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Policy makers need rigorous and transparent
methods to compare and evaluate different

health care strategies. To compare strategies for the
same condition, head-to-head trials are often
impractical because they require large sample sizes
and years to conduct, and they are not well suited
for comparing multiple different options or measur-
ing long-term outcomes. Modeling may offer advan-
tages for conducting this type of comparative
effectiveness research because of its ability to com-
pare multiple strategies, including different combi-
nations of interventions and different time
intervals. In addition, cost-effectiveness modeling
can examine incremental efficiency (cost per unit
of health gained compared with the next best strat-
egy), thus providing information directly relevant
to decision makers.

Modeling, however, has several important limita-
tions: It requires using multiple types of evidence
(about biology or clinical behavior) drawn from
a variety of sources, and model results can be com-
promised by inaccurate inputs or assumptions.
Because modeling is inherently complex, it can be
difficult to understand, explain, and critically evalu-
ate. For these reasons, it may not be accepted or used
by decision makers uncomfortable with such details.

Addressing these limitations, particularly improv-
ing transparency and ‘‘accessibility’’ (or ‘‘understand-
ability’’), might increase the value of modeling, as
suggested by recent guidelines for best practices in
modeling.1,2 Following these guidelines can increase

the value of a model by explicit identification and esti-
mation of model inputs, examination of the effect of
different assumptions on results through sensitivity
analyses (including cross-model comparisons), and
identification of simpler, more easily interpretable
ways of presenting methods and results for end users,
including policy makers. One other way to increase
a model’s value and appropriate use is to show the
extent to which ‘‘deep’’ assumptions about disease
natural history can affect outcomes. Assessing such
assumptions is particularly challenging because the
biology or natural history of health conditions may
be particularly difficult to observe directly.

Colorectal cancer (CRC) screening offers an excel-
lent case study to illustrate the use of modeling to
help inform preventive care policy. First, several
randomized controlled trials have directly demon-
strated that screening for CRC (fecal occult blood
testing [FOBT] and sigmoidoscopy) can be effective
in reducing CRC incidence and mortality compared
with no screening.3,4 Although other screening
methods (e.g., colonoscopy, radiological testing,
newer FOBT) are available, they have as yet not
been evaluated in rigorous randomized trials (and
such trials are so expensive and cumbersome that
few are likely to ever be done). In addition, no trials
have compared different screening methods head to
head. Because available screening tests differ con-
siderably in important details (e.g., frequency, inva-
siveness, preparation required), the decision about
which strategy or strategies to employ is complex.
Finally, many aspects of CRC and CRC screening
are well understood, allowing modelers to accu-
rately represent many key parameters.

With this wealth of evidence, choices, and clinical
importance, CRC screening has been the subject of
multiple well-developed models5 that have generally
found screening (by any of the commonly endorsed
screening strategies) to be effective compared with
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no screening; however, they have not reached consis-
tent conclusions about the incremental effects of differ-
ent screening strategies.5,6 Perhaps the most rigorous
modeling effort for CRC screening has been conducted
by the Cancer Intervention and Surveillance Modeling
Network (CISNET)] collaboration, a group of previously
independent modelers who have come together to
apply best practices in modeling, rigorously evaluate
different models for CRC screening, and use this infor-
mation to help policy makers.7

In this issue of Medical Decision Making (MDM), 2
articles from the CISNET modelers examine differen-
ces across 3 CRC screening models from their collab-
oration (Microsimulation Screening Analysis
[MISCAN], Colorectal Cancer Simulated Population
model for Incidence and Natural history [CRC-
SPIN], and Simulation Model of Colorectal Cancer
[SimCRC]).8,9 These articles examine how the natural
history of CRC has been simulated in each model,
based on CRC incidence data and cross-sectional
data on adenoma prevalence, and how choices or
assumptions about natural history affect the calcu-
lated efficacy of screening. The principal difference
between the models is that MISCAN assumes that
some adenomas are nonprogressive, whereas CRC-
SPIN and SimCRC do not. As a result, the average
dwell times (the amount of time required for adeno-
mas to develop into cancers and for cancers to
become symptomatic and ultimately lethal) are quite
different across models. Kuntz and colleagues8 noted
important differences in dwell times across the 3
models: The average dwell time in MISCAN is 10.6
years v. 25.2 and 25.8 years for SimCRC and CRC-
SPIN, respectively. Nearly all of this difference was
related to the time involved in adenoma progression.

These differences, derived from the ‘‘deep assump-
tion’’ about natural history, have important implica-
tions for the evaluation of CRC screening strategies.
More than 90% of cancers in SimCRC and CRC-SPIN
developed from adenomas present for more than 10
years; in contrast, MISCAN found that most cancers
developed from adenomas arising within 10 years,
which means they would not have been detected and
removed if a colonoscopy had been done 10 years pre-
viously. Accordingly, van Ballegooijen and colleagues9

demonstrated that the predicted efficacy of colono-
scopy screening every 10 years for the 3 models differed
considerably: MISCAN predicted relative reductions in
CRC incidence and mortality of 52% and 65%, respec-
tively. Corresponding values were 91% and 92% for
CRC-SPIN and 82% and 84% for SimCRC.

The large differences between MISCAN and the
other 2 models may have important implications for

clinicians and policy makers. If the average dwell
time for polyps is over 20 years, then screening meth-
ods that accurately detect and lead to removal of pol-
yps present at age 60, for example, are likely to have
nearly as much efficacy as methods that employ addi-
tional screening tests at regular intervals after age 60.
This would favor devoting resources to tests with
high single-application sensitivity, such as colono-
scopy, over tests with lower single-application sensi-
tivity that are repeated at more frequent intervals,
such as FOBT. On the other hand, if some (or
many) polyps grow rapidly into cancers, then screen-
ing methods with shorter intervals between tests
would be relatively favored over those with longer
intervals. Although the CISNET modelers did not
find major differences between MISCAN and
SimCRC in terms of optimal testing intervals when
examining life years gained per number of colonos-
copies required, it is possible that such differences
would emerge in analyses comparing different strate-
gies with regard to cost per life year gained. Thus, it is
important to resolve, through other research, which
pattern of natural history is most accurate.

One indirect source of evidence about natural his-
tory is the analysis of interval cancers in the polyp
prevention studies, which show that a substantial
number of cancers appear relatively soon after a colo-
noscopy that removes all identified adenomas. Mar-
tı́nez and colleagues10 pooled data from 8 studies of
a total of 9167 adults who had colonoscopy and pol-
ypectomy. In 48 months (median time) following
initial polypectomy, 11.8% had advanced adenomas
and 0.6% invasive cancer. These results are some-
what higher than would be expected based on the
average dwell times predicted in the SimCRC and
SPIN-CRC models and hence lend support to the
model of natural history used in MISCAN. However,
it is possible that some adenomas and cancers
detected in follow-up were present but missed on
the initial colonoscopy, rather than arising de
novo, so the data do not directly resolve the ‘‘deep
assumption’’ problem.

To try to understand the different natural history
assumptions, the CISNET modelers propose to exam-
ine data from ongoing trials of sigmoidoscopy screen-
ing3 whose detailed findings, when published, with
respect to adenoma detection and cancer incidence
after sigmoidoscopy (and polypectomy) may offer
additional insight into the growth pattern of adenomas
and cancers. Specifically, if the trials show a low rate
of interval CRC or advanced adenoma, it may support
the ‘‘long dwell time’’ hypothesis. Conversely, if many
adenomas or cancers are detected in the 10 years
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following sigmoidoscopy, the MISCAN model’s het-
erogeneous natural history assumption (with some
rapidly growing adenomas) may be favored.

CRC screening is a good case study to examine the
potential for modeling to guide future research and
inform health policy. The CISNET collaboration is
a particularly good example of how to systematically
address differences across models and use them to
pose new research questions (either for new studies
or for additional analyses of existing data). However,
despite these methodological advances, policy mak-
ers are only beginning to have experience in using
modeling results to help guide health policy.11 To
take best advantage of modeling, policy makers
must have core skills in interpreting modeling results,
understanding how modeling addresses uncertainty,
and evaluating whether the residual uncertainty is
likely to affect the net benefit of a given option com-
pared with the alternative. Modelers can facilitate
widespread use of models in health policy making
by focusing on clear presentation of their results and
on the key assumptions that underlie them.
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