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Purpose: To estimate the cost-effectiveness of genetic testing strategies to
identify Lynch syndrome among newly diagnosed patients with colorectal
cancer and to offer targeted testing to relatives of patients with Lynch
syndrome. Methods: We calculated incremental costs per life-year saved
for universal testing relative to no testing and age-targeted testing for
strategies that use preliminary genetic tests (immunohistochemistry or
microsatellite instability) of tumors followed by sequencing of mismatch
repair genes. We also calculated incremental cost-effectiveness ratios for
pairs of testing strategies.Results: Strategies to test for Lynch syndrome in
newly diagnosed colorectal tumors using preliminary tests before gene
sequencing have incremental cost-effectiveness ratios of �$45,000 per
life-year saved compared with no testing and �$75,000 per life-year saved
compared with testing restricted to patients younger than 50 years. The
lowest cost testing strategies, using immunohistochemistry as a preliminary
test, cost �$25,000 per life-year saved relative to no testing and �$40,000
per life-year saved relative to testing only patients younger than 50 years.
Other testing strategies have incremental cost-effectiveness ratios
�$700,000 per life-year saved relative to the lowest cost strategies. In-
creasing the number of relatives tested would improve cost-effectiveness.
Conclusion: Laboratory-based strategies using preliminary tests seem cost-
effective from the US health care system perspective. Universal testing
detects nearly twice as many cases of Lynch syndrome as targeting younger
patients and has an incremental cost-effectiveness ratio comparable with
other preventive services. This finding provides support for a recent US
recommendation to offer testing for Lynch syndrome to all newly diag-
nosed patients with colorectal cancer. Genet Med 2010:12(2):93–104.
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Lynch syndrome is a genetic predisposition to colorectal can-
cer (CRC) and certain other malignancies as a result of a

germline mismatch repair (MMR) gene mutation. In this article,
we present an economic evaluation of genetic testing protocols
to identify Lynch syndrome among newly diagnosed cases of
CRC in order to identify and test blood relatives for the pres-
ence of Lynch syndrome. The benefit of identifying an asymp-
tomatic individual with Lynch syndrome is that it allows for
early and intensive surveillance to detect colon polyps, which
can prevent malignancies and reduce the risk of premature
death.

The Evaluation of Genomic Applications in Practice and
Prevention (EGAPP) Working Group (EWG) commissioned
evidence reviews1,2 of testing strategies for Lynch syndrome
and in January 2009 published a recommendation to offer
laboratory testing to all newly diagnosed patients with CRC,
regardless of age or family history.3 The primary research
question was whether the EWG recommendation of universal
testing to identify mutations for which close relatives could be
screened was economically justified from a national health care
system perspective. The secondary research question was which
laboratory testing strategies to identify mutations associated
with Lynch syndrome could be regarded as providing reason-
able value for money. This article extends a preliminary anal-
ysis of the expected costs of four testing strategies, and the
numbers of new CRC cases identified with Lynch syndrome2 to
include the costs and lives saved from screening asymptomatic
first-degree relatives of newly diagnosed Lynch syndrome pa-
tients followed by colonoscopic surveillance. Because of uncer-
tainty about the availability, feasibility, and accuracy of the
laboratory tests, our goal was to inform health care providers,
laboratory directors, and policy makers about the costs and
outcomes associated with each testing strategy.

Although a number of groups recommend targeted offering
of testing for Lynch syndrome based on either a diagnosis age
�50 years or having a family history that meets the Amsterdam
or Bethesda criteria,4–6 the EWG argued that the collection and
interpretation of family history information for this purpose is
not of sufficient reliability to be used in routine clinical prac-
tice.2,3 Although most European countries, with the exception of
Denmark, recommend the use of Bethesda family history crite-
ria to guide genetic testing for Lynch syndrome, the quality of
family history data collection is regarded as variable to poor.7

To more fully evaluate the cost-effectiveness of testing for
Lynch syndrome, we consider both universal testing, i.e., offer
to test all newly diagnosed patients with CRC for Lynch syn-
drome and testing only those diagnosed while �50 years of age
(age-targeted testing).
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METHODS

Overview
We developed a decision model to estimate the cost-effec-

tiveness of a population-based testing program for Lynch syn-
drome from the US health care system perspective, using esti-
mates of direct costs of screening, diagnosis, and health care
associated with CRC. The model estimates total costs for the US
health care system as a whole rather than expenditures incurred
by specific payers. The primary audience for our study consists
of public and private health decision makers. Laboratory direc-
tors are a secondary audience because health care payers and
physicians do not necessarily decide which specific laboratory
tests will be used.

The proposed program has three components: (1) detecting
probands with Lynch syndrome through laboratory testing of
tissue from newly diagnosed patients with CRC, (2) offering
testing for Lynch syndrome to first-degree relatives of probands
using the identified family mutation, and (3) colonoscopic sur-
veillance for relatives with Lynch syndrome. Regardless of the
testing strategy used to identify probands, we assumed the same
approach would be used to screen relatives and promote sur-
veillance among those identified with Lynch syndrome.

Our model for universal testing begins with a hypothetical
cohort of 150,000 newly diagnosed individuals with CRC, all of
whom would be provided counseling about the potential impli-
cations of test results for themselves and family members.2 The
cohort size is representative of the number of new CRC cases in
the United States in 2008.8 Assuming a two thirds uptake of
testing after counseling,2 100,000 patients with newly diag-
nosed CRC would be tested for Lynch syndrome by a program
of universal voluntary testing. Our model of age-targeted testing
assumes that newly diagnosed patients with CRC younger than
50 years comprise 9.2% of newly diagnosed patients with CRC,9

and testing them would detect 44% of Lynch syndrome cases.10

We modeled four Lynch syndrome testing strategies relative
to both no testing and targeted offer of testing to newly diag-
nosed patients with CRC younger than 50 years (Fig. 1). The
first two strategies begin with offering immunohistochemistry
(IHC) testing to all newly diagnosed patients with CRC using

antibodies to the MMR proteins produced by four MMR genes
associated with Lynch syndrome (MSH2, MLH1, MSH6, and
PMS2). An absent stain for a protein indicates a likely mutation
in the associated gene. In Strategy 1, individuals with absent
MLH1 protein staining are tested for the BRAF V600E muta-
tion. If the test is positive, the individual is classified as not
having Lynch syndrome. Among those with absent MSH2,
MSH6, or PMS2 protein staining and those with the absence of
MLH1 staining and without the BRAF mutation, sequencing/
rearrangement testing of the MMR gene associated with the
absent protein is conducted. Strategy 2 is similar, except with-
out testing for the BRAF mutation.

Strategy 3 uses microsatellite instability (MSI) testing as the
preliminary test. MSI testing differs from IHC because it does
not predict which MMR gene is not functioning. Among those
with a high MSI result, sequencing/deletion testing is per-
formed. Strategy 4 entails offering sequencing/rearrangement
testing for all four MMR genes to all patients. Henceforth, we
use the term sequencing to refer to sequencing/rearrangement
testing. In addition, we modeled two other strategies: IHC
testing among those with MSI-positive results and BRAF mu-
tation testing for those with IHC absent staining for MLH1
before sequencing, and direct sequencing all patients for only
two MMR genes (MSH2 and MLH1) rather than all four. The
results for these additional analyses are not presented here and
are available from the authors upon request.

For each proband with Lynch syndrome (i.e., patient with an
identified MMR gene mutation), we assumed that a specified
number of adult first-degree relatives (parents, siblings, or chil-
dren each of whom share roughly half the genes of the proband)
would be identified, located, contacted, and offered genetic
counseling relevant to Lynch syndrome. After counseling, rel-
atives would be offered genetic testing for the known “family”
mutation found in the proband. Adult relatives who agreed to
genetic testing and were found to have Lynch syndrome (i.e.,
who carry the MMR gene mutation) would receive a recom-
mendation for increased CRC surveillance using colonoscopy
every 1–2 years starting at ages 20–25 years; we assumed 79%
uptake. We incorporated into our model the estimated risks of

Fig. 1. Comparison of four Lynch syndrome testing strategies for newly diagnosed patients with colorectal cancer.
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perforation, bleeding, or death from colonoscopy and the risk of
developing CRC and the risk of death from CRC derived from
the EGAPP supplementary review.2 For this analysis, we as-
sumed that a person could develop CRC not more than twice in
their lifetime. Relatives found to not have Lynch syndrome
were assumed to have the population risk of developing CRC
and to be offered standard care (CRC screening every 10 years
by colonoscopy beginning at 50 years of age).

In the baseline scenario, we assumed that an average of four
first-degree adult relatives per proband would be contacted and
that one half of these would agree to be counseled and tested,
with two relatives tested per proband. This is a conservative
assumption. In studies undertaken at the Ohio State University,
an average of between five and six relatives have been tested per
proband identified with Lynch syndrome.11,12 Biological first-
degree relatives have a 50% chance of inheriting the family
mutation. We used a 45% probability as a conservative estimate
to account for the fact that some relatives tested might not be
first-degree biological relatives. In the second model scenario,
we assumed that testing of family members would expand
beyond the first-degree relatives to include the relatives of the
relatives found to have Lynch syndrome, also known as cascade
screening. We assumed that cascade screening would result in a
total of 12 relatives on average located per proband or approx-
imately six relatives counseled and tested. More widespread
testing could result in the inclusion of relatives with less im-
mediate biological relationships (e.g., second-degree relatives
with a 25% probability of inheriting the family mutation).
Consequently, we conservatively assumed that 35% of relatives
tested under this scenario would have inherited the family
mutation. The two Ohio State University studies together re-
ported that 42% of a mixture of first- and second-degree rela-
tives who were tested carried a MMR mutation.11,12

Measuring effectiveness, costs, and cost-effectiveness
The primary measure of effectiveness used in this study was

discounted life-years (LYs) saved. This is the outcome measure
that has been used in most published cost-effectiveness analyses
of screening for CRC in general13–16 and Lynch syndrome in
particular.17–21 The number of LYs lost to CRC is calculated as
the sum of the products of the number of deaths occurring
within each 10-year age interval and the number of discounted
LYs for each interval derived from US life table for the median
age in the interval and calculated using a 3% discount rate. The
number of deaths occurring within each interval is the product
of the probabilities of developing CRC within a given 10-year
age interval, the probability distribution of stages at diagnosis,
and one minus the relative survival probabilities by stage at
diagnosis.

We also calculated outcomes in terms of quality-adjusted
LYs (QALYs), as is generally recommended for cost-effective-
ness analyses,22 although for many life-saving interventions it
makes little difference which measure is used.23,24 We adjusted
future LYs by age-specific utility or quality of life weights on a
scale from 0 to 1 for the US population calculated using the
EQ-5D instrument.25 We assumed that the utility of survivors of
nonmetastatic CRC is reduced by 0.1 for 2 years.26,27 Testing
for MMR gene mutations among relatives does not seem to
negatively impact quality of life.28 Cost-effectiveness ratios
using QALYs are reported as a sensitivity analysis.

Based on the recommendation of the US Multi-Society Task
Force on Colorectal Cancer,29 we assumed that the relatives of
the probands who were found to have Lynch syndrome would
undergo colonoscopy every 2 years (beginning as early as age
20 years) until 79 years of age. Colonoscopies carry a risk of

complications and death, and our estimates of LYs gained were
adjusted for this risk.

Following the national health care system perspective, we
estimated the costs of detecting cases of Lynch syndrome,
surveillance, and treatment for patients who develop cancer.
The costs associated with detecting Lynch syndrome among
newly diagnosed patients with CRC include the costs associated
with offering testing, the costs of performing the genetic testing
(both preliminary and/or sequencing), and the costs of genetic
counseling both before sequencing and following the reporting
of MMR gene test results. The costs of testing for Lynch
syndrome among relatives include the costs of locating relatives
and offering testing, the costs of genetic counseling before and
after testing, and the costs of testing for the family mutation.
The costs of surveillance for CRC among relatives with Lynch
syndrome and the costs of treating complications associated
with colonoscopies were also included. Finally, we included the
treatment costs for CRC among relatives who developed CRC
during their lifetime. All costs and benefits were discounted at
3%, the standard practice in US cost-effectiveness analyses
based on the societal or health care system perspectives.22

We ranked strategies in terms of net costs and effectiveness
(LY saved). We calculated incremental cost-effectiveness ratios
(ICERs) of net costs divided by LYs in two ways. First, we
calculated the ICER for each strategy relative to the next most
effective strategy, as is usual in cost-effectiveness analyses after
excluding strategies that are both less effective and cost more
than other strategy.30 However, not all laboratories consider all
testing strategies feasible. The other approach is to exclude
strategies that may not be considered universally feasible. In
particular, IHC testing for MMR may only be reliable when
performed in specialized laboratories which participate in ex-
pert accreditation programs.7,31 Therefore, in situations where
reliable IHC testing is not feasible, the ICER for Strategy 3 is
calculated relative to no testing. Similarly, if the test for BRAF
mutations is not available, the ICER for Strategy 2 is calculated
compared with no testing.

To investigate the sensitivity of our results to our model
inputs, we conducted one-way sensitivity analyses using the
ranges of the parameters outlined in Table A1 in the Appendix,
with the results for one strategy presented using a “tornado”
diagram.

Model inputs
The model inputs for the baseline scenario, the majority of

which are based on a Supplementary Evidence Review per-
formed as part of the EGAPP pilot program,2 are presented in
Table A1 in the Appendix. These include the clinical validity
(sensitivity and specificity) of laboratory tests for Lynch syn-
drome and the proportion of Lynch syndrome attributable to
each of the four MMR genes. We assumed 99.5% sensitivity
and 99.96% specificity of sequencing tests. The two preliminary
tests, IHC and MSI, are reported to have sensitivities of 83%
and 89%, respectively, and specificities of 88.8% and 90.2%,
respectively. MSI is not only more accurate than IHC but also
more costly. BRAF V600E mutation testing for those with
absence of MLH1 on IHC has 69% sensitivity and 99% spec-
ificity. Also included are estimates of the number of family
members at risk, the number of relatives with Lynch syndrome
who are expected to comply with colonoscopic surveillance
every 2 years beginning at time of diagnosis (79%), the risk of
adverse events related to colonoscopy, and the benefits of sur-
veillance. We assumed that most (75%) mutation-positive rel-
atives who did not comply with colonoscopic surveillance
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would undergo routine colonoscopies every 10 years beginning
at age 50 years.

The age distribution of relatives with Lynch syndrome was
based on expert opinion (S. Ramsey, personal communication).
For the analysis considering age-targeted testing, we adjusted
the age distributions of relatives to account for the fact that
relatives of those �50 years would be younger than in the

baseline case. To do this, we shifted the age distribution by 5
years to the left.

The distribution of CRC stages at diagnosis and the 5-year
relative survival rates by stage for the general population with
CRC was obtained from Surveillance, Epidemiology and End
Results (SEER) data.32 It is well established that patients with
MSI-positive tumors, which includes almost all CRC cases in

Table 1 Outcomes and costs associated with Lynch syndrome testing strategies among newly diagnosed patients with
colorectal cancer (CRC) and testing and surveillance for CRC among their first degree relatives

Universal offer of testing of all
newly diagnosed patients with
CRC

Strategy for detecting Lynch syndrome in newly diagnosed patients with colorectal cancera

IHC, BRAF testing and
then sequencing
(Strategy 1)

IHC testing and then
sequencing (Strategy 2)

MSI testing and then
sequencing (Strategy 3)

Genetic sequencing
for all four genes

(Strategy 4)

No. of newly diagnosed patients
with CRC with Lynch
syndrome detected

2,469 2,477 2,540 2,982

No. of relatives approached 9,895 9,930 10,225 12,788

No. of relatives tested for Lynch
syndrome

4,888 4,905 5,051 6,317

No. of relatives with Lynch
syndrome detected

2,197 2,205 2,261 2,654

Life-years saved among relatives 2,346 2,353 2,413 2,833

Costs of detecting Lynch
syndrome in newly diagnosed
patients with CRCb

$43,492 $45,442 $90,493 $391,479

Costs of detecting Lynch
syndrome in relativesb

$3,014 $3,024 $3,114 $3,895

Costs of surveillance and
treatment for CRCb

$36,112 $36,233 $37,209 $44,597

Total costsb,c $82,617 $84,699 $130,817 $439,971

Age-targeted offer of testing to
newly diagnosed patients with
CRC � age 50 years

No. of newly diagnosed patients
with CRC with Lynch
syndrome detected

1,086 1,089 1,117 1,307

No. of relatives approached 4,347 4,359 4,476 5,296

No. of relatives tested for Lynch
syndrome

2,147 2,153 2,211 2,616

No. of relatives with Lynch
syndrome detected

966 968 993 1,162

Life-years saved among relatives 1,162 1,165 1,196 1,399

Costs of detecting Lynch
syndrome in newly diagnosed
patients with CRCb

$4,829 $4,973 $9,566 $57,645

Costs of detecting Lynch
syndrome in relativesb

$1,324 $1,328 $1,363 $1,613

Costs of surveillance and
treatment for CRCb

$16,873 $16,920 $17,362 $20,393

Total costsb,c $23,026 $23,221 $28,291 $79,651
aSequencing includes detection of large deletions and rearrangements.
bCosts in thousands.
cCosts may not add up due to rounding.
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Lynch syndrome, have markedly better survival in localized
cancer than do those with MSI-negative tumors.33 On the basis
of those findings, we adjusted the survival probabilities for
mutation carriers diagnosed with Stages 1 and 2 CRC to 96%
and 82%, respectively. In addition, surveillance colonoscopy
every 2 years should be associated with earlier detection of
CRC at a more localized stage and therefore a more than
proportionate reduction in mortality; a recent study reported
an approximately 60% lower incidence of CRC and an ap-
proximately 80% lower rate of death from cancer among
mutation carriers who underwent surveillance colonos-
copy.34 Consequently, we adjusted the distribution of stages
among patients with Lynch syndrome who undergo biennial
surveillance colonoscopy, such that 77% were assumed to be
diagnosed with Stage 1 localized CRC, when compared with
40% in the SEER data.

Information on the costs of Lynch syndrome testing is diffi-
cult to obtain. For this reason, we decided to estimate each
model under two different laboratory test cost scenarios (Ap-
pendix Table A2). For the baseline scenario, the economic
inputs were taken mainly from the EGAPP Supplementary
Evidence Review.2 These reflect 2007 Medicare reimbursement
rates for genetic counseling before and after testing at the Ohio
State University Comprehensive Cancer Center Clinical Cancer
Genetics Program and for laboratory testing for IHC, MSI, and
the four MMR genes at Mayo Medical Laboratories and Myriad
Genetic Laboratories, Inc. (P. Duda and A. Smith, personal
communications, respectively). For our second scenario, we
obtained list prices for laboratory tests from three large, com-
mercial laboratories (City of Hope, Mayo Medical Laboratories,
and Myriad Genetic Laboratories Inc.) and calculated the me-
dian prices. These prices, which do not incorporate discounts,
likely constitute an upper bound estimate of costs, thereby
making testing for Lynch syndrome seem less favorable in
terms of cost-effectiveness.

The costs of having a discussion with all newly diagnosed
patients with CRC to offer MSI or IHC testing reflect expert
opinion. The costs of locating and approaching a relative of
a proband with Lynch syndrome, the costs of colonoscopy
and treating possible complications resulting from colonos-
copy, and the costs of treating CRC at different stages were
obtained from the published literature.16–18 All costs are
expressed in 2007 US dollars.

RESULTS

Outcomes and costs for each testing strategy under the base-
line scenario are shown in Table 1, first for universal testing and
second for age-targeted testing of patients younger than 50
years. Universal offer of testing is assumed to result in 100,000
patients tested, and the number of relatives with mutations
detected is projected to range from 2197 under Strategy 1 to
2654 under Strategy 4. The expected number of discounted LYs
saved per mutation carrier detected is slightly �1.0, so that LY
saved range from 2346 in Strategy 1 to 2833 in Strategy 4.
Strategy 4, in which all newly diagnosed individuals with CRC
were offered sequencing for MMR genes, resulted in the great-
est total cost, $440 million. Strategy 1 was the least expensive
at $83 million. With age-targeted testing, we assumed that 9200
patients were tested resulting in 1086 to 1307 cases of Lynch
syndrome detected among probands and 966 to 1162 cases
detected among relatives. As expected, total program costs were
lower with age-targeted testing, being 72% to 82% lower than
under universal testing.

Each of the three testing strategies using a preliminary testing
strategy is compared for universal testing relative to no testing for
Lynch syndrome, age-targeted testing relative to no testing, and
universal testing relative to age-targeted testing (Table 2). For
universal relative to age-targeted testing, the ICERs range from
$41,511 per LY saved for Strategy 3 (MSI testing followed by
sequencing) to $22,552 per LY saved for Strategy 1 (IHC
testing, followed by selective BRAF V600E mutation testing,
and then sequencing). Age-targeted testing of newly diagnosed
patients with CRC younger than 50 years is substantially less
expensive than universal testing, $7832 per LY saved for Strat-
egy 1 compared with no testing, one third as high as under
universal testing. The cost-effectiveness ratios are equivalently
lower for other testing strategies. The last column in Table 2
reports that the ICERs for universal versus age-targeted testing
are $37,010 per LY saved under Strategy 1, $38,411 per LY
saved under Strategy 2, assuming BRAF testing is not available,
and $70,792 per LY saved under Strategy 3, assuming IHC
testing is not available.

Table 2 also shows ICER calculations based on the assump-
tion that all laboratory testing strategies are feasible. Because
the strategies are similar in terms of numbers of mutation
carriers detected, the ICERs for each strategy compared with the
next least effective and expensive strategy are very high. The

Table 2 Cost-effectiveness ratios associated with Lynch syndrome testing strategies among new diagnosed patients
colorectal cancer (CRC) and testing and surveillance for CRC among their first degree relatives

Strategies
Description of testing

strategya

Incremental costs-effectiveness
ratio of universal testing relative
to no testing and relative to
previous strategy, dollars per

life-year saved

Incremental costs-effectiveness
ratio of age-targeted testing relative

to no testing and relative to
previous strategy, dollars per

life-year saved

Incremental costs-effectiveness
ratio of universal testing relative
to age-targeted testing and relative
to previous strategy, dollars per

life-year saved

1 IHC, BRAF testing and
sequencing

$22,552 and $22,552 $7,832 and $7,832 $37,010 and $37,010

2 IHC testing and sequencing $23,321 and $273,915 $7,944 and $60,569 $38,411 and $429,973

3 MSI testing and sequencing $41,511 and $764,917 $11,680 and $168,905 $70,792 and $1,355,910

4 Genetic sequencing for 4
genes

$142,289 and $737,025 $44,902 and $252,643 $237,278 and $1,192,575

aSequencing includes detection of large deletions and rearrangements.
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ICER for Strategy 2 is �$250,000 per LY saved for universal
testing, �$60,000 per LY saved for age-targeted testing, and
approximately $430,000 per LY saved for universal testing
relative to age-targeted testing. Similarly, the ICERs for Strat-
egies 3 and 4 are �$700,000 per LY saved for universal testing
relative to no testing for �$1 million per LY saved for universal
versus age-targeted testing. ICERs of similar magnitude are
associated with alternate testing strategies in which IHC and
MSI testing are conducted in sequence (results available on
request). The ICER for Strategy 3 is slightly higher than for
Strategy 4 under the baseline cost scenario. In decision analytic
jargon, Strategy 3 is subject to “extended dominance” by a
combination of Strategies 1 and 4 and should be excluded. We
consider it unlikely that a laboratory might use one strategy for
some specimens and a different strategy for others and therefore
did not exclude Strategy 3.

Sensitivity and scenario analyses
Figure 2 shows, in descending importance, the relative influ-

ence of variables in a one-way sensitivity analysis of Strategy 1
under the baseline scenario. The most influential variables are
the risk of CRC among relatives, the number of relatives per
proband, increased surveillance for CRC among relatives found
to have the family mutation, and the proportion of relatives
accepting counseling and testing for the family mutation. Sim-
ilar sensitivity analyses were conducted for each strategy and
scenario, and the results are available on request. For each
strategy, cost-effectiveness rises (the cost-effectiveness ratio

gets smaller) as the risk of CRC among relatives, the number of
relatives per proband, the number of relatives agreeing to ge-
netic testing and to increased surveillance if found to be a
carrier, and the proportion of new patients with CRC with
Lynch syndrome increase. Conversely, cost-effectiveness de-
creases as the costs of the preliminary tests (MSI and IHC) and
gene sequencing or the false-positive rates of the testing strat-
egies increase.

Table 3 reports ICERs relative to the next most effective
strategy and relative to no testing under different scenarios.
Substituting the median list prices for the costs of laboratory
tests, the ICER for Strategy 1 for universal testing relative to no
testing is increased relative to the baseline by one third, from
$22,552 to $30,331 per LY saved. Because of the relatively
higher cost for BRAF mutation testing, the ICER for Strategy 2
relative to Strategy 1 is reduced from $273,915 to $170,300 per
LY saved. For universal versus age-targteted testing, the ICER
for Strategy 1 is almost $51,000 per LY saved and that for
Strategy 2 is about $280,000 per LY saved. The ICERs for
Strategies 3 and 4 are $786,030 and $1,082,378 per LY saved,
respectively, under the alternate cost scenario for universal
versus no testing.

If identification of relatives were to result in an average of 12
rather than four relatives identified per proband, approximately
half of whom would be tested, the ICERs for the first three
strategies would all be �$25,000 per LY saved for universal
testing relative to no testing.

Fig. 2. One-way sensitivity analysis for strategy using IHC and BRAF mutation testing and then sequencing (Strategy 1).

Mvundura et al. Genetics IN Medicine • Volume 12, Number 2, February 2010

98 © 2010 Lippincott Williams & Wilkins



The number of QALYs gained through each strategy is 15%
smaller than the number of LYs saved. This reflects the fact that
most people are not in perfect health, and chronic health prob-
lems increase in frequency with age. Therefore, the average
utility weight, with 1.0 representing perfect health and 0.0
representing death, is reported to decrease from 0.92 for Amer-
icans in their twenties to 0.74 for people in their eighties.25 Each
LY lived is associated with less than one QALY, and the
aggregate number of QALYs gained by prevention of death is
15% less than the number of LYs. Accordingly, the ICERs
calculated using QALYs are 18% larger than those calculated
using LYs. Thus, for example, the ICER for Strategy 1 in
comparison with no testing is $22,571 per LY saved and
$26,632 per QALY saved.

DISCUSSION

This study provides the first comprehensive cost-effective-
ness analysis of multiple strategies to test for Lynch syndrome
among all newly diagnosed patients with CRC in the United
States as recommended by the EWG. Previous cost-effective-
ness studies considered MSI testing as a preliminary test or
modeled the use of the Bethesda or Amsterdam criteria in which
testing is targeted on the basis of age and family history.17–21

We do not use Lynch syndrome-specific family history risk
criteria because of the difficulty and high cost in accurately
collecting and interpreting family history data for this pur-
pose.2,3,35 Ours is the first study to model the use of IHC testing
and the inclusion of BRAF V600E mutation testing for Lynch
syndrome.2,36 Finally, our analysis differs from a previous US
cost-effectiveness analysis that assumed that probands and rel-
atives with Lynch syndrome would undergo prophylactic sub-
total colectomy surgery, which is not common practice.18

The ICERs for universal genetic testing strategies for Lynch
syndrome using a preliminary test (IHC or MSI) ranged from
$12,332 to $49,272 per LY saved in comparison with no testing
and from $18,778 to $85,391 per LY saved in comparison with
age-targeted testing under the various cost and family testing
scenarios. For the baseline assumptions on numbers of relatives
tested and laboratory costs, the range of ICERs are a bit nar-
rower, from $22,522 to $49,272 per LY saved for universal
testing in comparison with no testing and from $37,010 to

$70,792 per LY saved in comparison with age-targeted testing.
ICERs for clinical preventive services range from negative to
more than $200,000 per QALY.37,38 Screening of adults older
than 50 years for CRC through colonoscopy every 10 years is
reported to have an ICER of $25,000 per LY saved or less.13

Many analysts use a critical value of $50,000 or $100,000 per
LY or QALY as a criterion of cost-effectiveness, although this
practice has been questioned.39–41 It seems that universal test-
ing for Lynch syndrome is well within the range of acceptable
ICERs for preventive services in the United States, although
probably not as low as for routine screening for CRC.

Testing strategies using IHC have the most favorable cost-
effectiveness ratios, about 40% smaller than with Strategy 3
using MSI testing as a preliminary test. In particular, Strategies
1 and 2 are considerably more likely to be regarded as cost-
effective using a critical value of $50,000 per LY saved than
would MSI testing in the absence of IHC testing. The strategy
of offering IHC testing to all newly diagnosed patients with
CRC is currently recommended in Denmark7; this is the first
cost-effectiveness analysis to evaluate such a universal testing
strategy. Findings may differ for countries with different testing
and health care costs and different family sizes. Also, the
interpretation of cost-effectiveness ratios may vary across na-
tional health care systems.

The most cost-effective strategy for laboratories with the
relevant expertise is the one including IHC testing, BRAF
V600E mutation testing, and then targeted MMR gene sequenc-
ing. It is impossible to economically justify the application of
more sensitive and costly testing strategies to all patients with
CRC if a less expensive universal testing strategy is feasible.
The ICERs for universal testing strategies using either prelim-
inary MSI testing or direct MMR gene sequencing relative to
the next least expensive strategy (2 or 3) exceed $750,000 per
LY saved, regardless of whether the comparison is to no testing
or age-targeted testing. That is, if IHC testing is feasible and
reliable, it is clearly not cost-effective to use MSI testing.

Our baseline estimates, which assumed that two relatives on
average would be tested for each proband with Lynch syn-
drome, seem conservative relative to the experience of the Ohio
State University research study.9,10 Our cascade screening sce-
nario, which assumed 12 relatives identified per proband and
between five and six actually tested, yields cost-effectiveness

Table 3 Incremental cost-effectiveness ratios under different scenarios

Change made to baseline model
assumptions

Incremental cost effectiveness ratios relative to next most effective strategy and relative to no Lynch
syndrome testing (in parentheses) strategy for detecting Lynch syndrome in newly diagnosed patients

with colorectal cancer

IHC, BRAF testing
and then sequencing

(Strategy 1)

IHC testing and
then sequencing
(Strategy 2)

MSI testing and
then sequencing
(Strategy 3)

Genetic sequencing
for four genes
(Strategy 4)

Median laboratory list
price—universal vs. no testing

$30,331 ($30,331) $170,300 ($30,740) $786,030 ($49,272) $1,082,378 ($200,037)

Median laboratory list
price—universal vs. age-targeted
testing

$50,563 ($50,563) $280,003 ($51,359) $1,435,324 ($85,391) $1,803,950 ($341,837)

Cascade testing (12 relatives)—
universal vs. no testing

$12,332 ($12,332) $129,346 ($12,663) $340,298 ($20,470) $329,869 ($63,773)

Cascade testing (12 relatives)—
universal vs. age-targeted testing

$18,778 (18,778) $181,543 ($19,379) $579,096 ($33,291) $508,402 ($104,909)

aSequencing includes detection of large deletions and rearrangements.
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ratios that are approximately three times as favorable as the
baseline estimates. The familial hypercholesterolemia screening
program in the Netherlands is reported to have tested an average
of 23 relatives per proband.42

Our analysis has several limitations. First, we did not model
the cost-effectiveness of universal testing relative to the use of
Amsterdam or Bethesda family history-based criteria for tar-
geted testing for Lynch syndrome. Our analysis follows the
EWG2,3 in considering there to be insufficient data on the
application of such criteria in routine clinical practice to model
it as an alternative population-based testing strategy. Other
experts might disagree. Also, we did not consider age cutoffs
other than 50 years. A recent study proposed that all newly
diagnosed patients with CRC younger than 60 years be tested.43

Second, our model did not adjust for relatives of probands
who already know their Lynch syndrome status or already had
CRC. Nationally, it is unlikely that many people already know
their carrier status because there is no national screening pro-
gram. In communities where programs to screen for Lynch
syndrome have been in existence for some time, the situation
may differ. As more people are tested for Lynch syndrome, the
efficiency of testing newly diagnosed patients with CRC may
decrease over time.

Third, our methodology underestimated the potential benefits
if younger family members are eventually tested. The model
assumes that only those who are currently aged 20 years and
older are offered testing. However, adolescents who were too
young to be included may be likely to be tested and start
increased surveillance once they become eligible.

Fourth, we do not incorporate assumptions about ongoing
compliance rates among relatives undergoing increased surveil-
lance for CRC. If relatives who agreed to increased surveillance
do not continue, the effectiveness of identification would be
overstated. Studies have found that the compliance rate for
increased surveillance after genetic testing for Lynch syndrome
is very high,44–46 with the most recent study from Finland
reporting 97% compliance after 10 years.37

Fifth, we did not model the costs or benefits of surveillance
for other forms of cancer. In particular, women with Lynch
syndrome are at elevated risk of gynecologic cancers. Surveil-
lance strategies are of uncertain effectiveness, although prophy-
lactic surgery to prevent ovarian and endometrial cancer is
feasible. One analysis calculated that cost-effectiveness ratios
for such strategies were approximately $200,000 per QALY
gained,47 even when the costs of identifying those with Lynch
syndrome are not included.

Sixth, it is important to appreciate the heterogeneity in esti-
mates of CRC penetrance associated with MMR mutations. We
assumed a cumulative CRC incidence to age 70 years among
mutation carriers of 40% averaged among males and females,2

but there is a wide range of uncertainty. The true cumulative
incidence could be as high as 53%48 or as low as 25%.49 If the
lower estimate were assumed to be correct, the estimates of
cost-effectiveness would need to be adjusted accordingly.

Seventh, there is a lack of conclusive data about the effects
of MMR mutations and surveillance on staging and stage-
specific survival among people who develop CRC. For exam-
ple, one study reported that CRC survival was not significantly
different among mutation carriers and noncarriers, although the
5-year death rate among those with localized disease was 5%
among carriers and 13% among noncarriers.50 Based on similar
differences in survival in localized disease among those with
MSI and non-MSI tumors33 and studies among members of
Lynch syndrome families, we believe that LS mutation carriers
who develop localized CRC, the large majority of whom are

MSI positive,51 most likely do have a survival advantage rela-
tive to noncarriers. This assumption reduces the number of
deaths and LY lost to CRC among people with Lynch syndrome
and proportionately reduces the projected benefits of testing
strategies. Our first model, which applied the SEER estimates to
mutation carriers, resulted in larger estimates of LYs saved by
Lynch syndrome testing, and more favorable cost-effectiveness
ratios than those that are reported here. Therefore, the revised
model presented here should be regarded as a conservative
projection of the potential lifesaving benefits of early detection
of Lynch syndrome.

We did not model the budgetary impacts of testing for
individual health care providers or payers in the fragmented US
health care system. The costs of testing of new colorectal
tumors for indications of Lynch syndrome would presumably be
borne by probands’ payers, oncology practices as part of bun-
dled care, or both, whereas the health benefits and averted costs
of care would accrue to relatives’ payers. Therefore, the net
budgetary impact on those paying to test newly diagnosed
patients with CRC would most likely be negative. For health
plans, this should balance out in the long run as they benefit
from reduced costs of care for enrollees who are relatives of
probands enrolled in other health plans. Consequently, the ex-
pected cost-effectiveness to an individual plan should be the
same as that estimated here if all plans were to adopt the EWG
recommendation.

Research is needed to assess the cost-effectiveness of testing
for Lynch syndrome on an ongoing basis. It is important to track
how many patients and relatives are aware of their mutation
status when offered testing and how this changes over time,
because greater awareness through previous testing can lessen
the yield from testing. Strategies for the early detection of other
forms of cancer associated with MMR gene mutations should
also be considered, which has the potential to improve the
projected cost-effectiveness of early detection of Lynch syn-
drome among relatives. Also, our assumption that face-to-face
counseling would be offered before IHC testing is not neces-
sarily valid, and use of written information materials would
reduce costs and improve cost-effectiveness ratios.

CONCLUSION

We conclude that a program to offer testing for Lynch
syndrome to all newly diagnosed patients with CRC is likely to
be cost-effective from the perspective of the US health care
system relative to other, common clinical preventive services.
Using preliminary tests such as IHC or MSI results in cost-
effectiveness ratios below $75,000 per LY saved compared with
age-targeted testing. The most cost-effective strategy involves
IHC testing first, followed by testing for the BRAF mutation
among those with absent MLH1 staining, and subsequent tar-
geted MMR gene sequencing and deletion analysis among those
with absent staining for other proteins and those without the
BRAF mutation, with a cost-effectiveness ratio of less than
$40,000 per LY saved compared with age-targeted testing.
Gene sequencing of all newly diagnosed patients with CRC for
four MMR genes is not currently economically justifiable.
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APPENDIX

Table A1 Epidemiologic and cost assumptions for economic model inputs

Variable description Base Source
One-way sensitivity analysis
95% confidence interval

Proportion of newly diagnosed patients with CRC accepting LS testing 67% 2 23–97%

Prevalence of LS among newly diagnosed patients with CRC 3% 10 2–4%

Proportion of LS with MSH2 mutation 39% 2 27–51%

Proportion of LS with MLH1 mutation 32% 2 18–46%

Proportion of LS with MSH6 mutation 14% 2 6–22%

Proportion of LS with PMS2 mutation 15% 2

Sequencing/MLPA sensitivity for LS 99.5% 2 98.6–99.9%

Sequencing/MLPA(1-sensitivity) for LS 0.04% 2 0.005–0.1%

MSI sensitivity for MLH1/MSH2 mutations 89% 2 81–95%

MSI sensitivity for MSH6/PMS2 mutations 76% 2 54–91%

MSI specificity for LS 90.2% 2 85–94%

IHC sensitivity for LS 83% 2 63–96%

IHC specificity for LS 88.8% 2 83–94%

BRAF sensitivity for IHC MLH1� 69% 2 50–85%

BRAF specificity for IHC MLH1� 99% 2 98–99.7%

Distribution of IHC test results among individuals with a MSI-high
result who do not have LS

MLH1 79% OSUCCC 72–86%

MSH2 5% OSUCCC 2–8%

MSH6 2% OSUCCC 0.6–3.4%

PMS2 2% OSUCCC 0.6–3.4%

None 12% OSUCCC

Percentage of newly diagnosed patients with CRC �50 years of age 9.2% 9

Percentage of LS diagnosed cases in �50 years of age 44% 10

Average number of relatives per proband 4 2 2–8

Proportion of first-degree relatives with a mutation 45%

Proportion of relatives accepting genetic counseling 52% 2 34–70%

Proportion of relatives accepting testing counseled 95% 2 89–99%

Proportion of relatives with LS accepting increased surveillance 79% 2 46–98%

Risk of perforation during colonoscopy 0.11% 2 0.08–0.15%

Risk of bleeding during colonoscopy 0.33% 2 0.23–0.43%

Risk of dying from a colonoscopy 0.008% 2 0.006–0.01%

Risk of developing CRC for LS carriers 40% 2 27–54%

Risk of second CRC diagnosis for LS carriers 16% 2 10–24%

Benefits of increased surveillance for LS carriers

Reduction in risk of developing CRC 62% 2 38–83%

(Continued)
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Table A1 Continued

Variable description Base Source
One-way sensitivity analysis
95% confidence interval

Stage distribution of CRC at diagnosis (Dx) without surveillance

Localized—Stage 1 40% 32

Regional—Stage 2 36% 32

Distant—Stage 3 19% 12

Unstaged—Stage 4 5% 32

Stage distribution of CRC at diagnosis (Dx) with surveillance

Localized—Stage 1 77%

Regional—Stage 2 15%

Distant—Stage 3 6%

Unstaged—Stage 4 2%

Five-year relative survival rate for CRC by stage at Dx

Localized 96.0% 32, 50, and 51

Regional 88.0% 32, 50, and 51

Distant 10.8% 32

Unstaged 36.6% 32

Cost of initial counseling before genetic sequencing $174 OSUCCC $114–$245

Costs of genetic sequencing

MLH1 $808 AS $540–$1,164

MSH2 $683 AS $455–$986

MSH6 $983 AS $655–$1,420

PMS2 $983 AS $655–$1,420

BRAF V600E $62 PD $42–$89

Cost of deletion analysis for MSH6 and PMS2 $82 PD $55–$118

Cost of post-test genetic counseling $95 OSUCCC $63–$137

Cost of information session before MSI or IHC testing $20 EO $13–$29

Cost of MSI analysis $458 PD $304–$663

Cost of IHC analysis $261 PD $174–$377

Cost of locating and approaching relative $100 17 $67–$145

Cost of sequencing for family mutation in relative $55 AS $37–$80

Cost of colonoscopy $696 16 $463–$1,006

Cost of treating perforation complication $13,000 16 $8,647–$18,790

Cost of treating bleeding complication $4,360 16 $2,900–$6,303

Treatment costs for CRC

First CRC diagnosed at Stage 1 $25,516 18 $16,970–$36,890

First CRC diagnosed at Stage 2 $28,166 18 $18,730–$40,720

First CRC diagnosed at Stage 3 $31,907 18 $21,220–$46,120

First CRC diagnosed at Stage 4 $45,393 18 $30,200–$65,600

Second CRC diagnosed at Stage 1 $27,794 18 $18,490–$40,180

Second CRC diagnosed Stage 2 $28,872 18 $19,200–$41,740

Second CRC diagnosed at Stage 3 $33,658 18 $22,390–$48,660

Second CRC diagnosed at Stage 4 $49,352 18 $38,850–$61,820

LS, Lynch syndrome; OSUCCC, Ohio State University Comprehensive Cancer Center; AS, A. Smith personal communication; PD, P. Duda personal communication; EO,
Expert opinion.
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Table A2 Model inputs for the scenario analyses

Variable descriptiona Sourcea Value

Median list price for preliminary DNA
tests and genetic sequencing

Median

MLH1 $1,300

MSH2 $1,100

MSH6 $1,270

PMS2 $1,400

Microsatellite instability testing $541

Immunohistochemistry testing $360

BRAF V600E mutation testing $290

Sequencing for family mutation in
relative

$443

Cascade testing

Average number of relatives per
proband

EO 12

Percentage of first and second
degree relatives with a mutation

EO 35%

aMedian—Median laboratory (Myriad, Mayo, City of Hope) list price.
EO, expert opinion.
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