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Cost-Effectiveness of Microsatellite Instability Screening as a Method
for Detecting Hereditary Nonpolyposis Colorectal Cancer
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Background: The National Cancer Institute has published con-
sensus guidelines for universal screening for hereditary nonpoly-
posis colorectal cancer (HNPCC) in patients with newly diagnosed
colorectal cancer.

Objective: To determine the cost-effectiveness of screening
compared with standard care in eligible patients with colorectal
cancer and their siblings and children.

Design: Cost-effectiveness analysis.

Data Sources: National colorectal cancer registry data, the
Creighton International Hereditary Colorectal Cancer Registry,
Medicare claims records, and published literature.

Target Population: Patients with newly diagnosed colorectal
cancer and their siblings and children.

Time Horizon: Lifetime (varies depending on age at screening).
Perspective: Societal.

Interventions: Initial office-based screening to determine eligi-
bility (based on personal and family cancer history), followed by
tumor testing for microsatellite instability. Those with microsatel-
lite instability were offered genetic testing for HNPCC. Siblings

and children of patients with cancer and the HNPCC mutation
were offered genetic testing, and those who were found to carry
the mutation received lifelong colorectal cancer screening.

Measurements: Life-years gained.

Results of Base-Case Analysis: When only the patients with
cancer were considered, cost-effectiveness of screening was
$42 210 per life-year gained. When patients with cancer and their
siblings and children were considered together, cost-effectiveness
increased to $7556 per life-year gained.

Results of Sensitivity Analysis: The model was most sensitive
to the estimated survival gain from screening siblings and chil-
dren, to the prevalence of HNPCC mutations among patients with
newly diagnosed cancer, and to the discount rate. In probabilistic
analysis, the 90% CI for the cost-effectiveness of screening pa-
tients with cancer plus their relatives was $4874 to $21 576 per
life-year gained.

Conclusion: Screening patients with newly diagnosed colorectal
cancer for HNPCC is cost-effective, especially if the benefits to
their immediate relatives are considered.
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G enetic testing for predisposition to many hereditary
cancer syndromes is now feasible. One important
hereditary cancer syndrome is hereditary nonpolyposis
colorectal cancer (HNPCC), an autosomal dominant
syndrome that is estimated to account for between 1%
to 5% of all cases of colorectal cancer (1, 2). Persons
with the syndrome have been found to carry germline
mutations in one of six DNA nucleotide mismatch re-
pair genes. Mutation carriers are at high risk for colo-
rectal cancer at an early age (median age at diagnosis, 45
years) and have increased risk for several extracolonic
neoplasms, such as endometrial, small-bowel, gastric, re-
nal pelvis, ureter, and ovarian cancer (3, 4). A recent
controlled study suggested that regular intensive screen-
ing with colonoscopy can significantly prolong the lives
of HNPCC mutation carriers (5).

Detection of the HNPCC mutation is problematic
because there are no overt symptoms or signs before
onset of the associated malignancies. Because of the

complexity and expense of direct DNA analysis, popu-
lation-wide genetic screening for HNPCC is not cur-
rently considered feasible (6). Several groups have pro-
posed algorithms that focus testing efforts on persons
who are at high risk for HNPCC. Most algorithms de-
fine high-risk persons as those with newly diagnosed
colorectal cancer who meet certain clinical criteria and
have one or more first-degree relatives with an HNPCC-
associated malignancy (7-11). In patients who meet the
criteria, tumors are tested for microsatellite instability.
Microsatellite instability is a tumor phenotype that is
characteristic of HNPCC but can also occur in up to
15% of cases of sporadic colon cancer (12, 13). Because
this test is sensitive but less specific, patients who have
microsatellite instability—positive tumors are then tested
for the most common mutations associated with
HNPCC, MLHI and MSH2. One of these algorithms,
known as the Bethesda guidelines, is described in Table 1.

Because colon cancer is highly prevalent, widespread
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Table 1. Algorithm for Identifying Potential Carriers of
the Hereditary Nonpolyposis Colorectal Cancer Mutation
among Those with New Colorectal Cancer*

Test colorectal tumor for microsatellite instability if any of the following

criteria are met:

Cancer in families that meet the Amsterdam criteriat

Two HNPCC-related cancers, including synchronous and metachronous
colorectal cancers or associated extracolonic cancers+

Colorectal cancer and a first-degree relative with colorectal cancer,
HNPCC-related extracolonic cancer, or a colorectal adenoma, when one
of the cancers is diagnosed at <45 years of age and the adenoma is
diagnosed at <40 years of age

Colorectal cancer or endometrial cancer diagnosed at <45 years of age

Right-sided colorectal cancer with an undifferentiated pattern (solid or cribri-
form) on histopathologic examination diagnosed at <45 years of age§

Signet-ring cell-type colorectal cancer diagnosed at <45 years of age||

Adenomas diagnosed at <40 years of age

* Based on the Bethesda guidelines (8). HNPCC = hereditary nonpolyposis colo-
rectal cancer.

T 1) At least three relatives with histologically verified colorectal cancer, where one
family member is a first-degree relative of the other two; 2) at least two successive
generations with colorectal cancer; 3) diagnosis of colorectal cancer before 50 years
of age in one of the family members; and 4) diagnosis of familial adenomatous
polyposis excluded.

¥ Endometrial, ovarian, gastric, hepatobiliary, or small-bowel cancer or transitional-
cell carcinoma of the renal pelvis or ureter.

§ Solid or cribriform defined as poorly differentiated or undifferentiated carci-
noma composed of irregular, solid sheets of large eosinophilic cells and containing
small gland-like spaces.

|| Composed of >50% signet-ring cells.

application of the screening programs for HNPCC
could have an important impact on the health care com-
munity and on society. During 1999, approximately
129 000 new cases of colorectal cancer were diagnosed
in the United States (14). To carefully review the clini-
cal and family histories of each patient with new colo-
rectal cancer to determine whether they warrant micro-
satellite instability testing would require substantial time
and resources. In addition, several thousand patients
with new colorectal cancer would receive genetic coun-
seling and genetic testing. For the estimated 1300 to
6500 persons with HNPCC who would be identified,
clinical management would change. Finally, once a per-
son is found to carry a mutation, it is likely (and perhaps
desirable) that immediate family members will be noti-
fied. Given this potential cascade of effects, it is impor-
tant to understand the economic and policy implica-
tions of implementing screening programs for HNPCC.

Using a decision model and available data, we esti-
mated the cost-effectiveness of identifying HNPCC car-
riers among patients with newly diagnosed colorectal
cancer. We compared this approach with the current
practice of not screening for genetic susceptibility. Since
patients with colorectal cancer and their close relatives
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may be affected by the guidelines, we present our results
two ways: considering costs and benefits only for pro-
bands (patients with colorectal cancer) and for probands
and their siblings and children.

MEeTHODS
Overview

Our hypothetical cohort included all 129 400 pa-
tients with newly diagnosed colorectal cancer in the
United States in 1999. Two separate cost-effectiveness
evaluations were performed: one that considered costs
and outcomes for probands only, and a second that in-
cluded costs and outcomes for probands and their sib-
lings and children. The first cost-effectiveness analysis
considered probands at the time of diagnosis, when the
initial decision between current management (standard
treatment and post-treatment surveillance) and a man-
agement strategy that included microsatellite instability
screening was made. For the latter strategy, we followed
the recommendations of the National Cancer Institute,
which are known as the Bethesda guidelines (8). The
primary measure of effectiveness was life-years gained.

The second cost-effectiveness analysis extended the
decision algorithm beyond the Bethesda guidelines to
include contacting the siblings and children of patients
found to carry the HNPCC mutation. These relatives
were offered genetic testing, and those that had
HNPCC mutations were offered intensive lifelong
screening for colorectal cancer. Data used to inform
both analyses were drawn from several sources. In cases
where data elements needed to inform the decision
pathways were not available, we made conservative as-
sumptions (that is, assumptions less favorable to the
screening program) about their values.

We created the decision model for the analysis using
Microsoft Excel (Microsoft Corp., Redmond, Washing-
ton); subsequent sensitivity analyses were performed by
use of @Risk, version 3.5.2 (Palisade Corp., Newfield,
New York).

Management Pathway
Patients with Colorectal Cancer

When a patient received a diagnosis of colorectal
cancer (Figure 1), the clinician determined whether his
or her personal and family cancer history indicated eli-
gibility for further testing (Table 1). Tumors from pa-

tients who met screening criteria were tested for micro-
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Figure 1. Decision tree for microsatellite instability test and hereditary nonpolyposis colorectal cancer (HNPCC)
mutation testing of patients with newly diagnosed colon cancer and their siblings and children.

Negative results

Standard care

Tumor Assay for
MSI

Decline

Positive results

HNPCC
screening
guidelines

Meets criteria

Offer MMR test

New diagnosis

Standard care

Negative results

Standard care

P I Asree Inconclusive
of colorecta > g results Increased Increased
cancer ] i surveillance
55 MMR test surveillance
€ £ Decline
g o
o g Positive results
-
Standard care Offer
prophylactic
colectomy Agree -
No further Prophylactic
ki intervention colectomy
I+l
Attempt §
Siblings and tolocate Increased
children of . and z Positive surveillance
patients inform or indeterminate FDR
w.ith positi\{e results
or inconclusive MMR test
results on
MMR test
Negative results No further
Offer MMR test intervention

Decline

No further
intervention

The top half of the tree represents the decision pathway for those with newly diagnosed colorectal cancer (Bethesda guidelines); the lower half represents
the pathway for screening of siblings and children of mutation carriers. Outcome states at the end of each branch (not shown) are either colorectal cancer
followed by death or no colorectal cancer followed by death. Increased surveillance is defined as colonoscopy every 3 years; standard care is defined as

standard post—colorectal cancer care (15). MMR = mismatch repair mutation; MSI = microsatellite instability.

satellite instability. Microsatellite instability—positive
patients were then offered germline mismatch repair
testing, preceded by genetic counseling from certified
genetics counselors.

If results of the mismatch repair test were defini-
tively negative, the patient returned to standard care and
surveillance. Carriers of the HNPCC mutation were of-
fered subtotal colectomy (16). Mutation carriers who
declined subtotal colectomy (25% in the base case) re-
ceived lifelong surveillance with regular colonoscopy, as
recommended by the Cancer Genetics Studies Consor-
tium (triannual examination in the base case) (16).

www.annals.org

Those with indeterminate mismatch repair evaluations
received lifelong surveillance with triannual colonos-
copy. Although it is recommended that mutation carri-
ers also undergo surveillance for extracolonic cancer
(particularly cancer of the endometrium and ovary),
data supporting these interventions are lacking; there-
fore, we did not consider the costs or benefits of these
tests in this model.

Siblings and Children of Mutation Carriers
The second cost-effectiveness analysis expanded the
scope of the decision model to include costs and out-
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comes for siblings and children of patients who are
found to be mutation carriers (Figure 1). Standard pro-
cedures for contacting and counseling family members
have not been established and may be affected by state
and federal laws protecting the privacy of the physician—
patient relationship, as well as laws regarding the duty of
physicians to inform those who may be at risk but are
not under their direct care (17-20). Although siblings
and children may not always be contacted by genetic
counselors, we assigned a time cost that was based on
counselors’ hourly wages. The probability of locating
relatives was determined according to whether the rela-
tives were siblings or children. Relatives were offered
genetic counseling and mismatch repair gene testing.
Siblings and children who agreed to testing and had
positive or indeterminate results were placed in lifelong
colonoscopic surveillance every 3 years beginning at 25
years of age or their current age, whichever was greater

(16, 21).

Colorectal Cancer Stage and Age Distribution at
Diagnosis

The distribution of ages and stages of patients with
sporadic colorectal cancer at diagnosis was based on data
from the Surveillance, Epidemiology, and End Results
(SEER) cancer registry (22). The age and stage distribu-
tion at diagnosis for HNPCC carriers was based on data
provided by the Creighton International Hereditary
Colorectal Cancer Registry (Watson P. Personal com-
munication).

Performance Characteristics of Screening Tests for
Hereditary Nonpolyposis Colorectal Cancer

It has been estimated that after initial office screen-
ing of patients with new colorectal cancer, approxi-
mately 15% to 20% would be eligible for further testing
(7). Between 86% and 92% of benign and malignant
tumors in patients with the HNPCC mutation exhibit
the microsatellite instability phenotype (23). The sensi-
tivity and specificity of microsatellite instability testing
vary, however, because the test exhibits a relationship
similar to that of a receiver-operating characteristic
curve; sensitivity may be exchanged for specificity de-
pending on the combination of microsatellite markers
used to identify replication errors in the tumor DNA. It
is currently recommended that a minimum of four
markers be used and that instability be defined as alter-

580| 16 October 2001 | Annals of Internal Medicine | Volume 135 ® Number 8 (Part 1)

ations in at least two of the four. In our base case, char-
acteristics of the microsatellite instability test set sensi-
tivity at 91% and specificity at 93% (24-26).

Although individual mismatch repair mutations are
highly specific for HNPCC, the sensitivity of all known
mutations for HNPCC is less clear. Most reports sug-
gest that the AMSH2 and hAMLHI mutations account
for most cases of HNPCC. In our base case, we assigned
a sensitivity and specificity of 87% and 99.5%, respec-
tively, to AMSH?2 and AMLH1 assays. The likelihood of
inconclusive test results was included in these calcula-
tions (21).

Survival under Standard Care, Increased Surveillance,
and Colectomy

Survival for patients with colorectal cancer but no
HNPCC mutation was based on the SEER registry (22).
For case-patients diagnosed after 1982 in the SEER da-
tabase, a Weibull model was used to convert survival
rates to expected years of life (the primary outcome for
the cost-effectiveness model). The Weibull distribution
is a flexible two-parameter distribution commonly used
to model survival (27).

Survival for HNPCC carriers was also based on the
SEER registry. Age-adjusted survival may be higher for
HNPCC carriers who develop colorectal cancer than for
patients with sporadic colorectal cancer (1, 28-30). In
our base-case analysis, we assumed that life expectancy
was one third higher for patients with HNPCC muta-
tions and early-stage cancer than for those with sporadic
cancer; we assumed that life expectancy for HNPCC
carriers decreased with more advanced stages at diagno-
sis. These assumptions, which reduce the benefits of
screening, are more conservative than assigning equal
survival to both groups.

Current guidelines recommend that HNPCC carri-
ers with colonic tumors should undergo subtotal colec-
tomy (16). To estimate the survival advantage for sub-
total colectomy compared with standard therapy, we
performed an observational matched case—control study
using data from the SEER registry. Case-patients were
identified as patients with a first diagnosis of colon can-
cer before 50 years of age and a second diagnosis of
colon cancer at least 12 months after the first diagnosis.
Controls had a single diagnosis of colon cancer that
occurred before 50 years of age. Controls were matched
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to case-patients according to age and stage at diagnosis
and surviving to a second diagnosis. Details are available
in a companion paper (Ramsey SD, Berry K, Etzioni R,
Newcomb P. Estimated survival benefit from therapeu-
tic subtotal colectomy for those at risk for hereditary
nonpolyposis colorectal cancer. Submitted for publica-
tion).

Our survival estimates incorporated the mortality
risks associated with endoscopic surveillance of muta-
tion carriers and, for those with newly diagnosed cancer,
the excess perioperative mortality rate for total colec-
tomy compared with partial resection when tumors are

resectable (21, 31-39).

Adherence to Testing and Treatment

Although a high proportion of patients with af-
fected relatives express interest in obtaining genetic test-
ing for colon cancer susceptibility (40, 41), fewer seem
to actually take the test when it is offered, possibly be-
cause of fear of insurance or employment discrimina-
tion, or family issues (42, 43). On the basis of available
information, the base case assumed that 65% of siblings
of mismatch repair mutation carriers consented to coun-
seling and that 65% of those who were determined eli-
gible agreed to mismatch repair testing after counseling.
For the children of mutation carriers, we assumed that
70% agreed to counseling and that 70% of those who
were eligible obtained testing after counseling. The base
case assumed that 75% of HNPCC mutation carriers
who had localized disease and knew their gene status
would elect to have colectomy as part of their initial
treatment.

Costs of Testing and Treatment

The costs of microsatellite instability testing, genetic
counseling, genetic testing, colorectal cancer treatment
and surveillance under usual care, and prophylactic co-
lectomy for HNPCC mutation carriers were based on
several sources. Costs of microsatellite instability assays
and genetic testing were based on a national survey of
reimbursements to laboratories, which was undertaken
for this study. Genetic counseling costs were based on a
recent survey of reimbursements for services by the Na-
tional Society of Genetic Counselors (44). Costs of colo-
rectal cancer treatment and prophylactic colectomy were

based on data from the SEER—Medicare database (45).
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Expected costs over each lifetime were derived by using the
Kaplan—Meier sample average estimator technique (46).

Data on Siblings and Children of Carriers

Siblings and children of mutation carriers must be
identified and screened to determine their carrier status.
Those with mutations must undergo regular colono-
scopic screening (16). We used census tract data to de-
termine the average number of siblings and children for
each mutation carrier and their age at the time of genetic
testing (47, 48). The life survival benefit of surveillance
for mutation carriers was based on a recent randomized
study by Jdrvinen and colleagues (5). The screening con-
tinued until death or until colon cancer was detected, at
which time the patient had colectomy (16, 21). The
costs and risks of colonoscopy were based on published
studies (31-33). We prorated the benefit according to
the age of the relative when the proband received a di-
agnosis of colon cancer. Survival for those who were not
found to have mutations was based on U.S. Census life

tables (49).

Discounting Future Costs

All costs are presented in 1999 U.S. dollars. As has
been recommended for cost-effectiveness studies, future
costs and benefits were discounted at 3% per year in the

base case (50).

Sensitivity Analysis

We performed one-way sensitivity analysis on all
variables in the model and then arranged them in order
based on those that had the greatest impact on overall
cost-effectiveness. Ranges for each variable were based
on 95% Cls, if available from the source data, or on
expert opinion if no range data were available. We also
performed a multiway probabilistic sensitivity analysis of
the database by creating probability density functions
for each variable, then randomly drawing 1000 observa-
tions from those distributions and rerunning the analy-
sis. In cases where the distributions were unknown, we
created triangular distributions with mean values equal
to the base-case value for the model. The extremes at
either end of the ranges were used in the one-way
analysis. Cost-effectiveness outcome points were then
mapped onto a cost-effectiveness plane, and 95% Cls
were tabulated.

16 October 2001 | Annals of Internal Medicine
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Table 2. Projected Outcomes and Costs Resulting from Screening and Microsatellite Instability Testing of Persons with

Newly Diagnosed Colorectal Cancer*

Outcome

Colorectal cancer cases diagnosed in the first year of the program, n
Tumors tested for replication error phenotype, n

False-positive results on MSI tests, n

False-negative results on MSI tests, n

Patients offered MMR mutation counseling and testing, n
False-positive results on MMR assays, n

False-negative results on MMR assays, n

HNPCC carriers identified, n

Life-years gained (undiscounted)

Cost per carrier detected, $

Added cost per life-year gained (3% discount, costs and benefits), $

Proband First-Degree Relativest
129 400
20833 +
1332 kS
163 +
2980 933
4 1
74 23
860 291
1082 9102
12 815 1047
42 210 75568

* HNPCC = hereditary nonpolyposis colorectal cancer; MMR = mismatch repair mutation; MSI = microsatellite instability.

T Includes siblings and children of proband only. Parents of the proband are excluded.

¥ Replication error testing is not performed in first-degree relatives with mutations when colorectal cancer is detected.
§ Incremental cost-effectiveness of screening and treating both probands and first-degree relatives.

Role of the Funding Source

The National Cancer Institute funded the study;
however, the authors had complete independence in de-
sign, conduct, and reporting,.

REsuLTS
Outcomes for Patients with Colon Cancer (Probands)
According to our base-case estimates, the personal
and family history of patients who received a new diag-
nosis of colorectal cancer in 1999 identified 20 833 per-
sons eligible for microsatellite instability tumor testing
(Table 2). After microsatellite instability analysis, 2980
probands were appropriate for mismatch repair gene
testing. After mismatch repair testing, 864 probands
were offered prophylactic colectomies. Testing and per-
forming prophylactic colectomies on eligible mutation
carriers with malignancies added 1082 years of life (un-
discounted) to this group, at an average cost of $12 815
per carrier detected. After we discounted future costs
and life-years, the incremental cost-effectiveness for mi-
crosatellite instability screening of patients with newly
diagnosed colorectal cancer who met criteria was
$42 210 per life-year gained compared with current
practice.

Outcomes for Siblings and Children of Patients with
Colorectal Cancer

Expanding the model to include costs and benefits
for siblings and children increased the number of muta-
tion carriers identified and greatly improved the cost-
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effectiveness of the program. Under base-case variables,
1944 surviving siblings and children of the probands
were eligible for mismatch repair gene counseling and
testing. When we accounted for the likelihood of con-
tacting these relatives and their expected rate of adher-
ence to testing, 291 siblings and children were identified
as mutation carriers. Regular surveillance of these per-
sons, followed by subtotal colectomy for those found to
have malignancies, added 9102 undiscounted life-years
to this cohort. The cost per relative included the costs of
locating and contacting them; however, these costs were
less expensive than those for probands because the ge-
netic test requires sequencing of only one primer (ap-
proximately $150) in relatives of carriers in whom the
location of the mutation is known. Overall, screening of
siblings and children represented a cost savings for this
cohort because the savings from early intervention
(screening and colectomy for those found to have ma-
lignancies) exceeded the costs of testing.

Outcomes for Patients with Colorectal Cancer and Their
Siblings and Children

When probands and their siblings and children were
included in the model, screening yielded 2009 dis-
counted life-years gained at an additional (discounted)
cost of $15181504. The incremental (discounted)
cost-effectiveness, therefore, was $7557 per life-year
gained for microsatellite instability screening compared
with current practice.
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Sensitivity Analysis

Figure 2 and the Appendix Table show the 15 vari-
ables that had the greatest impact on the outcome of the
one-way sensitivity analysis. The three most influential
variables were the relative mortality risk associated with
increased surveillance in HNPCC-positive siblings and
children, the overall prevalence of HNPCC mutation
carriers among patients with new diagnoses of colorectal
cancer, and the discount rate for future costs and bene-
fits. On the basis of 95% Cls from published data (5),
the cost-effectiveness of screening was $5873 per life-
year gained (best-case scenario) and $41 581 per life-
year gained (worst-case scenario) for relatives who were
identified and began regular screening. At a plausible
low-prevalence estimate of 0.5% for HNPCC, the cost-
effectiveness of screening was $20 411 per life-year

gained. At a high-prevalence estimate of 6%, the cost-
effectiveness was $4697 per life-year gained.

The n-way probabilistic sensitivity analysis, based
on 1000 replications of the analysis with values drawn
from distributions for the 15 most sensitive variables in
the one-way analysis, demonstrated a 90% CI of $4874
to $21 576 per life-year gained.

Discussion

Genetic testing for many types of hereditary colon
cancer is now feasible, and international guidelines have
been established for identifying and testing persons at
risk. Our analysis suggests that microsatellite instability
screening of patients with newly diagnosed colon cancer
and an appropriate personal and family cancer history is

Figure 2. Results of one-way sensitivity analyses of input variables for the cost-effectiveness model.

Relative risk for increased surveillance in
HNPCC-positive patients

Prevalence of HNPCC in patients with CRC

Discount rate |

Cost of colectomy

Specificity of MSI test

Cost of guidelines assessment
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Specificity of guidelines
Mean age at childbearing
Cost of MSI test

Probability of second diagnosis for HNPCC-
positive patients, no treatment

Mean number of children per person with
an MMR mutation
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with an MMR mutation

Sensitivity of guidelines

Cost of MMR test

I
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Analysis concerns patients with cancer and their family members. CRC = colorectal cancer; HNPCC = hereditary nonpolyposis colorectal cancer;

MMR = mismatch repair mutation; MSI = microsatellite instability.
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cost-effective. Moreover, the cost-effectiveness of screen-
ing increases greatly if siblings and children of mutation
carriers can also be identified and screened. The cost-
effectiveness of screening seems to hold under worst-case
assumptions of mutation prevalence, survival benefits of
regular colonoscopy for mutation carriers, and adher-
ence to diagnostic and therapeutic recommendations.

Patients at risk for hereditary colon cancer are not
screened routinely in the United States. There are many
potential barriers to implementing screening policies
such as the Bethesda guidelines. Patients or private and
public health insurance plans would have to bear the
direct costs of testing and screening. Currently, many
plans do not cover the costs of genetic screening, partic-
ularly for at-risk relatives without cancer (51). Since sur-
veillance of mutation carriers also falls outside standard
cancer screening procedures, it is possible that these in-
terventions would also not be covered. It is not clear
whether patients and family members would be willing
to pay the full costs of testing and surveillance.

Another important potential barrier is legal restric-
tions regarding the release of confidential patient infor-
mation to third parties. Even if it becomes clearly per-
missible to contact relatives, physicians may be unable
or unwilling to contact family members of mutation
carriers, many of whom could be estranged from the
proband or living in distant cities. These issues and oth-
ers must be considered and possibly studied before pub-
lic policy on genetic screening for hereditary colon can-
cer is implemented.

Cost-effectiveness analysis holds promise as a way of
synthesizing decisions and information about testing,
treatment, and outcomes surrounding genetic testing for
cancer susceptibility syndromes. Our study suggests that
compelling clinical and economic rationales support ini-
tiation of microsatellite instability screening programs
for patients with newly diagnosed colorectal cancer and
appropriate risk profiles. If such screening is to become
part of standard practice, clinicians would need to learn
the Bethesda algorithm (Table 1) and apply it to pa-
tients with newly diagnosed colorectal cancer. It is also
likely that more pathology laboratories would need to
acquire the capacity to perform microsatellite instability
testing, including study of DNA extracted from paraffin-
embedded formalin-fixed tumor samples. If imple-
mented nationwide, office screening of patients with
newly diagnosed colorectal cancer, combined with micro-
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satellite instability testing of those who meet Bethesda
criteria and mismatch repair testing of microsatellite
instability—positive patients, would cost approximately
$11 000 000 in the first year. Colectomies for mutation
carriers would cost nearly $20 000 000. Given that the
additional costs to a single health system would be rel-
atively low, we feel that it may be reasonable for clini-
cians to adopt the Bethesda guidelines and for health
plans to cover the relatively modest genetic counseling
and testing. Locating siblings and children of mutation
carriers and performing mismatch repair tests would be
less costly (approximately $5 700 000), and annual
colonoscopy costs would be less than $300 000 in the
first year of screening relatives with the mismatch repair
mutation. Despite these comparatively low costs, how-
ever, we believe that the legal, health insurance, and
health system barriers to contacting and screening rela-
tives must be addressed before such a program can be
implemented.

Our sensitivity analysis highlights the components
that tend to have more influence on the overall cost-
effectiveness of microsatellite instability screening for
HNPCC. The model reaffirms the findings of an earlier
economic analysis of such screening: The prevalence of
HNPCC mutation carriers among all patients with new
colorectal cancer is among the most important fac-
tors influencing cost-effectiveness (52). The prevalence
of HNPCC is well described in only a few European
populations. Further study is needed to understand the
prevalence of HNPCC in other groups, such as His-
panic and African-American persons, before widespread
screening is undertaken in a heterogeneous population
like that of the United States. In addition, the accuracy
of the microsatellite instability test is also important to
overall cost-effectiveness. Recent efforts to standardize
microsatellite instability screening are important because
they help ensure that the screening is cost-effective
wherever it is applied (24-26). While the discount rate
for future costs and benefits may not be seen as a true
model variable, we included it to highlight the fact that
costs and benefits related to genetic screening for famil-
ial cancer syndromes are separated by a considerable
amount of time. Finally, variations in some of the inputs
in the model had much less effect on the cost-effective-
ness of screening than anticipated. In particular, decreas-
ing the cost of germline testing had a relatively small
impact (Figure 2). When cost-effectiveness of such
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Appendix Table. List of Variables Informing the Decision Model of Microsatellite Instability Testing for Hereditary
Colorectal Cancer*

Variable Range Used for Sensitivity References Cost per Life-Year Saved Rankt
Analysis According to One-Way
Sensitivity Analysis, $
Low High Range At Low Value At High Value
Disease
Proband
Prevalence of HNPCC in patients with colorectal cancer, % 2 0.5 6 1,2 20 411 4697 1
Probability of second diagnosis for HNPCC-positive patients, no
treatment 0.95 0.7 1 3,4,7 9549 7158 11
Mean time to second diagnosis in absence of intervention, y 5 4 6 3,4,7 7329 7777 35
Life expectancy under standard care for HNPCC-negative
patients ¥ ¥ ¥ 22 ¥ ¥
Life expectancy under standard care for HNPCC-positive
patients ¥ ¥ ¥ 1,22, 28-30 ¥ ¥
Life expectancy under increased surveillance for
HNPCC-negative patients £ ¥ ¥ 22 ks F
Life expectancy under increased surveillance for HNPCC-positive
patients ¥ + + 1,22, 28-30 + +
Life expectancy after colectomy for HNPCC-negative patients ES k- k- 22 F F
Life expectancy after colectomy for HNPCC-positive patients £ k- k- 1,22, 28-30 kS ks
Siblings and children
Probability of first diagnosis in HNPCC-positive patients 0.8 0.7 1 59 7794 7081 28
Mean time until first diagnosis in HNPCC-positive patients, y 2 1 4 7532 7602 44
Relative mortality risk for increased surveillance in
HNPCC-positive patients, % 34.8 12.2 99.9 5 5873 41581 1
Operation and acceptance of tests
Proband
Probability of agreeing to guidelines assessment 1 0.5 1 § 7556 7556 55
Sensitivity of guidelines, % 70 50 80 8 9254 7026 14
Specificity of guidelines, % 85 75 95 8 8979 6133 8
Probability of accepting MSI test 1 0.75 1 42,43 8260 7556 29
Sensitivity of MSI test, % 9 75 95 24-26 8485 7373 21
Specificity of MSI test, % 93 6 98 24-26 12 258 6843 5
Probability of accepting MMR test 0.6 0.3 1 42, 43 10911 6215 7
Sensitivity of MMR test, % 92.5 87 95 21 8358 7230 19
Proportion of non-negative MMR test results that are
inconclusive, % 6 2 10 21 7249 7889 30
Specificity of MMR test, % 99.7 98 100 21 7249 7889 30
Proportion of nonpositive MMR test results that are
inconclusive, % 20 50 0 21 7726 7527 40
Probability of adhering to colectomy 0.75 0.5 1 16 7588 7535 45
Probability of death caused by colectomy 0 0 0 31,32,35 7556 7556 61
Siblings and children
Probability that sibling complies with counseling 0.6 0.5 0.85 42,43 8167 6328 17
Probability that sibling complies with MMR test 0.6 0.5 0.85 42, 43 8169 6324 16
Probability that child complies with counseling 0.7 0.65 0.8 42,43 7810 7093 27
Probability that child complies with MMR test 0.7 0.65 0.8 42,43 7813 7088 26
Probability that siblings and children are HNPCC positive given
that the proband is HNPCC positive 0.5 0.5 05 7556 7556 63
Probability that siblings and children are HNPCC positive given
that the proband is HNPCC negative 0.02 0.01 0.04 7557 7554 50
Contact information for siblings and children
Mean siblings per MMR carrier, n 0.75 0.5 1 47, 48 8850 6560 13
Probability of locating sibling 0.65 0.5 0.75 § 8425 7059 18
Mean children per MMR carrier, n 1.5 1 2 47,48 8840 6562 12
Probability of locating child 0.75 0.65 0.9 § 8044 6922 20
Mean age at childbearing, y 30 25 35 47, 48 5549 8092 9
Costs, $
Discount rate 0.03 0 0.05 50 1347 16 922 3
Cost of guidelines assessment 33 25 100 60 7057 11 887 6
Cost of MSI test 120 40 285 I 6727 9267 10

Continued on following page
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Appendix Table—Continued

Variable Range Used for Sensitivity References Cost per Life-Year Saved Rankt
Analysis According to One-Way
Sensitivity Analysis, $
Low High Range At Low Value At High Value
Cost of MMR test 2030 1378 3600 II 6976 8954 15
Cost of MMR counseling 365 300 1000 44 7499 8122 32
Cost of colectomy 30673 25000 45000 60 5727 12178 4
Cost to locate sibling 150 100 200 § 7540 7573 47
Cost to locate child 50 25 100 § 7540 7589 46
Cost of counseling siblings and children 100 75 125 44 7545 7568 48
Cost of MMR test for siblings and children 78 65 100 II 7552 7563 49
Yearly cost of standard care per HNPCC-negative person 100 50 150 § 7558 7555 52
Yearly cost of standard care per HNPCC-positive person 100 50 150 § 7954 7159 24
Yearly cost of increased surveillance per HNPCC-negative person 325 250 400 60 7556 7557 53
Yearly cost of increased surveillance per HNPCC-positive person 400 325 450 60 7379 7674 38
Yearly cost after colectomy per HNPCC-positive person 33 25 100 § 7510 7942 36
Mean attributable cost for second diagnosis, stage 1 27 794 22235 33353 45, 46 7858 7225 33
Mean attributable cost for second diagnosis, stage 2 28 872 23098 34647 45, 46 7869 7243 31
Mean attributable cost for second diagnosis, stage 3 33 658 26927 40390 45, 46 7921 7192 25
Mean attributable cost for second diagnosis, stage 4 49 352 39482 59223 45, 46 8091 7021 22
Mean attributable cost for first diagnosis, stage 1 25516 20413 30620 45, 46 7638 7475 42
Mean attributable cost for first diagnosis, stage 2 28 166 22533 33800 45, 46 7720 7393 37
Mean attributable cost for first diagnosis, stage 3 31907 25526 38289 45, 46 7646 7467 41
Mean attributable cost for first diagnosis, stage 4 45 393 36314 54471 45, 46 7602 7511 43

* Analysis concerns patients with cancer and their family members. Increased surveillance = colonoscopy every 3 years following cancer treatment; increased surveillance for
siblings and children = colonoscopy every 3 years; mean attributable cost = mean attributable cost due to colorectal cancer; standard care = standard post—colorectal cancer
care (60). HNPCC = hereditary nonpolyposis colorectal cancer; MMR = mismatch repair mutation; MSI = microsatellite instability.

T Rank of each variable’s influence on cost-effectiveness estimates across the range used for the sensitivity analysis.

¥ Values vary on the basis of the patient’s age and stage at the start of the intervention.

§ Expert opinion.
|| Facility survey.

screening programs is determined, anticipated reduc-
tions in cost may be less of an issue than, for example,
patient acceptance.

Our analysis has several important limitations. First,
as with many studies in which primary data are unavail-
able, some of the input variables are based on expert
opinion. Fortunately, none of these variables seem to
have a substantial effect on the overall cost-effectiveness
of screening. Second, our analysis considers only direct
medical costs associated with screening. Indirect costs,
such as losses if patients experience job discrimination as
a result of screening, may be important and should be
evaluated in future studies. In addition, costs that may
be associated with starting a screening program (for ex-
ample, the cost of training physicians to identify poten-
tial mutation carriers using the Bethesda guidelines) are
not included here. We also do not address the ways in
which screening, having a colectomy, or living with co-
lon cancer affect quality of life. Patients who learn that
they carry a mutation that markedly increases their risk
for a disease may develop negative psychological status
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or decreased quality of life (53-56). The potential for
decreased quality of life related to genetic testing must
be weighed against the improvement in quality of life
that would be realized by preventing colorectal cancer in
this cohort. Finally, we do not address screening
HNPCC carriers for other types of cancer that are com-
mon in patients with this syndrome. Endometrial can-
cer, in particular, is common in female HNPCC carri-
ers; the lifetime risk is estimated to be up to 60% (57,
58). Annual screening for endometrial cancer by using
endometrial aspirate or transvaginal ultrasonography has
been widely advocated (57). Screening for endometrial
cancer is less costly and probably carries less risk than
colonoscopic screening for colorectal cancer. The added
survival benefits of screening for endometrial cancer may
further improve the cost-effectiveness of identifying mu-
tation carriers in this population.

From Fred Hutchinson Cancer Research Center and University of
Washington, Seattle, Washington.
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