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Abstract

BACKGROUND: Surveillance of patients with colorectal adenomas has limited long-term
evidence to support current practice.

OBJECTIVE: To compare the lifetime benefits and costs of high-intensity vs. low-intensity
surveillance.

DESIGN: Microsimulation model.
DATASOURCES: U.S. cancer registry, cost data, and published literature.

TARGET POPULATION: U.S. patients aged 50, 60 or 70 years old with low-risk adenomas
(LRA; 1-2 small adenomas) or high-risk adenomas (HRA; 3-10 small or =1 advanced adenomas)
removed after colonoscopy or FIT screening.

TIME HORIZON: Lifetime.
PERSPECTIVE: Societal.

INTERVENTIONS: No further screening or surveillance, routine screening after 10 years, low-
intensity surveillance 10 years after LRA and 5 years after HRA removal, and high-intensity
surveillance after 5 and 3 years, respectively.

OUTCOME MEASURES: Colorectal cancer (CRC) incidence; incremental cost-effectiveness.
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BASE-CASE RESULTS: Without surveillance or screening, lifetime CRC incidence for 50-
year-olds was 10.9% after LRA and 17.2% after HRA removal at screening colonoscopy.
Subsequent colonoscopy screening, low-intensity or high-intensity surveillance decreased
incidence by 39%, 46-48% and 55-56%, respectively. CRC risk and surveillance benefits were
higher for adenomas detected at FIT screening and lower for older patients. High-intensity vs.
low-intensity surveillance cost <$30,000/QALY gained.

SENSITIVITY ANALYSIS: High-intensity surveillance cost <$100,000/QALY gained in most
alternative scenarios for adenoma recurrence, CRC risk, longevity, quality of life, screening ages,
surveillance ages, test performance, disutilities, and cost.

LIMITATIONS: Few surveillance outcome data exist.

CONCLUSIONS: Our model suggests high-intensity surveillance, as recommended in the U.S.,
provides modest but clinically-relevant benefits over low-intensity surveillance at acceptable cost.

PRIMARY FUNDING SOURCE: National Cancer Institute within the U.S. National Institutes
of Health.

INTRODUCTION

Colorectal cancer (CRC) is a leading cause of cancer mortality with 50,260 deaths in the
U.S. in 2017.(1) Robust evidence suggests that screening substantially reduces the risk of
CRC death through removal of precancerous adenomas and early detection of CRC.(2-4) In
contrast, surprisingly few CRC outcome data exist to inform the appropriate management of
patients in whom adenomas have been removed. The landmark National Polyp Study (NPS)
demonstrated that colonoscopy surveillance may be highly effective for reducing CRC risk
(5) and that surveillance could occur at 3 years instead of 1 year.(6) Based on trials focusing
on adenoma outcomes, (7, 8) longer intervals of at least 5 years have since been
recommended for lower-risk patients.(9) Current U.S. surveillance guidelines recommend
surveillance after 5-10 years for patients with 1-2 small tubular adenomas or sessile serrated
polyps without dysplasia, and after 3 years for patients with =3 small tubular adenomas or
>1 large tubular adenoma, adenoma with villous features, adenoma with high-grade
dysplasia, or dysplastic or large sessile serrated polyp.(10) With such surveillance in the
U.S. requiring substantial resources,(11) concerns have arisen that surveillance may not be
cost-effective if colonoscopy quality increases (12—-14) to the extent that removing adenomas
may provide sufficient protection to defer further testing for at least 10 years.(15)
Observational studies on cancer mortality risk after adenoma removal do not address
surveillance intensity.(16-18) Results from trials on the intermediate-term effectiveness of
more vs. less intensive surveillance after adenoma resection are not expected for at least
another decade.(19)

We performed a modeling study to inform clinicians and policymakers on the potential
benefits and costs of high vs. low-intensity surveillance for persons in whom adenomas have
been removed. Using an established Cancer Intervention and Surveillance Modeling
Network (CISNET) model of CRC that was validated against published observational
outcomes during up to 20 years of follow-up, we predicted the lifetime benefits, costs and
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cost-effectiveness of alternative surveillance strategies in patients who have had low-risk or
high-risk adenomas removed.

Study population

Surveillance

MISCAN-Col

The simulated study population comprised average-risk patients aged 50, 60, and 70 years
following removal of low-risk adenomas (LRA) or high-risk adenomas (HRA) at screening
with colonoscopy or fecal immunochemical test (FIT). LRA patients were defined as those
with baseline findings of 1-2 small adenomas (<10mm in diameter), and HRA patients as
those with baseline findings of 3-10 small adenomas or =1 large (=10mm) adenoma. The
approximately 3% of LRA patients whose 1-2 small adenomas harbor villous histology or
high-grade dysplasia were not distinguished from other LRA patients in the base case (20)
but were examined in sensitivity analysis. Sessile serrated polyps were not simulated due to
the lack of high-quality data on their prevalence and CRC risk.(10)

strategies

The model evaluated high-intensity vs. low-intensity surveillance strategies, with intervals of
5 vs. 10 years for LRA patients, and 3 vs. 5 years for HRA patients, respectively.
Surveillance intervals or potential return to routine screening were determined based on the
adenoma findings during up to two preceding examinations (Supplementary Table 1),
consistent with the U.S. Multi-Society Task Force guideline recommendations.(10)
Surveillance was stopped at the earliest of age 80 years, CRC diagnosis, or death. As
comparison strategies, the model also evaluated no further surveillance or screening beyond
the baseline exam, and as recommended for persons without prior adenoma in the U.S. (21)
and for LRA patients in Europe (22), return to routine screening after 10 years with either
screening colonoscopy every 10 years or annual FIT screening.

on model

The Microsimulation Screening Analysis-CRC (MISCAN-Colon) is a stochastic, semi-
Markov, microsimulation model for CRC developed within the Erasmus MC University
Medical Center, Department of Public Health, Rotterdam, the Netherlands. The model
simulates the relevant life histories for a population of individuals who move through the
model one at a time (microsimulation), with variable continuous durations in progressive
states of disease (semi-Markov structure), and random variability in outcomes
(stochasticity). As each simulated individual ages, one or more adenomas may develop
(Supplementary Figure 1).(23) Adenomas are either progressive or non-progressive: both
types may grow from small (£5mm or 6-9mm in diameter) to large (=10mm) size, but only
progressive adenomas develop into CRC. A cancer may progress through stages | to 1V
without symptoms (“preclinical”) or be diagnosed during each stage because of symptoms
(“clinical”). Some patients die from CRC and lose life-years, while others die from
competing causes before or after developing cancer. Screening and surveillance may avert
CRC death through early detection and removal of adenomas or early diagnosis of CRC
(Supplementary Figure 2a) but may also result in overdiagnosis (Supplementary Figure 2b).
The model predicts the associated effects, harms and costs, and has been used to inform U.S.
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Preventive Services Task Force (24, 25) and American Cancer Society (26, 27) CRC
screening recommendations. The model, its assumptions and underlying data sources are
presented in detail in Supplementary Appendix §1-2, Supplementary Table 2-3,
Supplementary Figure 1-5, and previous publications.(14, 28)

Data sources

The main data sources that informed the model’s natural history assumptions include (Table
1): the observed prevalence and number of adenomas per patient in autopsy studies;(29-38)
the size distribution of adenomas detected in a colonoscopy screening trial;(39) the
incidence of CRC according to patient age, stage at diagnosis,(40) and anatomic site as
observed in 1975-1979 Surveillance Epidemiology and End Results program data (prior to
the emergence of routine CRC screening);(41) and, the relative survival after CRC diagnosis
by patient age, disease stage, and anatomic site (colon, rectum).(42)

The efficacy of screening and surveillance is determined by a test’s ability to detect and
remove lesions. For colonoscopy, sensitivity for adenoma by size was based on a review of
tandem colonoscopy studies (with two colonoscopies on the same day).(44) We assumed
that colonoscopy is associated with a risk of complications that increases with age,(46) a
fraction of which may be fatal,(47) and we based the sensitivity and specificity of FIT on a
large observational study.(48)

Model validation

For this study, we externally validated the model-predicted adenoma and advanced adenoma
detection rates in surveillance (i.e. adenoma “recurrence”) against data from multiple
chemoprevention trials and prospective cohort studies cited in U.S. surveillance guidelines.
(10) Studies generally had <5 years follow-up after removal of LRA or HRA
(Supplementary Figure 6; Supplementary Table 4).(7, 8, 49-53)

The model’s CRC risk predictions were externally validated against the largest such study to
date: a retrospective, multicenter cohort from the U.K. with observed CRC incidence during
10 year follow-up (median 7.9 years) of 11,944 patients with 3—4 small or 1-2 large HRAs
removed between 1990-2010 (Supplementary Figure 7).(54)

The model’s CRC mortality predictions were validated against two of the largest and most
cited studies: a retrospective, population-based study from Norway with observed CRC
mortality during <19 year follow-up (median 7.7 years) of 40,826 patients with LRA and
HRA removed between 1993-2007 (Supplementary Figure 8);(16) and the combined study
arms of the NPS, a randomized clinical trial from the U.S. with observed CRC mortality
during 20 year follow-up (median 15.8 years) of 2,602 patients with any adenoma removed
between 1980-1990 (Supplementary Figure 9).(17)

The model reproduced observed detection rates of adenoma in surveillance, incidence in
most patient subgroups, and mortality in NPS, but underestimated the detection rates of
advanced adenoma in HRA patients, and CRC mortality vs. Lgberg et al.(16) Because the
base-case model had the best overall external validity (see Supplementary Appendix §3), we
selected that for further analyses and examined alternative models in sensitivity analyses.
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Main analysis

Primary study outcomes were lifetime CRC incidence and mortality, quality-adjusted life-
years (QALYSs) gained, and cost-effectiveness ratios (incremental cost/QALY gained). Other
outcomes included costs and endoscopy resources used. Costs of screening, colonoscopy
complications, and CRC care were computed from a societal perspective, and associated
disutilities were based on estimates of the patient time involved and literature
(Supplementary Table 2-3).(55) Future QALYSs and costs were discounted at 3%/year. In the
U.S., interventions with incremental costs of <$50,000/QALY gained are generally
considered to provide good value and those with incremental costs >$100,000/QALY gained
are often considered to provide low value.(56) We treated $100,000/QALY as the threshold
for cost-effectiveness but present exact ratios so readers can infer cost-effectiveness at other
thresholds.

Sensitivity analysis
In sensitivity analyses, we evaluated multiple alternative scenarios. First, to assess the
potential impact of the model’s underestimate vs. the observed recurrence of advanced
adenoma in surveillance studies and the mortality pattern in Lgberg et al.,(16) we explored
an alternative model with an approximately three-fold increased recurrence of advanced
adenomas and CRC risk, and another version with a three-fold increased recurrence of
advanced adenomas but without increased CRC risk, to retain concordance with the
Surveillance Epidemiology End Result program data used for model calibration (see
Supplementary Appendix 8§3).(41) To assess potential misclassification of adenoma risk, we
re-analyzed results by assuming that the 3% of LRA patients who harbor adenomas with
villous histology or high-grade dysplasia(20) behaved as if they had HRA. To assess the
potential impact of comorbidities, we evaluated scenarios with increased other-cause
mortality risk for LRA patients by 11% and for HRA by 43%, as observed in the Polish
screening program (personal communication, Michal Kaminski), and age-dependent quality
of life of 0.72-0.82 using averages from Hanmer et al.(57) Additional scenarios included
routine screening prior to the baseline colonoscopy; screening ending at age 80 instead of 75
years; surveillance up to age 100 instead of 80 years; colonoscopy sensitivities varying from
0.10 lower than the base-case assumptions to 0.98 for all lesions;(58) +/-50% higher cost of
colonoscopy or CRC treatment; and, +/-25% higher utility losses for colonoscopy or
treatment.

Role of the funding source

The funding source had no role in the design, conduct, analysis, or reporting of this study.

RESULTS

Patients following LRA Removal

For 50-year-old patients with LRA removed at screening colonoscopy without surveillance
or further screening, the model predicted that the cumulative number of CRC cases
increased non-linearly from 7 per 1,000 patients after 10 years, to 72 after 30 years, and to
109 with lifetime follow-up (Figure 2, Supplementary Table 5). The benefits of return to
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screening or surveillance were modest after 10 years but increased with longer follow-up
(Supplementary Table 5). Return to colonoscopy screening reduced lifetime CRC risk by
39%, while low-intensity surveillance decreased risk lifetime risk by 46% and high-intensity
surveillance decreased risk by 55%, with similar proportionate reductions in CRC mortality
(Table 2). These risk reductions yielded progressively higher gains in QALY per 1,000
patients compared with no screening or surveillance: 114 with return to screening, 121 with
low-intensity surveillance, and 144 with high-intensity surveillance (Table 2).

High-intensity vs. low-intensity surveillance vs. return to screening (Table 2) increased
colonoscopy usage but also lowered CRC care costs (Table 2). Because the lower CRC care
costs with return to screening vs. no screening or surveillance more than offset the higher
colonoscopy costs, return to screening became the reference strategy for 50-year-olds. The
cost-effectiveness ratios of $4,000/QALY gained for low-intensity surveillance vs. resumed
screening and of $18,400/QALY gained for high-intensity vs. low-intensity surveillance fell
well below the cost-effectiveness threshold (Table 2).

In patients with LRA identified and removed through FIT screening, the lifetime CRC
incidence and mortality risks were higher than when identified through screening
colonoscopy, and surveillance yielded greater incremental benefits over return to FIT
screening (Table 2). Thus, the cost-effectiveness of high-intensity vs. low-intensity
surveillance was more favorable at $11,100 than in colonoscopy-identified patients, and low-
intensity surveillance was cost-saving (more effective and less costly) than resuming FIT
screening.

For older patients with LRA removed at ages 60 or 70 vs. 50 years, the lifetime CRC
incidence and mortality risks were lower as was the benefit of return to screening or
surveillance (Supplementary Tables 6, 8-9). Nevertheless, the associated gains in QALY for
high-intensity vs. low-intensity surveillance had an incremental cost-effectiveness <$30,000/
QALY gained (see Supplementary Tables 7, 10).

Patients following HRA Removal

For 50-year-old patients with HRA removed at screening colonoscopy, the lifetime CRC risk
was 172 per 1,000, 1.6 times higher than the risk in LRA patients (Table 2). Surveillance
benefit in these patients was also modest after 10 years of follow-up (Supplementary Table
5), but return to colonoscopy screening, low-intensity surveillance, and high-intensity
surveillance yielded progressively larger reductions in lifetime CRC incidence and mortality,
with relative benefits comparable to those in LRA patients (Table 2). Despite more frequent
surveillance colonoscopy in patients with HRA (Table 2), the incremental cost-effectiveness
of high-intensity vs. low-intensity surveillance was $8,400/QALY gained (Table 2).

The overall risk and benefit of surveillance in patients with HRA identified and removed
through FIT screening, vs. colonoscopy screening, were similar (Table 2). However, the
relative benefit of return to screening was smaller, so low-intensity surveillance was cost-
saving vs. return to screening. The incremental cost-effectiveness for high- vs. low-intensity
surveillance was $8,400.
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As expected, the clinical and economic outcomes benefit of return to screening and
surveillance were lower for patients identified with HRA at ages 60 or 70 vs. 50 years
(Supplementary Tables 5, 8). Nonetheless, the cost-effectiveness of high-intensity vs. low-
intensity surveillance fell below $20,000/QALY gained (see Supplementary Tables 7, 10).

Sensitivity analyses

In sensitivity analyses, all evaluated scenarios for patients aged 50 years resulted in
incremental cost-effectiveness ratios below $50,000/QALY gained for high- vs. low-
intensity surveillance vs. routine screening (Figure 2). The scenario with three-fold
increased recurrence and risk of advanced adenoma resulted in high-intensity vs. low-
intensity surveillance being cost-saving. With increased adenoma recurrence but no change
in CRC risk, cost-effectiveness ratios were higher but exceeded the cost-effectiveness
threshold only for high-intensity surveillance in LRA patients detected through screening
colonoscopy at age 70 years ($103,900/QALY gained; Supplementary Figure 11, 13).
Scenarios with cost-effectiveness ratios exceeding $50,000/QALY gained included 50%
increased colonoscopy cost ($63,000/QALY gained), surveillance up to age 100 instead of
80 ($74,200/QALY gained), and near-perfect colonoscopy quality ($455,600/QALY gained).
Alternative assumptions regarding adenoma histology, other-cause mortality, quality of life,
screening utilization, treatment costs, and disutilities for colonoscopy and treatment had
more subtle effects irrespective of age.

DISCUSSION

Our model, which was validated against published surveillance outcome data, found that
high-intensity surveillance in patients with colorectal adenomas removed at screening (after
3 years for HRA and 5 years for LRA) provided moderate additional lifetime clinical
benefits compared to low-intensity surveillance (after 5 years for HRA and 10 years for
LRA) at an acceptable incremental cost-effectiveness ratio for a wide variety of scenarios,
settings, and patients. These findings support current U.S. guidelines that recommend
surveillance colonoscopy in 3 years for patients with HRA, and suggest that a 5-year
surveillance interval may be reasonable in patients with LRA.(10)

In contrast to our model’s results, previous modeling studies suggested that surveillance may
not be cost-effective in LRA patients.(13, 59) A recent study primarily informed by Dutch
data suggested that surveillance may not be cost-effective vs. continued FIT screening at the
Dutch willingness-to-pay threshold of €36,602/life-year gained based on the Dutch gross
domestic product per capita.(59) Potential explanations for the difference between model
results include lower Dutch vs. U.S. CRC treatment costs(60), lower Dutch willingness-to-
pay thresholds, and our model’s higher predicted lifetime CRC risk for adenoma patients
based on our extensive calibration and validation.

Ideally, the predicted effectiveness of surveillance regimens would be validated against data
from randomized clinical trials, but no such data currently exist. Our model’s colonoscopy
performance assumptions were informed directly by data,(44) and its predictions for
colonoscopy’s effect are reasonable compared to observational data (Supplementary Figures
3-5).(14) The model’s predicted adenoma recurrence rates are consistent with various
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prospective studies cited in U.S. guidelines (Supplementary Figure 6),(10, 61) and may even
underestimate recurrence of advanced adenomas in HRA patients. Similarly, comparisons of
CRC incidence and mortality predictions to observational data from settings with limited
surveillance suggest we may underestimate intermediate-term adenoma recurrence and/or
risk (Supplementary Figure 7-8).(16, 54) The model’s intermediate-term predictions are
consistent with the following: 1) 10-year CRC risk among PLCO participants with
nonadvanced adenoma,(18) 2) 10-year observed CRC incidence from a British study
comparing HRA patients receiving one or multiple surveillance examinations
(Supplementary Figure 7), (54) 3) high observed standardized incidence rates from Northern
Ireland,(62) and 4) observed 20-year CRC mortality from NPS (Supplementary Figure 9).
(17)

Intuitively, the model’s possible underestimates of adenoma recurrence and CRC risk would
bias our results against high-intensity surveillance. Indeed, in sensitivity analyses, when
increasing adenoma recurrence and CRC risk to levels more similar to those in Laberg et al,
(16) high-intensity surveillance was cost-saving (Figure 2); when only increasing adenoma
recurrence, the cost-effectiveness of high-intensity screening exceeded $100,000/QALY
gained only for 70-year-olds with LRA. Some of the discrepancies between the base-case
model and external validation studies may be due to selection of patients with excess risk of
comorbidities and other-cause death,(16, 54) symptom-based rather than screen-based
detection,(16) and initial use of flexible sigmoidoscopy for colon examination.(16)
Therefore, we feel our base-case model provides a reasonably representative model of post-
polypectomy CRC risk overall.

This study has limitations. Despite extensive model validation, there remains uncertainty
regarding CRC development over time across individuals. The model suggests that low-
intensity surveillance provides similar benefits to high-intensity surveillance for CRC
incidence reduction in the intermediate-term,(19) but that high-intensity surveillance accrues
greater benefits over longer periods of time. Because no studies with follow-up longer than
20 years are available, it remains uncertain whether patients, after adenoma removal, follow
a lower-risk trajectory that extends the approximately linear intermediate-term cumulative
incidence pattern observed in some studies (16,18) or MISCAN-Colon’s predicted rise in
long-term risk.

Our model does not distinguish adenoma histology or consider sessile serrated polyps
separately. For adenomas, observational studies suggest that large size or having three or
more adenomas are the main independent determinants of advanced adenoma recurrence.(7)
Presence of villous histology and high-grade dysplasia are strongly correlated with large
size, with occurrence in <3% of small adenomas.(20) In our sensitivity analysis, considering
these lesions to have the risk of HRAs, as opposed to LRAS as in our base case, had limited
impact on model conclusions. Regarding serrated polyps, uncertainties persist as to their
prevalence when corrected for detection bias and screening contamination and to their CRC
risk.(63) As an extreme hypothetical example, if 30% of observed CRCs are attributable to
serrated polyps,(63) then our model overestimates the CRC risk attributed to adenomas by
43% (100%/70%=1.43, because our model does not consider serrated polyps). Even if the
model overestimated the benefits and reduced CRC costs of surveillance by 43%, the
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incremental cost-effectiveness ratio for high-intensity surveillance in 50-year-old LRA
patients would not exceed $50,000. However, if surveillance also reduces CRC risk in
patients with serrated polyps, the model would suggest timely surveillance may provide
additional benefit for patients with synchronous serrated polyps.(58, 64)

In the absence of randomized trials, we believe that our model results have important clinical
implications for the appropriate intensity of surveillance. Most notably, our model
counterbalances previous modeling studies advocating against any surveillance in LRA
patients.(13, 59) The base-case and sensitivity analyses suggest that high-intensity
surveillance is reasonable, except after high-quality baseline colonoscopies in older LRA
patients that clear nearly all polyps (Supplementary Figure 11). Although high-intensity
surveillance yielded incremental clinical benefits at acceptable additional costs, these
incremental gains were smaller than the incremental gains of return to routine screening vs.
no further surveillance or screening, and high-intensity surveillance required substantially
more colonoscopies than low-intensity surveillance or return to screening. Colonoscopy
carries a relatively low but non-negligible risk of serious complications,(65) and the
procedure and preparation may be unpleasant. Thus, for patients with a strong aversion to
colonoscopy, or in settings with limited colonoscopy resources, less intensive or intrusive
strategies may be acceptable in trade-off against lifetime CRC risk.

In conclusion, this modeling study suggests that high-intensity surveillance after adenoma
removal achieves modest incremental clinical benefits at acceptable cost compared to low-
intensity surveillance or return to routine screening. Our results support the current U.S.
recommendations for 3-year surveillance after HRA removal, and suggest that 5-year
surveillance after LRA removal is reasonable. Less intensive strategies could be preferred in
different healthcare settings, depending on acceptable cost levels, available medical
resources, and patient preferences. Evidence from planned prospective trials will be
important to validate our model’s intermediate-term effectiveness predictions, but follow-up
longer than 20 years may be required to adequately assess the impact of high-intensity vs.
low-intensity surveillance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Lifetime colorectal cancer incidence in 50-year-olds with adenomas detected at screening

colonoscopy or FIT * t

Abbreviations: COL = colonoscopy; Cont = continued; CRC = colorectal cancer; FIT = fecal
immunochemical test; HI = High-intensity; HRA = high-risk adenoma; LI = Low-intensity;
LRA = low-risk adenoma; Re = return; SCR = screening; SURV = surveillance.

* Low-risk adenomas were defined as 1-2 tubular adenoma <10 mm in diameter; high-risk
adenomas were defined as =3 tubular adenoma <10mm in diameter, and/or =1 advanced
adenoma (tubular adenoma =10 mm in diameter, tubulovillous adenoma, or adenoma with
high-grade dysplasia). In the model histology was not described, and an advanced adenoma
was considered a large adenoma.

T There were four scenarios evaluated: No surveillance/No return to routine screening
consisted of a baseline examination only; Return to routine screening consisted of continued
colonoscopy screening after 10 years through age 70 years for colonoscopy-detected
patients, and return to FIT screening through age 75 years for FIT-detected patients; Low-
intensity surveillance consisted of a colonoscopy after 5 years in case of HRA detection, and
colonoscopy after 10 years after detection of LRA, and 10 years or return to screening in
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case of no detected adenoma (Supplementary Table 1), with a stopping age of 80 years;
High-intensity surveillance consisted of a colonoscopy after 3 years in case of an HRA,
colonoscopy after 5 years in case of an LRA, and colonoscopy after 10 years in case of no
detected adenoma in surveillance (Supplementary Table 1), with a similar stopping age of 80
years. The numbers associated with each of the scenarios are provided in Supplementary
Tables 5 and 8.
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Figure 2.

Sensitivity analysis of incremental cost-effectiveness ratios for surveillance in 50-year-old
patients with adenoma detected at screening colonoscopy or FIT *

Abbreviations: HI = high-intensity; HRA = high-risk adenoma (=3 small adenomas or =1
large); LI = low-intensity; LRA = low-risk adenoma (1-2 small adenomas); QALY =
quality-adjusted life year; Re = return; SCR = screening; SURV = surveillance.

* Incremental cost-effectiveness for low-intensity surveillance scenarios was relative to the
scenario of return to routine screening in 10 years; incremental cost-effectiveness for high-
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intensity surveillance was relative to low-intensity surveillance. Grey vertical lines represent
the base-case ratios. Results for persons with adenomas detected by baseline screening at
older ages are in Supplementary Figure 11, 13.

t The recurrence of advanced adenoma at surveillance and the associated CRC risk were
increased approximately three-fold to better match some of the observed data
(Supplementary Figure 6, Panel d; Supplementary Figure 8). The increase was accomplished
by decreasing the assumed average time it takes for a new adenoma to become large and
develop into cancer.

¥ The recurrence of advanced adenoma was increased three-fold to better match observed
data (Supplementary Figure 6, Panel d), but CRC risk was kept consistent with the
Surveillance Epidemiology and End Results program data used for model calibration. This
was accomplished by decreasing the assumed time for a new polyp to become large, but
increasing the subsequent time to cancer.

8 Results for LRA patients were corrected for misclassification of small adenoma with
advanced histological features (villous histology or high-grade dysplasia) under the
assumption that these lesions behave similar to HRA.

Il The quality of life for the population was decreased with age to reflect overall deteriorating
health with age.(57)
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