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Abstract

INTRODUCTION—Recommendations for colorectal cancer screening encourage patients to
choose among various screening methods based on individual preferences for benefits, risks,
screening frequency and discomfort. We devised a model to illustrate how individuals with varying
tolerance for screening complications risk might decide on their preferred screening strategy.

METHODS—We developed a discrete-time Markov mathematical model that allowed
hypothetical individuals to maximize expected lifetime utility by selecting screening method, start
age, stop age and frequency. Individuals could choose from stool-based testing every 1-3 years,
flexible sigmoidoscopy every 1-20 years with annual stool-based testing, colonoscopy every 1-20
years, or no screening. We compared the life expectancy gained from the chosen strategy with the
life expectancy available from a benchmark strategy of decennial colonoscopy.

RESULTS—For an individual at average risk of colorectal cancer who was risk-neutral with
respect to screening complications (and therefore was willing to undergo screening if it would
actuarially increase life expectancy), the model predicted that they would choose colonoscopy
every 10 years, from age 53-73 years, consistent with national guidelines. For a similar individual
who was moderately averse to screening complications risk (and therefore required a greater
increase in life expectancy to accept potential risks of colonoscopy), the model predicted that they
would prefer flexible sigmoidoscopy every 12 years with annual stool-based testing, with 93% of
the life expectancy benefit of decennial colonoscopy. For an individual with higher risk aversion,
the model predicted that they would prefer 2 lifetime flexible sigmoidoscopies, 20 years apart,
with 70% of the life expectancy benefit of decennial colonoscopy.

CONCLUSION—Mathematical models may formalize how individuals with different risk
attitudes choose between various guideline-recommended colorectal cancer screening strategies.
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In June 2016, the United States Preventive Services Task Force (USPSTF) updated its
colorectal cancer screening guidelines, advising patients to choose between various methods
(colonoscopy, flexible sigmoidoscopy, CT colonography or stool-based testing) based on
their individual preferences for test frequency, preparation, discomfort, benefits and risks.!
From a population health perspective, all of the recommended methods had roughly similar
estimates of life-years gained (200-275) per 1,000 persons who adhered to the guidelines.?
On average, each person screened was forecast to gain 2-3 months of life expectancy.

However, gains from screening are not evenly distributed across the population. Nearly all
individuals will experience minimal benefits (such as peace of mind) or no benefits with
negligible harm (from test preparation discomfort), a few individuals will gain many years
and the rare individual will experience serious harm. As highlighted by the USPSTF, the
optimal screening strategy for an individual must be determined in balance of these
important dimensions, and may depend on how an individual values different outcomes
based on attitudes toward risk.

In this study, we sought to develop a basic model to formalize how individuals with different
risk attitudes might come to different conclusions about their preferred method and
frequency of colorectal cancer screening. By “risk,” we mean additional life expectancy
gained or lost through screening, rather than screening discomfort, fear of cancer, or similar
issues. Our model was not intended for clinical implementation, but simply to quantify one
way in which individuals might decide between various possibilities for colorectal cancer
screening. In contrast to previous work on patient preferences, which analyzed informed
decision making between guideline recommendations (for example, decennial colonoscopy
or annual fecal occult blood testing),3-> we allowed hypothetical patients to choose any
method and frequency of screening that they desired, even if it was more or less often than
USPSTF recommendations.

METHODS

Model

Our Methods involved 3 steps. First, we modeled a hypothetical individual’s decision to
screen for disease. Second, we used national cancer registry data to apply the model to
colorectal cancer screening. Third, we rank-ordered the results, to find optimal screening
strategies from a hypothetical individual’s perspective.

We built a discrete-time Markov decision model through which a hypothetical individual
evaluated benefits and risks of colorectal cancer screening with decision points every year
(at the current age and each future age). The individual’s goal was to maximize expected
lifetime utility. At every age, the individual had an option to engage in screening to improve
the probability of long-term survival, in exchange for a risk of screening complications that
would slightly reduce the probability of near-term survival. Therefore, in our first step, we
obtained an individual’s baseline survival probability to each future age, using national life
expectancy tables.®

Med Decis Making. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Taksler et al.

Page 3

Second, we assessed the potential increase in survival probabilities that a hypothetical
individual could achieve through colorectal cancer screening, informed by benefits and risks
of 3 methods recommended by the US Preventive Services Task Force[USPSTF]: stool-
based testing (an average of FIT, FIT-DNA, and HSgFOBT), flexible sigmoidoscopy with
annual stool-based testing, and colonoscopy.12 Screening benefits were based on the relative
risk reduction[RRRY] in probability of colorectal cancer diagnosis (through polypectomy)
and increase in post-diagnosis relative survival rates (because of early detection). Benefits
were estimated from data on the proportion of the general population that obtained vs. did
not obtain screening. For example, for a white female aged 60 years, her estimated
probability of colorectal cancer diagnosis was 0.020% with colonoscopy and 0.087% absent
screening (Figure 17°9). In this case, a 77% relative risk reduction (1 — 0.020% probability of
diagnosis with colonoscopy + 0.060% national average) would be allocated to each stage of
diagnosis (local, regional, distant/metastatic, unstaged), due to colonoscopy. We excluded
CT (virtual) colonography because of minimal historic data available to inform RRR, and
lack of Medicare coverage.10

Screening risks were based on the probability of fatal complications for each screening
method. We also recognized that some individuals may find the risk of serious complications
(perforation, hemorrhage, or other events requiring hospital admission) as extremely
undesirable, and therefore included a worst-case scenario in which a patient who suffered
serious complications would stop screening for the remainder of their life. These risks were
modeled to increase with age based on previously-published work.11 While this method
overestimated actual harm, we reasoned that it resulted in minimum screening preferences.
For example, if we estimated that an individual would choose to screen once every 12 years,
then when modeling complications as less impactful on future screening, an individual
should choose to screen at least once every 12 years. Supplement 1 provides further details
on methodology.

Third, the hypothetical individual considered how much longer they were likely to live from
screening, based on 3 possible outcomes (Figure 2). Most likely (often >90% probability),
they would have no disease detected, with very small complications risk, resulting in a slight
decrease in life expectancy (Figure 2, solid green line). Alternatively, if screening detected
mild-moderate disease, then they likely would benefit from early detection. That benefit
generally rose with tumor aggressiveness; hence, an upward sloping dotted red line in Figure
2. However, for more advanced tumors, early detection might eventually provide less
longevity benefit, and at that point, the dotted red line in Figure 2 began a negative slope. In
the extreme, incurable cancer might be diagnosed, in which case early detection had
minimal benefit, or for particularly advanced disease, no benefit (Figure 2, dashed blue line).
For example, for a 50-year-old average risk white female who chose to screen, the
probability of a decrease in life expectancy (no disease with slight complications risk) was
99.4%. The probability of an increase in life expectancy <5 additional years was 0.5%, and
the probability of an increase in life expectancy >5 additional years was 0.1%. An individual
who chose not to screen realized no change in survival probabilities.

Fourth, the hypothetical individual estimated the expected gain in lifetime utility from each
screening method as the probability distribution for life-years survived in each scenario
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(stage-specific disease detected, no disease detected) multiplied by individual utility as a
function of remaining life expectancy and a time-discount factor. Recognizing that
individuals would vary in their willingness to accept potential screening complications, we
personalized utility for risk aversion, defined as the additional life expectancy that an
individual would require to accept complications risk and undergo colorectal cancer
screening. Specifically, we employed constant relative risk aversion, in which an individual’s
risk aversion was expressed as a proportion of their life expectancy and remained constant
with age. For example, for a 50-year-old black female who required 5% of her 31.3-year life
expectancy to undergo a risky procedure, she would, at age 60 years, require 5% of her then
23.2-year life expectancy. This form of risk aversion has been widely investigated12-18 and
observed in practice; a recent study found that up to 30% of US-based employees of a large
multinational corporation exhibited constant relative risk aversion in selections of health
insurance, disability insurance, and 401(k) allocations.1® In this setting, an individual was
risk-neutral if they were willing to accept any method that offered at least actuarial gains in
life expectancy (life-years gained in the at-risk population divided by size of that
population). By contrast, an individual was risk-averse—or hesitant—to accept potential
complications if they required a greater than actuarial increase in life expectancy to undergo
screening. The concept was distinct from discounting, which would simply consider future
life-years to be less valuable than the current life-year, without regard to risk. Figure 3
presents a decision tree, with further details in Supplement 1.

Finally, the hypothetical individual rank-ordered the results, to determine their preferred age
of colorectal cancer screening initiation and cessation, frequency, and method. The model
was implemented in STATA/MP 13.1 (College Station, TX).

Table 1 shows model inputs and sources.19-27

Assumptions

To improve model feasibility, scalability, and generalizability, we incorporated numerous
simplifications. First, we assumed that an individual’s life expectancy could be represented
by national data from Vital Statistics. A more realistic model would include comorbidity,
ethnicity, socioeconomic status, and geography.

Second, we assumed that life expectancy was the only factor influencing an individual’s
decision to obtain screening. For example, they did not care about quality of life?8 or
monetary costs. While this assumption is inaccurate, an individual who considered quality of
life components should elect to screen at least as often as predicted in our framework,
because the individual would recognize that early detection carries a higher probability of
less invasive treatments (local excision or partial colectomy), and therefore higher quality of
life, than advanced stage detection.

Third, to maintain consistency with assumptions employed in guideline recommendations,
we assumed perfect adherence to screening strategies. 222
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Fourth, we assumed that parameters of an individual’s risk aversion, measured from the
economics literature,12-18 would apply to colorectal cancer screening. This assumption was
based on prior work suggesting that economic risk aversion predicts healthy behaviors such
as responsible alcohol use, tobacco abstention, and seat belt use.3? To the extent that
individuals might be more risk-averse with regard to survival than wealth, our assumption
would be too conservative, because the model would underweight the importance of
complications risk. In this situation, individuals would be expected to choose less intensive
screening than found in our framework and further expand discrepancies between national
guidelines and patient-selected screening strategies.

Fifth, we assumed perfect rationality, perfect information, and perfect ability to incorporate
information. These assumptions were employed as a first step in better understanding the
implications of patient-centered disease screening as compared with guideline
recommendations.

Screening strategies

Scenarios

We considered an age of initiation and cessation between 50-75 years, with stool-based
testing every 1-3 years, flexible sigmoidoscopy every 1-20 years with annual stool-based
testing, or colonoscopy every 1-20 years. To maintain consistency with clinical guidelines, a
positive result on stool-based testing or flexible sigmoidoscopy prompted an individual to
transfer to colonoscopy, 122931 at which time they could select a new screening frequency
and age of cessation (Supplement 1). As a result, over time, most individuals who chose
stool-based testing eventually transferred to colonoscopy; an individual undergoing annual
stool-based testing had a 33%, 54% and 79% probability of undergoing colonoscopy over 5,
10, and 20 years, respectively.

To illustrate the model, we simulated patient characteristics for 2 types of hypothetical
individuals. First, we considered individuals of average risk, who were either risk-neutral
(requiring only actuarial gains in life expectancy to undergo screening—about 2 months for
colonoscopy) or had varying degrees of risk aversion (moderate or high, requiring 5- or 8-
month increases in life expectancy to undergo colonoscopy, respectively) (Supplement 1).
Parameters were based on prior estimates of risk aversion (Supplement 1, section “Utility
and risk aversion”).12-18 Although we employed discrete levels of risk aversion to illustrate
the model, we would expect a continuum of parameters in practice. Second, we considered
individuals with special considerations for screening (=2 first-degree relatives with history of
colorectal cancer, relative risk[RR] of colorectal cancer-specific mortality=4.25;32:33 high
risk of adverse event owing to severe systemic disease [American Society of
Anesthesiologists class 111], RR of severe complications=1.66 (colonoscopy) or 2.10
(flexible sigmoidoscopy);34 both factors; or Crohn’s colitis diagnosed at age 25, absolute
risk of colorectal cancer=0.50%/year beginning 10 years after diagnosis32). Individuals with
above-average benefits (family history or Crohn’s colitis) were permitted to start screening
at age 40 years.
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Sensitivity Analyses

We conducted a one-way sensitivity analysis of input parameters across plausible ranges,
with particular attention to allowing screening to continue through age 85 years. We also
considered model predictions for individuals who poorly understood the benefits of early
detection. These individuals mistakenly assumed that screening benefits would occur with
certainty; for example, a 100% probability of living 0.3 years longer, rather than a 5%
probability of 1-year longer survival, 3% probability of 5-year longer survival and 1%
probability of 10-year longer survival. With less potential for early detection to allow
survival to later ages, we expected risk-averse individuals to choose less intensive screening
than in the main analysis.

Validation

The model was considered externally valid if (1) model predictions for risk-neutral
individuals—who, like national guidelines, weighed benefits and risks equally—were
similar to USPSTF recommendations® and (2) the magnitude of model-predicted increases
in life expectancy were similar to predictions for life-years gained per 1000 individuals in
the decision analysis accompanying USPSTF recommendations.2:2% The model was
considered internally valid if it predicted less intensive screening when risk aversion, the
discount rate, or the risk of complications increased; and more intensive screening when the
risk of developing colorectal cancer increased.

Role of the Funding Source

This study was funded by the National Institutes of Health, National Center for Advancing
Translational Sciences (grant KL2TR000440, administered by the Clinical and Translational
Science Collaborative of Cleveland). The funding source had no role in the design, conduct,
and analysis of this study or in the decision to submit the manuscript for publication.

RESULTS

Table 2 shows the model’s predictions for when a hypothetical individual with average risks
and benefits would choose to screen for colorectal cancer, solely based on their individual
attitudes toward risk, rather than population health goals. A hypothetical risk-neutral
individual was predicted to choose colonoscopy every 10 years from ages 53-73 years. They
had an associated gain in life expectancy of 0.27 years overall or 5.02 years conditional on
diagnosis, which may be thought of as expected benefits of early detection. The lifetime risk
of developing colorectal cancer was 3.31%. In exchange, the individual anticipated an 872 in
100,000 (0.872%) lifetime probability of serious complications from screening. Owing to
lower benefits of early detection from alternate screening methods, which were not fully
offset by reduced complications risk, the optimal flexible sigmoidoscopy and stool-based
testing strategies afforded <87% the expected utility of colonoscopy.

By contrast, a moderately risk-averse individual overweighed complications risk relative to
early detection benefits. They were predicted to prefer flexible sigmoidoscopy with annual
stool-based testing every 12 years from ages 51-75 years, with a slightly lower life
expectancy gain of 0.25 years, or 93% of the life expectancy gain for a risk-neutral
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individual (0.25/0.27 years). A more highly risk-averse individual was predicted to prefer
flexible sigmoidoscopy with annual stool-based testing every 20 years, at ages 55 and 75
years, with a lower life expectancy gain of 0.19 years, or 70% of the life expectancy gain for
a risk-neutral individual (0.19/0.27 years). In the context of guideline-recommended
screening, one might view a moderately risk-averse individual as choosing flexible
sigmoidoscopy but consistently being 2 years late for follow-up screenings; whereas, a more
highly risk-averse individual initially chose flexible sigmoidoscopy but then switched to
stool-based testing before deciding to obtain another flexible sigmoidoscopy at age 75 years.

Table 3 illustrates the model’s simulations for individuals with special considerations for
colorectal cancer screening. For risk-averse individuals with above-average benefits from
screening, model-predicted screening was generally less frequent than national guidelines
but more frequent than for average-risk individuals. For example, risk-averse individuals
with Crohn’s colitis were predicted to most prefer colonoscopy every 2-4 years, compared
with every 1-2 years in national guidelines.3® This result confirmed the model’s expectation
that individuals with above-average benefits would choose both more frequent screening
than average-risk individuals (because of amplified benefits with similar risks) and less
frequent screening than national guidelines (because of risk aversion). Elevated risk of
bleeding did not meaningfully change optimal screening strategies.

Sensitivity analyses

Validation

When screening was allowed to continue to age 85 years, individuals generally chose later
ages of initiation and cessation (Table 4). Alternatively, when the benefits of early detection
were poorly understood (because hypothetical individuals only understood mean benefits,
rather than the distribution of possible outcomes), moderately risk-averse individuals chose
biennial stool-based testing (ages 61-75 years), while more highly risk-averse individuals
chose no screening (Table 4).

The model satisfied external and internal validity criteria (Supplement 2).

DISCUSSION

The most recent USPSTF colorectal cancer screening guidelines illustrate a transition to
screening recommendations based on patient preferences. Rather than recommending a
single screening practice for all at-risk individuals, the guidelines present numerous
screening possibilities, and suggest that individuals and their healthcare providers choose a
method based on the patient’s opinion surrounding benefits, risks, screening frequency, and
other issues of importance to each individual patient.

Prior work has considered personalization in the context of risk factors (such as age,36 sex,36
family history3” and comorbidity38:3%—each used to inform the optimal stop age and
frequency for colonoscopy), competing needs for other preventive care services*° and
genetics.4! Each of these studies determined an optimal screening strategy based on disease
risk factors, with the goal of improving longevity. By contrast, in our setting, individuals had
a more complex set of objectives, seeking to maximize longevity subject to their risk
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attitudes. Such complexity is emblematic of the multiple dimensions patients consider when
making preventive health decisions. Therefore, we sought to quantify one possible decision
process through which a risk-averse individual might decide between colorectal cancer
screening options. Our approach differed from quality-adjusted life-years (QALYS) in that
the potential to lose life-years was weighted more heavily than the potential to gain life-
years, with exact weightings determined by each individual’s risk aversion. (In principle, a
weighted analysis could be performed with QALYSs but rarely is.) Thus, two individuals with
identical disease risk factors and treatment burdens (e.qg., disutility from taking a
medicine)#243 but different risk attitudes could have different optimal screening strategies.
We found that more risk-averse individuals (in the context of the potential to lose life
expectancy through screening complications) preferred to screen less intensively than
individuals who were more focused on the potential to gain additional life expectancy from
early detection. For example, while we predicted that a risk-neutral individual would choose
decennial colonoscopy (consistent with national guidelines), we predicted that a moderately
risk-averse individual would choose flexible sigmoidoscopy every 12 years (with annual
stool-based testing) and that a highly risk-averse individual would choose flexible
sigmoidoscopy every 20 years. These decision processes are pertinent, for in contrast to
public health issues such as whether to fluoridate drinking water (an outcome that must be
provided for all or no residents of a geographic area), it is possible to make cancer screening
decisions one individual at a time, resulting in different outcomes for different individuals.*4
In an era of patient-centered care, this question needs to be considered carefully.

Our findings have two additional, exploratory implications. First, because our findings
suggest that rational individuals will choose to obtain screening at or around the guideline-
recommended age of initiation (50 years), but less frequently than recommended thereafter,
future research might consider whether public service campaigns should devote more
attention to screening frequency. Little is known about individuals’ chosen frequency for
obtaining colorectal cancer screening;4>46 surveys led by the CDC allow estimation of the
percentage of individuals who are up-to-date with guideline recommendations, but not
respondents’ age of initiation or time between screenings. Second, as illustrated by our
sensitivity analysis, individuals who choose 70t to screen around age 50 years may not fully
understand the benefits of early detection, a finding similar to prior qualitative evidence.*8
Future work should consider whether a general discussion of the benefits of early detection
would improve screening compliance. For example, a provider might tell a patient, “The
most likely outcome of a colonoscopy is that you will be uncomfortable for 2 days and then
move on with your life. However, in the unlikely event that you do have cancer, we can treat
it early, and you’ll probably live an extra 4-5 years.” In our model, understanding such
information (a distribution of outcomes in the main analysis) was enough to drive a patient
to obtain voluntary, regular screening. On the other hand, although we found that patients
would generally choose a later age of cessation if screening were permitted to age 85, we did
not model aspects such as quality of life, which may decrease with age.

Naturally, it is neither practical to convey nor absorb all information presented in our
model.*” Before providers could consider implementing our framework to help patients
decide on their preferred colorectal cancer screening strategy, numerous limitations would
need to be addressed. First, we created a basic model that focused on life expectancy gains
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from screening. We did not account for discomfort from screening, which is a far more
common complaint than serious complications, 8 or for the disutility associated with cancer-
specific mortality. Second, while our framework serves as a reasonable first proxy to model
individual utility, it does not fully account for processes such as adenoma size.228:29 Third,
we did not incorporate comorbidity, although prior work suggests that this is possible.38:40:49
Fourth, we ignored monetary costs, which may encourage individuals to obtain lower-priced
stool-based testing. Fifth, consistent with the methods employed in USPSTF
recommendations, we did not risk stratify decisions based on prior colorectal cancer
screening results.222 Sixth, we did not consider individuals who may be “risk-seeking”
(willing to face more than actuarially fair risk in exchange for an increase in life
expectancy), or patients whose primary risk aversion was to cancer morbidity or treatment
(which might result in patients preferring more frequent colonoscopy). Seventh, a more
realistic model would consider adherence rates. We followed the USPSTF in limiting our
analysis to full adherence, 229 because little is known about screening method-specific
adherence, or the change in adherence rates with age,? but these remain important
developments for future work. Eighth, model input parameters had varying levels of
evidence, with some parameters from cohort or case-control studies and others from
randomized controlled trials. In studies that used an intention-to-treat analysis, the mortality
reduction from screening was diluted with non-attenders to screening.

Quantitative models can improve understanding of how individuals may choose among
various guideline-recommended colorectal cancer screening strategies. Future research
might consider how to improve this framework into a shared decision-making process for
clinical care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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[Probability of diagnosis in at-risk population] =
0.06%

[% at-risk population obtaining screening] x [Probability of diagnosis | screening] +
65.1% of at-risk population up-to-date with screening x (1-77% RRR from screening) x
61.7% of up-to-date population obtained colonoscopy [Probability of diagnosis | no screening)

[% at-risk population not obtaining screening] x [Probability of diagnosis | no screening]|
1 - (65.1% of at-risk population up-to-date with screening x
61.7% of up-to-date population obtained colonoscopy)

[Probability of colorectal cancer | no screening] = 0.087%
[Probability of colorectal cancer | colonoscopy] = 0.020%
[Probability of colorectal cancer | flexible sigmoidoscopy] =

[Probability of colorectal cancer | no screening] +
0.087%

[Probability of colorectal cancer | colonoscopy] - [Probability of colorectal cancer | no screening] | x
0.020% 0.087%

0.18

[RRR for colorectal cancer incidence | flexible sigmoidoscopy]

[RRR for colorectal cancer incidence | colonoscopy]
0.77

=

[Probability of colorectal cancer | flexible sigmoidoscopy] = 0.071%
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[Probability of colorectal cancer | stool-based testing] =

[Probability of colorectal cancer | no screening] +
0.087%

([Pl‘()bahility of colorectal cancer | colonoscopy]| - [Probability of colorectal cancer | no scrucnmg]) X

0.020% 0.087%

0

[RRR for colorectal cancer incidence | stool-based testing]

[RRR for colorectal cancer incidence | colonoscopy]

0.77

=

[Probability of colorectal cancer | stool-based testing] = 0.087%

Figure 1.
Example of the estimated probability of colorectal cancer, with vs. without various screening

methods

For a hypothetical white female aged 60 years, her estimated probability of colorectal cancer
was modeled as 0.020% with colonoscopy, 0.071% with flexible sigmoidoscopy and 0.087%
with stool-based testing or no screening. The stage-specific probability of diagnosis was
estimated by allocating the relative risk reduction for each method to the national probability
of diagnosis for each stage. In this example, the national probability of local, regional,
distant/metastatic and unstaged diagnoses was 0.0262%, 0.0209%, 0.0109%, and 0.0018%,
respectively, for a total probability of 0.0598%.° Allocating the relative risk reduction for
colonoscopy screening (1 — 0.020% probability of diagnosis with colonoscopy + 0.0598%
national average = 77%) to each stage, the estimated stage-specific probabilities of diagnosis
were 0.0087%, 0.0070%, 0.0036%, and 0.0006%, respectively, with colonoscopy. Similar
methods were employed for flexible sigmoidoscopy, stool-based testing and no screening.
A. With colonoscopy

B. With flexible sigmoidoscopy

C. With stool-based testing
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Figure 2.

An Individual’s Perspective on Disease Screening

An individual considering whether to screen faces 3 possibilities. Sold green line: no disease
detected, with a very a small risk of complications (resulting in a slight decrease in life
expectancy). Dotted red line: mild-moderate disease, resulting in benefits from early
detection (generally rising with tumor aggressiveness [upward-sloping red line], but with
less benefit for more advanced tumors [downward-sloping red line]). Dashed blue line:
incurable, metastatic cancer, for which early detection has minimal or no benefit, but still
carries complications risk.
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At every age, an individual faced a decision to screen by colonoscopy, screen by flexible
sigmoidoscopy with annual stool-based testing, screen by stool-based testing alone, or not

screen.

Med Decis Making. Author manuscript; available in PMC 2018 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Taksler et al.

Model Inputs

Table 1

Page 17

Parameter Stool-based testing  Flexible Sigmoidosocpy  Colonoscopy Source
Relative risk reduction for colorectal cancer incidence 0% 18% T7% 7,20
Relative risk reduction for colorectal cancer-specific 2504 * 28% 65% 20,21,23-26
mortality

Serious complications, per 100,000 17 34% 277t 11,19
Screening rate in at-risk population, among up-to-date 10.4% 0.7%3 61.7% 8
population

Specificity a2.9% 87.0% NAT 2
Parameters independent of screening method

Life expectancy, age-specific 6
Probability of colorectal cancer diagnosis, age- and stage-specific 9
Relative survival rate, by stage and years post-diagnosis 9
Proportion of general population up-to-date with screening — 65.1% 8
Delay after first cancer screening, for screening benefits to commence - 5 years 22,27
Discount rate — 3% Assumption
Individual risk aversion (Supplement 1) Assumption

*
Average for guaiac and immunochemical tests among individuals attending =1 round of screening, following meta—analysis.26

1. . - . —
To proxy for anxiety, we assumed a minimal risk of complications.

'tThe rate of complications increased with age, based on previous literature. 11

§Assumption.

//Average of FIT, FIT-DNA, and HSgFOBT.

”Specificity was employed to transfer individuals with false positive results to future colonoscopy screening.
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Table 3

Preferences for Individuals with Special Considerations for Colorectal Cancer Screening

Risk Aversion Method” Ages (y)  Frequency (y)

Family history of colorectal cancer

None (Risk-Neutral) Colonoscopy 45-75 10
Moderate Colonoscopy 45-75 10
High Colonoscopy 45-75 10
High risk of bleeding from potential polypectomy

None (Risk-Neutral) Colonoscopy 53-75 11
Moderate Flexible sigmoidoscopy 55-75 10
High Flexible sigmoidoscopy 50-64 14
Family history of colorectal cancer and high risk of bleeding

None (Risk-Neutral) Colonoscopy 45-75 10
Moderate Colonoscopy 53-75 11
High Colonoscopy 51-75 12
Crohn’s colitis

None (Risk-Neutral) Colonoscopy 36-75 1
Moderate Colonoscopy 41-75 2
High Colonoscopy 43-75 4

Risk-averse, hypothetical individuals with special considerations for colorectal cancer screening chose colorectal cancer screening less often than
guideline recommendations, but more often than average-risk individuals.

*
Flexible sigmoidoscopy with annual stool-based testing.
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Table 4

Sensitivity Analyses

Predicted Screening

Risk Aversion Method Ages Frequency

Sensitivity Analysis #1: Screening allowed to continue through age 85y

None (Risk-Neutral) Colonoscopy 51-84y Every 11 years
Moderate Colonoscopy 59-85y Every 13 years
High Colonoscopy 55-85y Every 15 years
Sensitivity Analysis #2: Individuals who poorly understood the benefits of early detection
None (Risk-Neutral) Colonoscopy 53-75y Every 11 years
Moderate Stool-based testing 61-75y Every 2 years
High No screening - B

Page 20

We considered 2 sensitivity analyses for hypothetical individuals: (1) screening allowed to continue through age 85 y and (2) individuals who
poorly understood the benefits of early detection, by only understanding the mean benefits of screening rather than the distribution of possible

outcomes.
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