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W Check for updates

Thereis aneed to quantify the benefits and harms of colorectal cancer (CRC)
screening using primary colonoscopy or fecalimmunochemical testing
(FIT) compared with usual care with no screening. Guidelines recommend

screening inindividuals aged 50-75 years using colonoscopy or FIT, and many
screening programs use one-sample biennial FIT. Here we compare incidence
of diagnosed CRCs and gastrointestinal and cardiovascular events between
screening and usual care during the diagnostic phase of the SCREESCO trial.
Arandomized block method (no masking) assigned 278,280 individuals aged
60 yearsto once-only colonoscopy, 2 rounds of two-stool FIT with alow cutoff
(10 pg g*feces) or usual care (control group) in a ratio of 1:6 for colonoscopy
versus control and 1:2 for FIT versus control. Inthe analysis, 31,113 individuals

wereinthe primary colonoscopy armand 60,267 were inthe FIT arm, and
there were 186,671 primary colonoscopy controls, of whom 120,521 were

also controls for comparison with the FIT arm. After amedian follow-up of

4.8 years, theincidence rate of CRC was 107.9 in the colonoscopy armand
99.9in controls per 100,000 person-years (incidence rate ratio (IRR): 1.08,
95% confidenceinterval (CI): 0.91-1.28) and 96.0 in the FIT armand 103.9in
controls (IRR:0.92,95% CI: 0.81-1.05). Rates of stage I-1l CRC were higher in
the colonoscopy arm (IRR:1.38,95% Cl:1.09-1.74) and in the FIT arm (IRR: 1.19,
95% Cl: 0.99-1.43) versus controls. Rates of cardiovascular and gastrointestinal
events were slightly higher in the intervention arms during the first year and
were subsequently more similar to controls. Our findings of anincreasein CRC
detectionimplies abenefit of screening while the increase in adverse events
suggests some initial harm. ClinicalTrials.gov: NCT02078804.

To inform health policy in early detection and removal of CRC and
precancerous lesions, there is a need to quantify the benefits and
harms from CRC screening. The American College of Gastroenter-
ology and the European Society of Gastrointestinal Endoscopy
recommend CRC screeningin individuals aged 50-75 years by colo-
noscopy or FIT, where colonoscopy is performed only in those with
increased risk indicated by a higher fecal hemoglobin level**. Several
countries have implemented FIT-based organized screening often
with a similar age range and biennial testing but with cutoffs for a

positive test ranging between 8.5 ng hemoglobin per g feces and
120 pg hemoglobin per g feces®*. In Sweden, screening by use of a
one-sample biennial FIT has been ongoingin the Stockholm-Gotland
regionsince 2015inindividuals aged 60-69 years and since 2020 in
individuals aged 60-74 years, with a cutoff of 40 pg hemoglobin per
g feces for women and 80 pg hemoglobin per g feces for men®®. A
national biennial FIT-based screening program with the same cutoffs
and age range began its rollout in 2021 with full implementation
planned for 2026.
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278,280 individuals randomized to 1 of 3 study arms

31,140 assigned to the primary
colonoscopy arm born 1954-1958

born 1954-1956

60,300 assigned to the fecal
immunochemical testing arm

186,840 assigned to the control arm
born 1954-1958
(120,600 fecal immunochemical

testing controls born 1954-1956)

2 excluded because they were not
identifiable by Statistics Sweden

23 excluded because they died
before randomization

26 excluded because they died
before randomization

108 excluded because they died
before randomization

4 excluded because they had CRC
diagnosed before randomization

7 excluded because they had CRC
diagnosed before randomization

59 excluded because they had CRC
diagnosed before randomization

31,113 included in the
analysis

analysis

60,267 included in the

186,671 included in the
analysis

Fig.1|Study flowchart. Number of randomized, excluded and included individuals.

(120,521 fecal immunochemical
testing controls)

Thereareseveraltrials of colonoscopy screening, but few haveexam-
ined FIT compared to usual care’'*. The Spanish randomized control-
led trial (RCT) COLONPREV recently found similar CRCincidencein the
FIT armand the primary colonoscopy armat 10 years but did notinclude
any control arm”. Colonoscopy may cause serious adverse events,
although thereported rates have been low®'®. There s also limited evi-
dence fromRCTs ontheimpact of screening using primary colonoscopy
and FIT on CRCincidence and adverse events compared to usual care.

The RCT SCREESCO trial (Screening of Swedish Colons; Clinical-
Trials.gov:NCT02078804) in Swedenincludes a primary colonoscopy
screening arm, two rounds of a two-stool FIT screening arm with an
unusually low cutoff (10 pg g feces) and a control arm with individuals
notinvited to screening but following usual care”. By adding extensive
information from Swedish healthcare registers, we now report acom-
parison of the diagnostic yield, in terms of total CRCs diagnosed, and
of adverse events occurring in all participants in the trial—screening
versus control arm—during the diagnostic phase (from 2014 to 2020,
when allinterventions occurred) on anintention-to-screen basis. The
aimofthe present study was to assess if the randomization has resulted
inthe three arms being similar in terms of baseline demographic vari-
ables and medical history and to assess if the screening approaches
resulted in a higher rate of diagnosis of CRC during the diagnostic
phase, especially stage I-11 CRC, compared to usual care. It also aims to
assess potential harms of screening approaches interms of anincreased
rate of cardiovascular and gastrointestinal events in general and
short-term all-cause mortality during the diagnostic phase. The pre-
sent analysis extends previous trial information, which was limited to
screen-detected CRCs and adverse events inscreening colonoscopies”.

Results

Patient disposition

Between1lFebruary 2014 and1March 2016,201,000 individuals turning
60 or aged 60 were randomized to one of three arms: primary colonos-
copy, two rounds of two-stool FIT (FITx2) or controls. All these controls
were controls tobothintervention arms. Because of low participation
inthe primary colonoscopy arm, an additional 77,280 individuals were
randomized to primary colonoscopy or control between 30 May 2017
and 25May 2018. A total 0f 278,280 individuals were randomized. Due
to administrative lag in registration, 159 individuals who died and 70

individuals with prevalent CRC before the date of randomization were
identified only after randomization and were excluded. Another two
control individuals were excluded because they were not identifiable
inany register (Fig.1). There were 278,051 unique individualsincluded
inthe final analyses, 31,113 in the primary colonoscopy arm, 60,267 in
the FITx2arm and 186,671 primary colonoscopy controls (randomized
2014-2018), of whom 120,521 were also controls for comparison with
the FITx2 arm (thatis, FITx2 controls, randomized in 2014-2016).

Baseline demographic variables (for example, educational level
and country of birth) and history of comorbidities (Table 1) were
balanced between the primary colonoscopy arm and colonoscopy
controls (n=186,671) and between the FITx2 arm and FITx2 controls.
Most individuals (92%) did not have any prior gastrointestinal or
cardiovascular event.

The maximum and median follow-up were 6.9 years and 4.8 years,
respectively,and 1,385 (0.5%) individuals migrated out of Sweden dur-
ing the follow-up. The median time from randomization to screening
colonoscopy in the 10,679 (35% of the 30,400 invited) participantsin
the primary colonoscopy arm was 349 days (interquartile range (IQR):
253-446 days), and the median time from randomization to first FIT
inthe 33,383 (55% of the 60,137 invited) participants in the FITx2 arm
was 338 days (IQR: 229-395 days) (Extended Data Fig. 1). Men (35%)
participated slightly more often than women (33%) in the primary
colonoscopy arm, whereas more women (59%) participated in the
FITx2 arm than men (52%) (Supplementary Table 1). Individuals who
did not participatein colonoscopy in the primary colonoscopy armor
in fecal testing in the FITx2 arm (that is, non-participants) had lower
educational level, originated more often from another country and
exhibited slightly more comorbidity.

Diagnostic yield of screening and usual care

Theincidence rate of diagnosed CRCs during the diagnostic phase was
107.9 per100,000 person-years (160 individuals/148,337 person-years)
in the primary colonoscopy arm and 99.9 (889 individuals/889,774
person-years) in the control arm (incidence rate ratio (IRR): 1.08, 95%
confidenceinterval (Cl): 0.91-1.28) and 96.0 (330 individuals/343,703
person-years) in the FITx2 arm and 103.9 (715 individuals/687,048
person-years) in the FITx2 control arm (IRR: 0.92, 95% CI: 0.81-1.05)
(Table 2). Figure 2 shows that the incidence rates and IRRs peaked
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Table 1| Baseline characteristics of all individuals included (intention to screen)

Primary colonoscopy arm Controlarm FITx2arm FITx2 control arm®
N (%) N (%) N (%) N (%)
Nindividuals 31,113 (100.0) 186,671 (100.0) 60,267 (100.0) 120,521 (100.0)
Sex
Men 15,550 (50.0) 93,309 (50.0) 30,128 (50.0) 60,261 (50.0)
Women 15,563 (50.0) 93,362 (50.0) 30,139 (50.0) 60,260 (50.0)
Year of randomization
2014 6,697 (21.5) 4017 (21.5) 20,091 (33.3) 40171 (33.3)
2015 6,696 (21.5) 40173 (21.5) 20,088 (33.3) 40173 (33.3)
2016 6,693 (21.5) 40177 (21.5) 20,088 (33.3) 40177 (33.3)
2017 5,511 77) 33,061 77) 0 (0.0) 0 (0.0)
2018 5,516 17.7) 33,089 17.7) 0] (0.0) 0] (0.0)
Healthcare region of residence
North 3,013 9.7) 18,074 9.7) 5783 (9.6) 11,563 (9.6)
Central 8,806 (28.3) 52,834 (28.3) 17,444 (28.9) 34,883 (28.9)
Southeast 4,420 (14.2) 26,514 (14.2) 8484 (14.1) 16,960 (14.1)
South 6,774 (21.8) 40,613 (21.8) 12,993 (21.6) 25,988 (21.6)
West 8,100 (26.0) 48,636 (26.) 15,563 (25.8) 31,127 (25.8)
Educational level
Low 5,704 (18.3) 34,378 (18.4) 1,569 (19.2) 23134 (19.2)
Intermediate 15,227 (48.9) 92,1 (49.3) 29,254 (48.5) 58,774 (48.8)
High 10,093 (32.4) 59,669 (32.0) 19,253 (31.9) 38,262 (31.7)
Missing 89 (0.29) 513 (0.27) 191 (0.32) 351 (0.29)
Country of birth
Sweden 27,376 (88.0) 163,930 (87.8) 53,154 (88.2) 106,235 (88.1)
Other 3,737 (12.0) 22,71 (12.2) m3 (1.8) 14,286 (1.9)
Charlson Comorbidity Index
0 24,838 (79.8) 148,532 (79.6) 48,129 (79.9) 95,995 (79.7)
1 2,951 (9.5) 18,299 (9.8) 5,849 9.7) 1,812 (9.8)
2 2,316 (7.4) 13,867 (7.4) 4,380 (7.3) 8,922 (7.4)
23 1,008 (3.2 5,973 (3.2) 1,909 (3.2 3,792 (3.1)
Drug comorbidity index®
<0 3,591 M.5) 21,643 1.6) 7,280 12.1) 14,242 M.8)
0-0.22 11,769 (37.8) 71,469 (38.3) 22,855 (37.9) 46,142 (38.3)
0.23-0.91 7,867 (25.3) 46,692 (25.0) 15,369 (25.5) 30,295 (25.)
20.92 7,886 (25.3) 46,867 (25.) 14,763 (24.5) 29,842 (24.8)
Any prior cardiovascular or gastrointestinal
event
No 28,706 (92.3) 17,2738 (92.5) 55,724 (92.5) m,527 (92.5)
Yes 2,407 (7.7) 13,933 (7.5) 4,543 (7.5) 8,994 (7.5)
Cardiovascular event 1,935 (6.2) 11,255 (6.0) 3,681 (6.) 7,281 (6.0)
Gastrointestinal event 565 (1.8) 3,248 1.7) 1,052 1.7) 2,066 1.7)

*Note that all individuals in the FITx2 control arm are also in the control arm for primary colonoscopy. "Cutoffs based on quartiles of the drug comorbidity index.

around year one after randomization in both the primary colonos-
copy arm and the FITx2 arm as compared to respective control arms.
The corresponding cumulative incidence proportions at the end of
follow-up of CRC were 0.69% (95% CI: 0.66-0.71%) in the primary colo-
noscopy arm, 0.72% (95% CI: 0.71-0.73%) in the control arm, 0.61% (95%
Cl:0.60-0.63%) inthe FITx2armand 0.73% (95% CI: 0.72-0.75%) in the
FITx2 control arm (Extended Data Fig. 2).

The incidence rate of diagnosed stage I-11 CRCs in the primary
colonoscopy arm was 58.7 per 100,000 person-years compared to
42.5inthe controlarm (IRR:1.38,95% Cl:1.09-1.74) (Table 2 and Fig. 2).
Similarly, the ratein the FITx2 armwas 52.7 and 44.4 in FITx2 controls
(IRR:1.19,95% Cl: 0.99-1.43). Cumulative incidence proportions were
higherintheintervention arms compared to controls throughout most
of the study period (Extended DataFig. 2).
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Table 2 | Incidence rate (per 100,000 person-years) of individuals diagnosed with CRC during the diagnostic phase

Stage Arm Screendetected Events % Person-years Rate 95% CI IRR? 95% Cl
Primary colonoscopy  Any 160 0.51 148,337 107.9 (92.4-125.9) 1.08 (0.91-1.28)
Yes 51 0.16
No 109 0.35
Control No 889 0.48 889,774 99.9 (93.6-106.7) 1.00
Any colorectal cancer®
FITx2 Any 330 0.55 343,703 96.0 (86.2-106.7) 0.92 (0.81-1.05)
Yes 124 0.21
No 206 0.34
FITx2 control No 714 0.59 687,048 103.9 (96.6-111.8)
Primary colonoscopy  Any 87 0.28 148,337 58.7 (47.5-72.4) 1.38 (1.09-1.74)
Yes 35 on
No 52 0.17
. Control No 378 0.20 889,774 42.5 (38.4-47.0) 1.00
Sl FITx2 Any 181 0.30 343,703 527 (45.5-60.9) 119 (0.99-1.43)
Yes 89 0.15
No 92 0.15
FITx2 control No 305 0.25 687,048 44.4 (39.7-49.7) 1.00
Primary colonoscopy ~ Any 70 0.22 148,337 472 (37.3-59.6) 0.86 (0.67-1.11)
Yes 14 0.04
No 56 018
Control No 488 0.26 889,774 54.8 (50.12-59.9) 1.00
Stage llI-IV
FITx2 Any 139 0.23 343,703 40.4 (34.2-47.8) 071 (0.58-0.86)
Yes 30 0.05
No 109 0.18
FITx2 control No 393 0.33 687,048 57.2 (51.8-63.1) 1.00

?|RR (rate in intervention arm/rate in control arm). °Stage was unknown in 3 (0.01%) individuals in the primary colonoscopy arm, in 23 (0.01%) individuals in the control arm, in 10 (0.02%)
individuals in the FITx2 arm and in 16 (0.01%) individuals in the FITx2 control arm. °Fifteen individuals with NOMO had unknown T stage, 5 individuals with T1-4NO had unknown M stage and 19

individuals with TIMO had unknown N stage.

The rate of diagnosed stage IlI-1V CRCs was somewhat lower in
the primary colonoscopy arm than in the control arm (IRR: 0.86, 95%
ClI: 0.67-1.11) and lower in the FITx2 arm than in the FITx2 control arm
(IRR:0.71,95% Cl: 0.58-0.86) (Table 2 and Fig. 2). Cumulative incidence
proportions in the intervention arms were initially similar to those in
controls but became lower than controls after around 4 years after
randomization (Extended Data Fig. 2).

Of CRCs diagnosed in the primary colonoscopy arm and in the
FITx2arm, 32% and 38%, respectively, were screen detected (Table 2).
Few CRCs were diagnosed outside of the trial in individuals who had
undergone a screening colonoscopy in the primary colonoscopy arm
andinthe FITx2arm (nine (0.03%) and eight (0.01%) individuals, respec-
tively) during the diagnostic phase. Two of the 170 previously reported
CRCs detected within the trial were, after a review of medical charts,
deemed not to be CRC. Nine additional CRCs were similarly detected
within the trial after the review. All but two of the 177 CRCs diagnosed
within the trial were also registered in the Swedish Colorectal Cancer
Register or the Swedish Cancer Register. Stage disagreed inthree (1.7%)
and was missingin nine (5.1%) of these CRCs (Supplementary Table 2).

Compared to women, men had a higher rate of CRC in the FITx2
arm (IRR men /IRR women: 1.29, 95% CI: 0.99-1.67) and especially of
stage llI-IV CRC in bothintervention arms (Supplementary Table 3).

Safety

Medium-term adverse events. Incidence rates of gastrointestinal or
cardiovascular events were slightly higher in the intervention arms
compared to the control arms during the first year of follow-up but

were subsequently more similar (Fig. 3). At the end of follow-up, the
incidence rate of cardiovascular events was similarinall arms—thatis,
1,475.8 per100,000 person-yearsin the primary colonoscopy arm and
1,475.8 per100,000 person-yearsin the control arm (IRR:1.00, 95% Cl:
0.96-1.05), although the rate of venous thromboembolism was 60.1in
the FITx2 arm compared to 43.3 in corresponding controls (IRR:1.39,
95% Cl:1.16-1.66) (Table 3 and Supplementary Table 4). The rate of gas-
trointestinal events was somewhat higher in the FITx2 arm compared
to the control arm also at the end of follow-up, primarily iatrogenic
bleeding (IRR:1.18,95% CI:1.05-1.32) and unspecified gastrointestinal
bleeding (IRR:1.14, 95% CI:1.04-1.26).

We previously showed that the proportion of serious adverse
events directly linked to screening colonoscopies during the trial was
0.2%, including two bowel perforations and 15 major bleedings”.

Death from any cause. Death (from any cause) was similarinallarms,
with arate 0f 554.6 per 100,000 person-years (825 deaths) in the primary
colonoscopy armand 579.0 per 100,000 person-years (5,163 deaths) in
the control arm (IRR: 0.96, 95% CI: 0.89-1.03) and 577.1 (1,989 deaths)
inthe FITx2armand 601.8 (4,145 deaths) in the FITx2 control arm (IRR:
0.96,95% ClI: 0.91-1.01) (Table 3 and Fig. 3). We previously reported one
deathinthe FIT group onday 15 after the colonoscopy, which followed
apulmonary embolism in aman with metastatic cancer".

Adverse events and deaths in men and women. Men had a similar
rate of cardiovascular events, asomewhat lower rate of gastrointestinal
events and a higher rate of death than women (Supplementary Table 5).
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Fig. 2 |Incidence rate of CRC. Yearly incidence rate (per 100,000 person-years) and IRRs of CRCs in total and by stage in the primary colonoscopy arm and FITx2arm
ascompared to respective control arms (reference). CRCs include both screen detected and those diagnosed outside of SCREESCO in a usual care setting. Vertical bars
indicate 95% Cls.

Discussion on’. Screening using primary sigmoidoscopy has also been shown to
In this assessment of the diagnostic phase of the SCREESCO trial, reduce CRCincidenceinRCTscompared tousual care'®*’ andleadtoa
there was an increase of stage I-11 CRC incidence in the intervention  stage shift toward lower stage, particularly for screen-detected CRCs™.
arms compared to usual care, particularly during the first year after ~ Similar evidence for FIT-based screening compared to usual careis lack-
randomization when most of the screening colonoscopies were per-  ing. COLONPREV reported similar rates of screen-detected CRCinthe
formed. More stage I-11 and fewer stage l1I-1V CRCs were diagnosedin  two screening arms'. Previous RCTs on screening using repeated fecal
theinterventionarms comparedto controls afteramedianfollow-upof occult blood (FOB) followed by colonoscopy after positive FOB test
almost 5 years. Similarly, we found similarincidenceratesof deathand  found aninitialincrease in CRC incidence and astage shift toward lower
gastrointestinal or cardiovascular events in allarms, except aslightly  stage, especially inscreen-detected CRCs* . Inthe present study, the
higher rate of gastrointestinal and cardiovascular eventsin particular  rates of stage I-1l cancer were higher in both intervention arms com-
during the first year after randomization. paredto controls, in particular during the first years of follow-up when
The only ongoing RCTs other than the SCREESCO trial, involving  most of the screening colonoscopies were performed. This excessrisk
both primary colonoscopy and FIT, are the Spanish trial COLONPREV"  decreased with time, and the incidence of stage IlI-1V simultaneously
and the Americantrial Colonoscopy vs. FecaliImmunochemical Testin  decreased after around 4 years, particularly in the FIT arm compared
Reducing Mortality from Colorectal Cancer (CONFIRM)”", neither of  to controls. The duration of the trial is likely too short to detect a net
which hasacontrolarm. SCREESCO provides acomparisonofscreen-  benefit of the prevention in terms of a lower CRC incidence in the
ing effectiveness betweeninvitationto FIT screeningand usual care.In  intervention arms compared to controls and/or to determine if a part
the FIT arms of COLONPREV and CONFIRM, asingle stoolsamplewitha  of the early-stage CRC excess risk in the intervention arms represents
higher cutoffwas used compared to SCREESCO, which used two stool  an overdiagnosis of clinically insignificant CRCs*. Taken together
samples. CONFIRMrecruited individuals from Veterans AffairsMedical ~ with the detection and removal of adenomas, our findings suggest a
Centers, where the majority of the population were men’. possible future reduction in CRC incidence and CRC mortality in the
Similar to the Nordic-European Initiative on Colorectal Cancer intervention arms in the subsequent follow-up of SCREESCO (to be
(NordICC) RCT, we found in intention-to-screen analyses a higher  reported with follow-up until 31 December 2030).
rate of CRC during the first years since randomization to primary We previously showed that the rate of serious adverse events
colonoscopy compared to usual care, but the rates were similar later  directly linked to screening colonoscopies in SCREESCO was low" and
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Fig. 3 |Incidence rate of adverse events. Yearly incidence rates (per 100,000 person-years) and IRRs of deaths, gastrointestinal events and cardiovascular events in the
primary colonoscopy arm and the FITx2 arm as compared with respective control arms (reference). Vertical bars indicate 95% Cls.

in line with other studies®'**?%, The present study indicates that the
potential harms of colonoscopy in terms of deaths and gastrointestinal
or cardiovascular events were generally similarinindividualsinvited to
screeninginvolving colonoscopy at some stepinaroutine clinical setting
andinnon-invitedindividuals following usual care ona population-based
level. Individualswho underwentscreening colonoscopyinthe FITx2arm
more often had precancerous lesions needing therapeuticintervention
compared tothe primary colonoscopy arm; hence, the slightly increased
risk of gastrointestinal events (that is, bleeding) is expected. The rate
of venous thromboembolism was also higher in the FITx2 arm thanin
controls, speculatively because anticoagulant users may have a higher
risk of positive FIT and pause their treatment during colonoscopy. We are
not aware of any other studies reporting gastrointestinal or cardiovas-
culareventsingeneral onanintention-to-treatlevel comparing primary
colonoscopy or FIT followed by colonoscopy to usual care. Our findings
motivate further studies on complications related to therapeuticinter-
ventions and use of medications.

This large RCT has several strengths. It was performed in a
screening-naive setting covering 18 out of 21 of the Swedish regions,
comprising 75% of the total population. It had a unique design using two
FIT samplesinstead of one, an unusually low cutoff (10 pg hemoglobin
per g) for the maximum of the two FIT values, two rounds of screening
2 yearsapartand a control arm following usual care. Thirty-three hos-
pitalsand 146 endoscopists were involved, which reflects routine care
inSweden. Follow-up was facilitated through reliable and high-quality
Swedishregisters and allowed us to assess CRCs, gastrointestinal and
cardiovascular events and colonoscopiesin all arms during the entire

diagnostic phase. The Swedish Cancer Register captures almost all
cancers”, and the proportion of correctly registered diagnosesin the
Swedish Patient Register is generally high°.

This study also has some limitations. Although around half of
the invited individuals in the FIT arm participated, which was higher
than the COLONPREV study”, most with a positive FIT participatedin
colonoscopy. Participationinthe primary colonoscopy armwas lower
thaninitially expected but similar to, or higher than, thatin many other
countries® and similar to the NordiCC study® (outside Norway) and the
COLONPREV study”. The increase in CRC incidence during the diag-
nostic phase was likely lower than what would be expected in settings
with higher participationin screening. Some gastrointestinal and car-
diovascular events may not have beenregisteredin the Swedish Patient
Register,and some may have beenre-registered at subsequent hospital
visits, potentially underestimating or overestimatingincidence rates,
although we expect the coverage to be similarin allarms and, thus, less
likely to influence IRRs. Our study was restricted to individuals aged
60 years and does not inform on the tradeoffs between benefits and
harms of the interventions in younger or older individuals®*.

In conclusion, we found that a program of screening, by primary
colonoscopy or two rounds of two-stool FIT using a low cutoff, detects
more lower-stage CRCs than usual care. Rates of gastrointestinal or
cardiovascular events were higher in the first year and later on more
similar to usual care. The increase in CRC detection implies a benefit
of screening while the increase in adverse events suggests some initial
harm. Subsequent follow-up of SCREESCO will report CRC mortality
(notreported here).
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Table 3 | Incidence rate (per 100,000 person-years) of individuals who died or had a gastrointestinal or cardiovascular
event during the diagnostic phase

Type of event Arm Events % Person-years  Rate 95% CI IRR* 95% Cl
Primary colonoscopy 21 6.8 143,037 1,475.8 (1,414.2-1,540.2) 1.00 (0.96-1.05)
Cardiovascular Control 12,662 6.8 857,987 1475.8 (1,450.3-1,5017) 1.00
event FITx2 4,901 8. 330,162 1,484.4 (1,443.4-1,526.6) 1.01 (0.98-1.05)
FITx2 control 9,688 8.0 660,123 1,467.6 (1,438.7-1,497.1) 1.00
Primary colonoscopy 442 14 147,671 299.3 (272.7-328.6) 0.99 (0.89-1.09)
Gastrointestinal Control 2,689 1.4 885,246 303.8 (292.5-315.5) 1.00
et FITx2 1,193 2.0 341,297 3495 (330.3-370.0) 112 (1.04-1.20)
FITx2 control 2,134 1.8 683,074 3124 (299.4-326.0) 1.00
Primary colonoscopy 825 2.7 148,748 554.6 (518.0-593.8) 0.96 (0.89-1.03)
Control 5163 2.8 891,682 579.0 (563.4-595.0) 1.00
Death from any cause
FITx2 1,989 3.3 344,671 5771 (552.3-603.0) 0.96 (0.91-1.01)
FITx2 control 4,45 3.4 688,729 601.8 (583.8-620.4) 1.00

°IRR (rate in intervention arm/rate in control arm).

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butions and competinginterests; and statements of dataand code avail-

ability are available at https://doi.org/10.1038/s41591-026-04225-9.
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Methods
This study has trialnumber NCT02078804 and is registered with Clini-
calTrials.gov at https://clinicaltrials.gov/study/NCT02078804.

Eligibility criteria

We performed an individual RCT with a study base population from
18 out of 21 regions in Sweden comprising 74.5% of the total national
population where CRC screening had not previously been offered
(Stockholm, Gotland and Vasternorrland regions were not included).
Residents aged 60 years of age or who turned 60 in the year of randomi-
zation were identified from the Total Population Register maintained
by the Swedish Tax Agency**. Individuals who had a previous diagnosis
of CRC or anal cancer or who had participated in the NordICC trial
were excluded?®.

Consent

Allindividuals invited for screening signed a written informed con-
sent for the procedure and for biobanking of samples. Individuals
assigned as controls were not informed about study participation.
The Stockholm Ethics Committee approved the study (2012/2058-
31/3) and the review of medical charts (2015/1958-2). The Swedish
Ethical Review Authority waived the need for informed consent
for accessing pseudonymized register-based data (2022/01946-02
and 2022/06863-2).

Randomization and masking

Between 11 February 2014 and 1 March 2016, a randomized block
method was usedtoassign 201,000 individuals born1954-1956 without
prior CRC diagnosis to once-only primary colonoscopy, two rounds of
FIT 2 yearsapart (FITx2) or ausual care controlarmwith no organized
program of screening activity (controls). All controls were intended for
useintheseparate comparisons of primary colonoscopy versus control
and of FITx2 versus control. Masking was not possible due to the nature
of the trial. Alist of all eligible individuals within each randomization
block, defined by year of randomization, region of residence and sex,
was obtained to randomly allocate individuals to the three arms. The
target number of randomized individuals within the strata was deter-
mined based on the distribution of sex and county among 60-year-old
individualsin Sweden (excluding the counties that did not participate
in SCREESCO) in 2012. Because of low participation in the primary
colonoscopy arm, an additional 77,280 individuals were randomized to
primary colonoscopy or control between 30 May 2017 and 25 May 2018.
We call the subgroup of controls randomized in 2014-2016 (120,600
controls) ‘FITx2 controls’ because they are appropriate for use in the
comparisonagainst FITx2 (alsorandomized in 2014-2016). Al 186,840
controls were available for comparison against primary colonoscopy
(randomized 2014-2018).

Interventions

Allinvitees in the primary colonoscopy and FITx2 arms were sent a
letter describing the study and a leaflet about CRC and screening.
A reminder was sent after 8 weeks. No contact was made with indi-
viduals allocated to the control arm. In the primary colonoscopy
arm, a second letter offered a scheduled colonoscopy or, if more
convenient, atelephone appointment to schedule a colonoscopy. Indi-
viduals assigned to the FITx2 arm were sent a set of kits for two stool
samples each screening round. One central laboratory performed
all FIT analyses using a single OC-Sensor DIANA automated analyzer
(Eiken Chemical). A fecal hemoglobin concentration of 210 pg g™
fecesineither of the stool samples was deemed positive, triggering a
colonoscopy invitation. Allindividualsin the FITx2 arm, except those
requiring colonoscopy surveillance after adenoma removal or after
a CRC diagnosis, were offered a repeat FIT after 2 years, irrespec-
tive of participation in the first FIT screening round or the results of
the first FIT. Colonoscopies were performed at 33 hospitals by 146

endoscopists, with a background training as gastroenterologists,
surgeons or endoscopy nurses".

Diagnostic phase of the trial

Individuals were randomized between 11 February 2014 and 25 May
2018 and subsequently invited to screening. Screening colonoscopies
inthe primary colonoscopy armand the FITx2armand FITs in the FITx2
armwere performed between 2014 and 2020. We, therefore, consider
the diagnostic phase of the trial to be between 2014 and 2020.

Usual care

In Sweden, all citizens have access to public healthcare®. A very small
minority of individuals have private healthcare insurance on top of this
(only 0.6% of Swedish healthcareis funded throughinsurance). During the
study period, there was no national screening. Screening was performed
inthe Stockholm-Gotland healthcareregion but notinthe regionswhere
SCREESCO was performed. In usual care, the main driver of colonosco-
pies is symptoms. During the study period, FIT has been introduced as
an intermediate step in the investigation of symptoms to an increasing
extent, where elevated hemoglobin in the fecal sample in a FIT taken
because of symptoms triggers a colonoscopy. Individuals who are under
surveillance due to increased CRCrrisk (that is, previous CRC diagnosis,
inflammatory bowel disease or hereditary/familial CRC syndromes)
may undergo colonoscopy during surveillance. Individuals may also be
under surveillance after polypectomy of adenomatous colorectal polyps.

Primary and secondary outcomes of the trial

The ultimate primary endpoint of SCREESCO, for which the power
and samplesize calculations were performed, is CRC mortality (inter-
vention versus control) at 15 years, and it will be reported later with
follow-up until 31 December 2030. CRC incidence was listed as a pri-
mary endpointin the study protocol, but this is formally a secondary
outcome of the trial, along with an analysis of compliance, and explora-
tory outcomes include analyses of health economy, of colonoscopy
quality and of the microbiome in feces.

Summary of changes to the SCREESCO study protocol and
statistical analysis plan,2013-2024

Changes in the study protocol version 2.0. The study protocol was
amended after new power calculations due to an observed 35% par-
ticipation in the colonoscopy arm (in Swedish, 10 March 2017; trans-
lated to English, 29 April 2021). The list of members of the Scientific
Committee was updated.

Changes in the study protocol version 3.0. The study protocol was
amended after the Scientific Committee decided on a last date of
follow-up based on new power calculations. It was also decided that
the previously described interim analysis would not be performed.
The list of main publications was updated and so was the list of mem-
bers of the Scientific Committee. A summary of changes to the study
protocol and statistical analysis plan was added. Weblinks under ‘Head
Secretariat’ were updated.

Changes in the statistical analysis plan 2.0. The statistical analysis
plan was amended after new power calculations due to an observed
35% participation in the colonoscopy arm.

Changes in the statistical analysis plan 3.0. The statistical analysis
planwas amended on 4 November 2024 after the Scientific Committee
decided onalast date of follow-up based on new power calculations. It
was also decided that the previously described interim analysis would
not be performed. Details and clarifications regarding the initial and
modified power calculations were added. The analysis of incidence of
CRC was changed and is now based on cumulative incidence curves
instead of the log-rank test.
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Protocol deviations and rationale for the present study

Power calculations were performed for CRC mortality at15 years alone.
The initial study protocol and the current study protocol state, how-
ever, that the mainresearch questions of SCREESCO are to investigate
(1) if screening has an effect on the mortality from CRC, (2) if screening
has an effect on the incidence of CRC and (3) what method should be
used in Sweden regarding the effect according to (1) and (2). The Sci-
entific Committee found a need for a timely assessment of baseline
findings (diagnosed CRCs and adverse events during the diagnostic
phase of the trial) that also includes the control arm (usual care) and
diagnoses/events occurringin general (not only those directly related
to SCREESCO screening colonoscopies). The present study is, there-
fore, listed asaplanned mainstudy (section9, study protocol version 3).
Note that CRC mortality is not assessed in the present study and that
this main outcome of the trial will, instead, be presented in the final
report of the trial with follow-up until 31 December 2030.

Note that this study does not constitute the interim analyses men-
tioned of CRC mortality at 5 years and 10 years of follow-up in the origi-
nal study protocol and statistical analysis plan. An additional power
calculation (statistical analysis plan version 3; Table 3) showed that
there would be limited power to detect differences in CRC mortality
at10 years (follow-up until 31 December 2024) or earlier. Based on the
calculation, the Scientific Committee decided thatinterim analyses of
CRC mortality should not be performed.

The presentstudy focuses on early CRCs and adverse events during
the diagnostic phase and is listed as a planned analysis of the study. It
builds upon a previous baseline assessment of screen-detected CRCs
and adverse eventsin screening colonoscopies of SCREESCO" and can
be considered an extended baseline report or a5-year interim analysis
of diagnosed CRCs and adverse events occurring during the interven-
tion phase. It includes extended information from Swedish health
registers regarding CRCs diagnosed and adverse events in general in
both screeningarms andinthe control arm during the diagnostic phase
of SCREESCO when screening FITs and colonoscopies were performed.

Safety and adverse events

The endoscopy units reported serious adverse events that occurred
within 30 days of the colonoscopy. A study nurse, together with A.F.,
checked the case report forms for completeness orinconsistencies and
obtained additional information from the screening units if needed.
Subsequent monitoring was, and will be, facilitated by follow-up using
healthcareregisters.

Measures of diagnostic yield and adverse events in the

present analysis

Inthe present analysis of the diagnostic phase of SCREESCO, the out-
comes were diagnostic yield of screening and usual care, in terms of
CRC diagnoses (overall and by stage), and adverse events (cardiovas-
cular and gastrointestinal). We also assessed death from any cause as
ameasure of overall health and a potential harm of screening.

Follow-up

In the present study, individuals were followed from randomization
(2014-2018) until positive outcome in the corresponding analysis (CRC
diagnosis or adverse event, respectively), emigration, death or end of
the diagnostic phase (31 December 2020), whichever occurred first,
through linkage between the Cancer Register, the Patient Register,
the Total Population Register, the Cause of Death Register and the
SCREESCO database.

Dataondate of and stage at CRC diagnosis were extracted fromthe
Swedish Cancer Register, to which registration is mandated by law®.
Additional data on CRC stage were obtained from the Swedish Colo-
rectal Cancer Register that, during 2008-2015, had acompleteness of
98.5% for colon cancer and 98.8% for rectal cancer*®. We defined CRC
accordingtorelevant International Classification of Disease (ICD) and

Systematized Nomenclature of Medicine (SNOMED) codes registered
in the Swedish Cancer Register. We used any of the following ICD 10th
revision (ICD-10) codes for CRC: C18 (except C181), C19 and C20. We also
required at least one of the following SNOMED version 3 (SNOMED/3;
morphology code ICD-0/3) codes registered at the same time as the
CRC: 81403 (adenocarcinoma), 82113 (tubular adenocarcinoma), 82133
(serrated adenocarcinoma), 82203 (adenocarcinomain familial poly-
posis), 82433 (goblet cell adenocarcinoma), 82613 (adenocarcinoma
arising from villous adenoma), 82633 (adenocarcinoma arising from
tubulovillous adenoma), 84803 (mucinous adenocarcinoma) and
84903 (signet ring cell carcinoma/poorly cohesive carcinoma); or
SNOMED/2 (SNOMEDO10; morphology code ICD-0/2): 81403 (tubular,
villous or serrated adenocarcinoma), 82113 (tubular adenocarcinoma),
82203 (goblet cell adenocarcinoma or adenocarcinoma in familial
polyposis), 84803 (goblet cell or mucinous adenocarcinoma) and
84903 (signet ring cell carcinoma/poorly cohesive carcinoma). We
additionally included CRCs registered in the Swedish Colorectal Cancer
Quality Register>®.

The date of CRC diagnosis was defined as the first date of a CRC
diagnosisin either of the tworegistries. Medical charts for individuals
with CRC registered in SCREESCO, individuals who after a screening
colonoscopy required further investigation or treatment (for example,
computed tomography scan) and individuals whose polyp samples
were sent to pathology were reviewed to assess the correctness of the
CRC diagnosis and to extract additional information on stage. CRCs
were considered screen detected if detected at colonoscopy (primary
or secondary after a positive FIT) performed within SCREESCO.

Data on stage of CRCs detected at screening colonoscopy within
SCREESCO were extracted from the SCREESCO database. Dataon stage
were also extracted separately for allindividuals with a CRC diagnosis
inthe Swedish Colorectal Cancer Quality Register and/or the Swedish
Cancer Register. We allowed for some administrative lag and included
all entries in the Swedish Colorectal Cancer Quality Register and the
Swedish Cancer Register occurring within 90 days from the first date
of CRC diagnosis in either of the two registers. The TNM stages were
obtained from the Swedish Colorectal Cancer Quality Register if the
CRC was registered there and available (not missing) and, otherwise,
fromthe Swedish Cancer Register if available. The Swedish Colorectal
Cancer Quality Register contains both the clinical and pathological
TNM, and the pathological TNM was used if available and, otherwise,
the clinical TNM. Stage (I-1l versus IlI-1V) was graded similarly to the
American Joint Committee on Cancer system, which is based on the
TNM classification, with stage I-1lif T(any or missing)NOMO, T(0-4)
NOM(0/missing) or T(0O-1)N(O/missing)MO and stage llI-1Vif N1, N2 or
M1. Txwas considered as missing T stage and similarly for Nstageand M
stage. Stage was considered unknown ifit did not fulfil any of the above.

Dataon cardiovascular and gastrointestinal events (eventsrelated
to colonoscopy—for example, bleedings and injuries) and on colonos-
copiesregistered inaninpatient or outpatient setting were extracted
from the Patient Register®. The Patient Register covers all inpatient
care in Sweden, and the validity of this register has been found to be
high, varying from 85% to 95% among different diseases’’. The follow-
ing ICD-10 codes were used to define gastrointestinal events: K922
(Unspecified gastrointestinal bleeding), S360 (Splenic injury), S365
(Colonicinjury), S366 (Rectal injury), T810 (Bleeding iatrogenic) and
T812 (Perforation). The following ICD-10 codes were used to define
cardiovascular events: 120-125 (Ischemic heart disease), 126 (Pulmo-
nary embolism), I33 (Acute endocarditis), 146 (Cardiac arrest), 163
(Cerebralinfarction), 174 (Peripheral artery embolism) and 181 and 182
(Venous thromboembolism).

Date of death was retrieved from the Cause of Death Register”.

Covariates
Biological sex (man/woman), year of birth, country of birth
(Swedenversus other), region of residence, educational level, Charlson
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Comorbidity Index, a drug comorbidity index and history of any car-
diovascular or gastrointestinal event and type of event (within 10 years
prior to randomization) were used to describe individuals by arm.
The Charlson Comorbidity Index was calculated based on the Patient
Register in the last 10 years before inclusion, and the drug comorbid-
ity index was calculated based on drug prescriptions registered up
to1year before date of inclusion in the Prescribed Drug Register®**°.
Country of birth was extracted from the Total Population Register,
and educational level and region of residence were extracted fromthe
Swedish Longitudinal Integrated Database for Health Insurance and
Labor Market Studies (LISA).

Power calculations

The sample size was calculated based on the primary endpoint of CRC
mortality. A priori, the study was powered to detect a17.5% decreasein
CRC mortality at 15 years in individuals invited to colonoscopy com-
pared to the control arm and a 15% decrease in individuals invited to
FIT compared to the control arm, based on an anticipated 1% cumula-
tive CRC mortality between 60 years and 75 years of age. The original
sample size target was 201,000 individuals.

Because of lower participation (35%) in the primary colonoscopy
arm than expected (50%), new power calculations were performed to
determine the additional number of randomized individuals needed to
achieve acceptable power, and two additional age cohorts (born 1957
and1958) were randomized to primary colonoscopy or controlinaratio
of1:6 (hence the deviation from theinitially intended allocation ratio).

In the revised study protocol, we assumed a 15% disease-specific
mortality reduction by 15 years of follow-up as a minimal clinically
important effect in those invited to FITx2 compared to the control
arm, based on a participation rate of 50%, and a17.5% disease-specific
mortality reductionin those invited to colonoscopy compared to the
controlarm, based on a35% participation. To allow these absolute risk
reductions to be detected at a two-sided 2.5% significance level with
80% power for the comparison of FITx2 versus control and 73% power
for the comparison of primary colonoscopy versus control, the revised
target sample size was 278,280 participants. The significance level was
adjusted for two comparisons according to the Bonferroni method. In
total, 31,140 individuals were randomized to the primary colonoscopy
arm; 60,300 individuals were randomized to the FITx2 arm; and there
were two control groups: 186,840 controls to the primary colonoscopy
arm, out of which 120,600 individuals also were controls to the FITx2
arm (FITx2 controls).

Anadditional power analysis was performed to determine when,
in calendar time, the main analysis of SCREESCO would be performed
because this was not clearly stated in the initial study protocol. The
Scientific Committee decided that 31 December 2030 would be the last
date of follow-up for the main analysis because power was not expected
to meaningfully increase after this date.

Statistical analysis

In an intention-to-screen analysis, we report the number, proportion
and incidence rate per 100,000 person-years of all screen-detected
CRCswithin SCREESCO and all other CRCs diagnosed inregular clinical
practice during the diagnostic phase of SCREESCO, intotal and by stage
(I-ITor lNI-1V). We similarly reportincident cardiovascular and gastro-
intestinal events diagnosed inregular clinical practice and death from
any cause. We compare each intervention arm with the corresponding
control arm concerning each of the outcomes using incidence rates
and IRRs using Poisson regression models with 95% Cls. Analyses were
also performed separately in men and women, and a Poisson regression
modelwithinteraction betweensex and study armwas used to compare
the IRR in men versus the IRR in women under the null hypothesis of
no difference (two-sided test of the interaction term). Note that only
the FITx2 controls (individuals randomized 2014-2016, during which
individuals could be allocated to FITx2) were used in the comparison

of FITx2 versus control in this study, whereas all controls (randomized
2014-2018, including the FITx2 controls) were used in the comparison
of primary colonoscopy versus control.

The full follow-up of up to amaximum of almost 7 years was used
inthe above analyses. Inacomplementary analysis, we alsocomputed
incidence rates and IRRs at each year of follow-up. Individuals were
censored if and when they migrated out of Sweden. Individuals were
similarly not considered at risk after their date of death. We assessed
potential violations of equidispersion for each regression model and
computed alternative Cls by use of robust standard errors. Because
there were no signs of meaningful underdispersion or overdispersion
and results were virtually identical, we did not report these analyses.

Inacomplementary analysis, we computed competing risk cumu-
lativeincidence curves of CRC (overall and by stage) where death from
any cause was considered acompetingrisk.

We report baseline characteristics in participants and non-
participants of the intervention arms along with diagnosed CRCs
and cardiovascular and gastrointestinal events that occurred during
the intervention phase. Individuals in the primary colonoscopy arm
were considered to be participants if they underwent a screening
colonoscopy, and individuals in the FITx2 arm were considered
participantsifthey returned a FIT in any of the two rounds.

Stataversion13.1and R version 4.0.2 were used for power calcula-
tions. Analyses were performed using R version 4.0.2.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The data cannot be shared publicly because the individual-level data
contain potentially identifying and sensitive patient information and
cannot be published due to legislation and ethical approval (https://
etikprovningsmyndigheten.se). Use of the data from national health
dataregistersis further restricted by the Swedish Board of Health and
Welfare (https://www.socialstyrelsen.se/en/) and Statistics Sweden
(https://www.scb.se/en/), which are government agencies provid-
ing access to the linked healthcare registers. Selected deidentified
individual participant data that underlie the results reported in this
article (including in the supplementary materials) can, however, be
made available to researchers after request to the SCREESCO Steer-
ing Committee. Researchers must provide amethodologically sound
proposal for a project that conforms with the Swedish Ethical Review
Authority permit for the project and will need to sign a data access
agreement. Data will be made available at a secure remote server to
achievetheaimsinthe approved proposal. Data will be available from
3 months after publication and until 3 years after publication of the
article. Proposals regarding the data underlying this article may be
submitted up to 2 years after publication. The SCREESCO study will not
carry the costs of external projects. The full trial protocol and statistical
analysis plan (including original and revised versions) are available in
Supplementary Note 1, and the most recent version of each document
isavailable at https://clinicaltrials.gov/study/NCT02078804.

Code availability

The code was written in R version 4.0.2 using RStudio and is avail-
able at https://github.com/MarcusWesterberg/CRCs-and-AEs-
during-diagnostic-phase-of-SCREESCO.
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Extended Data Fig. 1| Participation. Number of invited and participating individuals according to study arm.
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Extended Data Fig. 2 | Colorectal cancer incidence. Completing risk cumulative incidence proportion of colorectal cancer with death from any cause as

completing risk.
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to the linked healthcare registers. Selected deidentified individual participant data that underlie the results reported in this Article (including in the supplement),
can however be made available to researchers after request to the SCREESCO Steering Committee. Researchers must provide a methodologically sound proposal for
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Population characteristics Sex, year of randomization, health care region, educational level, comorbidity

Recruitment We did a randomized controlled trial with a study base population from 18 out of 21 regions in Sweden comprising 74.5% of
the total national population where CRC screening had not previously been offered (Stockholm, Gotland, and Vasternorrland
were not included). Residents aged 60 years in the year of randomization (2014-2018) were identified through the Swedish
Total Population Register. Individuals who had a previous diagnosis of CRC or anal cancer or who had participated in the
ongoing NordICC trial were excluded.

Ethics oversight The Stockholm Ethics Committee approved the study (2012/2058-31/3) and the review of medical charts (2015/1958-2). The

Swedish Ethical Review Authority waived the need for informed consent for accessing pseudonymised register-based data
(2022/01946-02 and 2022/06863-2).
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Sample size A randomized block method was used to assign individuals born 1954-1956 without prior CRC diagnosis to once-only primary colonoscopy,
two rounds of fecal immunochemical testing 2 years apart (FITx2), or a usual care control arm with no organised program of screening activity
(controls). Masking was not possible due to the nature of the trial.

The sample size was calculated using the STATA function "stpower" on the basis of the primary endpoint of colorectal cancer mortality. The
original sample size target was 201 000 individuals, based on an assumed 1% cumulative colorectal cancer mortality for a follow-up from age
60 to 75 years. Because of lower participation (35%) in the primary colonoscopy arm than expected (50%), two additional age cohorts (born
1957 and 1958) were randomized to primary colonoscopy or control. New power calculations were performed based on the lower
participation rate in the primary colonoscopy arm to determine the additional number of randomized individuals.

In the revised study plan, we assumed a 15% disease-specific mortality reduction by 15 years of follow-up as a minimal clinically important
effect in those invited to FITx2, based on a participation rate of 50%, and a 17.5% disease-specific mortality reduction in those invited to
colonoscopy, based on a 35% participation rate. To allow differences to be detected at a two-sided 2.5% significance level using the log rank
test with 80% power for the comparison of FITx2 versus control and 73% power for the comparison of primary colonoscopy versus control the
revised target sample size was 278 280 participants. The significance level was adjusted for two comparisons according to the Bonferroni
method. In total, 31 140 individuals were randomized to the primary colonoscopy arm, 60 300 to FITx2, and two control groups: 186 840
controls to the primary colonoscopy arm out of which 120 600 individuals also were controls to the FITx2 arm (FITx2 controls).

Data exclusions  Between February 11, 2014, and May 25, 2018, 278 280 individuals were randomized. Due to administrative lag in registration, 159 dead and
70 with prevalent CRC before the date of randomization were identified only after randomization and were excluded. Another two control
individuals were excluded since they were not identifiable in any register.

Replication RCT of individuals randomized to primary colonposcopy, FIT or usual care, so not replicable

Randomization  Arandomized block method was used to assign individuals without prior CRC diagnosis to once-only primary colonoscopy, two rounds of fecal
immunochemical testing 2 years apart (FITx2), or a usual care control arm with no organised program of screening activity (controls).
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We have not identified any reasons for self-selection bias or other biases in the randomization process.

Blinding Masking/blinding was not possible due to the nature of the trial.
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Clinical data
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All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  ClinicalTrials.gov NCT02078804
Study protocol https://clinicaltrials.gov/study/NCT02078804 and in Supplementary Information

Data collection We did a randomized controlled trial with a study base population from 18 out of 21 regions in Sweden comprising 74.5% of the total
national population where CRC screening had not previously been offered (Stockholm, Gotland, and Vasternorrland were not
included). Residents aged 60 years in the year of randomization (2014-2018) were identified through the Swedish Total Population
Register and randomly allocated.

Outcomes The primary outcome of the trial is colorectal cancer mortality and secondary outcomes include incidence of colorectal cancer and
adverse events, see the most recent version of the Study Protocol. In the current analysis we analyzed these secondary outcomes
during the diagnostic phase of the trial, i.e. diagnostic yield of screening and usual care, in terms of CRC diagnoses (overall and by
stage), and adverse events (cardiovascular and gastrointestinal and death from any cause). These were ascertained using national
data registries and assessed using incidence rates and incidence rate ratios for comparison between intervention and control.

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
was applied.

Authentication Describe-any-atithentication-procedures for-each-seed-stock-tised-ornovel-genotype-generated—Describe-any-experiments-used-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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