: fgiardi@jhmi.edu.

This guideline was reviewed and approved by governing boards of the
American Society for Gastrointestinal Endoscopy, American College of
Gastroenterology, the American Gastroenterological Association, and the
American Society of Colon and Rectal Surgeons.
www.giejournal.org

mailto:fgiardi@jhmi.edu
http://www.giejournal.org

	Guidelines on genetic evaluation and management of Lynch syndrome: A consensus statement by the U.S. Multi-Society Task Force on Colorectal Cancer
	Methodology
	Literature review
	Levels of evidence
	Process

	Lynch syndrome characteristics
	Clinical manifestations
	Clinical criteria
	Terminology/differential diagnosis

	Genetic alterations
	Germline mutations
	Germline epimutations
	Tumor alterations
	Microsatellite instability
	Loss of expression of DNA mismatch repair proteins
	Somatic methylation of MLH1
	BRAF mutations


	Identification of lynch syndrome
	Clinical criteria
	Amsterdam criteria
	Revised Bethesda guidelines
	Colorectal cancer risk assessment tool

	Computational models
	MMRpredict model
	MMRpro model
	PREMM1,2,6, model

	Tumor testing
	Microsatellite instability testing
	Immunohistochemistry testing

	Universal testing

	Genetic testing
	Indications for testing
	Universal testing (tumor testing)
	Traditional testing (selective tumor and/or germline testing)

	Process of genetic testing
	Genetic counseling
	Universal testing strategy
	Traditional testing strategy
	Clinically affected members-family mutation known
	Clinically affected member-family mutation not known
	Clinically unaffected (at-risk) member-family mutation known
	Clinically unaffected (at-risk) member-family mutation not known


	Lynch syndrome management
	Screening
	Colorectal cancer
	Endometrial cancer
	Ovarian cancer
	Prophylactic hysterectomy and oophorectomy
	Gastric cancer
	Small intestinal cancer
	Urinary cancer
	Pancreatic cancer
	Other cancers

	Treatment
	Colectomy
	Chemoprevention


	Disclosure
	References


