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Summary of Recommendations: The Evaluation of Genomic Appli-
cations in Practice and Prevention (EGAPP) Working Group found
sufficient evidence to recommend offering genetic testing for Lynch
syndrome to individuals with newly diagnosed colorectal cancer to
reduce morbidity and mortality in relatives. We found insufficient
evidence to recommend a specific genetic testing strategy among the
several examined.
Rationale: Genetic testing to detect Lynch syndrome in individuals
with newly diagnosed colorectal cancer (CRC) is proposed as a strategy
to reduce CRC morbidity and mortality in their relatives (see Clinical
Considerations section for definition of Lynch syndrome). The EGAPP
Working Group (EWG) constructed a chain of evidence that linked
genetic testing for Lynch syndrome in patients with newly diagnosed
CRC with improved health outcomes in their relatives. We found that
assessing patients who have newly diagnosed CRC with a series of
genetic tests could lead to the identification of Lynch syndrome. Rela-
tives of patients with Lynch syndrome could then be offered genetic
testing, and, where indicated, colorectal, and possibly endometrial,
cancer surveillance, with the expectation of improved health outcome.
The EWG concluded that there is moderate certainty that such a testing
strategy would provide moderate population benefit. Analytic Validity:

The EWG found adequate evidence to conclude that the analytic sen-
sitivity and specificity for preliminary and diagnostic tests were high.
Clinical Validity: After accounting for the specific technologies and
numbers of markers used, the EWG found at least adequate evidence to
describe the clinical sensitivity and specificity for three preliminary
tests, and for four selected testing strategies. These measures of clinical
validity varied with each test and each strategy (see Clinical Consider-
ations section). Clinical Utility: The EWG found adequate evidence for
testing uptake rates, adherence to recommended surveillance activities,
number of relatives approachable, harms associated with additional
follow-up, and effectiveness of routine colonoscopy. This chain of
evidence supported the use of genetic testing strategies to reduce mor-
bidity/mortality in relatives with Lynch syndrome. Several genetic
testing strategies were potentially effective, but none was clearly supe-
rior. The evidence for or against effectiveness of identifying mismatch
repair (MMR) gene mutations in reducing endometrial cancer morbidity
or mortality was inadequate. Contextual Issues: CRC is a common
disease responsible for an estimated 52,000 deaths in the United States
in 2007. In about 3% of newly diagnosed CRC, the underlying cause is
a mutation in a MMR gene (Lynch syndrome) that can be reliably
identified with existing laboratory tests. Relatives inheriting the mutation
have a high (about 45% by age 70) risk of developing CRC. Evidence
suggests these relatives will often accept testing and increased surveillance.
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CLINICAL CONSIDERATIONS

Definitions

● Lynch syndrome is defined as a hereditary predisposition
to CRC and certain other malignancies (e.g., endometrial
and gastric cancer) as a result of a germline mismatch
repair (MMR) gene mutation. Lynch syndrome includes
both individuals with an existing cancer and those who
have not yet developed cancer.

● The associated MMR gene mutations are inherited in an
autosomal dominant manner.

● Analytic validity refers to a test’s ability to accurately and
reliably measure the genetic characteristic (e.g., genotype,
mutation, polymorphism) of interest.
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● Clinical validity defines how well test results correlate
with the intermediate or final outcomes of interest. This is
usually reported as a clinical sensitivity/specificity.

Patient population under consideration
These recommendations apply to all individuals with a new

diagnosis of CRC. An estimated 2–4% can be identified as
having Lynch syndrome.

Preliminary (screening) tests
Microsatellite instability (MSI) testing or immunohistochem-

ical (IHC) testing (with or without BRAF mutation testing) of
the tumor tissue are examples of preliminary testing strategies
that could be used to select patients for subsequent diagnostic
testing. Diagnostic testing involves MMR gene mutation (and
deletion/duplication) testing of the proband, usually using a
blood sample. Lynch syndrome is most commonly caused by
mutations in the two MMR genes MLH1 and MSH2; less
commonly by mutations in MSH6 and PMS2.

Clinical performance (sensitivity/specificity) to identify Lynch
syndrome:

● 80–91% sensitivity of MSI testing among those with
MLH1 or MSH2 mutations, depending on MSI panel com-
position; associated specificity is 90%.

● 55–77% sensitivity of MSI testing among those with
MSH6 (or PMS2) mutations, depending on panel compo-
sition; associated specificity is 90%.

● 83% sensitivity of IHC testing, regardless of MMR gene
involved; associated specificity of 89%.

● Virtually 100% of individuals with Lynch syndrome do
not carry the BRAF mutation, whereas 68% of those with-
out Lynch syndrome do. BRAF mutation testing is usually
restricted to CRC cases with absent staining for MLH1.

● An estimated 84% of the individuals with Lynch syndrome
can be identified with current methods for DNA sequenc-
ing and deletion analysis. The 16% not detectable are
associated with PMS2 mutations. Testing of this gene has
only recently become commercially available, and its use
was not included in this review. This rate is only achiev-
able if all newly diagnosed CRC cases are tested.

Treatment/follow-up of probands and relatives
Evidence does not exist to make specific recommendations

for changes in CRC treatment in probands. The EWG recom-
mends that probands be informed of the advantages of contact-
ing blood relatives to offer counseling and targeted testing to
diagnose Lynch syndrome. Among relatives diagnosed with
Lynch syndrome (MMR positive), more frequent colonoscopies
are indicated and should begin at an earlier age than recom-
mended for average risk individuals. Increased surveillance
results in reduced rates of colon cancer and death from all
causes. Among women with Lynch syndrome (both probands
and relatives), additional surveillance for early identification of
endometrial cancer may be considered, but there is less evi-
dence to support it.

Other considerations

● The general debate on the issue of consent is acknowl-
edged. However, because of the potential impact on the
patient’s relatives, the EWG recommends that individuals
with newly diagnosed CRC should be routinely offered
counseling and educational materials aimed at informing
them and their relatives of the potential benefits and harms

associated with genetic testing to identify Lynch syn-
drome.

● Protocols for sample collection, laboratory testing, and
reporting of results need to be instituted, as well as for
contacting, educating, testing, and following relatives with
Lynch syndrome.

Other approaches
Family history is an important risk factor for CRC in the

general population. Among individuals with newly diagnosed
CRC, however, family history is less useful as the first step in
identifying Lynch syndrome than strategies involving the anal-
ysis of tumor samples (e.g., MSI, IHC). The application of
Amsterdam and Bethesda criteria has resulted in variable and
generally poor performance in identifying Lynch syndrome.
Therefore, the EWG does not recommend the use of family
history to exclude individuals with newly diagnosed cancer
from the offer of genetic testing.

Economic considerations
Costs per Lynch syndrome case detected depend on the

testing strategy selected; higher costs are associated with higher
sensitivity. Total program costs are highest when no preliminary
tests are employed (e.g., all individuals with newly diagnosed
CRC are offered DNA sequencing).

BACKGROUND AND CLINICAL CONTEXT FOR
THE RECOMMENDATION

CRC is the second leading cause of cancer-related death in
the United States in both men and women, with an estimated
52,000 deaths in 2007.1 About 1 in 30 CRC patients (2–4%)
have Lynch syndrome.2 When other relatives are found to carry
a deleterious MMR gene mutation, they are also classified as
having Lynch syndrome, because they are predisposed to de-
veloping these cancers, as well. The EWG avoids the term
hereditary nonpolyposis colorectal cancer (HNPCC) because it
now adds confusion to the understanding of this disorder.
HNPCC has been applied to families meeting only limited
family history criteria and to individuals with CRC having
MSI-high test results, but no vertical transmission of a MMR
gene mutation.3,4

The four MMR genes of major interest are MLH1, MSH2,
MSH6, and PMS2. Mutations in MLH1 and MSH2 together
account for the majority of Lynch syndrome cases diagnosed;
mutations in MSH6 and PMS2 are less common. The risk of
CRC in individuals with Lynch syndrome is high for both a
second primary CRC in the patient (estimated at 16% within 10
years), and a new cancer in a first- or second-degree family
member with Lynch syndrome (about 45% for men and 35% for
women by age 70).5 Changing management of both patients and
relatives with the MMR gene mutation has the potential for
reducing CRC-related morbidity and mortality. To better under-
stand the utility of DNA testing strategies in reducing morbidity
and mortality from Lynch syndrome, EGAPP commissioned an
evidence-based review to address an overarching question re-
garding the following specific clinical scenario:

Does risk assessment and MMR gene mutation testing in
individuals with newly diagnosed CRC lead to improved out-
comes for the patient or relatives, or is it useful in medical,
personal, or public health decision making?
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REVIEW OF SCIENTIFIC EVIDENCE

This statement summarizes the supporting scientific evi-
dence used by the EWG to make recommendations regarding
the use of testing strategies to identify Lynch syndrome
(presence of a MMR gene mutation) among newly diagnosed
cases of CRC.

Methods
EGAPP is a project developed by the National Office of

Public Health Genomics at the Centers for Disease Control and
Prevention to support a rigorous, evidence-based process for
evaluating genetic tests and other genomic applications that are
in transition from research to clinical and public health practice
in the United States 6 A key goal of the EWG is to develop
conclusions and recommendations regarding clinical genomic
applications, and to establish clear linkage to the supporting
scientific evidence.7 The EWG members are nonfederal multi-
disciplinary experts convened to establish methods and pro-
cesses, set priorities for review topics, participate in technical
expert panels for commissioned evidence reviews, and develop
and publish recommendations.

EGAPP commissioned an evidence review through the
Agency for Healthcare Research and Quality (AHRQ); the
Tufts New England Medical Center Evidence-based Practice
Center conducted the review.8 The review focused on the ac-
curacy of diagnostic strategies for HNPCC, and the implications
of testing to individuals with CRC and their families. It was
anticipated that data might not be available to directly answer
the overarching question. The EWG, therefore, constructed an
analytic framework and key questions to address different com-
ponents of evaluation (e.g., analytic and clinical validity, inter-
mediate outcomes of interest, and clinical utility) for the pur-
pose of providing relevant indirect evidence of efficacy.
Established methods were followed in conducting this review.9

A Technical Expert Panel that included three EWG members
was available to provide expert guidance during the course of
the review. The final report, “Hereditary Nonpolyposis Colo-
rectal Cancer: Accuracy of Diagnostic Strategies and Implica-
tions to Patients with Colorectal Cancer and Their Families,” is
available online.8

In addition, a technical contractor with experience in evi-
dence review collaborated with EGAPP staff and consultants to
conduct a supplementary targeted evidence review5 based on
EGAPP methodology.10 This supplementary review was initi-
ated because Lynch syndrome emerged as being of more spe-
cific interest than the less well-defined clinical constellation of
HNPCC, and because EWG members requested additional in-
formation to address questions dealing with impact of testing
strategies on relatives.

EWG members reviewed the AHRQ evidence report, the
supplementary targeted review, and key primary publications in
detail, and examined other sources of information to address
specific gaps in the evidence. The writers of the supplementary
report and these EGAPP panel members further collaborated in
constructing simple economic models to assist in analyzing the
limited evidence available on clinical utility and in estimating
how various testing strategies might function in practice. The
final EGAPP recommendation statement regarding the use of
testing strategies aimed at reducing morbidity and mortality
from Lynch syndrome was formulated based on magnitude of
effect, certainty of evidence, and consideration of contextual
factors (e.g., severity of disorder, family considerations, and
costs).

Technology
Strategies for risk assessment are defined in this review as a

test or a specific series of tests offered to individuals with newly
diagnosed CRC to identify those at sufficient risk for Lynch
syndrome to be candidates for MMR gene testing. Based on the
AHRQ evidence report, it was decided not to use the family
history as an initial screening test (e.g., Amsterdam II or Be-
thesda criteria) because of the difficulty and costs of obtaining
reliable family history and the overall poor sensitivity and
specificity of this approach as a first step in identifying risk for
Lynch syndrome in this clinical scenario. Possible preliminary
tests include either MSI of tumor tissue that can identify the loss
of MMR gene function, or IHC testing that identifies the ab-
sence of MMR gene protein in tumor tissue. Direct testing of the
patient’s DNA can then be performed by sequencing to identify
deleterious mutations in MMR genes, and multiplex ligation-
dependent probe amplification (MLPA) to detect deletions in
MMR gene exons. Testing for the BRAF V600E mutation is
also being evaluated for use in patients whose IHC study
indicates absence of the MLH1 protein. BRAF mutation testing
is associated with methylation abnormalities of the MLH1 pro-
moter region which are not found in association with MLH1
mutations. Individuals found with the BRAF mutation are un-
likely to have Lynch syndrome and, therefore, can avoid the
need for expensive MMR gene testing.

Analytic validity
Analytic validity refers to a test’s ability to accurately and

reliably measure the analyte or genotype of interest, and
includes measures of analytic sensitivity and specificity,
assay robustness, and quality control. Three preliminary tests
(MSI, IHC, and BRAF) are relevant for Lynch syndrome, as
well as diagnostic testing for mutations in specific MMR
genes via sequencing, and for MMR gene deletions by
MLPA. Although a comprehensive review of these tests was
not performed, general information regarding these tests is
summarized below.

● DNA sequencing is considered a gold standard, but the
actual analytic performance is difficult to estimate. A re-
cently instituted European external proficiency testing pro-
gram is focused on sequencing methodology rather than
sequencing a specific gene.11 It is not yet known whether
this approach will serve as an adequate measure of analytic
validity.

● MSI testing is offered in many laboratories in the United
States, and a high proportion will participate in the College
of American Pathologists (CAP) external proficiency test-
ing program (Molecular Pathology, MSI).12 Based on
those program results, the analytic performance was high,
but deficiencies were identified. Participant summary re-
ports suggest that general adherence to best practices (e.g.,
documenting a high proportion of tumor cells, using three
or more mononucleotide repeats) may be associated with
higher analytic validity.

● IHC testing for MMR gene proteins is not currently
subjected to CAP external proficiency testing, but IHC
testing for other proteins (HER2, CD117, ER, CD-20, or
EGFR) is offered as part of the CAP Immunohistochem-
istry Survey.13

● BRAF mutation testing is less available than these other
tests. Given that this test is aimed at identifying a single
mutation, analytic validity is likely to be high; similar to
that found through CAP proficiency testing for other
single mutation tests such as the gene associated with
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hemochromatosis.14 BRAF mutation testing has very
high clinical validity, as few reported MMR gene mu-
tation carriers have also been found to carry this muta-
tion; this provides indirect evidence of high analytic
validity.

Clinical validity
The clinical validity of a genetic test defines how well test

results correlate with the intermediate or final outcomes of
interest. In this clinical scenario, the evidence for clinical va-
lidity is dispersed among studies examining MSI, IHC, BRAF
and MMR gene testing, singly and in various combinations.
MMR gene testing for one of the mutations of interest is the
standard for defining Lynch syndrome. Thus, the EWG exam-
ined evidence comparing performance of MSI, IHC, and BRAF
as preliminary tests to identify individuals who should be of-
fered diagnostic MMR gene testing.

Microsatellite instability testing
To determine clinical sensitivity of MSI testing, the ideal

study would be to enroll individuals consecutively diagnosed
with CRC from a typical population and perform MMR gene
mutation testing on all, followed by MSI testing on those
identified with Lynch syndrome. No such studies were found.
Of 11 studies meeting inclusion criteria (examining a total of
150 patients with Lynch syndrome), only one was population
based, but it was restricted to younger probands.5 The review
was further complicated in that studies did not use the same
markers (or the same number of markers) in the MSI panel, with
some using as few as two and others as many as 11. A high
proportion of mutations in the MLH1 and MSH2 genes can be
associated with MSI-high results; about 89% if three or more
mononucleotide markers are used. Sensitivity for MSH6 is
probably lower, estimated at 77%, even with a comprehen-
sive panel. Current practice in clinical laboratories may
result in lower performance than in research laboratories. Six
studies provide information regarding clinical specificity,
leading to an estimate of approximately 90.2% (false positive
rate of 9.8%). Two used only one mononucleotide marker
(BAT26) to define MSI status and, as might be expected, both
showed higher specificities (lower false positive rates) than
the consensus.

Immunohistochemical testing
The optimal study design to determine clinical sensitivity

of IHC testing would be similar to that for MSI; none were
identified. Nine studies met inclusion criteria (examining a
total of 149 patients with Lynch syndrome).5 Sensitivity for
MLH1, MSH2, and MSH6 are each estimated at 83%, based
on seven studies for MLH1 and MSH2, and five studies for
MSH6. Two studies were informative with respect to speci-
ficity, leading to an estimate of approximately 90% (false
positive rate of 10%).

BRAF V600E mutation testing
About 90% of the mutations in the BRAF gene in CRC

tumors are accounted for by a transversion (1799 T�A), iden-
tified as V600E. The BRAF mutation is often present when
the promoter region of the MLH1 gene is methylated (meth-
ylation is the most common cause of absent MLH1 staining).
When the BRAF V600E mutation is present, a deleterious
MMR gene mutation has not yet been reported. These char-
acteristics can be useful in determining which patients with
absent MLH1 staining should be offered MLH1 gene se-
quencing. Among the three studies with useable results, no

BRAF mutations were found among 42 Lynch syndrome
patients with absent MLH1 staining, whereas 68% of spo-
radic cancers (e.g., MLH1 absent staining, but no detectable
MMR gene mutation) had the BRAF mutation.5 This reduces
the number of patients needing MMR gene sequencing with-
out reducing clinical sensitivity. Indirect evidence and gray
data support this finding.

Conclusions
The EWG found convincing evidence that the sensitivity of

MSI testing is about 89% for mutations in MLH1 and MSH2,
with a lower sensitivity of about 77% for mutations in MSH6
(and PMS2). Sensitivity is higher when three or more mononu-
cleotide markers are included in the panel. Specificity is esti-
mated to be 90.2%, with an adequate level of evidence. There is
also convincing evidence that the sensitivity of IHC testing is
83%, regardless of the underlying MMR gene mutation. Spec-
ificity is more variable, with a central estimate of 88.8% and an
adequate level of evidence. Inadequate evidence is available to
determine the distribution of mutations in the MMR genes, but
preliminary estimates are 32%MLH1, 39%MSH2, 14%MSH6,
and 14% PMS2. Adequate evidence is available to estimate
sensitivity (69%) and specificity (100%) for BRAF mutation
testing among newly diagnosed CRC cases with absent IHC
staining for MLH1.

Clinical utility
The clinical utility of a genetic test is the likelihood that

using the test to guide management will significantly improve
health-related outcomes. In this clinical scenario, the ques-
tion is whether a multistep testing strategy leads to improved
clinical outcomes in patients or their relatives. The EWG
examined a chain of evidence10 constructed from studies that
individually assessed the components of clinical utility that
might provide indirect evidence for clinical utility. At the
highest level, these include whether testing leads to changes
in clinical management for patients or relatives, and whether
such changes in clinical management result in changes to
outcomes, with attention to both benefits and harms. In each
of these areas EGAPP found limited but promising evidence
suggesting that testing can improve outcomes.

Clinical management
Evaluating clinical management involves answering the fol-

lowing two questions: (1) are management options for patients
and relatives with an MMR mutation different from those
without an MMR mutation; and (2) does knowledge of MMR
mutation status change management decisions?

● Probands with Lynch syndrome—The EWG found a va-
riety of surgical and medical management options for
Lynch syndrome patients with CRC, but was unable to
identify any comparative studies. Subtotal colectomy with
ileorectal anastomosis is recommended as a reasonable
alternative to segmental resection in these cases, but it has
not been shown to be superior at follow-up. No alteration
in chemotherapy is currently recommended for Lynch syn-
drome patients, although a small body of evidence sug-
gests that MSI-high tumors are relatively resistant to 5-flu-
orouracil and more sensitive to irinotecan.5 Further clinical
trials will be necessary before clinical management rec-
ommendations are changed for Lynch syndrome patients
with cancer.

● Family members with Lynch syndrome—Clinical manage-
ment of first- and second-degree relatives of patients with
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Lynch syndrome begins with counseling and genetic test-
ing and then includes increased surveillance for relatives
found to have Lynch syndrome. Seven studies on the
question of counseling and testing showed that about half
of the relatives received counseling, and 95% of these
chose MMR gene mutation testing.5 Among the seven
studies that examined how testing affects surveillance
among relatives with Lynch syndrome, uptake of colonos-
copy was high beginning at age 20–25 years, ranging from
53% to 100%. Colonoscopy is recommended every 1–2
years for both patients and their relatives with Lynch
syndrome, beginning at age 20–25 years.15 Colonoscopy
risks include nausea, abdominal pain, dizziness, bleeding
(2–21/1000 procedures), perforation (0.3–3.0/1000 proce-
dures), and death (0.0–0.2/1000 procedures).

● Risk-reducing colorectal resection in relatives is gener-
ally not recommended because of its inherent morbidity
and rare mortality, but has been suggested as an option
in special circumstances. No data are available regard-
ing how often this option is presented and accepted. A
decision analytic study16 suggested that subtotal colec-
tomy in patients under age 47 with Lynch syndrome
increased life expectancy by 1–2.3 years. Indirect evi-
dence from one study suggested that identification of
MMR mutations was associated with better prognosis of
CRC.

● Female probands and relatives with Lynch syndrome—In
women with Lynch syndrome, transvaginal ultrasound and
endometrial biopsy every 1–2 years, beginning at age
30–35 years, have been recommended by some, because
of the associated risk for endometrial cancer. Two studies
have shown that adherence to surveillance is higher in
women found to carry a mutation.17,18 Hysterectomy and
bilateral salpingo-oophorectomy is also an option, al-
though not recommended.5

Outcomes
Using the chain of evidence methodology,10 the EWG found

adequate evidence that an appropriate testing strategy could
lead to acceptable changes in management that can improve
clinical outcomes for patients and their relatives. Although there
are no randomized trials exploring whether systematic colonic
surveillance (e.g., colonoscopy) is effective in reducing Lynch
syndrome–related morbidity and mortality, one long-term, non-
randomized controlled study from Finland followed 252 rela-
tives at high risk of having Lynch syndrome.19 Mutation testing
became available during the course of the study, and all colon
cancers that developed were found in relatives who carried a
mutation. Using an intention to treat analysis, 10 incident CRC
cases (8%) occurred among those having colonic surveillance,
whereas 26 incident CRC cases (22%) occurred among relatives
without such surveillance. This represents a 62% reduction in
risk for CRC and a significant reduction in CRC-associated
mortality among relatives of Lynch syndrome cases. Supporting
evidence was also available from a cohort study of 2788 indi-
viduals from 146 Lynch syndrome families in the Netherlands
(reduction in standardized mortality ratio between subjects with
(n � 897) or without (n � 1073) colonic surveillance (6.5 vs.
23.9; P � 0.001).20

In a retrospective study, 61 of 315 women with MMR gene
mutations selected risk reducing surgery for endometrial can-
cer.21 After approximately 10 years, no endometrial cancers or
ovarian cancers developed in the women with surgery, whereas
a third of women who did not have surgery developed endo-
metrial cancer, and 5.5% developed ovarian cancer.

Studies reporting psychosocial sequelae of mutation testing
find that distress among mutation carriers is usually short term
and that noncarriers experience significant relief.5 Very few
data are available with respect to concern about employment
and insurance.

Preliminary cost descriptions
Existing economic analyses that included relatives with

Lynch syndrome were reviewed and found to be inadequate
(e.g., variability in assumptions and initial values, no consider-
ation of impact on relatives, no assessment of IHC as the
primary screening test or refined testing strategies that involve
BRAF or methylation testing).22–25 The EWG commissioned a
basic economic analysis comparing selected strategies of com-
bining MSI, IHC, BRAF, and MMR gene mutation testing for
the identification of Lynch syndrome among individuals with
CRC and their relatives.5 Four selected sample testing strategies
were included. The outcome of interest was the cost per Lynch
syndrome case detected (proband, and proband and relatives),
total program costs through identification of Lynch syndrome
individuals, and the associated incremental costs. Although this
cost consequences analysis did not allow the EWG to recom-
mend a specific strategy, the results were used in context with
the other findings to inform its recommendation.

Research gaps
Research gaps were identified in four areas. Further studies in

these areas could contribute substantially to refining recommen-
dations:

1. Analytical validity—The technology for MSI, IHC, and
MMR mutation testing has changed significantly in the
last few years and might be expected to continue to do so.
Better quality data regarding analytical validity of testing
and laboratory proficiency testing should be a high prior-
ity. More information on the analytic validity of tests used
to refine these strategies (e.g., BRAF mutation testing,
direct methylation testing) is needed.

2. Clinical validity—Several testing strategies are available,
and some are in limited clinical use. Better quality
studies comparing their clinical validity are needed in
typical populations of individuals with CRC. For ex-
ample, how would a strategy beginning with MSI test-
ing only, followed by MMR mutation testing in posi-
tives, compare with strategies beginning with IHC
only, or with both? How would the addition of BRAF or
methylation testing change the overall clinical sensitiv-
ity and specificity? Are there circumstances under
which collection of accurate family history information
and use of Bethesda guidelines in a testing strategy
might be effective in reducing the number of cases for
which sequencing is warranted?

3. Clinical utility—CRC is common enough that a direct
study that begins with genetic testing and follows
through clinical outcomes should be possible in a mul-
ticenter protocol. Alternatively, higher quality studies
of the individual components of clinical utility (e.g.,
changes in management, uptake of management recom-
mendations, and long-term clinical outcomes) could be
undertaken.

4. Cost-effectiveness analyses (CEA)—There are few CEAs
for Lynch syndrome and they are limited in scope. Few
have included the impact on relatives, none have exam-
ined IHC as the primary initial test, and they vary widely
in their assumptions and initial values. In addition, none
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have looked at refined testing strategies that involve
BRAF or methylation testing. CEA studies could form the
basis to recommend a specific testing strategy to identify
Lynch syndrome, and such an analysis is currently under-
way in partnership with EGAPP.26

Recommendations of other groups
National Comprehensive Cancer Network (NCCN), Clinical

Practice Guidelines in Oncology™ v.2.2008.27

Inherited colon cancer
● “HNPCC is the most common form of a genetically deter-
mined colon cancer predisposition . . . accounting for 2–3%
of all colorectal cancer cases. Surveillance has been shown to
reduce the risk of colorectal cancer and may be of benefit in
the early diagnosis of endometrial cancer.”

HNPCC molecular work-up and genetic testing
● “Mixed strategy (MSI testing for all colorectal cancer
patients followed byMSH2 andMLH1 testing of MSI-high
tumors) has been shown as the most cost-effective ap-
proach for HNPCC screening. However, conclusive data
are not yet available that establishes which test is the most
cost-effective screening mechanism in HNPCC”

● “Genetic screening for MSI is cost effective for patients
with newly diagnosed colon cancer as well as for the
siblings and children of mutation carriers.”

● “When a mutation is found in the family, it offers an oppor-
tunity to provide predictive testing for at-risk relatives. Pre-
dictive testing can save people a lot of unnecessary proce-
dures. It is important to consider genetic testing for at-risk
family members when the family mutation is known.”

American Society of Clinical Oncologists (ASCO) 2006,30

Update of Recommendations for the Use of Tumor Markers in
Gastrointestinal Cancer.

● “2006 recommendation for use of microsatellite instability to
determine prognosis. Microsatellite instability (MSI) ascer-
tained by polymerase chain reaction (PCR) is not recom-
mended at this time to determine the prognosis of operable
colorectal cancer nor to predict the effectiveness of FU (flu-
orouracil) adjuvant chemotherapy.”

Contextual issues
Major contextual issues considered by the EWG included

● With limited benefit of genetic testing to the CRC patient,
the EWG recommends that informed consent should be
obtained before MSI or IHC testing.

● Results of several studies comparing psychosocial out-
comes between MMR gene mutation carriers and noncar-
riers, and changes in outcomes over time, have provided
no indication of adverse events relating to genetic testing.
Furthermore, changes in distress seem to be short lived
among mutation carriers, and there may be decreases in
colon cancer worry, general anxiety, and depression
among noncarriers who do not have Lynch syndrome. The
EWG found no substantial evidence to show that identi-
fying Lynch syndrome via routine genetic testing would
lead to adverse psychosocial outcomes.

● Evidence shows relatively high levels of uptake for counsel-
ing among first-degree relatives contacted, subsequent MMR
gene mutation testing, and adherence to increased surveil-
lance among relatives found to have Lynch syndrome. The

EWG concludes that the level of participation among rela-
tives is sufficient to justify the resources needed to implement
routine genetic testing strategies.
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