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Lynch syndrome increases the risk of developing colorectal, en-
dometrial, ovarian, and other cancers. Inherited mutations in 
DNA mismatch repair genes MLH1, MSH2, MSH6, and PMS2 

constitute the molecular basis of Lynch syndrome. Stakeholders have 
recommended screening for Lynch syndrome using clinical criteria, 
mutation risk-prediction algorithms, and tumor testing.1,2 

Screening is likely to decrease cancer incidence and improve life ex-
pectancy in affected families at acceptable costs to payers.3-6 The favor-
able impact is attributed to cancer risk stratification based on germline 
testing, followed by preventive interventions including colonoscopy 
and risk-reducing total abdominal hysterectomy/oophorectomy.7-9 

Economic evaluations have not considered the potential effects of 
these services on quality of life (QoL) among patients with colorectal 
cancer with Lynch syndrome (probands) and their relatives. The inter-
play of preferences for screening, germline 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.10 Others may value total abdominal hysterectomy/oophorectomy 
highly because it decreases cancer risk and possibly worry.11 Probands’ 
desires and decisions about germline testing affect relatives, but prefer-
ences among relatives may differ from those of probands. 

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 persons newly diagnosed with 
colorectal cancer and their relatives. We performed a cost-utility analy-
sis (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 incremen-
tal cost per QALY gained with screening.4 

Methods 
CUA evaluates the effects of healthcare 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 meth-
ods. The statistical code and 
data set are available by written 
agreement. 
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Purpose: Patients and relatives have varying 
preferences for genetic testing and interven-
tions related to hereditary cancer syndromes. We 
exam ined how the impact of these services on 
quality of life (QoL) affects the cost-effectiveness 
of screening for Lynch syndrome among pro-
bands newly diagnosed with colorectal 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 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—immu-
nohistochemistry 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. Counseling 
for individuals should aim to mitigate potential 
negative impact of genetic testing and risk-reduc-
ing interventions on QoL.  
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Model 
We adapted a state-transition Markov model of screening 

for Lynch syndrome, described in detail previously, to incor-
porate health state utilities related to germline testing and 
risk-reducing interventions.4 The model compares 16 screen-
ing strategies to a referent strategy of no active effort to iden-
tify Lynch syndrome. 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. 

We compared different strategies for identifying Lynch 
syndrome among persons with new diagnoses of colorec-
tal cancer. The strategies included clinical criteria, such as 
Amsterdam II and revised Bethesda guidelines,12,13 which re-
quire an extensive family history of Lynch-associated cancer 
(colorectal, endometrial, or other associated cancer) and con-
sider age of cancer onset. We included risk-prediction algo-
rithms, such as MMRpro, PREMM126, and MMRpredict,14-17 
which estimate the probability of having a genetic mutation 
based on factors like family history of cancer, tumor charac-
teristics, histology, and age at diagnosis among patients and 
relatives. We also examined several tumor-testing strategies 
(eg, microsatellite instability testing, immunohistochemistry 
[IHC], microsatellite instability testing combined with IHC, 
and IHC followed by BRAF testing).18-22 Testing a tumor 
sample for microsatellite instability can identify impairment 
in the DNA replication and repair system, which may result 
from mutations in mismatch repair (MMR) genes. IHC deter-
mines MMR protein expression in tumor samples by applying 
antibodies against the MMR proteins. Loss of IHC expression 
of specific MMR proteins guides germline testing. For exam-
ple, IHC showing loss of expression of MSH2 but not MLH1, 
MSH6, or PMS2 would suggest germline testing of only the 
MSH2 gene. Combining BRAF testing with IHC identifies 
sporadic loss of MLH1 protein expression that is not related to 
mutations in the MMR genes but may result from hypermeth-
ylation of the MLH1 promoter. Finally, germline testing of a 
blood sample can identify inherited mutations in MMR genes 
through sequencing, deletion or duplication analysis, or rear-
rangement analysis. When a specific mutation is identified in 
a proband, subsequent germline testing can focus on identi-
fying the same mutation in relatives. We modeled different 
clinical management programs and acceptance rates among 
probands and relatives until age 75 years based on their germ-
line testing results and cancer risk.23 

Major events were first colorectal, endometrial, or ovar-
ian cancer; metachronous colorectal cancer; cancer treat-
ment complications; and death resulting from cancer or other 
causes. We accounted for the more favorable cancer prognosis 
associated with Lynch syndrome versus sporadic cancers.24 
Persons were observed until death or age 100 years. 

Health State Utilities 
Health state utilities (herein referred to as utilities) rep-

resent 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 syndrome affect QoL among probands and relatives (Ta-
ble 1).25 Utilities related to Lynch syndrome and living with 
cancer were measured in our recent study using preference-
elicitation exercises and the time tradeoff metric (appendix). 

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 avoid bias in 
favor of screening.10,26-34 Furthermore, studies of hereditary 
cancer syndromes have similarly applied utilities in a time-
limited fashion.35,36 To test how our assumption 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.37 We as-
signed a utility of 1 (representing perfect health) to relatives 
entering the simulation at age 25 years, as suggested by Kwon 
et al,36 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, manu-
script submitted for publication). Utilities for persons living 
with cancer were applied for 5 years; they then reverted to 
general population utilities. 

Clinical and Cost Inputs 
We derived clinical inputs from an Evaluation of Genomic 

Applications in Practice and Prevention meta-analysis.38 Sur-
veillance, Epidemiology, and End Results data informed can-
cer risk estimates.4,39 

We adjusted costs from published sources and Medicare 
schedules to 2010 US dollars using the medical component 
of the Consumer Price Index.40 Costs reflected all direct ex-
penses associated with screening, germline testing and gene-
tic counseling, preventive interventions, complications, and 
cancer care (Appendix). 

Outcomes and Cost-Utility Analyses 
Applying a third-party payer perspective and an annual 

3% discount rate, we calculated primary outcomes of mean 
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QALYs per person, mean cost per person, incremental QA-
LYs gained, and incremental cost per QALY gained (ie, incre-
mental 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.4 

To examine effects of changes in QoL associated with 
germline testing and management decisions on outcomes, 
we focused 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 preferred strategy.4 This strategy also reflects the current 
movement toward reflexive screening of all colon cancer sam-
ples for Lynch syndrome.2,5,41 

Sensitivity Analyses 
We varied model inputs individually in one-way sen-

sitivity analyses to assess their impact on the base case 
results (Appendix). Lower and upper bounds for health 
state utilities were based on interquartile ranges (IQRs) 
from our recent study. We conducted a sensitivity analy-
sis varying all cost inputs simultaneously using values that 

were 50% and 100% higher than Medicare costs. Finally, 
we performed a probabilistic sensitivity analysis using a 
Monte Carlo simulation with 1000 iterations and inputs 
with appropriate parameters for beta, gamma, and normal 
distributions.4,42 

ResULts 
Base Case QALYs, Costs, and ICERs 

Screening yielded better outcomes (ie, more QALYs per 
person) than no screening but at higher cost (Table 2 and Ap-
pendix). 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 IHC followed by BRAF testing was $59,700 per 
QALY gained after excluding the clinical criteria and algo-
rithm strategies. This represents settings in which reflex tumor 
testing can be ensured, but not application of clinical criteria 
or risk-prediction algorithms. 

n Table 1. Separate Health States and Utilities Related to Lynch Syndrome Among Probands and Relatives, by 
Medical Service 

Probands Relatives

Treatment             Health Statesa Utilities             Health Statesa Utilities 

screening Men and women who received 
false-negative screening result

0.760

Germline testing Men and women who declined 
germline testing

0.660 Men and women who  
declined germline testing

0.719 

  Men and women who accepted 
germline testing, without Lynch 
syndrome 

0.760

  Male relatives who accepted 
germline testing, with Lynch 
syndrome 

0.739

Germline testing and risk-reducing 
surgery

Men and women who accepted 
germline testing, with Lynch 
syndrome, and:

— Female relatives who accepted 
germline testing, with Lynch 
syndrome, and:

—

   declined tAh/Bso at age 40 
  years or colectomy at time  
  of diagnosis

0.622   declined tAh/Bso at age 40  
  years

0.669 

   Accepted tAh/Bso at age 40  
  years or colectomy at time  
  of diagnosis

0.672   Accepted tAh/Bso at age 40  
  years

0.697 

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

tAh/Bso indicates total abdominal hysterectomy/oophorectomy.  
aseparate health states represented in the model by their own utility weight.
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Duration of Time in Health States Related  
to Lynch Syndrome 

Assuming changes in QoL related to germline testing and 
management decisions last only 12 months, all screening 
strategies produced better outcomes (more QALYs per per-
son) 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. 

The QALYs gained per person with screening compared 
with no screening decreased when disutility related to germ-
line 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 estimate reported in literature. 

Accordingly, there was an exponential increase in the 
ICER for screening compared with no screening as the du-
ration of disutility related to germline testing and manage-

ment decisions increased (Figure). 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 screen-
ing when decrements to QoL related to germline testing and 
management decisions persisted for 21 months, and >$1 mil-
lion per QALY gained when disutility lasted for 34 months. 

Scenario Analyses 
We varied clusters of related utilities to model clinical sce-

narios representing changes in QoL among probands or rela-
tives (Appendix). When only probands experienced relatively 
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-
tainty about cancer risk and Lynch syndrome status. When 
both probands and relatives experienced low QoL after de-

n Table 2. Base Case Results 

 
 
Strategy

 
QALYs  

per Person

 
Cost  

per Person

Discounted  
Incremental Cost  
per QALY Gained

Discounted  
Incremental Cost  
per QALY Gaineda 

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 $50,562

  PReMM/IhC 21.1692 $16,920 —

  Bethesda/IhC 21.1767 $17,021 $65,347

  MMRpro/germline 21.1891 $17,873 $68,384

  PReMM/germline 21.1905 $18,829 —

  Bethesda/germline 21.1995 $18,737 $82,864 — 

Tumor-testing strategies

  IhC 21.2012 $19,381 — — 

  IhC/BRAF 21.2012 $19,551 — $59,719 

  MsI 21.2045 $21,155 — — 

  MsI plus IhC 21.2249 $23,833 — $179,576 

  MsI plus IhC/BRAF 21.2249 $23,642 $193,343 — 

Upfront germline testing 21.2500 $33,492 $393,303 $271,219

IhC indicates immunohistochemistry; MsI, microsatellite instability testing; QALY, quality-adjusted life-year.  
aexcluding clinical criteria strategies.
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clining germline testing, screening compared with no screen-
ing 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. 

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 1.5× 
higher than those of Medicare, the incremental cost per incre-
mental QALY gained was $90,800 for IHC followed by BRAF 
testing compared with no screening. When costs were 2× 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 
(Appendix). Findings were consistent with those of our cost-
effectiveness analysis.4 

We conducted probabilistic sensitivity analyses to calculate 
mean, median, IQRs, and 95% confidence intervals (CIs) 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% 
CIs, in contrast to the results of our recent cost-effectiveness 
analysis.4 We attribute the current 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 

demonstrate how incorporating QoL related to medical ser-
vices for Lynch syndrome affects the cost-effectiveness of 
screening for Lynch syndrome. Our results demonstrate that 
the duration of 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-
effectiveness of screening for a hereditary cancer syndrome. 
Using IHC 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.4 
When we included only cancer state and general popula-
tion 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 germline testing and management of Lynch syn-
drome, 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.43 

Our cost-utility analysis identifies 3 factors that underscore 
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 du-
ration of disutility increased, exceeding $100,000 per QALY 
gained after 21 months. As duration approached 36 months, 
the decrements in QoL after germline testing and manage-
ment decisions outweighed increases in overall survival when 
measured in QALYs. 

Although a number of small studies have reported tran-
sience of distress associated with Lynch syndrome testing 
lasting from 2 weeks to 12 months,10,26-34 specific subgroups de-
fined by demographic factors and cancer risk may experience 
longer intervals of disutility. One study has shown that young 
men may continue to feel anxiety about Lynch syndrome over 
time.33 In addition, persons who do not receive counseling 

QALY indicates quality-adjusted life-year.

n Figure. Sensitivity Analysis on Duration of Health 
State Disutility Related to Decisions About Germline  
Testing and Management of Lynch Syndrome:  
Immunohistochemistry (IHC) Followed by BRAF  
Testing Versus Referent 
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may experience 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 counsel-
ing services to persons most likely to experience disutility lon-
ger 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 
personal history of cancer compared with relatives at risk for 
cancer.28,29,31 To examine whether cost-effectiveness was more 
sensitive to changes among probands or relatives, we con-
ducted scenario analyses that showed the ICER was sensitive 
to variation in utilities for both groups. Although our results 
represent mean estimates at the population level, we suggest 
that personalized clinical care and counseling addressing the 
individual needs of both probands and relatives may enhance 
the effectiveness and cost-effectiveness of screening. 

Third, disutility after declining services had negative effects 
on the value of screening. Persons may forgo germline testing 
because of concerns about family and abilities to manage the 
emotional aspects of receiving genetic test results.44 Although 
counseling is intended largely to help persons 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 pre-
serve 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 deci-
sions about medical services among probands and relatives. 
However, our model does not distinguish utilities for specific 
subgroups, such as younger versus older men.34 Studies that 
measure QoL among probands and relatives with different de-
mographic characteristics 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 
relatives without Lynch syndrome may each experience dis-
tress for different lengths of time. Modeling this would help to 
identify specific subpopulations that could affect the overall 
cost-effectiveness 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 counsel-
ing. When relevant data become available, cost-effectiveness 
studies can include longer-term counseling as an interven-
tion among those who experience unusually long-term de-
creases in QoL. 

In conclusion, our study suggests that universal screen-
ing 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 manage-
ment of Lynch syndrome on short-term QoL. In addition to 
increasing tumor screening rates, germline testing rates, and 
adherence to intensive management,4 policy makers and cli-
nicians can maximize the value of screening for Lynch syn-
drome by attending to the psychosocial needs of probands 
with colorectal cancer and their relatives who face decisions 
about germline testing and management of Lynch syndrome. 
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Appendix

Study design 
Cost utility analysis (CUA) is a form of economic evaluation that focuses on quality-adjusted life-

years produced or averted by a health intervention. This study design compares two or more 

interventions and determines the incremental cost in relation to the incremental effect of the 

interventions. CUA is a useful design when 1) health-related quality of life is an important consideration; 

2) a health intervention influences morbidity and mortality, and it is useful to capture both with a 

common measure (a QALY, or quality adjusted life year); and 3) the goal is to compare programs using a 

common measure.  

QALYs are calculated using weights that are based on patient preferences called health state 

utilities and are anchored on perfect health (utility weight = 1) and death (utility weight = 0). A more 

preferred health state has a higher utility. QALYs are calculated by multiplying the utility for a health 

state by the duration of the health state in years. 

Model 
We adapted our state-transition Markov model of screening for Lynch syndrome to incorporate 

health state utilities related to germline testing and risk-reducing interventions.1

The model compares 16 screening strategies to a referent strategy of no active effort to identify 

Lynch syndrome. 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. 

 The model was built 

using TreeAge Pro 2009 Suite (Release 1.0.2) and Microsoft Excel 2007. 

                                                                 
1 Ladabaum U, Wang G, Terdiman J, et al . Strategies to identi fy the lynch syndrome among patients  with colorectal cancer: a  
cost-effectiveness analysis. Ann Intern Med. Jul 19 2011;155(2):69-79. 



Screening and germline testing: We compared clinical criteria (Amsterdam II, revised Bethesda 

guidelines),2 3 risk-prediction algorithms (MMRpro, PREMM126, MMRpredict),4 5 6 7 tumor testing 

strategies (microsatellite instability testing [MSI], Immunohistochemistry [IHC], MSI and IHC combined, 

and IHC followed by BRAF testing)8 9 10 11 12 and upfront germline testing. Following clinical criteria or 

prediction algorithms, we modeled strategies to identify probands through direct germline testing or 

use of tumor IHC to guide selective germline testing. Probands’ relatives were offered single-site 

germline testing for relevant mutations. 

Preventive interventions: In separate Markov subtrees with yearly health state intervals, 

probands and relatives were offered different management programs until age 75 based on their 

germline testing results and cancer risk.13

                                                                 
2 Umar A, Boland CR, Terdiman JP, et al . Revised Bethesda Guidelines for hereditary nonpolyposis colorectal cancer (Lynch 
syndrome) and microsatellite instabili ty. J Natl Cancer Inst. Feb 18 2004;96(4):261-268. 

 We modeled offering an intensive program to persons with 

positive germline testing results, persons who declined germline testing, and probands likely to have 

Lynch syndrome based on clinical criteria despite absence of a detectable mutation in a mismatch repair 

gene. The intensive program included offering: annual colonoscopy to all starting at age 25, annual 

3 Vasen HF, Watson P, Mecklin JP, Lynch HT. New clinical  cri teria for hereditary nonpolyposis colorectal cancer (HNPCC, Lynch 
syndrome) proposed by the International Collaborative group on HNPCC. Gastroenterology. Jun 1999;116(6):1453-1456. 
4 Barnetson RA, Tenesa  A, Farrington SM, et al . Identification and survival of carriers  of mutations  in DNA mismatch-repair 
genes in colon cancer. N Engl J Med. Jun 29 2006;354(26):2751-2763. 
5 Balmana J, Balaguer F, Castellvi-Bel S, et al . Comparison of predictive models, clinical cri teria  and molecular tumour screening 
for the identi fication of patients  with Lynch syndrome in a  population-based cohort of colorectal cancer patients . J Med Genet. 
Sep 2008;45(9):557-563. 
6 Kastrinos F, Steyerberg EW, Mercado R, et al . The PREMM(1,2,6) model predicts risk of MLH1, MSH2, and MSH6 germline 
mutations based on cancer history. Gastroenterology. Jan 2011;140(1):73-81. 
7 Green RC, Parfrey PS, Woods MO, Younghusband HB. Prediction of Lynch syndrome in consecutive patients  with colorectal 
cancer. J Natl Cancer Inst. Mar 4 2009;101(5):331- 
340. 
8 Martin SA, Lord CJ, Ashworth A. Therapeutic targeting of the DNA mismatch repair pathway. Clin Cancer Res. Nov 1 
2010;16(21):5107-5113. 
9 Shia J. Immunohistochemistry versus microsatellite instability testing for screening colorectal  cancer patients at risk for 
hereditary nonpolyposis colorectal cancer syndrome. Part I . The utili ty of immunohistochemistry. J Mol Diagn. Jul  
2008;10(4):293-300. 
10 Locker GY, Hamil ton S, Harris J, et al. ASCO 2006 update of recommendations for the use of tumor markers in gastrointestinal 
cancer. J Clin Oncol. Nov 20 2006;24(33):5313-5327. 
11 Boland CR, Thibodeau SN, Hamil ton SR, et al. A National Cancer Insti tute Workshop on Microsatellite Instability for cancer 
detection and familial predisposition: development of international cri teria for the determination of microsatelli te instabili ty in 
colorectal cancer. Cancer Res. Nov 15 1998;58(22):5248-5257. 
12 Zhang L. Immunohis tochemistry versus  microsatelli te instability testing for screening colorectal cancer patients  at risk for 
hereditary nonpolyposis colorectal cancer syndrome. Part II . The utili ty of microsatellite instability testing. J Mol Diagn. Jul 
2008;10(4):301-307. 
13 Screening for colorectal cancer: U.S. Preventive Services  Task Force recommendation s tatement. Ann Intern Med. Nov 4 
2008;149(9):627-637. 



transvaginal ultrasonography and endometrial sampling to women starting at age 35, and risk-reducing 

TAH/BSO to women starting at age 40. 

We modeled offering average-risk screening colonoscopies every decade starting at age 50 to 

persons with negative germline testing results, those who received false-negative tumor testing results, 

and relatives who declined germline testing. 

Clinical events: Major events were first colorectal, endometrial, or ovarian cancer; 

metachronous colorectal cancer; cancer treatment complications; and death from cancer or other 

causes. Published literature and the Surveillance, Epidemiology, and End Results (SEER) program 

provided data for estimating age-specific and overall lifetime cancer risk in persons with or without 

Lynch syndrome. We accounted for the more favorable cancer prognosis associated with Lynch 

syndrome versus sporadic cancers.14

Health State Utilities 

 We applied a lifetime time horizon, with persons followed until 

death or age 100. 

Health state utilities related to Lynch syndrome and living with cancer were measured in our 

recent study using preference-elicitation exercises and the time tradeoff metric.15

Table 1. Overview of the Utilities Elicitation Study 

 The following table 

provides an overview of the Utilities Elicitation Study. 

Objective To measure patient preferences (utilities) for scenarios with differing decisions 
regarding test use and prevention strategies and their associated outcomes among 
general medical patients and among individuals who have intimate knowledge of 
Lynch testing, to gain an understanding of how people vary in their preferences in this 
context and to use in cost-utility analyses 

Study design Cross-sectional study 
Recruitment Individuals with a range of understanding about and experience with Lynch syndrome 

recruited from: 
• Familial Gastrointestinal Cancer Clinic/Colorectal Cancer Prevention Program 

at University of California, San Francisco (n= 21) 
• General Medical Clinic at University of California, San Francisco (n=50) 

Preference The study used a time tradeoff preference elicitation exercise asking participants to 

                                                                 
14 Boland CR, Goel A. Microsatellite instability in colorectal cancer. Gastroenterology. Jun;138(6):2073-2087 e2073. 
15 Kuppermann M, Wang G, Wong S, et al. Preferences  for Outcomes Associated with Genetic Testing for Lynch Syndrome. 
(under review). 



measurement 
method 

choose between living their full life expectancy with a hypothetical disability or health 
condition versus living a shorter time without that disability or condition. Time spent 
without the disability or condition is varied until the subject is indifferent between the 
two options. 
 
The time tradeoff utility score is calculated by dividing the number of years without 
the disability by the number of years with the disability at the indifference point. 
Values lie between 0 (the respondent would give up his or her entire life expectancy 
to avoid the disability, meaning he or she equates it with death) to 1 (the respondent 
would not give up any life expectancy to avoid the outcome, suggesting that he or she 
equates it with life without a disability).  
 
This study used an interview-guided preference-elicitation exercise using ELICIT to 
determine 

• preferences for having colorectal, endometrial, and uterine cancer 
• time tradeoff values for outcomes associated with genetic testing for Lynch 

syndrome and total abdominal hysterectomy and bilateral salpingo-
oopherectomy from the proband’s perspective 

• time tradeoff values for outcomes associated with genetic testing for Lynch 
syndrome and total abdominal hysterectomy and bilateral salpingo-
oopherectomy from a sibling’s perspective 

Additional 
data 
collection 

Survey 
• sociodemographic characteristics 
• family composition 
• general health 
• family history of cancer 
• Cancer Worry Scale 

Characteristics 
of the study 
participants 

Mean age: 52.6 years 
Female: 62% 
White: 68% 
College degree: 73% 
Married or with partner: 48% 
Had children: 55% 
Had sibling: 93% 

Results Utility for cancer states (up to 5 years) 
Colorectal cancer = 0.601 
Endometrial cancer = 0.728 
Ovarian cancer = 0.593 
 
Utility for female and male probands 
receive false negative tumor test = 0.760 
decline germline testing and decline risk-reducing surgery = 0.660 
accept germline testing and decline risk-reducing surgery = 0.622 
accept risk-reducing surgery = 0.672 
 
Utility for relatives 
Females and males who decline germline testing = 0.719 
Females and males who accept germline testing; without Lynch syndrome = 0.760 
Females who accept germline testing; Lynch syndrome; decline TAH/BSO at age 40 = 
0.669 



Females who accept germline testing; Lynch syndrome; accept TAH/BSO at age 40 = 
0.697 
Males who accept germline testing; Lynch syndrome = 0.739 

Conclusion Having cancer or having a sibling with cancer is associated with decrements in health-
related quality of life. Being tested for Lynch syndrome in this context and undergoing 
risk-reducing surgery appear to attenuate this effect. 

 

We presented scenarios with differing decisions regarding germline testing use and prevention 

strategies and their associated outcomes to general medical patients and to individuals with intimate 

knowledge about Lynch syndrome. 

Health states related to Lynch syndrome: Our model includes health states that differentiate 

how decisions about germline testing and management of Lynch syndrome affect QoL among probands 

and relatives. We included utilities for relatives unaware that they could have Lynch syndrome. Relatives 

were unaware of their true risk because probands received false-negative screening tests or declined 

germline testing. 

Health states for the general population: 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 by Fryback et al.16 We assigned a utility of 1 to 

relatives entering the simulation at age 25, as suggested by Kwon et al,17 and interpolated values 

through age 44 based on values reported for age 45 by Fryback et al. 

Health states related to cancer

                                                                 
16 Fryback DG, Lawrence WF, Martin PA, Klein R, Klein BE. Predicting Quali ty of Wellbeing scores from the SF-36: results  from 
the Beaver Dam Health Outcomes  Study. Med Decis Making. Jan-Mar 1997;17(1):1-9. 

: We adjusted utilities for individuals living with colorectal, 

endometrial, and ovarian cancer based on findings from our utilities study (Data Supplement Tables 1 

and 2). The endometrial cancer health state utility was higher than some non-cancer state utilities, 

which may be due to limitations in sample size or data collection. To avoid internal inconsistencies in 

this cost-utility study, we assigned women who developed endometrial cancer the lower of either their 

current non-cancer utility or the endometrial cancer utility.  

17 Kwon JS, Sun CC, Peterson SK, et al. Cost-effectiveness analysis of prevention s trategies for gynecologic cancers in Lynch 
syndrome. Cancer. Jul 15 2008;113(2):326-335. 



Table 2. Base-Case Values and Ranges for Variables in the Model 
Variable 
 

Base-Case 
Value 

Range in Sensitivity 
Analyses 

Distributions for Monte 
Carlo Simulations 

References 

Proband and relative characteristics     
Probability that proband is female 0.5 0 to 1 Not varied  
Age of proband, y 48 44 to 50 Normal; mean, 48 (SD, 2) Bonis 2007; Hampel Gastroenterology 2005; 

Hampel NEJM 2005; Hampel 2008; 
Ramsoekh 2009; Scott 2001; Vasen 1995  

Age of relative, y 25 25 to 70 Normal; mean, 25 (SD, 
2.5) 

National Compre-hensive Cancer Network 
2011 

Female relatives, n 4 2 to 6 Normal; mean, 4 (SD, 1) Collins 2007; Palomaki 2009 
Male relatives, n 4 2 to 6 Normal; mean, 4 (SD, 1) 

     
Disease and gene prevalence    Palomaki 2009 

Prevalence of Lynch syndrome 0.03 0.01 to 0.05 β; α = 8.73, β = 282.27 
Prevalence of MLH1 mutation among persons 

with Lynch syndrome who have an 
identifiable mutation 

0.32 Not varied Not varied 

Prevalence of MSH2 mutation among persons 
with Lynch syndrome who have an 
identifiable mutation 

0.39 Not varied Not varied  

Prevalence of MSH6 mutation among persons 
with Lynch syndrome who have an 
identifiable mutation 

0.14 Not varied Not varied 

Prevalence of PMS2 mutation among persons 
with Lynch syndrome who have an 
identifiable mutation 

0.15 Not varied Not varied 

Prevalence of no known germline mutations 
among persons with Lynch syndrome 

0.15 0.05 to 0.25 β; α = 5.31, β = 30.10 Expert opinion 

Probability of germline mutation in a relative 0.5 0 to 1 Not varied Assumed 
     
Clinical criteria and prediction algorithms     

Amsterdam II criteria    Balmana 2008; Green 2009; Hampel NEJM 
2005; Kastrinos 2011; Salovaara 2000 Sensitivity 0.22 0.13 to 0.67 β; α = 4, β = 14 

Specificity 0.98 0.97 to 1 β; α = 3218, β = 60 
MMRpredict model*    Barnetson 2006; Balmana 2008 

 Sensitivity 0.69 0.68 to 0.75  β; α = 32, β = 14 
Specificity 0.90 0.86 to 0.94 β; α = 1861, β = 193 

Revised Bethesda guidelines    Hampel NEJM 2005; Pinol 2005 
Sensitivity 0.82 0.78 to 0.91 β; α = 28, β = 6 
Specificity 0.77 0.75 to 0.79 β; α = 945, β = 277 

MMRpro model*    Green 2009 
Sensitivity 0.89 0.6 to 1 β; α = 3.87, β = 0.48 
Specificity 0.85 0.6 to 1 β; α = 4.82, β = 0.85 

PREMM(1,2,6) model*    Kastrinos 2011 
Sensitivity 0.90 0.6 to 1 β; α = 3.60, β = 0.40  
Specificity 0.67 0.6 to 1 β; α = 6.58, β = 3.24 

     
Tumor testing    Palomaki 2009; Expert opinion 

IHC     
Sensitivity 0.83 0.75 to 0.89 β; α = 94.77, β = 9.41 
Specificity 0.89 0.68 to 0.95  β; α = 18.21, β = 2.30 

MSI     
Sensitivity 0.85 0.75 to 0.93 β; α = 59.15, β = 10.44 
Specificity 0.90 0.87 to 0.93 β; α = 353.47, β = 38.40 

Mean germline genes tested after IHC, n 1.40 1 to 3 Not varied  
Proportion of false-positive IHC results 

correctly identified as sporadic MLH1 by 
BRAF testing 

0.40 0.1 to 0.7  Not varied  

     
Acceptance and adherence probabilities     

Proband accepts germline test 0.90 0.88 to 0.94 β; α = 155, β = 18 Gritz 2005; Murakami 2004 
Relative accepts germline test 0.52 0.34 to 0.69 β; α = 17.96, β = 16.58 Palomaki 2009 
Probands and relatives with Lynch syndrome 

adhere to Lynch syndrome screening 
recommendations 

0.80 0.67 to 0.87  β; α = 526.758, β = 
130.242 

Collin 2007; Ersig 2009; Hadley 2008; 
Jarvinen 2009; Palomaki 2009; Stupart 2009 

Probands with family history suggestive of 
Lynch syndrome adhere to Lynch syndrome 
screening recommendations 

0.58 0.38 to 0.78 β; α = 18, β = 13 Ersig 2009 & expert opinion 



Probands and relatives who seem to be at 
average risk adhere to average screening 
recommendations 

0.63 0.53 to 0.73 β; α = 58.74, β = 34.50 Centers for Disease Control and Prevention 
2010 

Probands with Lynch-like tumors adhere to 
Lynch syndrome screening recommendations 

0.70 0.5 to 0.9 β; α = 3.68, β = 1.58 Expert opinion 

At-risk relatives untested for Lynch syndrome 
adhere to Lynch syndrome screening 
recommendations 

0.50 0.4 to 0.6 β; α = 12.50, β = 12.50 Expert opinion 

     
Screening     

Age to start screening average-risk relative for 
colorectal cancer, y 

50 40 to 60 Normal; mean, 50 (SD, 
2.5) 

U.S. Preventive Services Task Force 2008 

Fraction of colonoscopies with lesion removal 0.4 0.2 to 0.6 β; α = 4.27, β = 6.40 Expert opinion 
Colonoscopy complications     

Bleeding  0.0016 0.0011 to 0.0021 β; α = 28.40, β = 17720.93 Rabeneck 2008; Whitlock 2008 
Perforation 0.00085 0.00033 to 0.00330 β; α = 0.32, β = 377.14 Anderson 2000; Arora 2009; Rabeneck 2008; 

Whitlock 2008 
Death 0.000064 0.00005 to 0.00014 β; α = 2.56, β = 39994.88 Rabeneck 2008; Anderson 2000; Gatto 2003 

Age to stop screening for colorectal or 
gynecologic cancer, y 

75 Not varied Not varied U.S. Preventive Services Task Force 2008 

     
Risk-reducing surgery and complications     

Subtotal colectomy     
Accepted by proband with Lynch syndrome 0.01 0.00 to 0.04 β; α = 3, β = 271 Jarvinen 2009; Palomaki 2009 
Accepted by relative with Lynch syndrome 

upon colorectal cancer diagnosis 
0.03 0.00 to 0.04 β; α = 7, β = 235 Jarvinen 2009 

Death rate 0.01 0.004 to 0.020 β; α = 3.96, β = 392.04  Braga 2002; Leung 2004; Milsom 1998; 
Schwenk 2005 

TAH-BSO     
Accepted by proband with Lynch syndrome 0.19 0.10 to 0.30 β; α = 61, β = 254 Schmeler 2006 
Accepted by relative with Lynch syndrome 0.18 0.03 to 0.25 β; α = 138, β = 642 Gerritzen 2009; Hadley 2008; Jarvinen 2009; 

Renkonen-Sinisalo 2007; Schmeler 2006; 
Yang 2006 

Death rate 0.0003 0.0002 to 0.0004 β; α = 2, β = 6681 Palomaki 2009 
     
Probability of developing colorectal cancer    Horner 2009 

With average risk     
Women Age-specific, 

calibrated 
(e.g., 2.5% by 

age 70 y) 

Varied within ±20% 
of base-case value 

Multiplied by factor with 
normal distribution; 

mean, 1 (SD, 0.1) 

 

Men Age-specific, 
calibrated 

(e.g., 3% by 
age 70 y) 

Varied within ±20% 
of base-case value 

Multiplied by factor with 
normal distribution; 

mean, 1 (SD, 0.1) 

 

With Lynch syndrome    Choi 2009; Horner 2009 
Women Age-specific, 

calibrated 
(e.g., 46% by 

age 70 y) 

Varied within ±20% 
of base-case value 

Multiplied by factor with 
normal distribution; 

mean, 1 (SD, 0.1) 

 

Men Age-specific,  
calibrated 

(e.g., 54% by 
age 70 y) 

Varied within ±20% 
of base-case value 

Multiplied by factor with 
normal distribution; 

mean, 1 (SD, 0.1) 

 

     
Relative risk for colorectal cancer (compared 
with no screening) 

    

With average risk     
Adheres to average-risk screening  0.3 0.2 to 0.6 Log-normal; μ = −1.20, σ 

= 0.28 
Pignone 2002; Ladabaum 2005; Selby 1992; 
Winawer 1993 

Adheres to Lynch syndrome screening  0.2 0.1 to 0.3 Log-normal; μ = −1.61, σ 
= 0.50 

Expert opinion 

With Lynch syndrome     
Adheres to Lynch syndrome screening  0.42 0.22 to 0.82 Log-normal; μ = −0.87, σ 

= 0.34 
Jarvinen 2000; Stupart 2009 

Adheres to average-risk screening  0.9 0.8 to 1.0 Log-normal; μ = −0.11, σ 
= 0.09 

Expert opinion 

     
Probability of probands and relatives with Lynch    Gryfe 2000; Horner 2009 



syndrome dying of colorectal cancer, by year 
after cancer diagnosis 

1 0.12872 0.10298 to 0.15446 Not varied  
2 0.06153 0.04922 to 0.07384 Not varied  
3 0.04563 0.03650 to 0.05476 Not varied  
4 0.03301 0.02641 to 0.03961 Not varied  
5 0.02813 0.02251 to 0.03376 Not varied  

     
Probability of dying of sporadic colorectal cancer, 
by year after cancer diagnosis 

   Horner 2009 

1 0.16875 0.13500 to 0.20250 Not varied  
2 0.08900 0.07120 to 0.10680 Not varied  
3 0.06539 0.05231 to 0.07847 Not varied  
4 0.04585 0.03668 to 0.05502 Not varied  
5 0.03742 0.02994 to 0.04490 Not varied  

     
Relative risk for dying of colorectal cancer after 
diagnosis (compared with no screening) 

   Horner 2009; Ladabaum 2005; Pignone 
2002; Selby 1992; Winawer 1993 

With average risk     
Adheres to average-risk screening  0.7 0.55 to 0.85 Log-normal, μ = −0.36, σ = 

0.15 
 

Adheres to Lynch syndrome screening  0.7 0.55 to 0.85 Log-normal, μ = −0.36, σ = 
0.15 

 

With Lynch syndrome     
Adheres to Lynch syndrome screening  0.56 0.45 to 0.65 Log-normal, μ = −0.58, σ = 

0.14 
Jarvinen 2000; Stupart 2009 

Adheres to average-risk screening  1 0.9 to 1.0 Log-normal, μ = −0.11, σ = 
0.09 

Expert opinion 

     
Probability of woman developing ovarian cancer     

With average risk Age-specific,  
calibrated 

(e.g., 0.8% by 
age 70 y) 

Varied within ±20% 
of base-case value 

Multiplied by factor with 
Normal distribution, 

Mean=1, Std Dev=0.1 

Horner 2009 

With Lynch syndrome Age-specific,  
calibrated 

(e.g., 7.4% by 
age 70 y) 

Varied within ±20% 
of base-case value 

Multiplied by factor with 
Normal distribution, 

Mean=1, Std Dev=0.1 

 

 

Horner 2009; Palomaki 2009 

    
Probability of dying of ovarian cancer, by year 
after cancer diagnosis 

   Horner 2009 

1 0.247 0.19760 to 0.29640 Not varied  
2 0.14741 0.11793 to 0.17689 Not varied  
3 0.13084 0.10467 to 0.15701 Not varied  
4 0.10573 0.08459 to 0.12688 Not varied  
5 0.08016 0.06413 to 0.09619 Not varied  

     
Probability of woman developing endometrial 
cancer 

   Horner 2009 

With average risk Age-specific, 
calibrated 

(e.g., 1.7% by 
age 70 y) 

Varied within ±20% 
of base-case value 

Multiplied by factor with 
normal distribution; 

mean, 1 (SD, 0.1) 

 

With Lynch syndrome Age-specific, 
calibrated 

(e.g., 37% by 
age 70 y) 

Varied within ±20% 
of base-case value 

Multiplied by factor with 
normal distribution; 

mean, 1 (SD, 0.1) 

Horner 2009; Palomaki 2009 

     
Probability of dying of endometrial cancer, by 
year after cancer diagnosis 

   Horner 2009 

1 0.077 0.06160 to 0.09240 Not varied  
2 0.04659 0.03727 to 0.05590 Not varied  
3 0.02841 0.02273 to 0.03409 Not varied  
4 0.01871 0.01497 to 0.02246 Not varied  
5 0.01192 0.00954 to 0.01430 Not varied  

     
Probability of dying of all other causes    National Center for Health Statistics 2003 

Women Age-specific  Not varied Not varied  
Men Age-specific Not varied Not varied  



     
Utility for cancer states (up to 5 years)     

Colorectal cancer .601 .458 to.811 β; α = 2.544, β = 1.689  
Endometrial cancer .728 .640 to .870 β; α = 4.499, β = 1.681  
Ovarian cancer  .593 .260 to .826 β; α = 1.934, β = 1.328  

     
Utility for female and male probands      

receive false negative tumor test .760 .606 to .944 β; α = 2.864, β = 0.904  
decline germline testing and decline risk-

reducing surgery 
.660 .495 to .884 β; α = 2.408, β = 1.241  

accept germline testing and decline risk-
reducing surgery 

.622 .434 to .865 β; α = 2.197, β = 1.335  

accept risk-reducing surgery .672 .487 to .889 β; α = 2.550, β = 1.245  
     
Utility for relatives      

Females and males who decline germline 
testing .719 .500 to .889 β; α = 2.948, β = 1.152 

 

Females and males who accept germline 
testing; without Lynch syndrome .760 .606 to .944 β; α = 2.864, β = 0.904 

 

Females who accept germline testing; Lynch 
syndrome; decline TAH/BSO at age 40  .669 .500 to .878 β; α = 2.776, β = 1.374 

 

Females who accept germline testing; Lynch 
syndrome; accept TAH/BSO at age 40 .697 .524 to .900 β; α = 2.452, β = 1.066 

 

Males who accept germline testing; Lynch 
syndrome 

.739 .583 to .940 β; α = 2.694, β = 0.952 
 

     
Utility for relatives with unknown status     

because proband received a false negative 
tumor test .760 .606 to .944 β; α = 2.864, β = 0.904 

 

because proband declined testing .719 .500 to .889 β; α = 2.948, β = 1.152  
 

IHC = immunohistochemistry; MSI = microsatellite instability; TAH/BSO = total abdominal hysterectomy and bilateral salpingo-oophorectomy. 

* This prediction model has reported sensitivity for MLH1, MSH2, and MSH6 mutations. 

  



Table 3. Base-Case Costs and Ranges for Variables in the Model, in 2010 U.S. Dollars 
Variable Base-Case 

Cost, $ 
Range in Sensitivity 

Analyses, $ 
γ Distributions for Monte Carlo Simulations References 

   α λ  
      
Administering clinical criteria* 50 40–60 11.11 0.22 Centers for Medicare & 

Medicaid Services 2010 
Tumor testing     Palomaki 2009 

BRAF testing 110 88–132 13.44 0.12 
IHC 280 224–336 31.36 0.112 
MSI 490 392–588 15.37 0.031 

Genetic testing and genetic counseling     Palomaki 2009 
Germline test for one gene 880 600–1200 19.36 0.022 
Single-site mutation testing 460 200–475 9.40 0.020 
Approaching relative to offer genetic 

testing 
110 88–132 13.44 0.122 

Initial genetic counseling visit 185 148–222 38.03 0.206 
Follow-up genetic counseling visit 105 84–126 12.25 0.117 

Screening and complications     Centers for Medicare & 
Medicaid Services 2010 Colonoscopy 645 516–774 41.60 0.06 

Colonoscopy complications     
Bleeding 6218 4974–7462 17.18 0.003 
Perforation 10 304 8243–12 365 26.54 0.003 

Polypectomy and pathology 235 188–282 22.09 0.094 
Endometrial biopsy 224 179–269 13.94 0.062 
Transvaginal ultrasound 110 88–132 13.44 0.012 

Risk-reducing surgeries      
TAH-BSO 16 348 13 078–19 618 42.76 0.003 Havrilesky 2009 
Subtotal colectomy 14 059 11 247–16 871 31.62 0.002 Centers for Medicare & 

Medicaid Services 2010 
Colorectal cancer care in patients who do not have Lynch syndrome   Zauber 2007 

Without screening     
Initial  43 471 34 777–52 165 18.90 0.0004 
Year 1 3496 2797–4195 Not varied Not varied 
Year 2 3184 2547–3821 Not varied Not varied 
Year 3 3002 2402–3602 Not varied Not varied 
Year 4 2904 2323–3485 Not varied Not varied 
Year 5 2845 2276–3414 Not varied Not varied 
In year of death 52 440 41 952–62 928 27.50 0.0005 

With screening     
Initial  38 711 30 969–46 453 14.99 0.0004 
Year 1 2978 2382–3574 Not varied Not varied 
Year 2 2801 2241–3361 Not varied Not varied 
Year 3 2701 2161–3241 Not varied Not varied 
Year 4 2647 2118–3176 Not varied Not varied 
Year 5 2615 2092–3138 Not varied Not varied 
In year of death 50 930 40 744–61 116 25.94 0.0005 
Colorectal cancer care in patients with Lynch syndrome    Zauber 2007 

Without screening     
Initial  38 568 30 854–46 282 14.87 0.0004 
Year 1 3060 2448–3672 Not varied Not varied 
Year 2 2839 2271–3407 Not varied Not varied 
Year 3 2715 2172–3258 Not varied Not varied 
Year 4 2649 2119–3179 Not varied Not varied 
Year 5 2610 2088–3132 Not varied Not varied 
In year of death 51 978 41 582–62 374 27.02 0.0005 

With screening     
Initial  33 711 26 969–40 453 11.36 0.0003 
Year 1 2457 1966–2948 Not varied Not varied 
Year 2 2447 1958–2936 Not varied Not varied 
Year 3 2439 1951–2927 Not varied Not varied 
Year 4 2433 1946–2920 Not varied Not varied 
Year 5 2428 1942–2914 Not varied Not varied 
In year of death 49 210 39 368–59 052 24.22 0.0005 

Cancer care       
Endometrial cancer 31 027 24 822–37 232 15.04 0.0005 Havrilesky 2009 
Ovarian cancer 32 379 25 903–38 855 10.48 0.0003 Havrilesky 2008 

IHC = immunohistochemistry; MSI = microsatellite instability; TAH-BSO = total abdominal hysterectomy and bilateral salpingo-oophorectomy. 
* Amsterdam II criteria, revised Bethesda guidelines, or prediction models (MMRpredict, MMRpro, and PREMM(1,2,6)) 



Table 4. One-Way Sensitivity Analyses for IHC followed by BRAF Testing Versus the Referent 
Strategy* 

Variable Base-Case 
Value 

Value in 
Sensitivity 

Analysis 

Discounted 
Incremental QALY per 

Person 

Discounted 
Cost per QALY 

Gained, $ 
Discount rate 0.03 0 0.476556 $26,425 
  0.05 0.057077 $119,190 
     
Proband and relative characteristics     

Age of proband, y 48 44 0.140013 $58,566 
  50 0.134477 $60,285 

Age of relative, y 25 30 0.123321 $63,201 
  35 0.106296 $70,116 
  40 0.133659 $53,270 
  45 0.114760 $59,176 
  50 0.089893 $72,197 

Female relatives, n 4 2 0.139231 $59,951 
  6 0.13433 $59,555 

Male relatives, n 4 2 0.119216 $77,053 
  6 0.147631 $50,416 
     
Disease and gene prevalence     

Probability of germline mutation in a relative of a person with Lynch syndrome 0.5 0 -0.0825 -$95,745 
  1 0.355074 $23,598 
Prevalence of Lynch syndrome 0.03 0.01 0.136287 $91,843 

  0.05 0.136287 $53,299 
Prevalence of no known germline mutations among persons with Lynch syndrome 0.15 0.05 0.140358 $57,175 

  0.25 0.132216 $62,421 
     
Tumor-testing strategies     

Sensitivity of IHC 0.83 0.75 0.125614 $60,399 
  0.89 0.146139 $58,643 
Specificity of IHC 0.89 0.68 0.136287 $64,900 
  0.95 0.136287 $58,245 
Germline genes in IHC, n 1.4 1 0.136287 $59,345 

  3 0.136287 $61,216 
Proportion of false-positive IHC results correctly identified as sporadic MLH1 by 
BRAF testing 

0.4 0.1 0.136287 $60,923 

  0.7 0.136287 $58,516 
     
Acceptance and adherence probabilities     

Proband accepts germline test 0.9 0.88 0.132824 $60,411 
  0.94 0.143211 $58,438 

Relative accepts germline test 0.52 0.34 0.112186 $83,442 
  0.69 0.156635 $46,835 

Probands and relatives with Lynch syndrome adhere to Lynch syndrome screening 
recommendations 

0.8 0.67 0.112075 $69,106 

  0.87 0.149324 $55,932 
Probands with family history suggestive of Lynch syndrome adhere to Lynch 
syndrome screening recommendations 

0.58 0.38 0.129559 $61,123 

  0.78 0.143015 $58,455 
Probands and relatives who seem to be at average risk adhere to average 
screening recommendations 

0.63 0.53 0.141624 $57,759 

  0.73 0.13095 $61,840 
Probands with Lynch-like tumors adhere to Lynch syndrome screening 
recommendations 

0.7 0.5 0.13545 $59,815 

  0.9 0.137123 $59,625 
At-risk relatives untested for Lynch syndrome adhere to Lynch syndrome 
screening recommendations 

0.5 0.4 0.119137 $63,910 

  0.6 0.153436 $56,467 
     
Screening and complications      

Age to start screening average-risk relative for colorectal cancer, y 50 40 0.136731 $59,855 
  60 0.135353 $59,962 

Fraction of colonoscopies with lesion removal 0.4 0.2 0.136287 $56,807 
  0.6 0.136287 $62,633 

Colonoscopy complications     
Bleeding  0.0016 0.0011 0.136287 $59,529 

  0.0021 0.136287 $59,918 



Perforation 0.00085 0.00033 0.136287 $59,389 
  0.0033 0.136287 $61,282 

Death 0.00006 0.00005 0.138248 $58,894 
  0.00014 0.125659 $64,651 
     
Risk-reducing surgery and complications     

Subtotal colectomy     
Accepted by proband with Lynch syndrome 0.01 0 0.136246 $59,730 

  0.04 0.136408 $59,689 
Accepted by relative with Lynch syndrome upon colorectal cancer diagnosis 0.03 0 0.136286 $59,727 

  0.04 0.136287 $59,720 
Death rate 0.01 0.004 0.136442 $59,652 

  0.02 0.136027 $59,834 
TAH-BSO     

Accepted by proband with Lynch syndrome 0.19 0.1 0.132448 $61,171 
  0.3 0.140978 $58,059 

Accepted by relative with Lynch syndrome 0.18 0.03 0.136286 $59,727 
  0.25 0.136287 $59,720 

Death rate 0.0003 0.0002 0.136329 $59,701 
  0.0004 0.136244 $59,738 
     
Probability of developing colorectal cancer     

With average risk (woman or man) Age-specific, 
calibrated 

-20% 0.136198 $59,759 

  +20% 0.136377 $59,673 
With Lynch syndrome (woman or man) Age-specific, 

calibrated 
-20% 0.100595 $84,179 

  +20% 0.169202 $46,359 
     
Relative risk for colorectal cancer     

With average risk     
Adheres to average-risk screening recommendations 0.3 0.2 0.13577 $60,021 

  0.6 0.137827 $58,842 
Adheres to Lynch syndrome screening recommendations 0.2 0.1 0.136782 $59,452 

  0.3 0.135792 $59,996 
With Lynch syndrome     

Adheres to Lynch syndrome screening recommendations 0.42 0.22 0.190187 $39,230 
  0.82 0.037261 $251,282 

Adheres to average-risk screening recommendations 0.9 0.8 0.126249 $65,648 
  1.0 0.146135 $54,696 
     
Probability of probands, relatives, and relatives with Lynch syndrome dying of 
colorectal cancer 

Year-specific 
and calibrated 

-20% 0.108760 $75,956 

  +20% 0.162143 $49,487 
     
Relative risk for dying of colorectal cancer     

With average risk     
Adheres to average-risk screening recommendations 0.7 0.55 0.136074 $59,820 

  0.85 0.13649 $59,623 
Adheres to Lynch syndrome screening recommendations 0.7 0.55 0.136409 $59,666 

  0.85 0.136169 $59,779 
With Lynch syndrome     

Adheres to Lynch syndrome screening recommendations 0.56 0.45 0.14899 $54,507 
  0.65 0.126135 $64,645 

Adheres to average-risk screening recommendations 1.0 0.9 0.129475 $63,031 
  1.0 0.136287 $59,720 
     
Probability of developing ovarian cancer     

With average risk  Age-specific 
and calibrated 

-20% 0.136245 $59,738 

  +20% 0.136329 $59,694 
With Lynch syndrome Age-specific 

and calibrated 
-20% 0.145931 $54,211 

  +20% 0.136620 $59,515 
     
Probability of dying of ovarian cancer, by year after diagnosis Year-specific, 

calibrated 
-20% 0.136010 $59,856 

  +20% 0.136534 $59,597 
     



Probability of developing endometrial cancer     
With average risk  Age-specific 

and calibrated 
-20% 0.136263 $59,730 

  +20% 0.136311 $59,702 
With Lynch syndrome Age-specific 

and calibrated 
-20% 0.137811 $59,313 

  +20% 0.134853 $60,102 
     
Probability of dying of endometrial cancer, by year after diagnosis Year-specific, 

calibrated 
-20% 0.135468 $60,110 

  +20% 0.137088 $59,341 
     
Relative risk for death from cancer in a woman with Lynch syndrome who adheres 
to Lynch syndrome screening recommendations 

    

Ovarian cancer 1.0 .9 0.138752 $58,680 
Endometrial cancer 1.0 .9 0.142083 $57,333 

     
Probability of dying of all other causes     

Women or men Age-specific, 
calibrated 

-20% 0.145974 $56,490 

  +20% 0.128106 $62,800 
     
Utility for cancer states     

Colorectal cancer .601 .458 0.157299 $51,742 
  .811 0.105431 $77,197 

Endometrial cancer .728 .64 0.154200 $52,782  
  .87 0.107382 $75,795  
Ovarian cancer  .593 .26 0.136821 $59,486  

  .826 0.135914 $59,883  
     
Utility for probands      

who decline germline testing and decline risk-reducing surgery .660 .495 0.13317 $61,117 
  .884 0.140518 $57,921 

who accept germline testing and decline risk-reducing surgery .622 .434 0.104605 $77,807 
  .865 0.177237 $45,922 

who accepts risk-reducing surgery, regardless of germline testing choice .672 .487 0.134026 $60,727  
  .889 0.138938 $58,580  
     
Utility for relatives with Lynch      

Females who decline TAH/BSO at age 40  .669 .5 0.100707 $80,819  
  .878 0.180287 $45,145  

Females who accept TAH/BSO at age 40 .697 .524 0.127184 $63,994  
  .9 0.146967 $55,380  

Male relatives .739 .583 0.125969 $64,611  
  .94 0.149581 $54,412  
     
Utility for unknown status     

relatives who decline germline testing .719 .5 0.045472 $178,989  
  .889 0.206782 $39,360  
relatives who are unaware of Lynch status because proband declined testing .719 .5 0.121731 $66,861  
  .889 0.147586 $55,148  

     
Utility for Lynch negative     

probands who receive a false negative tumor test;  .760 .606 0.159134 $51,146 
  .944 0.108989 $74,677  
relatives who do not have Lynch .760 .606 0.115800 $70,285  
  .944 0.160764 $50,627  
relatives who are unaware of Lynch status because the proband received a false 
negative tumor test 

.760 .606 0.238641 $34,106  

  .944 0.013994 $581,606  
Utility for well states     

Females Age specific -20% -0.063987 -$127,198 
  +20%  ̂ 0.238893 $34,070 
Males  Age specific -20% 0.298025 $27,310 
  +20%  ̂ 0.082099 $99,136 

     
Cost of tumor testing, $     

BRAF testing 110 88 0.136287 $59,646 
  132 0.136287 $59,793 



IHC = immunohistochemistry; MSI = microsatellite instability; TAH-BSO = total abdominal hysterectomy and bilateral salpingo-oophorectomy. 
* The referent strategy reflects no active effort to diagnose Lynch syndrome. 

 ̂maximum value of 1 

IHC 280 224 0.136287 $57,063 
  336 0.136287 $62,376 

     
Cost of genetic testing and genetic counseling, $     

Germline test for one gene 880 600 0.136287 $58,538 
  1200 0.136287 $61,070 

single-site mutation testing 460 200 0.136287 $59,213 
  475 0.136287 $59,749 

Genetic counseling to Identify Relatives 110 88 0.136287 $59,676 
  132 0.136287 $59,764 

Genetic counseling - Initial 185 148 0.136287 $59,646 
  222 0.136287 $59,793 

Genetic counseling - Follow-up 105 84 0.136287 $59,698 
  126 0.136287 $59,742 
     
Cost of screening and complications, $     

Colonoscopy 645 516 0.136287 $51,722 
  774 0.136287 $67,710 

polypectomy 235 188 0.136287 $58,553 
  282 0.136287 $60,879 

bleeding 6218 4974 0.136287 $59,595 
  7462 0.136287 $59,844 

perforation 10304 8243 0.136287 $59,610 
  12365 0.136287 $59,830 

Endometrial biopsy  224 179 0.136287 $58,524 
  269 0.136287 $60,923 

Transvaginal ultrasound 110 88 0.136287 $59,133 
  132 0.136287 $60,307 
     
Cost of risk-reducing surgeries, $     

TAH-BSO 16 348 13 078 0.136287 $59,103 
  19 618 0.136287 $60,343 

Subtotal colectomy 14 059 11 247 0.136287 $59,676 
  16 871 0.136287 $59,764 
     
Cost of cancer treatment, $     

Colorectal cancer in year 1     
Patients who do not have Lynch syndrome     

without screening 43471 34777 0.136287 $59,705 
  52165 0.136287 $59,727 

with screening 38711 30969 0.136287 $59,749 
  46453 0.136287 $59,690 

patients with Lynch syndrome     
without screening  38568 30854 0.136287 $63,396 
  46282 0.136287 $56,036 
with screening 33711 26969 0.136287 $58,149 
  40453 0.136287 $61,290 

Colorectal cancer in year of death     
Patients who do not have Lynch syndrome     

without screening 52440 41952 0.136287 $59,712 
  62928 0.136287 $59,727 

with screening 50930 40744 0.136287 $59,727 
  61116 0.136287 $59,712 

patients with Lynch syndrome      
without screening  51978 41582 0.136287 $60,967 

  62374 0.136287 $58,465 
with screening 49210 39368 0.136287 $59,382 

  59052 0.136287 $60,057 
Endometrial cancer 31 027 24 822 0.136287 $59,830 

  37 232 0.136287 $59,617 
Ovarian cancer 32 379 25 903 0.136287 $59,734 

  38 855 0.136287 $59,698 



Table 5. Discounted Quality-Adjusted Life-Years Gained per Person vs Referent Strategy, 
Probabilistic Sensitivity Analyses With 1000 Iterations  

Strategy Mean Median 
25th 75 

percentile 

th
95% 

confidence 
interval, low 

 
percentile 

95% 
confidence 

interval, high 

Amsterdam/IHC 0.0174 0.0114 0.0014 0.0280 -0.0228 0.0871 

Amsterdam/germline 0.0211 0.0138 0.0017 0.0341 -0.0269 0.1034 

MMRPredict/IHC 0.0473 0.0345 0.0044 0.0815 -0.0613 0.2157 

MMRPredict/germline 0.0570 0.0423 0.0051 0.0999 -0.0749 0.2575 

MMRPro/IHC 0.0616 0.0436 0.0058 0.1038 -0.0765 0.2964 

PREMM/IHC 0.0615 0.0459 0.0054 0.1032 -0.0844 0.2912 

Bethesda/IHC 0.0661 0.0475 0.0060 0.1120 -0.0873 0.3001 

MMRPro/germline 0.0742 0.0529 0.0068 0.1257 -0.0959 0.3542 

PREMM/germline 0.0742 0.0554 0.0064 0.1245 -0.1012 0.3531 

Bethesda/germline 0.0797 0.0580 0.0072 0.1360 -0.1067 0.3616 

IHC 0.1574 0.1552 0.0223 0.2781 -0.1863 0.5675 

IHC/BRAF 0.1574 0.1552 0.0223 0.2781 -0.1863 0.5675 

MSI 0.1612 0.1566 0.0223 0.2824 -0.1935 0.5844 

MSI plus IHC 0.1848 0.1819 0.0254 0.3254 -0.2155 0.6703 
MSI plus IHC followed by 
BRAF 0.1848 0.1819 0.0254 0.3254 -0.2155 0.6703 

Germline 0.2147 0.2154 0.0509 0.3536 -0.2094 0.6993 
IHC = immunohistochemistry; MSI = microsatellite instability. 



Table 6. Discounted Incremental Cost per Quality-Adjusted Life-Years Gained per Person vs 
Referent Strategy, Probabilistic Sensitivity Analyses With 1000 Iterations*  

Node Mean Median 
25th 75 

percentile 

th 95% confidence 
interval, low 

 
percentile 

95% confidence 
interval, high 

Amsterdam/IHC $76,535 $31,555 $13,086 $62,761 -$413,136 $464,472 

Amsterdam/germline $75,682 $31,689 $13,231 $61,434 -$407,650 $465,928 

MMRPredict/IHC $60,539 $26,683 $11,756 $51,967 -$371,432 $410,148 

MMRPredict/germline $63,760 $27,767 $12,401 $54,323 -$384,947 $424,795 

MMRPro/IHC $60,358 $26,835 $11,489 $52,318 -$355,994 $407,007 

PREMM/IHC $63,920 $28,703 $12,567 $56,408 -$405,594 $418,389 

Bethesda/IHC $60,917 $27,066 $12,136 $52,914 -$384,523 $418,681 

MMRPro/germline $65,334 $28,683 $12,093 $55,541 -$365,264 $422,042 

PREMM/germline $74,182 $32,161 $13,792 $63,902 -$467,003 $465,276 

Bethesda/germline $66,409 $29,710 $13,226 $56,662 -$405,322 $447,646 

IHC $70,490 $32,990 $14,041 $64,417 -$452,482 $488,186 

IHC/BRAF $69,397 $32,250 $13,847 $63,005 -$444,855 $482,569 

MSI $86,658 $38,121 $16,295 $74,855 -$581,996 $592,332 

MSI plus IHC $93,302 $42,695 $18,353 $83,266 -$655,129 $650,083 
MSI plus IHC followed 
by BRAF $92,263 $41,875 $18,168 $81,889 -$636,718 $643,708 

Germline $689,993 $72,964 $33,994 $142,173 -$988,368 $1,164,778 
IHC = immunohistochemistry; MSI = microsatellite instability. 

  



Table 7.  Scenario Analyses Varying Groups of Related Health State Utility Values, IHC 
followed by BRAF Testing versus Referent 

  

 
 Base-Case  Utility 

Values 
Utility Values in 

Scenario Analysis 

Discounted 
Incremental QALY 

Gained/Person 

Discounted 
Cost/QALY 

Gained 
Scenarios to represent 
quality of life among  
specific groups of 
people 

Probands      
who decline germline testing / who accept germline 
testing and decline risk-reducing surgery/  who 
accept risk-reducing surgery 

.660 / .622 / .672 .495 / .434 / .487 0.0992 $82,023 
 .884 / .865 / .889 0.1841 $44,205 

Relatives with Lynch      
Females who decline TAH/BSO at age 40 / Females 
who accept TAH/BSO at age 40 / Male relatives 

.669 / .697 / .739 .5 / .524 / .583 0.0813 $100,127 
 .878 / .9 / .94 0.2043 $39,846 

Scenarios to represent 
quality of life 
following specific 
decisions about 
medical services 

Decline germline testing     
probands / relatives .660 / .719 .495 / .5 0.0424 $192,161 
  .884 / .889 0.2110 $38,571 

Decline risk-reducing surgery     
Probands who decline risk-reducing surgery / Female 
relatives who decline TAH/BSO at age 40 

.622 / .669 .434 / .500 0.0690 $117,912 
 .865 / .878 0.2212 $36,789 

Accept risk-reducing surgery     
Probands who accept risk-reducing surgery / Female 
relatives who accept TAH/BSO 

.672 / .697 .487 / .524 0.1249 $65,152 
 .889 / .900 0.1496 $54,398 



Figure 1. Discounted Quality-Adjusted Life-Years and Costs/Person for all Strategies in the 
Base Case 
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Figure 2. Scenario Analyses to Show the Effect of Varying Groups of Health State Utilities on 
the Cost/Quality-Adjusted Life-Year Gained, IHC followed by BRAF testing versus Referent 
 

 
Vertical line represents the $59,700 incremental cost effectiveness ratio in the base case  
 
 

  



Table References 
 
Anderson ML, Pasha TM, Leighton JA. Endoscopic perforation of the colon: lessons from a 10-year study. 
Am J Gastroenterol. Dec 2000;95(12):3418-3422. 
 
Arora G, Mannalithara A, Singh G, Gerson LB, Triadafilopoulos G. Risk of perforation from a colonoscopy 
in adults: a large population-based study. Gastrointest Endosc. Mar 2009;69(3 Pt 2):654-664. 
 
Balmana J, Balaguer F, Castellvi-Bel S, et al. Comparison of predictive models, clinical criteria and 
molecular tumour screening for the identification of patients with Lynch syndrome in a population-
based cohort of colorectal cancer patients. J Med Genet. Sep 2008;45(9):557-563. 
 
Barnetson RA, Tenesa A, Farrington SM, et al. Identification and survival of carriers of mutations in DNA 
mismatch-repair genes in colon cancer. N Engl J Med. Jun 29 2006;354(26):2751-2763. 
 
Bonis PA, Trikalinos TA, Chung M, et al. Hereditary Nonpolyposis Colorectal Cancer: Diagnostic Strategies 
and Their Implications. Evidence Report/Technology Assessment No. 150. Rockville, MD 2007. 
 
Braga M, Vignali A, Gianotti L, et al. Laparoscopic versus open colorectal surgery: a randomized trial on 
short-term outcome. Ann Surg. Dec 2002;236(6):759-766; disscussion 767. 
 
Centers for Disease Control and Prevention. Vital signs: colorectal cancer screening among adults aged 
50-75 years - United States, 2008. MMWR Morb Mortal Wkly Rep. Jul 9 2010;59(26):808-812. 
 
Centers for Medicare & Medicaid Services. Inpatient Prospective Payment System. 
http://www.cms.gov/AcuteInpatientPPS/. 2010. 
 
Centers for Medicare & Medicaid Services. Physician Fee Schedule. 
http://www.cms.gov/PhysicianFeeSched/. 2010. 
 
Choi YH, Cotterchio M, McKeown-Eyssen G, et al. Penetrance of colorectal cancer among MLH1/MSH2 
carriers participating in the colorectal cancer familial registry in Ontario. Hered Cancer Clin Pract. 
2009;7(1):14. 
 
Collins VR, Meiser B, Ukoumunne OC, Gaff C, St John DJ, Halliday JL. The impact of predictive genetic 
testing for hereditary nonpolyposis colorectal cancer: three years after testing. Genet Med. May 2007; 
9(5):290-297. 
 
Ersig AL, Hadley DW, Koehly LM. Colon cancer screening practices and disclosure after receipt of positive 
or inconclusive genetic test results for hereditary nonpolyposis colorectal cancer. Cancer. Sep 15 2009; 
115(18):4071-4079. 
 
Gatto NM, Frucht H, Sundararajan V, Jacobson JS, Grann VR, Neugut AI. Risk of perforation after 
colonoscopy and sigmoidoscopy: a population-based study. J Natl Cancer Inst. Feb 5 2003;95(3):230-
236. 
 
Gerritzen LH, Hoogerbrugge N, Oei AL, et al. Improvement of endometrial biopsy over transvaginal 
ultrasound alone for endometrial surveillance in women with Lynch syndrome. Fam Cancer. 2009; 
8(4):391-397. 
 



Green RC, Parfrey PS, Woods MO, Younghusband HB. Prediction of Lynch syndrome in consecutive 
patients with colorectal cancer. J Natl Cancer Inst. Mar 4 2009;101(5):331-340. 
 
Gritz ER, Peterson SK, Vernon SW, et al. Psychological impact of genetic testing for hereditary 
nonpolyposis colorectal cancer. J Clin Oncol. Mar 20 2005;23(9):1902-1910. 
 
Gryfe R, Kim H, Hsieh ET, et al. Tumor microsatellite instability and clinical outcome in young patients 
with colorectal cancer. N Engl J Med. Jan 13 2000;342(2):69-77. 
 
Hadley DW, Jenkins JF, Steinberg SM, et al. Perceptions of cancer risks and predictors of colon and 
endometrial cancer screening in women undergoing genetic testing for Lynch syndrome. J Clin Oncol. 
Feb 20 2008;26(6):948-954. 
 
Hampel H, Frankel WL, Martin E, et al. Screening for the Lynch syndrome (hereditary nonpolyposis 
colorectal cancer). N Engl J Med. May 5 2005;352(18):1851-1860. 
 
Hampel H, Frankel WL, Martin E, et al. Feasibility of screening for Lynch syndrome among patients with 
colorectal cancer. J Clin Oncol. Dec 10 2008;26(35):5783-5788. 
 
Hampel H, Stephens JA, Pukkala E, et al. Cancer risk in hereditary nonpolyposis colorectal cancer 
syndrome: later age of onset. Gastroenterology. Aug 2005;129(2):415-421. 
 
Havrilesky LJ, Maxwell GL, Myers ER. Cost-effectiveness analysis of annual screening strategies for 
endometrial cancer. Am J Obstet Gynecol. Jun 2009;200(6):640 e641-648. 
 
Horner M, Ries L, Krapcho M, et al. SEER Cancer Statistics Review, 1975-2006. Based on November 2008 
SEER data submission, posted to the SEER web site [2009; http://seer.cancer.gov/csr/1975_2006/. 
Accessed August 6, 2011. 
 
Jarvinen HJ, Aarnio M, Mustonen H, et al. Controlled 15-year trial on screening for colorectal cancer in 
families with hereditary nonpolyposis colorectal cancer. Gastroenterology. May 2000;118(5):829-834. 
 
Jarvinen HJ, Renkonen-Sinisalo L, Aktan-Collan K, Peltomaki P, Aaltonen LA, Mecklin JP. Ten years after 
mutation testing for Lynch syndrome: cancer incidence and outcome in mutation-positive and mutation-
negative family members. J Clin Oncol. Oct 1 2009;27(28):4793-4797. 
 
Kastrinos F, Steyerberg EW, Mercado R, et al. The PREMM(1,2,6) model predicts risk of MLH1, MSH2, 
and MSH6 germline mutations based on cancer history. Gastroenterology. Jan 2011;140(1):73-81. 
 
Ladabaum U, Song K. Projected national impact of colorectal cancer screening on clinical and economic 
outcomes and health services demand. Gastroenterology. Oct 2005;129(4):1151-1162. 
 
Leung KL, Kwok SP, Lam SC, et al. Laparoscopic resection of rectosigmoid carcinoma: prospective 
randomised trial. Lancet. Apr 10 2004;363(9416):1187-1192. 
 
Milsom JW, Bohm B, Hammerhofer KA, Fazio V, Steiger E, Elson P. A prospective, randomized trial 
comparing laparoscopic versus conventional techniques in colorectal cancer surgery: a preliminary 
report. J Am Coll Surg. Jul 1998;187(1):46-54; discussion 54-45. 
 

http://seer.cancer.gov/csr/1975_2006/�


Murakami Y, Okamura H, Sugano K, et al. Psychologic distress after disclosure of genetic test results 
regarding hereditary nonpolyposis colorectal carcinoma. Cancer. Jul 15 2004;101(2):395-403. 
 
National Center for Health Statistics, Centers for Disease Control and Prevention. Vital Statistics of the 
United States. Hyattsville, MD: 2003. 
 
National Comprehensive Cancer Network. Colorectal Cancer Screening. Fort Washington, PA: National 
Comprehensive Cancer Network;2011. 
 
Palomaki GE, McClain MR, Melillo S, Hampel HL, Thibodeau SN. EGAPP supplementary evidence review: 
DNA testing strategies aimed at reducing morbidity and mortality from Lynch syndrome. Genet Med. Jan 
2009;11(1):42-65. 
 
Pignone M, Saha S, Hoerger T, Mandelblatt J. Cost-effectiveness analyses of colorectal cancer screening: 
a systematic review for the U.S. Preventive Services Task Force. Ann Intern Med. Jul 16 2002;137(2):96-
104. 
 
Pinol V, Castells A, Andreu M, et al. Accuracy of revised Bethesda guidelines, microsatellite instability, 
and immunohistochemistry for the identification of patients with hereditary nonpolyposis colorectal 
cancer. Jama. Apr 27 2005;293(16):1986-1994. 
 
Rabeneck L, Paszat LF, Hilsden RJ, et al. Bleeding and perforation after outpatient colonoscopy and their 
risk factors in usual clinical practice. Gastroenterology. Dec 2008;135(6):1899-1906, 1906 e1891. 
 
Ramsoekh D, van Leerdam ME, Wagner A, Kuipers EJ, Steyerberg EW. Mutation prediction models in 
Lynch syndrome: evaluation in a clinical genetic setting. J Med Genet. Nov 2009;46(11):745-751. 
 
Renkonen-Sinisalo L, Butzow R, Leminen A, Lehtovirta P, Mecklin JP, Jarvinen HJ. Surveillance for 
endometrial cancer in hereditary nonpolyposis colorectal cancer syndrome. Int J Cancer. Feb 15 2007; 
120(4):821-824. 
 
Salovaara R, Loukola A, Kristo P, et al. Population-based molecular detection of hereditary nonpolyposis 
colorectal cancer. J Clin Oncol. Jun 2000;18(11):2193-2200 
 
Schmeler KM, Lynch HT, Chen LM, et al. Prophylactic surgery to reduce the risk of gynecologic cancers in 
the Lynch syndrome. N Engl J Med. Jan 19 2006;354(3):261-269. 
 
Schwenk W, Haase O, Neudecker J, Muller JM. Short term benefits for laparoscopic colorectal resection. 
Cochrane Database Syst Rev. 2005(3):CD003145. 
 
Scott RJ, McPhillips M, Meldrum CJ, et al. Hereditary nonpolyposis colorectal cancer in 95 families: 
differences and similarities between mutation-positive and mutation-negative kindreds. Am J Hum 
Genet. Jan 2001;68(1):118-127. 
 
Selby JV, Friedman GD, Quesenberry CP, Jr., Weiss NS. A case-control study of screening sigmoidoscopy 
and mortality from colorectal cancer. N Engl J Med. Mar 5 1992;326(10):653-657. 
 
Stupart DA, Goldberg PA, Algar U, Ramesar R. Surveillance colonoscopy improves survival in a cohort of 
subjects with a single mismatch repair gene mutation. Colorectal Dis. Feb 2009;11(2):126-130. 
 



U.S. Preventive Services Task Force. Screening for Colorectal Cancer. 
http://www.ahrq.gov/clinic/uspstf/uspscolo.htm. October 2008. 
 
Vasen HF, Taal BG, Nagengast FM, et al. Hereditary nonpolyposis colorectal cancer: results of long-term 
surveillance in 50 families. Eur J Cancer. Jul-Aug 1995;31A(7-8):1145-1148. 
 
Whitlock EP, Lin JS, Liles E, Beil TL, Fu R. Screening for colorectal cancer: a targeted, updated systematic 
review for the U.S. Preventive Services Task Force. Ann Intern Med. Nov 4 2008;149(9):638-658. 
 
Winawer SJ, Zauber AG, O'Brien MJ, et al. Randomized comparison of surveillance intervals after 
colonoscopic removal of newly diagnosed adenomatous polyps. The National Polyp Study Workgroup. N 
Engl J Med. Apr 1 1993;328(13):901-906. 
 
Yang K, Allen B, Conrad P, Powell CB, Terdiman J, Chen LM. Awareness of gynecologic surveillance in 
women from hereditary non-polyposis colorectal cancer families. Fam Cancer. 2006;5(4):405-409. 
 
Zauber AG, Lansdorp-Vogelaar I, Wilschut J, Knudsen AB, Ballegooijen Mv, Kuntz KM. Cost-Effectiveness 
of DNA Stool Testing to Screen for Colorectal Cancer 
http://www.cms.hhs.gov/determinationprocess/downloads/id52TA.pdf. 2007. 

http://www.ahrq.gov/clinic/uspstf/uspscolo.htm.%20October%202008�

	AJMC_12mayJOP_WangGrace_Apndx.pdf
	Study design
	Model
	Health State Utilities
	Table 1. Overview of the Utilities Elicitation Study
	Table 2. Base-Case Values and Ranges for Variables in the Model
	Table 3. Base-Case Costs and Ranges for Variables in the Model, in 2010 U.S. Dollars
	Table 4. One-Way Sensitivity Analyses for IHC followed by BRAF Testing Versus the Referent Strategy*
	Table 5. Discounted Quality-Adjusted Life-Years Gained per Person vs Referent Strategy, Probabilistic Sensitivity Analyses With 1000 Iterations 
	Table 6. Discounted Incremental Cost per Quality-Adjusted Life-Years Gained per Person vs Referent Strategy, Probabilistic Sensitivity Analyses With 1000 Iterations* 
	Table 7.  Scenario Analyses Varying Groups of Related Health State Utility Values, IHC followed by BRAF Testing versus Referent
	Figure 1. Discounted Quality-Adjusted Life-Years and Costs/Person for all Strategies in the Base Case
	Figure 2. Scenario Analyses to Show the Effect of Varying Groups of Health State Utilities on the Cost/Quality-Adjusted Life-Year Gained, IHC followed by BRAF testing versus Referent

	Table References


