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Long-term effects of colonoscopy screening on colorectal
cancer incidence and mortality: a multicountry, population-
based randomised controlled trial

Michal F Kaminski, Mette Kalager, Magnus Leberg, Louise Emilsson, Anna Macios, Faye Samy, Joy Shi, Shona Fielding, Miguel A Herndn,
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Summary
Background We previously reported the 10-year effects of colonoscopy screening on colorectal cancer incidence and
mortality. Here, we report the effects after 13 years of follow-up.

Methods In this multicountry, population-based randomised controlled trial, 84583 men and women aged
55-64 years at enrolment from Norway, Poland, and Sweden were randomly allocated (1:2) to colonoscopy screening
or no screening and analysed. The primary outcomes were colorectal cancer incidence and mortality after 10-15 years
of follow-up in intention-to-screen analyses, with first analysis after 10 years, and repeated every other year or at
longer intervals. This trial is registered with ClinicalTrials.gov, NCT00883792, and is ongoing.

Findings At 13 years of follow-up, colorectal cancer incidence was 375 colorectal cancers (1-46%) of 28 217 individuals
in the screening group and 912 colorectal cancers (1-80%) of 56 366 individuals in the no-screening group. The risk
ratio (RR) was 0-81 (95% CI 0-71-0-90) in intention-to-screen analyses and 0-55 (0-33-0-81) in per-protocol
analyses. The risk for proximal colorectal cancer was 129 (0-51%) in the screening group versus 283 (0-56%) in the
no-screening group (RR 0-91 [0-71-1-09]), and the risk for distal colorectal cancer was 224 (0-87%) in the screening
group versus 563 (1-11%) in the no-screening group (RR 0-79 [0-65-0-89]; interaction p<0-0001). In men, the
colorectal cancer risk was 214 (1-69%) of 14154 in the screening group and 541 (2-19%) of 28 247 in the no-screening
group (RR 0-77 [0-64 to —0-88]); in women, the risk was 161 (1-24%) of 14063 in the screening group
versus 371 (1-43%) of 28119 in the no-screening group (RR 0-87 [0-70 to 1-02]; interaction p<0-0001). Colorectal
cancer mortality was 106 (0-41%) of 28 217 in the screening group and 236 (0-47%) of 56366 in the no-screening
group (intention-to-screen RR 0-88 [0-68-1-08], per-protocol RR 0-70 [0-26-1-25]). The observed colorectal cancer
mortality in the non-screening group (0-47%) was substantially lower than expected at the time of designing the trial
(0-82%).

Interpretation One colonoscopy significantly reduced colorectal cancer incidence but not mortality over 13 years.
Colorectal cancer mortality was lower in both study groups than when the trial was designed.

Funding The Norwegian Research Council, the Nordic Cancer Union, the Norwegian Cancer Society, and the Health
Fund of South-East Norway.

Copyright © 2026 Elsevier Ltd. All rights reserved, including those for text and data mining, Al training, and similar
technologies.

Introduction

With almost 2 million new cases every year, colorectal
cancer is the third most common cancer worldwide.! To
decrease the burden of colorectal cancer, many countries
have introduced screening programmes for the general
population.” A variety of screening tests for colorectal
cancer are available, with colonoscopy being the most
frequently used in the USA and in some countries in
Europe.’ Colonoscopy screening was, however, introduced
without high-quality evidence from randomised trials,
when observational studies and disease modelling
indicated that colonoscopy might reduce colorectal cancer
incidence and mortality by at least 50% and extend the
length of life.**
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In 2022, we reported 10-year results from NordICC, a
randomised trial on colonoscopy screening.’ In intention-
to-screen analyses, the risk of colorectal cancer at 10 years
was 0-98% in the colonoscopy screening group and
1-20% in the no-screening group, a risk reduction
of 18%. Colorectal cancer mortality was, however, not
significantly reduced in the colonoscopy screening
group. Adjusted per-protocol analyses suggested a
reduction in colorectal cancer incidence of 30%, and
of up to 50% for colorectal cancer mortality.® A
2025 randomised trial in Spain reported that colonoscopy
screening yields similar benefits on colorectal cancer
incidence and mortality as screening with faecal
immunochemical testing, but that trial had no
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Research in context

Evidence before this study

We searched PubMed from database inception to Dec 31, 2025,
for randomised controlled trials published in English that
assessed the effect of colonoscopy for screening of colorectal
cancer in individuals with average risk (ie, people aged =50 years
without personal history of colorectal cancer or hereditary
colorectal cancer syndrome) on colorectal cancer incidence or
mortality. We used the following search terms: (“colorectal
cancer” OR “colon cancer”) AND (“colonoscopy”) AND
(“screening”) AND (“mortality” OR “incidence”). Two randomised
trials were identified: the SCREESCO trial in Sweden, which
compares colonoscopy, faecal immunochemical testing, and no
intervention; and our own trial (the NordICC trial). The
SCREESCO trial has not reported results on colorectal cancer
mortality or incidence yet. Our own trial reported results after
10 years of follow-up in 2022, which showed a risk of colorectal
cancer at 10 years of 0-98% in the screening group and 1.20% in
the no-screening group (risk ratio [RR] 0-82 [95% Cl 0-70-0-93])
in intention-to-screen analyses. Colorectal cancer mortality was
0-28% in the screening group and 0-31% in the no-screening
group (RR 0-90 [0-64-1-16]). The risk of death from any cause
was 11-03% in the screening group and 11-04% in the no-
screening group (RR 0-99 [0-96-1-04]). Some screening experts
have questioned whether 10 years of follow-up was too short to
observe the full benefit of colonoscopy screening. After 10-year

comparison group of individuals who were not offered
screening.’

It has been claimed that 10 years of follow-up is too
short to fully ascertain screening benefits.® In this study,
we report the effects of colonoscopy screening after
3 years of further follow-up in intention-to-screen and
per-protocol analyses.” The current analysis is a priori as
defined in the protocol (appendix pp 31-54). Due to
substantially more colorectal cancer cases and deaths
during this additional follow-up, we now also provide
estimates for men and women, proximal and distal
colorectal cancers, and people aged 60 years and younger
versus older than 60 years.

Methods

Study design and participants

The design of the NordICC trial has been described in
detail elsewhere.*® Briefly, NordICC is a population-
based, randomised trial comparing colonoscopy
screening with no screening. Eligible individuals were
men and women aged 55-64 years living in Norway,
Poland, Sweden, and the Netherlands. Individuals were
drawn directly from the population registries and
randomly allocated (1:2) to either invitation for
colonoscopy screening (screening group) or no invitation
(no-screening group). Screening was done between
June 8, 2009, and June 23, 2014.° Sex of trial participants
was determined by the national identifier, which includes

follow-up, the analyses did not have enough statistical power to
analyse important, predefined subgroups, such as women and
men.

Added value of this study

We report results with longer follow-up after colonoscopy
screening. Due to more colorectal cancer cases and deaths,

the present report can also provide estimates for men versus
women, proximal versus distal colorectal cancers, and people
younger than 60 years versus 60 years and older. Finally, the
report uses methodologically improved per-protocol analyses
to estimate screening benefits for individuals who were actually
screened, which are important for personal shared decision
making.

Implications of all the available evidence

According to these new results, a single colonoscopy reduces
colorectal cancer risk by 0-3% to 0-8% over 13 years. The study
reveals that the risk of colorectal cancer death is significantly
lower than was expected when the trial started even without
screening, and that screening does not provide additional
reduction of an already low risk for colorectal cancer mortality
with longer follow-up than 10 years. These data might help to
guide policies at the population level, where screening benefits
must be weighed against other expenditures that promote
public health.

information on the sex of each individual in the
population registries. In accordance with data protection
laws in the participating countries, we did not receive
information about race or ethnicity from the national
registries, and we did not request this information from
participants who underwent screening. Public statistics
from the participating countries do not routinely report
race or ethnicity but provide country of birth. According
to these statistics, more than 90% of individuals in the
trial recruitment areas were born in the country where
they live.

As before, this analysis is based on follow-up of all
84583 individuals in Norway, Poland, and Sweden
(89-1% of all individuals originally included in the trial;
appendix p 18). Data from the Netherlands were not
included due to continued restrictions in availability of
trial endpoints.

The study was approved by the ethical committees at all
participating  centres  (Norway: Regional Ethics
Committee of South-East Norway [2010/2187]; Poland:
Maria Skitodowska Curie Memorial Cancer Center and
Institute of Oncology and Medical Center for
Postgraduate Education, Warsaw, Poland [30/2007];
Sweden: Swedish National Ethics Council [2007/363];
and the Netherlands: Dutch National Health Council
[2009/03WBO]).” The study was funded by research
grants in the participating countries. All authors vouch
for the accuracy of the data and fidelity of the trial to the
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protocol. This trial is registered with ClinicalTrials.gov,
NCT00883792, and is ongoing.

Procedures

Individuals were randomly allocated to either invitation
to one screening colonoscopy (screening group) or to no
invitation to any screening (no-screening group).”
Individuals randomly allocated to the screening group
received a letter of invitation to screening colonoscopy.
All individuals receiving the screening provided written
informed consent before the colonoscopy. Individuals
randomly allocated to the no-screening group did not
receive any intervention and were not contacted at study
enrolment. Requirement of consent was waived for
individuals randomly allocated to the no-screening group
by the ethical committees at all participating centres.”

A colonoscopy quality and training programme was
implemented for the trial.® All lesions detected during
colonoscopy were removed if feasible, and all tumours
were biopsied. Dedicated histopathologists assessed all
polyps and cancers according to WHO classification."
Participants were referred for polyp surveillance after
screening following national guidelines.®

Poland had an opportunistic colorectal cancer
screening programme in some geographical areas at trial
start, but not in the area of the trial. In the other countries,
no organised colorectal cancer screening of any kind was
available at trial start. Colorectal cancer screening
programmes using faecal immunochemical testing were
gradually introduced in the participating countries
region by region during follow-up. Such staggered
geographical implementation of cancer screening
programmes is common in Scandinavia.” To protect the
integrity of the trial, the geographical areas in which the
NordICC trial was held were not the first to start the new
screening programmes and, thus, NordICC trial
participants had become too old to be eligible for the
screening programmes when these programmes were
introduced in their geographical area. Colonoscopy
screening was not available publicly or privately outside
the trial.*° Thus, no individuals enrolled in the trial were
eligible for any colorectal cancer screening programmes
outside the trial during screening or follow-up.

Outcomes
The primary outcomes were colorectal cancer incidence
and mortality after 10-15 years of follow-up in intention-
to-screen analyses, with first analysis after 10 years, and
repeated every other year or at longer intervals (appendix
pp 31-54). Secondary outcomes were colorectal cancer
incidence and mortality in per-protocol analyses, all-cause
mortality, subgroup analyses by age and gender, and
analyses for distal and proximal colorectal cancer.
Colorectal cancer diagnosis was defined according to
ICD-10 as cancer in the colon or rectum by topography
codes C18 to C20, combined with ICD-O3 morphology
codes for adenocarcinoma. Colorectal cancer stage was
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classified as early stage (Dukes A or B), late stage
(Dukes C or D), or unknown. Tumours with
histopathology other than adenocarcinoma were not
counted as events. Proximal colorectal cancer was
defined as cancers proximal for the descending colon,
and distal colorectal cancer as cancers in the descending
colon, sigmoid colon, or rectum. Colorectal cancer
mortality was defined as colorectal cancer as cause of
death registered in the cause-of-death registries in the
participating countries, and a diagnosis of colorectal
cancer in the national cancer registries. We followed all
randomly allocated individuals by linkage to national
cancer and cause-of-death registries, as previously
described.® The sample size calculation was based on
intention-to-screen analyses and has been described in
detail elsewhere.”

Statistical analysis

Follow-up was from randomisation until date of
emigration, colorectal cancer diagnosis for colorectal
cancer incidence or colorectal cancer death for colorectal
cancer mortality, or death or end of follow-up after
13 years, whichever came first.

To estimate the intention-to-screen effect, we calculated
cumulative incidence as the 13-year risk of colorectal
cancer in the screening and no-screening groups using
Kaplan—Meier estimators, and colorectal cancer mortality
equivalently; we compared risks using risk ratios (RRs)
and risk differences, and annual colorectal cancer
incidence and mortality RRs. We did analyses with and
without censoring of competing events (death from
causes other than colorectal cancer). As in our previous
report,® the results were similar between these analyses
(appendix p 4), and thus we focused on analyses that
treated non-colorectal cancer deaths as censoring events.
95% Cls were calculated via bootstrapping. We calculated
the number needed to invite to screening to prevent
one colorectal cancer as the reciprocal of the 13-year risk
difference of colorectal cancer incidence.

To estimate the per-protocol effect, defined as the effect
of screening if all individuals randomly allocated to
the screening group had been screened, we used an
instrumental variable approach, which does not require
measurement of all confounders to provide valid
results.” We present estimates of per-protocol effects
based on instrumental variable analyses under additive
homogeneity—that is, factors that modify the effect of
screening on the outcome (when estimating risk
differences) do not also modify the effect of receiving an
invitation on undergoing screening. The appendix
(pp 7-10) also provides estimates using alternative
assumptions: multiplicative homogeneity (analogous to
additive homogeneity, but for RRs rather than risk
differences) and monotonicity (ie, that there are no
individuals who would undergo screening if not invited
but would choose not to undergo screening if invited).
Under a homogeneity assumption (additive or
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multiplicative), the per-protocol estimate was interpreted
as the effect in the entire trial population, whereas under
monotonicity, the estimate was interpreted as the causal
effect among those who were screened.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, writing
of the report, or the decision to submit for publication.

Results

Our analyses were based on 84583 individuals from
Norway, Poland and Sweden, of whom 28217 were
randomly allocated to screening and 56366 to no
screening. Participant characteristics of age, sex, and
participation with screening colonoscopy in the
three countries are provided in table 1. Overall,
11841 (42-0%) of 28 217 participants invited to screening
attended, varying from 6002 (33-0%) of 18183 in Poland
to 485 (39-8%) of 1219 in Sweden and 5354 (60-7%) of
8815 in Norway.” The median follow-up for this report
was 130 years in both study groups (IQR 12-9-13-0,

maximum 13-0). Data on adverse events and
Poland Norway Sweden
(n=54527) (n=26413) (n=3643)
Group
Attender 6002 (11-0%) 5354 (203%)  485(13:3%)
Non-attender 12181 (22:3%) 3461 (13-1%) 734 (20-1%)
Control 36344 (667%) 17598 (66-6%) 2424 (66-5%)
Sex
Female 27329 (501%) 13194 (50-0%) 1659 (45:5%)
Male 27198 (49-9%) 13219 (50-0%) 1984 (54-5%)
Age at enrolment
<60 years 28791 (52-8%) 12524 (47-4%) 1782 (48-9%)
260 years 25736 (472%) 13889 (52:6%) 1861 (511%)
Data are n (%). Discrepancies in numbers of analysed individuals between this
analysis and the previously published 10-year follow-up study can be found in the
appendix (p 28).
Table 1: Characteristics of trial participants

complications of the trial interventions have been
reported previously.”

3 years of additional follow-up (from 10 years to
13 years) increased the number of colorectal cancer cases
from 259 to 375 (by 45%) in the screening group and
from 622 to 912 (by 47%) in the control group (table 2).
Death from colorectal cancer increased from 72 to 106
(by 47%) cases in the screening group, and from 157 to 236
(by 50%) cases in the no-screening group (table 2).

The 13-year risk of colorectal cancer was 375 (1-46%) of
28217 in the screening group and 912 (1-80%) of 56 366 in
the no-screening group in intention-to-screen analyses
(RR 0-81 [95% CI 0-71-0-90]; figure 1A, table 2).
Figure 1A shows colorectal cancer incidence by group
and figure 2 provides annual colorectal cancer incidence
rate ratios. The number needed to invite for screening to
prevent one colorectal cancer within 13 years was 294
(95% CI 185-588). In per-protocol analyses, colorectal
cancer incidence was 1-00% in the screening group and
1-80% in the no-screening group (RR 0-55 [0-33-0-81];
table 2, figure 1B). Colorectal cancer incidence in
screening participants and non-participants in the
screening group compared with the no-screening group
is shown in the appendix (p 20).

The 13-year risk of colorectal cancer mortality was
106 (0-41%) of 28217 in individuals randomly allocated to
screening, and 236 (0-47%) of 56366 in those randomly
allocated to no screening (RR 0-88 [95% CI 0-68-1-08];
table 2, figure 1C). The appendix (p 19) shows yearly
colorectal cancer mortality rate ratios by group. In per-
protocol analyses, colorectal cancer mortality was 0-33% in
the screening group and 0-47% in the no-screening group
(RR 0-70 [0-26-1-25]; table 2 figure 1D). Colorectal cancer
mortality in screening participants and non-participants in
the screening group compared with the no-screening
group is shown in the appendix (p 21).

During 13 years of follow-up, 4506 (16 - 30%) individuals
died of any cause in the invitation-to-screening group,
compared with 9017 (16-34%) in the no-screening group
(RR1-00 [95% CI 0-97-1-03]; table 2).

In intention-to-screen analyses, the risk for proximal
colorectal cancer was 129 (0-51%) of 28 217 in the screening

Death from any cause 4506 16-30% (15-87-16-74) 9017
Per-protocol analysis
Colorectal cancer 1-00% (0-63-1-41)

Death from colorectal cancer 0-33% (0-13-0-55)

Screening group (n=28217) No-screening group (n=56366) Risk difference, % Risk ratio (95% Cl)
(95% CI)
Number  13-year risk, % (95% Cl) Number  13-year risk, % (95% Cl)
of events of events
Intention-to-screen analysis
Colorectal cancer 375 1.46% (1:32-1-62) 912 1-80% (1-69-1-92) -0-34% (-0-54t0-0-17)  0-81(0-71-0-90)
Death from colorectal cancer 106 0-41% (0-34-0-50) 236 0-47% (0-42-0-54) -0-06% (-0-16t0 0-04)  0-88 (0-68-1-08)

16:34% (16:03-16-65)  -0-04% (-0-56t00-51)  1.00 (0-97-1.03)
1-80% (1-69-1-91)

0-47% (0-42-0-53)

-0-80% (-1-24 t0-0-33)
-0-14% (~0-37 to 0-11)

055 (0-33-0-81)
070 (0-26-1:25)

Table 2: Primary and secondary endpoints in intention-to-screen and per-protocol analyses

www.thelancet.com Vol 407 May 9, 2026
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A Intention-to-screen analysis
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Figure 1: Cumulative
colorectal cancer incidence
and mortality at 13 years in
intention-to-screen and per-
protocol analyses

Colorectal cancer incidence in
intention-to-screen

analysis (A) and per-protocol
analysis (B). Colorectal cancer
death in intention-to-screen
analysis (C) and per-protocol
analysis (D). Risk curves based
on per-protocol estimations
were smoothed with restricted
cubic splines with knots at 0-5,
1,3, 7 and 11 years of
follow-up. RR=risk ratio.
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Figure 2: Yearly rate ratios for colorectal cancer incidence in the screening
group compared with the no-screening group, intention-to-screen analysis
Shading indicates 95% Cls. The dotted line indicates similar incidence rate ratio
in the two groups.

group and 283 (0-56%) of 56366 in the no-screening
group (RR 0-91[95% CI 0-71-1-09]), and the risk for distal
colorectal cancer was 224 (0-87%) in the screening group
and 563 (1-11%) in the no-screening group (RR 0-79
[0-65-0-89], interaction p<0-0001; figure 3A, B, appendix
pp 5-6).

In intention-to-screen analyses, the risk for death due
to proximal colorectal cancer was 33 (0-13%) of 28 217 in
the screening group and 67 (0-13%) of 56366 in the
no-screening group (RR 0-95[95% CI 0-56-1-35]), and
the risk for death due to distal colorectal cancer was
68 (0-27%) in the screening group and 154 (0-31%)
in the no-screening group (RR 0-87 [0-62-1-12];
appendix pp 5-6). Cumulative colorectal cancer
mortality according to cancer location is shown in the
appendix (p 22). Per-protocol estimates for proximal
versus distal colorectal cancer are provided in the
appendix (pp 7-10).

In men, the 13-year colorectal cancer risk was
214 (1-69%) of 14154 in the screening group and
541 (2-19%) of 28247 in the no-screening group in
intention-to-screen analyses (RR 0-77 [95% CI
0-64-0-88]), whereas the corresponding risks were 161
(1-24%) of 14063 versus 371 (1-43%) of 28119 in women
(RR0-87[0-70-1-02], interaction p<0-0001; figure 3C, D).
Cumulative colorectal cancer mortality according to sex
is provided in the appendix (p 23).

Participants aged 55-59 years at enrolment in the trial
had a 13-year colorectal cancer risk of 167 (1-26%) of
14367 in the screening group in intention-to-screen
analyses, compared with 362 (1-38%) of 28730 in the
no-screening group (RR 0-91 [95% CI 0-74-1-07]) The
corresponding rates were 208 (1-68%) of 13850 and
550 (2-25%) of 27636 in participants aged 60-64 years
at enrolment in intention-to-screen analyses (RR 0-75

[0-62-0-85]). The appendix shows cumulative colorectal
cancer incidence (p 24) and mortality (p 25) according to
age group, a forest plot of colorectal cancer incidence
in subgroups (p 27), and per-protocol estimates for
subgroup analyses (pp 7-10).

Colorectal cancer stages in screening and no-screening
groups based on Duke’s stage are provided in the
appendix (pp 7-10).

61 participants included in this report were diagnosed
with colorectal cancer at screening. Of these, 47 were
distal cancers and 12 had a proximal location (two had
an unclassified location). In screening participants,
65 colorectal cancers (27 distal and 32 proximal location,
and six unclassified location) were diagnosed after
screening over the course of the 13-year follow-up, for a
risk of cancer after colonoscopy in screening participants
of 65 (0-55%) of 11841.

Sensitivity analyses gave per-protocol estimates using
alternative assumptions (multiplicative homogeneity and
monotonicity; appendix p 11) and per-protocol estimates
with deaths from causes other than colorectal cancer not
treated as censoring events (appendix p 12). Country-
specific analyses for Poland and Norway for colorectal
cancer incidence and mortality in intention-to-screening
and per-protocol analyses are given in the appendix
(pp 16-17).

Discussion

After 13 years of follow-up, the relative colorectal cancer
incidence reduction was 19% (compared with 18% at
10 years) and the absolute risk reduction was
0-34 percentage points (compared with 0-20 at 10 years)
for screening versus no screening in intention-to-screen
analyses. The corresponding relative colorectal cancer
mortality reduction was 12% and the absolute risk
reduction 0-06 percentage points, but these estimates
were not statistically significant.

Due to the almost 50% greater number of events in
the extended follow-up, we could more precisely
establish colonoscopy benefits in the distal versus
proximal colon, for people younger than 60 years versus
60 years and older, and for men versus women. Our
data suggest that colonoscopy reduces colorectal cancer
incidence in the distal colon by 21% in intention-to-
screen analyses (appendix pp 5-6), whereas effect
estimates are smaller and imprecise in the proximal
colon. As expected, colorectal cancer risk was larger in
men than in women in both study groups. Colonoscopy
could be more effective in men than in women, but the
differences are not statistically significant (appendix
pp 5-6).

We did not observe a clinically relevant cancer stage
shift (detecting cancers earlier in the screening group)
between the screening and no-screening groups
(appendix p 11). This finding is not surprising because
stage shift of cancer due to screening applies only to
cancers detected at screening (or surveillance after
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Figure 3: Cumulative
colorectal cancer incidence at
13 years in intention-to-
screen analysis according to
cancer location and sex
Proximal colorectal cancer
incidence* (A), distal colorectal
cancer incidence* (B),
colorectal cancer incidence in
female participants (C), and
colorectal cancer incidence in
male participants (D).
*Proximal colorectal cancer:
location proximal for the
descending colon. Distal
colorectal cancer: location in
the descending colon, sigmoid
colon, or rectum.
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screening); at 13-year follow-up, screening-detected
colorectal cancer only amounted to 60 (16%) of
375 colorectal cancers in the screening group. Cancers
detected later were due to clinical symptoms, as there
was no colonoscopy screening outside of the trial and
screening was only offered once.

Our risk estimates were determined by the causal effect
of colonoscopy and the participation rates among
individuals invited to screening. Because overall
participation with screening was only 42%, the results
from our per-protocol analyses are important for clinical
decision making. Whereas previous per-protocol
estimates might have been less reliable due to restricted
access to data on risk factors that predict participation to
the intervention, the per-protocol effect estimates in this
report use instrumental variable methodology, which is
not dependent on the availability of such data.” Using
this approach and three different assumptions regarding
effect homogeneity and monotonicity, colonoscopy
screening reduced colorectal cancer incidence by
0-8 percentage points (from about 1-8 to 1-0, depending
on assumptions), a 45% relative risk reduction (table 2),
assuming that all people would participate in screening.
However, the per-protocol effect estimates of screening
benefit on colorectal cancer mortality are still imprecise.

Colonoscopy as applied in our trial and in most
colorectal cancer screening programmes around the
world is mainly a preventive screening test; its primary
target is to detect and remove benign polyps to prevent
them from growing into cancer. Thus, the primary
potential benefit of colonoscopy screening is reduction in
colorectal cancer incidence. Because only people who get
colorectal cancer can die from colorectal cancer,
colonoscopy will also reduce colorectal cancer mortality if
it reduces colorectal cancer incidence, provided that there
are no changes in colorectal cancer treatment that would
alter prognosis of individuals with colorectal cancer.
However, prognosis of colorectal cancer has improved
dramatically due to advances in chemotherapy, surgery,
and radiotherapy, and the advent of immune therapy.
Since we planned the trial almost 20 years ago, colorectal
cancer has evolved from a disease with high mortality to
a chronic disease that most individuals survive." The
observed colorectal cancer incidence in the non-screening
group (1-80%) is similar to the predicted rate when we
planned the trial (1-85%), whereas the observed colorectal
cancer mortality in the non-screening group (0-47%) is
half of what it was when we planned the trial (0-82%;
appendix pp 15, 26). This finding might also explain the
smaller absolute benefit for colorectal cancer mortality in
our trial than in the sigmoidoscopy trials that took
place about 10-15 years before our trial, when colorectal
cancer mortality was higher.*” Although a reduction in
colorectal cancer incidence without a subsequent decline
in colorectal cancer mortality seems Dbiologically
implausible, it is uncertain whether longer follow-up will
be able to document a statistically significant reduction

in colorectal cancer mortality and, given the very low
risk, it seems questionable whether such an effect would
be clinically relevant (appendix p 15).

Quality of colonoscopy performance is associated with
colorectal cancer risk after screening. The risk of
colorectal cancer for screening participants at this time
of follow-up is 65 (0-55%) cancers in 11841 participants.
This risk corresponds well with the risk in a recent
nationwide analysis of the Polish screening programme,
which reported a 10-year risk of cancer after colonoscopy
of 0-38% for all participants, and 0-32% in participants
screened by physicians with an adenoma detection rate
of 26% or above.” With 3 years longer follow-up in our
trial compared with the Polish report, and thus higher
risk, the present interval cancer estimates confirm a high
quality of colonoscopies performed in the NordICC trial.

Strengths of our trial are its randomised design and
large size, its population of screening-naive participants,
the minimal screening contamination of the control
group, and the complete, long-term follow-up of all
randomly allocated individuals. Limitations include the
participation rate of 42% (which was expected when
planning the trial) and the absence of individual data on
colonoscopies  after  screening. Differences in
ascertainment of colorectal cancer mortality between the
study groups are unlikely, firstly because the intervention
(invitation to colonoscopy) happened several years before
death for most participants (appendix p 21), and secondly
because we did not involve general practitioners (who
often fill in death certificates for their patients) in the
study procedures. Thus, general practitioners were not
involved in decision making about trial participation or
follow-up, which diminishes ascertainment bias for
cause of death. Finally, we cannot rule out that some
individuals in the control group have been screened for
colorectal cancer on their own initiative outside any
organised screening, although we believe this number to
be negligible, because we were able to track background
colonoscopy activity through national registries in
Norway and Poland (the two countries with the highest
contributions of participants in the trial) and did not
observe increased activity.”

Continued follow-up of the NordICC trial remains
important to document more definitively whether a
mortality reduction is achievable by colonoscopy
screening. Longer follow-up of our trial will also
investigate the duration of a preventive effect of
one colonoscopy on colorectal cancer incidence. This
follow-up is important to tailor screening programmes
regarding repetition of screening tests, a major driver
of costs and resources. A recent randomised trial in
Spain reported similar performance of biennial faecal
immunochemical testing and one colonoscopy in
intention-to-screen analyses.” However, participation
with screening was significantly lower in both screening
groups in the Spanish trial compared with our trial. Per-
protocol analyses in the Spanish trial indicated lower
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colorectal cancer incidence in those screened with
colonoscopy than those who underwent faecal testing,
but the analyses were not performed with causal
inference methodologies.

In summary, a single colonoscopy reduces colorectal
cancer risk by 0-3-0-8% during a follow-up of 13 years.
The risk of colorectal cancer death is very low even
without screening, and the hope of finding a screening
benefit on colorectal cancer mortality with longer
follow-up is so far not substantiated.® We encourage the
screening community to consider what is most important
for a preventive screening test such as colonoscopy.
Screening might be justified if it prevents people from
getting cancer even without reducing the risk of dying.
On the population level, screening benefits must be
weighed against other expenditures that promote public
health.
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