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Randomized trials, cohort and modeling studies have
consistently demonstrated a major impact of screening
endoscopies on reducing colorectal cancer (CRC) inci-
dence and mortality [1]. Over time, CRC mortality starts
to be lower in those who underwent screening compared
to those who did not due to earlier detection of prevalent,
preclinical (asymptomatic) cases and lowering incidence
through removing precancerous lesions. By contrast, mea-
sured incidence shows an initial apparent increase in the
screening group due to the detection of preclinical (i.e.,
already prevalent) cancer. Only after around 4-6 years of
follow-up, the measured cumulative incidence also starts
to be lower in the screening group due to later manifesta-
tion of the initially preclinical cases in the control group
and removal of precancerous lesions in the screening
group [2-6].

However, measured incidence rates do not reflect true
incidence rates as they are a mix of truly incident cases and
cases that are already prevalent in the preclinical stage at
baseline. As screening endoscopies cannot prevent preva-
lent CRC cases (but only remove precursor lesions at risk
of developing into CRC), the commonly measured and
reported effects on CRC incidence do not quantify the true
endoscopy impact on CRC incidence, i.e., the impact on
preventing newly developing CRC cases. In the present
study, we sought to quantify the true impact of screening
endoscopy on CRC incidence.

First, by re-calibrating the Colorectal Cancer Multistate
Simulation Model (COSIMO), a thoroughly validated mod-
eling approach, we replicated the Screening for COlon
REctum trial (SCORE), a large, randomized trial (n =
34,292) examining the effect of a single flexible sigmoi-
doscopy in reducing CRC incidence and mortality by
matching the numbers of simulated subjects and allocation

Abbreviations: COSIMO, Colorectal Cancer Multistate Simulation
Model; CRC, Colorectal cancer; IRR, Incidence rate ratio; NordICC,
Nordic-European Initiative on Colorectal Cancer trial; RCT,
Randomized controlled trial; SCORE, Screening for COlon REctum trial.

per group with reported baseline numbers by sex and age,
also taking into account colonoscopy referral and back-
ground endoscopy use [5]. Further details are provided in
the Supplementary Material and Methods. The primary
validation objective was the agreement between modeled
and in SCORE reported incidence rate ratios (in the fol-
lowing: incidence rate ratio [unadjusted], IRRyyagjusted)-
The results were considered consistent if modeled esti-
mates were within the 95% confidence intervals of the
corresponding outcomes reported for SCORE.

Then, to determine the impact of prevalent preclin-
ical CRCs on IRRypagjusteds We calculated the adjusted
IRR (incidence rate ratio (adjusted), IRRpgjusted, €xcluding
prevalent CRCs at baseline) for the screening versus con-
trol groups by omitting the sex- and age-specific number
of cases arising from prevalent preclinical CRC from the
model calculation of IRRs for each year of follow-up.

Incidence rates and IRRypagjustea predicted by COSIMO
followed analogous patterns as those reported for SCORE
(Figure 1A), i.e., in the first six years after randomiza-
tion, the cumulative incidence in the screening group was
higher than in the control group. All primary validation
targets were reached (Supplementary Figure S1).

Excluding prevalent preclinical CRC at baseline
markedly changed the numbers of detected CRC cases
and incidence rates. The relative share of prevalent
screen-detected cases among all detected cases was higher
in the screening group than in the control group but
exceeded 50% in the initial five years of follow-up in both
groups (Figure 1B). The share of prevalent cases from all
cumulatively reported cases diminished with increasing
length of follow-up, but even after 15 years of follow-up, it
was still as high as 22.5% and 17.5% in the screening and
control groups, respectively.

In the intention-to-screen analysis, unadjusted/adjusted
risk reductions after 8, 11 and 15 years of follow-up were
16%/31%, 20%/28%, and 21%/25%, respectively (Supplemen-
tary Table S1, Figure 1C). In per-protocol analyses, respec-
tive unadjusted/adjusted risk reductions were 28%/54%,
34%/49%, and 35%/44% (Figure 1D). Even though both
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FIGURE 1 Outcomes in the actual and simulated SCORE trial. (A) Cumulative CRC incidence over time in screening versus control
arms in the actual SCORE trial (‘SCORE-Published’), a reproduced SCORE trial by the simulation tool COSIMO (‘COSIMO-Unadjusted’), and
a reproduced SCORE trial by the simulation tool COSIMO additionally adjusted by excluding prevalent CRC at baseline in both arms
(‘COSIMO-Adjusted’); (B) Cumulative numbers of CRC over time in screening versus control arms in the reproduced SCORE trial by the
simulation tool COSIMO, broken down into truly incident cases (i.e., developed after baseline) and actually prevalent cases (i.e., preclinical
but asymptomatic CRC already present at baseline); (C) Risk ratios over time for the intention-to-screen analysis (CRC incidence rate for the
screening group (as invited) divided by the CRC incidence rate for the control group); (D) Risk ratios over time for the per-protocol analysis
(CRC incidence rate for the screening group (only including subjects who used actually used screening) divided by the CRC incidence rate for
the control group). Definitions: 1. Truly incident cases: New cases of CRC that developed during the study period, that is, did not exist before
the start of the study and emerged as new occurrences during the period of observation. 2. Actually prevalent cases: These refer to the CRC
cases that were already present but in a preclinical stage (asymptomatic) at the beginning of the study. They were not new occurrences during
the study period but were existing cases that were detected through screening procedures (and could thus not be prevented by screening).
Abbreviations: COSIMO, Cancer Multistate Simulation Model; CRC, Colorectal Cancer; SCORE, Screening for COlon REctum trial.

IRRynadjusted @nd IRRpgjusted Were lower than 1, indicat- have in common that the preventive effect of screening sig-
ing a protective effect of screening, after 5 or more years moidoscopy (by removal of precancerous lesions following
of follow-up, and the difference between IRRypjagjusted their endoscopic detection) mostly manifested after 4-6

and IRRpgjusieq diminished over time, adjusted inci-  years. Although the reason for this behavior (i.e., the
dence reduction was still underestimated by 16% and 20%  dominance of screen-detected prevalent cancers, which
in intention-to-screen and per-protocol analyses, respec- could not any longer be prevented in the first years of
tively, even after 15 years of follow-up. follow-up) has been previously noted [7, 8], to our knowl-

The effectiveness of screening sigmoidoscopy to reduce edge, no attempt has been made to quantify the impact
CRC risks has been studied in four randomized controlled of these prevalent cancers, and their relative contribution

trials (RCTs), with reported cumulative incidence reduc- to the overall reported incidence reduction remained
tions after median 14-17 years of follow-up ranging from  unclear.
18% to 26% in the intention-to-screen analysis and from This modeling study adds such quantification of the

33% to 35% in the per-protocol analysis [2-5]. All RCTs true impact of endoscopy on CRC incidence reduction
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to the literature. The findings indicate that the preven-
tive potential of screening endoscopy is likely much larger
than previously reported, most notably within the first 10
years after screening and still not fully discernable even
after 15 years of follow-up. Excluding prevalent cancers
had several implications. First, there was no characteris-
tic crossing of incidence curves after 4-6 years [2-5], and
the screening group was strongly favored from the begin-
ning. Second, while the IRRypagjusted tended to improve
in favor of screening with increasing duration of follow-
up, IRRpgjusea SUggested the strongest difference between
screening versus control early after screening. Still, strong
differences were seen with increasing follow-up duration.
Third, while IRRgjuseds Were consistently more favorable
towards screening than IRRypagjusted the magnitude of the
underestimation strongly depended on the time of follow-
up (e.g., in intention-to-screen analyses, the “adjusted”
incidence reduction by screening was 29 per cent points
higher after 5 years, but only 4 per cent points higher after
15 years (Supplementary Table S1), illustrating the dimin-
ishing impact of prevalent preclinical cases with increasing
follow-up durations.

Long-term outcomes from several RCTs on the effects
of screening colonoscopy are still pending. Initial results
from the Nordic-European Initiative on Colorectal Can-
cer trial (NordICC) were recently published [6]. However,
given that follow-up so far was limited to 10 years, results
are preliminary [9]. Our results suggest that the underes-
timation of true incidence reduction by the inclusion of a
high proportion of prevalent cases may be substantial. The
combined body of evidence from case-control, cohort and
simulation studies suggests that the preventive potential
of colonoscopy may even be larger than for sigmoidoscopy
[10].

In summary, in randomized trials, the true impact of
screening endoscopy on reducing CRC incidence is partly
masked by the inclusion of preclinical (i.e., prevalent
CRCs) at baseline. The relative share of such preva-
lent cases detected by screening from all detected cases
strongly depends on the length of follow-up and dimin-
ishes over time. Excluding prevalent cancers at baseline
in a replicated version of the randomized SCORE trial
suggests that the “true” incidence reduction by screen-
ing sigmoidoscopy is strongly underestimated in the first
10 years of follow-up and still underestimated by 16%-
20% even after 15 years compared to published estimates.
Thus, the preventive effect of screening endoscopy is likely
much stronger and manifests much earlier than previously
reported. Published findings of randomized screening tri-
als significantly underestimate the true preventive effects
of screening endoscopy.
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SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.
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