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Abstract

Purpose: Patients and relatives have varying preferences for
genetic testing and interventions related to hereditary cancer
syndromes. We examined how the impact of these services on
quality of life (QoL) affects the cost-effectiveness of screening for
Lynch syndrome among probands newly diagnosed with colo-
rectal cancer and their relatives.

Methods: \We constructed a state-transition model comparing
screening strategies (clinical criteria, prediction algorithms, tumor
testing, and upfront germline testing) with no screening to identify
Lynch syndrome. The model incorporated individuals’ health
state utilities after screening, germline testing, and risk-reducing
surgeries, with utilities persisting for 12 months in the base case.
Outcomes consisted of quality-adjusted life-years (QALYS),
costs, and cost per QALY gained. Sensitivity analyses assessed

Introduction

Lynch syndrome increases the risk of developing colorectal, endo-
metrial, ovarian, and other cancers. Inherited mutations in DNA
mismacch repair genes MLH1, MSH2, MSHG6, and PMS2 consti-
tute the molecular basis of Lynch syndrome. Stakeholders have
recommended screening for Lynch syndrome using clinical crite-
ria, mutation risk—prediction algorithms, and tumor testing.!-

Screening is likely to decrease cancer incidence and improve
life expectancy in affected families at acceptable costs to pay-
ers.36 The favorable impact is attributed to cancer risk stratifi-
cation based on germline testing, followed by preventive
interventions including colonoscopy and risk-reducing total
abdominal hysterectomy/oophorectomy.”-

Economic evaluations have not considered the potential ef-
fects of these services on quality of life (QoL) among patients
with colorectal cancer with Lynch syndrome (probands) and
their relatives. The interplay of preferences for screening, germ-
line testing, and preventive care for probands and relatives at
risk for developing cancer likely determines the impact of these
services on QoL. For example, some may not value germline
testing because identifying increased cancer risk may cause dis-
tress.’® Others may value total abdominal hysterectomy/oo-
phorectomy highly because it decreases cancer risk and possibly
worry.'! Probands’ desires and decisions about germline testing
affect relatives, but preferences among relatives may differ from
those of probands.
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how the duration and magnitude of changes in QoL influenced
results.

Results: Multiple screening strategies yielded gains in QALYs
at acceptable costs compared with no screening. The preferred
strategy —immunohistochemistry of tumors followed by BRAF
mutation testing (IHC/BRAF)— cost $59,700 per QALY gained in
the base case. The duration and magnitude of decreases in QoL
after decisions related to germline testing and surgeries were key
determinants of the cost-effectiveness of screening. IHC/BRAF
cost > $100,000 per QALY gained when decrements to QoL
persisted for 21 months.

Conclusion: Screening for Lynch syndrome in the population
is likely to yield long-term gains in life expectancy that outweigh
any short-term decreases in QoL, at acceptable costs. Counsel-
ing for individuals should aim to mitigate potential negative im-
pact of genetic testing and risk-reducing interventions on QoL.

Our aim was to examine how changes in individuals’ QoL
resulting from medical services for Lynch syndrome affect the
cost-effectiveness of screening for Lynch syndrome among per-
sons newly diagnosed with colorectal cancer and their relatives.
We performed a cost-utility analysis (CUA) with a decision
analytic model using health state utilities from our recent study
of patient preferences related to Lynch syndrome to estimate
gains in quality-adjusted life-years (QALYs) and incremental
cost per QALY gained with screening.

Methods

CUA evaluates the effects of health care services in terms of both
costs and QALYs gained (not just crude number of life-years
gained). We refer readers to the Data Supplement for additional
information about CUA and our study methods. The statistical
code and data set are available by written agreement.

Model

We adapted a state-transition Markov model of screening for
Lynch syndrome, described in detail previously, to incorporate
health state utilities related to germline testing and risk-reduc-
ing interventions. The model compares 16 screening strategies
to a referent strategy of no active effort to identify Lynch syn-
drome. Persons newly diagnosed with colorectal cancer enter
the simulation at a mean age of 48 years in the base case, and
relatives enter at a mean age of 25 years.
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We compared different strategies for identifying Lynch syn-
drome among persons with new diagnoses of colorectal cancer.
The strategies included clinical criteria, such as Amsterdam II
and revised Bethesda guidelines,>13 which require an extensive
family history of Lynch-associated cancer (colorectal, endome-
trial, or other associated cancer) and consider age of cancer
onset. We included risk-prediction algorithms, such as MMR-
pro, PREMM126, and MMRpredict,'4'7 which estimate the
probability of having a genetic mutation based on factors like
family history of cancer, tumor characteristics, histology, and
age at diagnosis among patients and relatives. We also examined
several tumor testing strategies (eg, microsatellite instability
testing, immunohistochemistry [IHC], microsatellite instabil-
ity testing combined with IHC, and IHC followed by BRAF
testing).'822 Testing a tumor sample for microsatellite instabil-
ity can identify impairment in the DNA replication and repair
system, which may result from mutations in mismatch repair
(MMR) genes. IHC determines MMR protein expression in
tumor samples by applying antibodies against the MMR pro-
teins. Loss of IHC expression of specific MMR proteins guides
germline testing. For example, IHC showing loss of expression
of MSH2 but not MLH1, MSHG6, or PMS2 would suggest
germline testing of only the MSH2 gene. Combining BRAF
testing with IHC identifies sporadic loss of MLH1 protein ex-
pression that is not related to mutations in the MMR genes but
may result from hypermethylation of the MLHI promoter.
Finally, germline testing of a blood sample can identify inher-
ited mutations in MMR genes through sequencing, deletion or
duplication analysis, or rearrangement analysis. When a specific
mutation is identified in a proband, subsequent germline test-
ing can focus on identifying the same mutation in relatives. We
modeled different clinical management programs and accep-
tance rates among probands and relatives until age 75 years
based on their germline testing results and cancer risk.??

Major events were first colorectal, endometrial, or ovarian
cancer; metachronous colorectal cancer; cancer treatment com-
plications; and death resulting from cancer or other causes. We
accounted for the more favorable cancer prognosis associated
with Lynch syndrome versus sporadic cancers.?* Persons were
observed until death or age 100 years.

Health State Utilities

Health state utilities (herein referred to as utilities) represent the
strength of an individual’s preferences for specific health-related
outcomes and can be used as preference weights to make QoL
adjustments to the number of life-years gained after a health
intervention. Our model includes utilities that reflect how
views about germline testing and management of Lynch syn-
drome affect QoL among probands and relatives (Table 1).24
Utilities related to Lynch syndrome and living with cancer were
measured in our recent study using preference-elicitation exer-
cises and the time tradeoff metric (Data Supplement).

We applied utilities related to Lynch syndrome for 12
months in the base case and assumed that decrements to
QoL resulting from Lynch syndrome-related services were
transient. We chose 12 months based on literature and to
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avoid bias in favor of screening.0-25-33 Furthermore, studies

of hereditary cancer syndromes have similarly applied utili-
ties in a time-limited fashion.3435 To test how our assump-
tion affected cost-effectiveness, we varied time in health
states related to Lynch syndrome, testing from 0 to 36
months in sensitivity analyses.

After living for 12 months in health states related to
Lynch syndrome, utilities for both probands and relatives
reverted to those of the general population, as measured and
adjusted for age and sex starting at age 45 years by Fryback et
al.?¢ We assigned a utility of 1 (representing perfect health)
to relatives entering the simulation at age 25 years, as sug-
gested by Kwon et al,> and interpolated values through age
44 years based on values reported for age 45 years by Fryback
et al.

We accounted for changes in QoL for individuals living with
colorectal, endometrial, and ovarian cancers based on findings
from our utilities study (Kuppermann et al, manuscript submit-
ted for publication). Utilities for persons living with cancer
were applied for 5 years; they then reverted to general popula-
tion utilities.

Clinical and Cost Inputs

We derived clinical inputs from an Evaluation of Genomic
Applications in Practice and Prevention meta-analysis.3” Sur-
veillance, Epidemiology, and End Results data informed cancer
risk estimates.*38

We adjusted costs from published sources and Medicare
schedules to 2010 US dollars using the medical component of
the Consumer Price Index.3? Costs reflected all direct expenses
associated with screening, germline testing and genetic counsel-
ing, preventive interventions, complications, and cancer care
(Data Supplement).

Outcomes and Cost-Utility Analyses

Applying a third-party payer perspective and an annual 3%
discount rate, we calculated primary outcomes of mean QALYs
per person, mean cost per person, incremental QALYs gained,
and incremental cost per QALY gained (ie, incremental cost-
effectiveness ratio [ICER]). Analyses focused on families with a
representative number of at-risk relatives, and results reflect
weighted averages for probands and relatives with and without
Lynch syndrome.*

To examine effects of changes in QoL associated with germ-
line testing and management decisions on outcomes, we fo-
cused on the tumor testing strategy of IHC followed by BRAF
mutation testing. Both our previous cost-effectiveness analysis
and this current cost-utility analysis found this to be the pre-
ferred strategy. This strategy also reflects the current move-
ment toward reflexive screening of all colon cancer samples for
Lynch syndrome.?5-40

Sensitivity Analyses

We varied model inputs individually in one-way sensitivity
analyses to assess their impact on the base case results (Data
Supplement). Lower and upper bounds for health state utilities
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Table 1. Separate Health States and Utilities Related to Lynch Syndrome Among Probands and Relatives, by Medical Service

Probands Relatives
Treatment Health States* Utilities Health States* Utilities
Screening Men and women who received false-negative 0.760
screening result
Germline testing Men and women who declined germline 0.660 Men and women who declined germline 0.719
testing testing
Men and women who accepted germline 0.760
testing, without Lynch syndrome
Male relatives who accepted germline 0.739
testing, with Lynch syndrome
Germline testing and risk-reducing Men and women who accepted germline Female relatives who accepted germline
surgery testing, with Lynch syndrome, and: testing, with Lynch syndrome, and:
Declined TAH/BSO at age 40 years or 0.622 Declined TAH/BSO at age 40 years 0.669
colectomy at time of diagnosis
Accepted TAH/BSO at age 40 years or 0.672 Accepted TAH/BSO at age 40 years 0.697
colectomy at time of diagnosis
Cancer treatment Colorectal cancer 0.601 Colorectal cancer 0.601
Endometrial cancer 0.728 Endometrial cancer 0.728
Ovarian cancer 0.593 Ovarian cancer 0.593

Abbreviation: TAH/BSO, total abdominal hysterectomy/oophorectomy.
* Separate health states represented in the model by their own utility weight.

were based on interquartile ranges (IQRs) from our recent
study. We conducted a sensitivity analysis varying all cost in-
puts simultaneously using values that were 50% and 100%
higher than Medicare costs. Finally, we performed a probabi-
listic sensitivity analysis using a Monte Carlo simulation with
1,000 iterations and inputs with appropriate parameters for
beta, gamma, and normal distributions.4!

Results
Base Case QALYs, Costs, and ICERs

Screening yielded better outcomes (ie, more QALY per per-
son) than no screening but at higher cost (Table 2; Data
Supplement). The referent strategy of no screening had the
worst outcome (mean QALYs per person, 21.0649) and the
lowest mean cost per person ($11,200). Upfront germline
testing had the best outcome (mean QALYs per person,
21.2500) and highest cost per person ($33,500).

Table 2 lists ICERs after excluding dominated strategies.
The ICER for THC followed by BRAF testing was $59,700 per
QALY gained after excluding the clinical criteria and algorithm
strategies. This represents settings in which reflex tumor testing
can be ensured, but not application of clinical criteria or risk-
prediction algorithms.

Duration of Time in Health States Related to
Lynch Syndrome

Assuming changes in QoL related to germline testing and man-
agement decisions last only 12 months, all screening strategies
produced better outcomes (more QALYs per person) than no
screening (Table 2). That is, long-term gains in life expectancy
attributable to screening outweighed near-term decreases in
QoL in the base case.
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The QALYs gained per person with screening compared
with no screening decreased when disutility related to germline
testing and management decisions lasted for more than 12
months. For example, IHC followed by BRAF testing yielded
0.14 and 0.06 QALYs gained per person compared with no
screening if QoL decrements lasted 12 (base case) and 24
months, respectively. There was an absolute loss of QALYs per
person (—0.004) when decreases in QoL lasted 36 months.
Thus, screening could result in net harm if adverse effects on
QoL lasted substantially longer than the average 12-month es-
timate reported in literature.

Accordingly, there was an exponential increase in the ICER
for screening compared with no screening as the duration of
disutility related to germline testing and management decisions
increased (Fig 1). The cost per QALY gained by IHC followed
by BRAF was $38,100 if QoL was affected for a negligible
period of time. In contrast, screening cost > $100,000 per
QALY gained compared with no screening when decrements to
QoL related to germline testing and management decisions
persisted for 21 months, and > $1 million per QALY gained
when disutility lasted for 34 months.

Scenario Analyses

We varied clusters of related utilities to model clinical scenarios
representing changes in QoL among probands or relatives
(Data Supplement). When only probands experienced rela-
tively low QoL after any decision about medical services, the
ICER for screening compared with no screening was $82,000
per QALY gained. The ICER also increased to slightly >
$100,000 per QALY gained when only relatives with Lynch
syndrome experienced relatively low QoL after decisions about
medical services.

Next, we simulated scenarios representing changes in QoL
after specific decisions about germline testing to reflect uncer-

Copyright © 2012 by American Society of Clinical Oncology and
Managed Care & Healthcare Communications, LLC




Table 2. Base Case Results

Cost Per Person

Discounted Incremental Cost
Per QALY Gained*

Discounted Incremental Cost
Per QALY Gained

Strategy QALYs Per Person

Referent strategy 21.0649 $11,242

Clinical criteria and algorithm strategies
Amsterdam/IHC 21.0949 $12,933
Amsterdam/germline 21.1010 $13,282
MMRpredict/IHC 21.1448 $15,319
MMRpredict/germline 21.1612 $16,375
MMRpro/IHC 21.1680 $16,455
PREMM/IHC 21.1692 $16,920
Bethesda/IHC 21.1767 $17,021
MMRpro/germline 21.1891 $17,873
PREMM/germline 21.1905 $18,829
Bethesda/germline 21.1995 $18,737

Tumor-testing strategies
IHC 21.2012 $19,381
IHC/BRAF 21.2012 $19,551
MSI 21.2045 $21,155
MSI plus IHC 21.2249 $23,833
MSI plus IHC/BRAF 21.2249 $23,642

Upfront germline testing 21.2500 $33,492

$50,562

$65,347

$68,384

$82,864 —
— $59,719
= $179,576
$193,343 —
$393,303 $271,219

Abbreviations: IHC, immunohistochemistry; MSI, microsatellite instability testing; QALY, quality-adjusted life-year.

* Excluding clinical criteria strategies.
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Figure 1. Sensitivity analysis on duration of health state disutility related
to decisions about germline testing and management of Lynch syn-
drome: immunohistochemistry (IHC) followed by BRAF testing versus
referent. QALY, quality-adjusted life-year.

tainty about cancer risk and Lynch syndrome status. When
both probands and relatives experienced low QoL after declin-
ing germline testing, screening compared with no screening
cost > $190,000 per QALY gained.

Another scenario represented probands and relatives who
experienced low QoL after declining risk-reducing surgery. The
result for screening compared with no screening was >
$117,000 per QALY gained. In contrast, screening compared
with no screening cost only $65,000 per QALY gained when
probands and relatives experienced low QoL after deciding to
undergo risk-reducing surgery.
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To estimate the results from a commerical payer perspective,
we conducted a sensitivity analysis multiplying all cost inputs
simultaneously by factors of 1.5 and 2. When costs were 1.5X
higher than those of Medicare, the incremental cost per in-
cremental QALY gained was $90,800 for THC followed by
BRAF testing compared with no screening. When costs were
2X those of Medicare, the ICER increased to $122,000 per
QALY gained.

Additional Sensitivity Analyses

Varying most inputs in one-way sensitivity analyses did not
substantially affect incremental QALYs gained or ICERs (Data
Supplement). Findings were consistent with those of our cost-
effectiveness analysis.*

We conducted probabilistic sensitivity analyses to calculate
mean, median, IQRs, and 95% Cls for incremental QALYs
gained and ICERs for all strategies. IQRs were relatively narrow
and within ranges generally accepted as cost-effective. ICERs in
this simulation showed wide 95% Cl, in contrast to the results
of our recent cost-effectiveness analysis.* We attribute the cur-
rent results to the relatively wide distributions for the health
state utility estimates, which reflect the small sample size of our
utility elicitation study.

Discussion

To our knowledge, our cost-utility analysis is the first to dem-
onstrate how incorporating QoL related to medical services for
Lynch syndrome affects the cost-effectiveness of screening for
Lynch syndrome. Our results demonstrate that the duration of

jop.ascopubs.org e27s




decreased QoL related to germline testing and management of

Lynch syndrome is a key determinant of the cost-effectiveness
of screening for Lynch syndrome.

By comparing current results with those from our recent
cost-effectiveness analysis, one can appreciate the importance of
incorporating patient preferences in estimating the cost-effec-
tiveness of screening for a hereditary cancer syndrome. Using
THC followed by BRAF testing compared with no screening as
an example, we previously estimated the cost per life-year
gained to be $36,200, absent consideration of QoL.* When we
included only cancer state and general population utilities in
one of our current analyses, we calculated a similar cost of
screening of $38,100 per QALY gained. When we accounted
for the potential short-term decreases in QoL related to germ-
line testing and management of Lynch syndrome, we estimated
a higher ICER of $59,700 per QALY gained. Multiplying base
case Medicare costs by 1.5 and 2 to model commercial payer
costs increased the ICER to $90,800 and $122,000 per QALY
gained, respectively. These ICERs may be acceptable to third-
party payers and policy makers, as evidenced by coverage of
cancer services with comparable ICERs.42

Our cost-utility analysis identifies three factors that under-
score the importance of including preferences to estimate the
value of screening. First, the cost-effectiveness of screening de-
pended on how long people experienced decrements in QoL
related to germline testing and management of Lynch syn-
drome. Screening was relatively cost-effective if decrements to
QoL lasted = 12 months. The ICER worsened as the duration
of disutility increased, exceeding $100,000 per QALY gained
after 21 months. As duration approached 36 months, the dec-
rements in QoL after germline testing and management deci-
sions outweighed increases in overall survival when measured
in QALYs.

Although a number of small studies have reported transience
of distress associated with Lynch syndrome testing lasting from
2 weeks to 12 months,192533 specific subgroups defined by
demographic factors and cancer risk may experience longer in-
tervals of disutility. One study has shown that young men may
continue to feel anxiety about Lynch syndrome over time.?3 In
addition, persons who do not receive counseling may experi-
ence long-term disutility. Therefore, strategies to improve the
effectiveness and cost-effectiveness of screening may include
ensuring that genetic counseling is offered as part of genetic
testing and target additional follow-up and counseling services
to persons most likely to experience disutility longer than 12
months. Further research to better identify at-risk individuals
is required.

Second, screening became less cost-effective if either pro-
bands or relatives with Lynch syndrome experienced extreme
disutility after decisions about medical services. Studies have
documented differences in distress between persons with a per-
sonal history of cancer compared with relatives at risk for can-
cer.27:2830 To examine whether cost-effectiveness was more
sensitive to changes among probands or relatives, we conducted
scenario analyses that showed the ICER was sensitive to varia-
tion in utilities for both groups. Although our results represent
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mean estimates at the population level, we suggest that person-
alized clinical care and counseling addressing the individual
needs of both probands and relatives may enhance the effective-
ness and cost-effectiveness of screening.

Third, disutility after declining services had negative ef-
fects on the value of screening. Persons may forego germline
testing because of concerns about family and abilities to
manage the emotional aspects of receiving genetic test re-
sults.4 Although counseling is intended largely to help per-
sons who undergo testing understand and manage their
cancer risk, counseling may also benefit persons who decline
testing by addressing their concerns, thus further improving
the value of screening.

In summary, we suggest tailoring interventions to persons
who experience long-term disutility, probands and relatives,
and persons who decline services. We recommend additional
research to validate whether tailoring interventions can preserve
the cost-effectiveness of screening.

We acknowledge limitations in our study that can be ad-
dressed in future research. We have incorporated health state
utilities representing potential QoL outcomes after decisions
about medical services among probands and relatives. However,
our model does not distinguish utilities for specific subgroups,
such as younger versus older men.3? Studies that measure QoL
among probands and relatives with different demographic char-
acteristics may provide data for incorporation into future cost-
effectiveness models.

We found that cost-effectiveness was sensitive to duration of
disutility, but we assumed that everyone experienced the same
duration. Probands, relatives with Lynch syndrome, and rela-
tives without Lynch syndrome may each experience distress for
different lengths of time. Modeling this would help to identify
specific subpopulations that could affect the overall cost-effec-
tiveness of screening as well as persons to target for additional
monitoring and counseling.

Finally, our model assumes that everyone who considers
germline testing accrues a specific cost for genetic counsel-
ing, but this does not account for variable clinical or eco-
nomic consequences for people who decline counseling or
for differences in QoL depending on the intensity of coun-
seling. When relevant data become available, cost-effective-
ness studies can include longer-term counseling as an
intervention among those who experience unusually long-
term decreases in QolL.

In conclusion, our study suggests that universal screening of
all patients with newly diagnosed colorectal cancer for Lynch
syndrome is cost-effective, even after accounting for the impact
of decisions about germline testing and management of Lynch
syndrome on short-term QoL. In addition to increasing tumor
screening rates, germline testing rates, and adherence to inten-
sive management,* policy makers and clinicians can maximize
the value of screening for Lynch syndrome by attending to the
psychosocial needs of probands with colorectal cancer and their
relatives who face decisions about germline testing and manage-
ment of Lynch syndrome.

Copyright © 2012 by American Society of Clinical Oncology and
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