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BACKGROUND
Although colonoscopy is widely used as a screening test to detect colorectal cancer, 
its effect on the risks of colorectal cancer and related death is unclear.

METHODS
We performed a pragmatic, randomized trial involving presumptively healthy men 
and women 55 to 64 years of age drawn from population registries in Poland, 
Norway, Sweden, and the Netherlands between 2009 and 2014. The participants 
were randomly assigned in a 1:2 ratio either to receive an invitation to undergo a 
single screening colonoscopy (the invited group) or to receive no invitation or 
screening (the usual-care group). The primary end points were the risks of colorectal 
cancer and related death, and the secondary end point was death from any cause.

RESULTS
Follow-up data were available for 84,585 participants in Poland, Norway, and Swe-
den — 28,220 in the invited group, 11,843 of whom (42.0%) underwent screening, 
and 56,365 in the usual-care group. A total of 15 participants had major bleeding 
after polyp removal. No perforations or screening-related deaths occurred within 
30 days after colonoscopy. During a median follow-up of 10 years, 259 cases of 
colorectal cancer were diagnosed in the invited group as compared with 622 cases 
in the usual-care group. In intention-to-screen analyses, the risk of colorectal 
cancer at 10 years was 0.98% in the invited group and 1.20% in the usual-care 
group, a risk reduction of 18% (risk ratio, 0.82; 95% confidence interval [CI], 0.70 
to 0.93). The risk of death from colorectal cancer was 0.28% in the invited group 
and 0.31% in the usual-care group (risk ratio, 0.90; 95% CI, 0.64 to 1.16). The 
number needed to invite to undergo screening to prevent one case of colorectal 
cancer was 455 (95% CI, 270 to 1429). The risk of death from any cause was 
11.03% in the invited group and 11.04% in the usual-care group (risk ratio, 0.99; 
95% CI, 0.96 to 1.04).

CONCLUSIONS
In this randomized trial, the risk of colorectal cancer at 10 years was lower among 
participants who were invited to undergo screening colonoscopy than among 
those who were assigned to no screening. (Funded by the Research Council of 
Norway and others; NordICC ClinicalTrials.gov number, NCT00883792.)
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As the third most common type of 
cancer and the second leading cause of 
death from cancer worldwide, colorectal 

cancer is an attractive target for population 
screening.1 Multiple screening options are avail-
able, but high-quality evidence to indicate the 
best strategies is limited.2 The most commonly 
used screening tests are fecal testing for occult 
blood and endoscopic screening with sigmoidos-
copy or colonoscopy.3

In randomized trials, the relative risk of 
death from colorectal cancer was approximate-
ly 15% lower among persons who were as-
signed to undergo screening with guaiac fecal 
testing than among those who were assigned 
to no screening; however, screening with this 
test had little or no effect on the risk of colorec-
tal cancer.3 Because most colorectal cancers 
develop from benign polyps that can be de-
tected and removed during endoscopy, endo-
scopic screening may prevent colorectal cancer. 
In a pooled analysis of three randomized trials, 
the incidence of colorectal cancer was up to 
25% lower after 10 to 12 years of follow-up 
among persons who had been invited to un-
dergo sigmoidoscopy screening than among 
those who had not been invited.4

Colonoscopy is considered to be more effec-
tive than sigmoidoscopy because it can be used 
to examine the entire large bowel.3,5 Thus, 
sigmoidoscopy has largely been replaced by 
colonoscopy, which is the predominant screen-
ing test for colorectal cancer in the United 
States and is recommended to be performed 
every 10 years.5 In contrast, colonoscopy has 
not been adopted in many other parts of the 
world, partly because evidence from random-
ized trials regarding the benefits of this test is 
lacking.6

A balance among benefits, harms, and cost-
effectiveness of various colorectal cancer screen-
ing tests is important because colonoscopy is 
more invasive and burdensome for patients than 
fecal testing and sigmoidoscopy, and it requires 
more clinical resources. Here, we report the re-
sults of the Nordic-European Initiative on Colorec-
tal Cancer (NordICC), a large, multicenter, ran-
domized trial that investigated the effects of 
population-based colonoscopy screening on the 
risks of colorectal cancer and related death at 10 
years.

Me thods

Trial Design

The pragmatic NordICC trial was conducted in 
Poland, Norway, Sweden, and the Netherlands. 
The trial design and rationale have been de-
scribed in detail previously.7,8 Eligible partici-
pants were men and women 55 to 64 years of 
age who had not previously undergone screening 
and who lived in one of the four countries where 
the trial was conducted. Exclusion criteria were 
death or the diagnosis of colorectal cancer be-
fore trial entry, as assessed in national registries 
before randomization.7,8 Participants were iden-
tified directly from the population registries in 
the four countries and were randomly assigned 
in a 1:2 ratio to either invitation to undergo 
colonoscopy screening (the invited group) or to 
no invitation and no screening (the usual-care 
group). Independent organizations in each par-
ticipating country randomly assigned partici-
pants with the use of a computer-generated al-
location algorithm, stratified according to age, 
sex, and municipality.8 Screening was performed 
between June 8, 2009, and June 23, 2014, as re-
ported previously.8

At the beginning of the trial, Poland had an 
opportunistic screening program for colorectal 
cancer in some geographic areas but not in the 
area where the trial was conducted. In the other 
countries, no organized colorectal cancer screen-
ing of any kind was available at the beginning of 
the trial. During the last 4 years of trial follow-
up, colorectal cancer screening was gradually 
introduced according to region and age group in 
the participating countries.

The integrity of the trial was preserved 
through collaboration with the screening pro-
grams in two ways. First, screening programs 
were introduced earlier in geographic areas 
where the trial was not enrolling participants, 
and second, the trial participants were too old to 
be eligible for the new screening programs by 
the time the programs were introduced in the 
areas where our trial was being conducted. 
Thus, none of the participants who were en-
rolled in the trial were eligible for any colorectal 
cancer screening programs outside the trial dur-
ing screening or follow-up.8 Throughout the trial, 
we monitored opportunistic colonoscopy screen-
ing activity in the trial areas and did not identify 
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additional colonoscopy procedures beyond what 
would have been expected for clinical indica-
tions.9

This report is based on follow-up data from 
all 84,585 participants in Poland, Norway, and 
Sweden (89.1% of all 94,959 participants, in-
cluding those from the Netherlands, who were 
originally included in the trial)8 (Fig. S1 in the 
Supplementary Appendix, available with the 
full text of this article at NEJM.org). Of the re-
maining 10,374 participants, 594 had been 
excluded, and data from the remaining 9780 
participants, all from the Netherlands, could 
not be included because Statistics Netherlands 
could not provide follow-up data from the 
usual-care group owing to a new Dutch law 
based on the recently introduced European 
Union General Data Protection Regulation. To 
ensure timely reporting of prespecified end-
point analyses, we decided to submit this re-
port for publication without data from the 
Netherlands.

The trial was funded by research grants in 
the participating countries. The authors vouch 
for the accuracy and completeness of the data 
and for the fidelity of the trial to the protocol, 
available with the statistical analysis plan at 
NEJM.org.

Interventions

Participants were randomly assigned to either 
invitation to one-time screening colonoscopy or 
to no invitation to screening, as previously de-
scribed.7 All screening colonoscopies were per-
formed at dedicated centers.7,8 A quality-assur-
ance and training program was implemented for 
the trial.7 All lesions detected during colonos-
copy were removed if feasible, and all tumors 
were biopsied. Participants in whom cancer was 
detected on screening were referred from the 
trial centers to the public health service and 
treated in accordance with national policies. 
Dedicated histopathologists assessed all polyps 
and cancers according to the classification of 
the World Health Organization.10 Data from all 
screening examinations were registered in an 
online electronic case-report form and stored at 
a central database. Patients were referred for 
surveillance of polyps after screening in accor-
dance with national guidelines (see the Supple-
mentary Appendix).7

Trial End Points

The primary end points were the risks of colorec-
tal cancer and death from colorectal cancer after 
a median follow-up of 10 to 15 years (with the 
first analysis planned after 10 years).7 The sec-
ondary end point was death from any cause. A 
diagnosis of colorectal cancer was defined, ac-
cording to the International Statistical Classifi-
cation of Diseases and Related Health Problems, 
10th revision, as cancer in the colon or rectum 
(topography codes C18 to C20, combined with 
International Classification of Diseases for On-
cology morphology codes for adenocarcinoma) 
(see the Supplementary Appendix). The stage of 
colorectal cancer was classified as early-stage 
(Dukes’ stage A or B), late-stage (Dukes’ stage C 
or D), or unknown. Tumors with a histopatho-
logical diagnosis other than adenocarcinoma 
were not counted as events. Colorectal cancer–
related deaths were defined as those that were 
listed as such in the cause-of-death registries in 
the participating countries.

Follow-up

Almost complete long-term follow-up of all par-
ticipants who underwent randomization was 
made possible through the use of unique per-
sonal identification numbers, which were linked 
to cancer registries and cause-of-death regis-
tries, for all trial participants in each country.7 
All participants who underwent randomization 
were followed for all end-point events through 
these registries, regardless of whether they under-
went screening.

Ethics and Consent

This randomized trial followed a pragmatic de-
sign; the participants underwent randomization 
before they were asked whether they wanted to 
participate in the trial (in the invited group) or 
not asked to participate (the usual-care group).7,11 
All the participants who underwent colonoscopy 
screening provided written informed consent. 
With the exception of a subsample of 6900 par-
ticipants in Norway, the participants in the 
usual-care group were not informed about their 
enrollment in the trial at inclusion or during 
follow-up. During follow-up, the subsample of 
participants in Norway received a questionnaire 
related to lifestyle and general health.12 The trial 
was approved by the ethics committees at all 
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participating centers, the Swedish National Coun-
cil on Medical Ethics, and the Health Council of 
the Netherlands.7

Statistical Analysis

The sample-size calculation was based on inten-
tion-to-screen analyses and has been described 
in detail previously.7 We estimated that event 
rates based on colorectal cancer–related mortal-
ity after 15 years would provide enough power to 
also assess the risk of colorectal cancer.7 We 
assumed a 25% difference in colorectal cancer–
related mortality between the invited group and 
the usual-care group, a 50% participation rate, 
and 50% screening efficacy.7 With 80% power at 
a two-sided significance level of 5%, we calcu-
lated that at least 22,800 participants in the in-
vited group and 45,600 participants in the usual-
care group would be needed. In Poland, because 
of the availability of resources and lower-than-
anticipated participation in screening, we en-
rolled a higher number of participants than the 
number we had planned in order to maintain 
statistical power.

The primary analysis was conducted in ac-
cordance with the intention-to-screen principle. 
Follow-up time was measured from the date of 
randomization to the date of emigration, the 
diagnosis of colorectal cancer (for analyses of 
the risk of colorectal cancer), death from colorec-
tal cancer (for analyses of death from colorectal 
cancer), or death from causes other than colorec-
tal cancer or to the end of follow-up after 10 
years, whichever came first. We did not use Cox 
proportional-hazards models for analyses, as 
originally planned, because of the nonpropor-
tional hazards of the risk of colorectal cancer 
during follow-up.13,14 We used the Kaplan–Meier 
estimator to calculate the cumulative 10-year 
risks of colorectal cancer and colorectal cancer–
related death in the invited group and the usual-
care group, and we compared risks using risk 
ratios, risk differences, and annual incidence 
rate ratios. We performed analyses in which 
competing events (i.e., death from causes other 
than colorectal cancer) were considered to be 
censoring events, and we performed additional 
analyses in which competing events were not 
treated as censoring events.15 The competing 
events were unlikely to affect the results, and the 
current report focuses on analyses in which 
deaths from causes other than colorectal cancer 

were treated as censoring events. Bootstrapping 
was used to calculate 95% confidence intervals. 
The number needed to invite to undergo screen-
ing to prevent one case of colorectal cancer was 
calculated as the reciprocal of the between-
group difference in risk with respect to the risk 
of colorectal cancer at 10 years.

We estimated the per-protocol effect of screen-
ing, which was defined as the effect of screening 
if all the participants who were randomly as-
signed to the invited group had undergone 
screening.14 The risk of colorectal cancer may 
have differed between the participants who un-
derwent screening and those who were invited to 
undergo screening but declined to do so; there-
fore, our analyses adjusted for the baseline co-
variates of the participants (Table S2). We esti-
mated standardized risks with the use of a 
pooled logistic model with the following covari-
ates: age at randomization (with the use of re-
stricted cubic splines with knots at the 5th, 
27.5th, 50th, 72.5th, and 95th percentiles), sex 
(male or female), country (Poland, Norway, or 
Sweden), group assignment (invited or usual 
care), duration of follow-up (with the use of re-
stricted cubic splines with knots at 3-month 
periods at 2, 4, 6, and 8 years), and product 
terms representing interactions between group 
assignment and duration of follow-up.14 We did 
not observe opportunistic screening of any mean-
ingful extent in the usual-care group and thus 
did not adjust for it in the per-protocol analyses. 
In a sensitivity analysis, we used the approach 
that was proposed by Cuzick et al.16 and previ-
ously used in other trials of colorectal cancer 
screening (see Table S6).17,18

R esult s

Participants

The trial included 54,927 eligible participants 
from Poland, 26,588 from Norway, and 3664 
from Sweden. After randomization and before 
the beginning of the intervention, 175 partici-
pants who were assigned to the invited group 
and 419 of those who were assigned to the 
usual-care group were excluded because they 
had died or had received a diagnosis of colorec-
tal cancer at randomization but had not yet been 
identified as such in the registries at the time. 
Thus, the current analyses involved 84,585 par-
ticipants (28,220 in the invited group and 56,365 
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in the usual-care group); 42,399 (50.1%) were 
men and 42,186 (49.9%) were women (Table 1). 
The median age at randomization was 59 years 
(Table S3). The median follow-up for the current 
analysis was 10.0 years in both groups (inter-
quartile range, 9.9 to 10.0; maximum follow-up, 
10.0 years).

Colonoscopy Screening

The percentage of participants who underwent 
screening varied among the countries (from 
33.0% in Poland to 60.7% in Norway) and was 
higher overall among men than among women 
and among older participants than among 

younger participants (Table 1). The cecum was 
intubated in 96.8% of the colonoscopies per-
formed, and the quality of bowel preparation 
was adequate in more than 90% of the colonos-
copies.8

Colorectal cancer was diagnosed at screening 
in 62 participants (0.5% of those who underwent 
screening). These 62 cases included 2 cases in 
Poland that had been classified as adenomas in 
our previous analysis (see the Supplementary 
Appendix).8 Adenomas were detected and re-
moved at screening in 3634 participants (30.7% 
of those who underwent screening). A total of 
15 participants (0.13%) had polypectomy-related 

Table 1. Characteristics of the Trial Participants.

Characteristic
All Participants 

(N = 84,585)
Participants in Norway 

(N = 26,411)
Participants in Poland 

(N = 54,258)
Participants in Sweden 

(N = 3646)

Group — no.

Invited 28,220 8,815 18,184 1221

Usual care 56,365 17,596 36,344 2425

Sex — no.

Female 42,186 13,194 27,330 1662

Male 42,399 13,217 27,198 1984

Age at randomization — no.

55–59 yr 43,100 12,524 28,792 1784

60–64 yr 41,485 13,887 25,736 1862

Screening participation  
— no./total no. (%)

Women and men 11,843/28,220 (42.0) 5354/8815 (60.7) 6003/18,184 (33.0) 486/1221 (39.8)

Women 5,724/14,066 (40.7) 2580/4390 (58.8) 2918/9117 (32.0) 226/559 (40.4)

Men 6,119/14,154 (43.2) 2774/4425 (62.7) 3085/9067 (34.0) 260/662 (39.3)

55–59 yr 5,877/14,369 (40.9) 2497/4174 (59.8) 3173/9599 (33.1) 207/596 (34.7)

60–64 yr 5,966/13,851 (43.1) 2857/4641 (61.6) 2830/8585 (33.0) 279/625 (44.6)

Screening performance  
— no./total no. (%)

Good or very good bowel 
preparation*

110,610/11,635 (91.2) 4739/5174 (91.6) 5445/5999 (90.8) 426/462 (92.2)

Cecum intubation 11,470/11,843 (96.8) 5130/5354 (95.8) 5868/6003 (97.8) 472/486 (97.1)

Adenoma detection 3,634/11,843 (30.7) 1453/5354 (27.1) 2111/6003 (35.2) 70/486 (14.4)

Screening-related adverse events 
— no./total no. (%)

Perforation† 0 0 0 0

Major bleeding‡ 15/11,843 (0.13) 8/5354 (0.15) 7/6003 (0.12) 0

*  Data in this category were missing for 208 participants, including some for whom data on the bowel preparation regimen were missing and 
others for whom data on the quality of bowel preparation were missing.

†  One perforation that occurred in a participant in the Netherlands was not included in these analyses.8

‡  Major bleeding was defined as bleeding that warranted treatment. All cases of major bleeding were treated endoscopically, and further 
therapy was not warranted.
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major bleeding; all cases of bleeding were treat-
ed endoscopically and did not warrant further 
interventions (Table 1). No perforations or screen-
ing-related deaths occurred within 30 days after 
screening.

Incidence of Colorectal Cancer

The risk of colorectal cancer at 10 years was 
0.98% (259 cases) in the invited group and 
1.20% (622 cases) in the usual-care group, for a 
risk ratio of 0.82 (95% confidence interval [CI], 
0.70 to 0.93) (Fig. 1 and Table 2). Table S5 shows 
the risks and risk ratios of colorectal cancer in 
Norway (risk ratio, 0.76) and Poland (risk ratio, 
0.84). Figure 2 shows the yearly incidence rate 
ratios in the invited group as compared with the 
usual-care group. The number needed to invite 
to undergo screening to prevent one case of 
colorectal cancer within 10 years was 455 (95% 
CI, 270 to 1429). Among the participants with 
cases of colorectal cancer for which staging in-
formation was available, 0.38% in the invited 
group and 0.44% in the usual-care group re-
ceived a diagnosis of early-stage (stage A or B) 
colorectal cancer, whereas 0.40% in the invited 

group and 0.50% in the usual-care group re-
ceived a diagnosis of late-stage (stage C or D) 
colorectal cancer (Table S7). Analyses in which 
competing events were not treated as censoring 
events showed results that were similar to those 
in the main analysis (Table S1).

Colorectal Cancer–Related Death and Death 
from Any Cause

The risk of colorectal cancer–related death at 10 
years was 0.28% (72 deaths) among participants 
in the invited group and 0.31% (157 deaths) 
among those in the usual-care group (risk ratio, 
0.90; 95% CI, 0.64 to 1.16) (Table 2 and Fig. 3). 
During the 10-year follow-up period, 3036 par-
ticipants in the invited group (11.03%) died from 
any cause, as compared with 6079 (11.04%) in 
the usual-care group (risk ratio, 0.99; 95% CI, 
0.96 to 1.04) (Table 2).

Adjusted Per-Protocol Analyses

In adjusted analyses to estimate the effect of 
screening if all the participants who were ran-
domly assigned to screening had actually under-
gone screening, the risk of colorectal cancer at 
10 years was decreased from 1.22% to 0.84%, 
corresponding to an estimated risk ratio of 0.69 
(95% CI, 0.55 to 0.83) (Table S4 and Fig. S3). The 
results were similar in the sensitivity analysis 
(Table S6). The corresponding risk ratio was 0.55 
(95% CI, 0.38 to 0.74) in Norway and 0.85 (95% 
CI, 0.63 to 1.12) in Poland (Table S5).

The risk of death from colorectal cancer was 
0.15% in the invited group and 0.30% in the 
usual-care group. The estimated risk ratio was 
0.50 (95% CI, 0.27 to 0.77) (Fig. S4). In the sen-
sitivity analysis, the risk ratio was 0.72, but the 
estimate was imprecise (95% CI, 0 to 3.70).

Discussion

In our large, population-based, randomized trial, 
the risk of colorectal cancer at 10 years was 
0.98% among participants who were invited to 
undergo colonoscopy screening, as compared 
with 1.20% among those who were assigned to 
receive usual care. Colonoscopy screening was 
performed in only 42% of the participants who 
were invited to undergo screening. In adjusted 
analyses to estimate the effect of screening if all 
the participants who were randomly assigned to 
screening had actually undergone screening, the 

Figure 1. Cumulative Risk of Colorectal Cancer at 10 Years in Intention- 
to-Screen Analyses.

The inset shows the same data on an enlarged y axis. I bars indicate 95% 
confidence intervals.
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Figure 2. Incidence Rate Ratios for Colorectal Cancer in the Invited Group 
as Compared with the Usual-Care Group in Intention-to-Screen Analyses.

The shaded area indicates 95% confidence intervals. The usual-care group 
served as the reference group (red horizontal line).
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Figure 3. Cumulative Risk of Death from Colorectal Cancer at 10 Years  
in Intention-to-Screen Analyses.

The inset shows the same data on an enlarged y axis. I bars indicate 95% 
confidence intervals.
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risk of colorectal cancer was decreased from 
1.22% to 0.84%, and the risk of colorectal can-
cer–related death was decreased from 0.30% to 
0.15%. Our results may serve to quantify the 
effectiveness of screening colonoscopy for the 
prevention of colorectal cancer and thus enable 
decision makers to properly prioritize resources 
for cancer screening and health care services.

The overall aim of our trial was to quantify 
the benefits of colonoscopy in population screen-
ing. Therefore, we chose a pragmatic trial design 
with consent after randomization; this design 
best mimics a population screening program. A 
downside of this approach is that participation 
in screening cannot be artificially enriched as in 
some sigmoidoscopy trials,4 and thus the bene-
fits of screening may be underestimated.7 To 
address this issue, we performed per-protocol 
analyses with adjustments for potential con-
founders.14 Our estimates of a 31% decrease in 
the risk of colorectal cancer and a 50% decrease 
in colorectal cancer–related death (if all the par-
ticipants who were eligible for colonoscopy 
screening had undergone screening) probably 
underestimated the benefit because, as in most 
other large-scale trials of colorectal cancer 
screening, we could not adjust for all important 
confounders in all countries.17,18 In fact, even 
though a 31% decrease in the risk of colorectal 
cancer is a clinically relevant benefit, it is lower 
than that anticipated in clinical guidelines based 
on observational and modeling studies5,19,20 and 
similar to the estimates in trials of sigmoidos-
copy screening, which have shown a decrease 
in the risk of colorectal cancer of 23 to 24% in 
intention-to-treat analyses and 33 to 40% in 
adjusted per-protocol analyses after a similar 
follow-up time.21-24 Thus, these results suggest 
that colonoscopy screening might not be sub-
stantially better in reducing the risk of colorectal 
cancer than sigmoidoscopy. Future analyses of 
our trial results may provide more precise esti-
mates of the per-protocol effects of colonoscopy 
screening for comparison purposes with other 
screening tests.

Owing to the nature of colonoscopy as a pre-
ventive screening test and the nature of colorec-
tal cancer, the benefits of endoscopic screening 
with respect to the risk of colorectal cancer are 
expected to be apparent earlier than those with 
respect to death related to this disease. Also, the 
number of cases of colorectal cancer is expected 

to be higher than the number of colorectal can-
cer–related deaths during the early part of the 
follow-up period.17,18,21 The lack of a significant 
screening benefit with respect to colorectal can-
cer–related death in intention-to-treat analyses 
should therefore be interpreted in this context. 
Optimism related to the effects of screening 
on colorectal cancer–related death may be war-
ranted in light of the 50% decrease observed in 
adjusted per-protocol analyses.

Although we observed appreciable reductions 
in relative risks, the absolute risks of the risk of 
colorectal cancer and even more so of colorectal 
cancer–related death were lower than those in 
previous screening trials and lower than what 
we anticipated when the trial was planned.7,21 
This finding may reflect both a declining risk of 
colorectal cancer observed in many countries in 
recent years and an appreciable improvement 
in the prognosis of colorectal cancer owing to 
better treatment options. Thus, our estimation 
of the number needed to invite to screening to 
prevent one case of colorectal cancer was higher 
than that in the older sigmoidoscopy trials, al-
though the relative effects were similar.21-24 These 
findings underscore the importance of absolute 
risks and effects when planning cancer screen-
ing programs. Comparative absolute benefits as 
well as harms and the burden of colonoscopy, 
sigmoidoscopy, and other screening tests should 
be discussed with patients with the use of 
shared decision making to find the best test on 
the basis of personal values and preferences.20

Owing to the small number of events at the 
10-year follow-up, we did not include analyses of 
distal as compared with proximal cancer, sex, or 
age at screening. Continued follow-up in our 
trial and analyses of other ongoing trials may 
provide clarity regarding differences with re-
spect to distal as compared with proximal can-
cers, as well as benefits of screening colonos-
copy after 10 years in women and men.25-27

In the countries with the most participants in 
the trial, the percentage of participants in the 
invited group who underwent screening was 
higher in Norway (61%) than in Poland (33%). In 
intention-to-screen analyses, the screening ben-
efit was similar in the two countries (risk ratios, 
0.76 and 0.84, respectively), but in adjusted per-
protocol analyses, this benefit was estimated to 
be greater in Norway than in Poland (risk ratios, 
0.55 and 0.85, respectively). Confidence intervals 
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were overlapping, and event rates were small; 
thus, no firm conclusions can be drawn. How-
ever, two differences between Norway and Po-
land warrant attention in interpreting our re-
sults. First, the absolute risk of colorectal cancer 
in the usual-care group was higher in Norway 
than in Poland. The results of trials of sigmoid-
oscopy screening suggest that relative screening 
benefits may be smaller with a smaller risk of 
colorectal cancer.4 Second, although the risk of 
colorectal cancer in the usual-care group was 
lower in Poland than in Norway in our trial, we 
observed a high rate of detection of colorectal 
cancer at screening in Poland (Fig. S2C), find-
ings that indicate a strong tendency of partici-
pants with a high risk of colorectal cancer in the 
invited group to undergo screening. In Norway, 
such a tendency was not observed, which ex-
plains the larger effect of adjustment with re-
spect to adherence in Norway than in Poland.

The strengths of our trial are its originality, 
its randomized design and considerable size, the 
fact that participants had not previously under-
gone screening, and the minimal-to-nil screen-
ing contamination of the control group. Training 
programs for endoscopists were implemented, 
and quality indicators were monitored through-
out the trial, as previously reported.8 Finally, 
follow-up was virtually complete and the accu-
racy of classification of causes of death was 
considered to be high in all the participating 
countries.8

The limitations of our trial include lower-
than-expected participation in some countries 

and a lack of information about adherence to 
recommendations regarding surveillance for 
polyps. The previously reported variation in 
quality indicators among endoscopists may have 
resulted in differences in the detection of cancer 
after screening, but event rates were too small to 
investigate further.8 Admittedly, enrollment of a 
population-based sample probably entails lower 
participation than a trial with randomization 
preceded by informed consent. However, our 
design should produce a more realistic estimate 
of benefits and harms in real-life screening pro-
grams. Although we adhered to the protocol by 
reporting the first results at this time, longer 
follow-up may be needed to capture the full ef-
fect of colonoscopy screening.
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