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ABSTRACT
Importance and aims The role of CT colonography
(CTC) as a colorectal cancer (CRC) screening test is
uncertain. The aim of our trial was to compare
participation and detection rate (DR) with sigmoidoscopy
(ﬂexible sigmoidoscopy (FS)) and CTC in a screening
setting.
Design setting and participants We conducted
two randomised clinical trials (RCTs). (1) Participation
RCT: individuals, aged 58 years, living in Turin (Italy),
were randomly assigned to be invited to FS or CTC
screening; (2) detection RCT: residents in northern Italy,
aged 58–60, giving their consent to recruitment, were
randomly allocated to CTC or FS. Polyps ≥6 mm at CTC,
or ‘high-risk’ distal lesions at FS, were referred for
colonoscopy (TC).
Main outcome measures Participation rate
( proportion of invitees examined); DR of advanced
adenomas or CRC (advanced neoplasia (AN)).
Results Participation was 30.4% (298/980) for CTC
and 27.4% (267/976) for FS (relative risk (RR) 1.1; 95%
CI 0.98 to 1.29). Among men, participation was higher
with CTC than with FS (34.1% vs 26.5%, p=0.011). In
the detection RCT, 2673 subjects had FS and 2595 had
CTC: the AN DR was 4.8% (127/2673, including 9
CRCs) with FS and 5.1% (133/2595, including 10 CRCs)
with CTC (RR 1.08; 95% CI 0.85 to 1.37). Distal AN DR
was 3.9% (109/2673) with FS and 2.9% (76/2595)
with CTC (RR 0.72; 95% CI 0.54 to 0.96); proximal AN
DR was 1.2% (34/2595) for FS vs 2.7% (69/2595) for
CTC (RR 2.06; 95% CI 1.37 to 3.10).
Conclusions and relevance Participation and DR for
FS and CTC were comparable. AN DR was twice as high
in the proximal colon and lower in the distal colon with
CTC than with FS. Men were more likely to participate in
CTC screening.
Trial registration number NCT01739608; Preresults.

BACKGROUND
Colorectal cancer (CRC) is the third most commonly diagnosed cancer and the second cause of
death from cancer worldwide.1

Signiﬁcance of this study
What is already known on this subject?

▸ Sigmoidoscopy has been shown to reduce
colorectal cancer (CRC) incidence and mortality
in population-based randomised trials.
▸ CT colonography (CTC) has been proposed as a
potential test for population-based screening
due to its high acceptability and ability to
image the entire colon.
▸ Comparative data of CTC performance in a
screening setting are available only from a
Dutch trial, using colonoscopy (TC) as a
comparator test, and showing that the higher
participation rate achievable with CTC may
compensate the lower detection rate of
advanced neoplasia compared with TC.

What are the new ﬁndings

▸ CTC and ﬂexible sigmoidoscopy (FS), when
used as primary screening tests in a
population-based setting, show a comparable
performance, both in terms of participation and
of advanced neoplasia yield.
▸ Sigmoidoscopy appeared to compensate the
expected lower diagnostic yield in the proximal
colon with a higher detection rate in the distal
part.
▸ Participation was higher among men invited for
CTC screening than among those invited for FS
screening, while no difference could be
observed among women.

How might it impact on clinical practice in
the foreseeable future?

▸ CTC shows equivalent diagnostic performance
and acceptability as endoscopic tests.
Comparative cost-effectiveness data are needed
to assess the possible role of CTC in a
screening setting, also considering the impact
of different management strategies for
extra-colonic ﬁndings.
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Once-only ﬂexible sigmoidoscopy (FS) reduces CRC incidence and mortality, especially in the distal colon.2–5 Thus, its
use as a primary screening test is recommended, and FS-based
organised population programmes are ongoing.6
Head-to-head screening studies with colonoscopy have shown
that CT colonography (CTC) is a marginally invasive imaging
test that accurately detects advanced neoplasia (AN).7–10 In a
randomised setting, CTC showed a higher participation rate
than colonoscopy and a similar diagnostic yield for AN.11
Similarly to FS, CTC does not require sedation and cathartic
preparation.12 13 In addition, CTC systematically explores the
proximal colon, which is beyond reach of FS. Computer-aided
detection (CAD) when using a ﬁrst-reader paradigm may further
enhance the capabilities of CTC by reducing its reporting time
while ensuring high diagnostic accuracy.14–16
No direct comparison between CTC and FS is available to
date. To bridge this knowledge gap we have undertaken a study
aimed at comparing AN detection rate (DR) and participation
rate of non-cathartic CTC and FS in average risk individuals
aged 58–60 years in the context of a population-based screening
programme.

on the outcome of randomisation. The letter included a leaﬂet
that concisely described the screening procedure and its possible
side effects. Subjects were asked to call the screening centre to
conﬁrm, modify, or cancel their appointment. A reminder letter
was mailed to all subjects who did not respond to the initial
invitation within 45 days.

METHODS
Study design and participants

Screening procedures
Flexible sigmoidoscopy

The study design and rationale have been described in detail in
a previous publication and are available online.14 To reduce a
possible source of bias, related to self-selection of subjects at different baseline risk for CRC to different screening protocols,
this study included two separate randomised clinical trials
(RCTs): (1) a pragmatic RCT ( proteus 1) comparing participation among eligible people living in Turin, who were randomly
allocated to be invited for CRC screening by CTC or FS; (2) an
efﬁcacy RCT ( proteus 2) comparing detection of AN (advanced
adenoma+CRC) of CTC and FS among volunteers, conducted
in all sites. The two RCTs differed in their recruiting and randomisation procedures.
The target population included 58 year old residents in the
Piedmont Region (three screening centres involved with six clinical sites) and 60 year old residents of the city of Verona (two
clinical sites involved), eligible for invitation in their respective
population-based screening programmes between October 2010
and December 2013. General practitioners (GPs) were asked to
exclude individuals if they had a family (more than one ﬁrstdegree relative) or personal history of CRC/polyps; if they had a
history of IBD; if they had undergone colonoscopy in the previous 5 years or a faecal occult blood test (FOBT) in the previous
2 years; those diagnosed with a terminal illness.
Approval of the study was obtained by the local ethics
review committees of all participating clinical sites. All individuals gave informed written consent. Screening-related assessments were offered free of charge to all subjects attending the
invitation.

Bowel preparation consisted of a single enema (133 mL of 22%
sodium phosphate) self-administered at home 2 h before the
test. A standard scope was advanced beyond the sigmoiddescending colon junction without sedation. Polyps <10 mm
detected during FS were immediately removed and sent for
histologic evaluation. Subjects with polyps ≥10 mm, or with
‘high risk’ polyps (at least one advanced adenoma <10 mm, or
more than two small tubular adenomas with low-grade dysplasia) were referred for colonoscopy (see section ‘Assessment colonoscopy’); those with polyps too large to be removed or with
suspected CRCs were referred for surgery; those with a negative
FS or with low-risk polyps were discharged. Screenees were
invited to repeat the test at a later date if preparation was
inadequate.

Randomisation and invitation procedures
For both the RCTs, the randomisation scheme was computer
generated within the information technology screening system
which also manages screening invitations and appointments as
described elsewhere.14

Participation trial: proteus 1
All individuals eligible for invitation in Turin in September 2012
and in January 2013 were randomly allocated (ratio: 1:1) to FS
or CTC. Subjects were mailed a personal letter, signed by their
GP, offering a pre-ﬁxed appointment to one of the tests, based
2

Detection trial: proteus 2
Eligible individuals from Piedmont and Verona screening programmes were sent an invitation letter to participate in the trial.
The letter included a leaﬂet that outlined the trial objectives,
described the screening tests, their advantages and possible
risks. The mailing speciﬁed that participation in the trial
entailed the consent to be randomised to receive one of the two
screening tests. If interested, invitees were asked to call the
screening centre to give their consent to be recruited.
Responders giving their consent to enter the study were randomly allocated either to FS or CTC and offered the appointment for the assigned test. Individuals refusing randomisation
and non-responders were invited after 1 month to FS according
to the regional screening protocol.

CT colonography
Non-cathartic CTC preparation and exam technique are
described in detail elsewhere14 (see also online supplementary
appendix). Brieﬂy, screenees were instructed to follow a lowresidue diet and to intake a sachet of stool softener at the three
main meals starting 3 days before the examination date. Faecal
tagging was obtained by oral administration of an iodine solution starting 2 h before the examination. Following automatic
insufﬂation of carbon dioxide, supine and prone scans were
obtained using a low-dose scanning protocol. Intravenous contrast medium was not administered; n-butyl-scopolamine was
administered according to the common practice in each participating centre. Radiographers and nurses participating in the
study followed a one-day course on exam technique and quality
assurance.
In Piedmont, CTC exams were transferred through a regional
ICT network to a centralised reading centre for interpretation.
In Verona, CTC interpretation was performed in the two local
hospitals participating in the study. CTC data were interpreted
on a commercial workstation (CAD-COLON software V.1.20,
im3D, Turin, Italy),14 using a previously validated CAD reading
paradigm.14–16 CAD reading consisted of the evaluation of the
list of CAD prompts, followed by a fast two-dimensional review
(see also online supplementary appendix). Participants with
inadequate CTC because of poor bowel preparation, poor
Regge D, et al. Gut 2016;0:1–7. doi:10.1136/gutjnl-2015-311278
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distension or artefacts were invited by telephone to undergo FS.
Participants with lesions ≥6 mm were contacted by phone to
arrange colonoscopy. Participants with negative results (no
colonic lesions or polyps <6 mm) were informed by regular
mail. Extra-colonic ﬁndings (ECFs) were assessed using a standard soft-tissue window. Cases with E4 ﬁndings, according to
C-RAD classiﬁcation,17 or with aortic aneurysms ≥4 cm were
invited to undergo additional testing. ECFs known prior to
CTC were excluded from further assessments (see also online
supplementary appendix).
All radiologists participating in the trial had reported at least
300 colonoscopy-veriﬁed CTC examinations; in addition they
were required to attend a 3-day hands-on CTC screening course
and to obtain a per-patient sensitivity and speciﬁcity of at least
90% during a ﬁnal examination, which consists of interpreting
30 screening cases. Radiographers and nurses attended a course
aimed to introduce and explain the study procedures, and to
discuss speciﬁc requirements related to the examination procedures, or patient’s counselling, within the study. No formal
assessment was planned at the end of the training.

signiﬁcant an absolute increase in CTC participation rate >5%,
with a 0.05 signiﬁcance level. The overall AN prevalence at FS
was assumed to be 5%.6 19 Assuming a similar increase in the
AN yield with CTC as with TC,19 a sample size of 2500 participants per group could allow 80% power to be achieved to
detect as statistically signiﬁcant the expected 2% absolute
increase in AN prevalence between screening groups, with a
0.05 signiﬁcance level for the two-sided test.

RESULTS
Participation trial: proteus 1
The ﬂow diagram on the left in ﬁgure 1 summarises the results
of the participation trial. The overall participation rate was
30.4% (298/980) for CTC and 27.0% (264/976) for FS (RR
1.12; 95% CI 0.98 to 1.29). Participation rates for CTC and FS
did not differ among women (26.7% vs 27.6%; RR 0.98; 95%
CI 0.79 to 1.20), while men showed a higher participation to
CTC screening (34.1% vs 26.5%; RR 1.3; 95% CI 1.07 to
1.65; p=0.011).

Detection trial: proteus 2
Assessment colonoscopy
Colonoscopy was performed using standard high-deﬁnition
endoscopes following a cathartic bowel preparation.14 The exam
was considered complete if the caecum was visualised or, in the
case of failure, when a subsequent colonoscopy, performed
within 6 months after the index one, reached the caecum; the
combined results of the two exams were considered for analysis.
All detected lesions were measured with open biopsy forceps
and annotated according to size, morphology and localisation.
Histology was deﬁned according to WHO criteria.18
Advanced adenoma was deﬁned as an adenoma with any of the
following features: size of at least 10 mm, high-grade dysplasia,
or villous component >20%. Cancer was deﬁned as the invasion of malignant cells beyond the muscularis mucosae.

Adverse events of screening tests
Adverse events of CTC, FS and colonoscopy were recorded at
the time of procedures. All participants were instructed to
contact the primary investigator if adverse events occurred
within 2 weeks of the procedures.

Statistical analysis
Primary outcomes were participation rate to the screening invitation and DR for AN (ie, CRC and advanced adenomas).
Participation rate was deﬁned as the number of participants
undergoing the screening test relative to the total number of
invitees. The DR for AN was deﬁned as the proportion of participants with AN over the total number of participants.
Differences were expressed as relative risk with 95% CIs.
Multivariable estimation of prevalence ratios were obtained
using log-binomial regression; adjustments were made for age,
gender, family history (one ﬁrst-degree relative with CRC) and
screening programme, to allow for variability in adenoma and
CRC DRs. We also estimated the prevalence of advanced neoplasms by colonic location (rectum-sigmoid colon vs proximal
colon, from descending colon to caecum) in the two arms. All
statistical tests were two sided and were considered statistically
signiﬁcant at p<0.05.
The SAS statistical software (V.9.1) was used for the analysis.

Sample size
Assuming 25% participation in FS screening,6 19 1000 invitees
per group would allow 80% power to detect as statistically
Regge D, et al. Gut 2016;0:1–7. doi:10.1136/gutjnl-2015-311278

The trial ﬂow for AN detection is also described in ﬁgure 1.
The ﬁnal analysis included 2673 subjects allocated to the FS
and 2595 to the CTC group (table 1).
The screening examination was judged inadequate in 79
(3.0%) cases in the CTC group and in 65 (2.4%) in the FS group.
The reasons for non-diagnostic CTC were inadequate faecal
tagging in 69% (55/79) of cases, poor bowel preparation in 23%
(18/79) and insufﬁcient distension in 8% (6/79); poor bowel
preparation was mentioned as the reason for non-diagnostic
exam in all cases in the FS arm. Among the 271 participants
(10.1%) referred to colonoscopy in the FS group, compliance to
colonoscopy was 87% (235/271) and the caecum was reached in
96% of cases (225/235); in the CTC group, 264 (10.2%) were
referred for colonoscopy; 260 (99%) performed the exam with a
completion rate of 94% (n=244).
The AN DR was 5.1% (n=133, including 10 CRCs) in the
CTC arm compared with 4.7% (n=127, including 9 CRCs) in
the FS arm (RR 1.1; 95% CI 0.9 to 1.4; p=0.524). Per-patient
DR, by gender and size of the most advanced lesion, is reported
in table 2. Male gender emerged as an independent predictor of
AN risk in the multivariable analysis, also adjusted for screening
arm and trial centre (table 3).
The distribution of AN detected by the two tests showed a
different pattern by colonic site (table 4). The prevalence of AN
in the distal colon was 4.1% (109) for FS versus 2.9% (76) for
CTC (RR 0.72; 95% CI 0.54 to 0.96), while the prevalence of
AN in the proximal colon was 2.7% (69) for CTC vs 1.3% (34)
for FS (RR 2.06; 95% CI 1.37 to 3.10). Isolated AN in the
proximal colon was present in 57 (2.2%) and 18 (0.7%) CTC
and FS participants, respectively. In the CTC group, men were
at higher risk of having proximal advanced disease than women
(CTC: RR 2.1; 95% CI 1.3 to 3.2).
Histology of detected adenomas according to size is reported
in table 5. Out of 560 adenomas detected among FS participants, 117 (20.8%) were at least 10 mm in size, 93 (16.6%) had
a villous component >20% and 42 (7.5%) contained high-grade
dysplasia. Out of 408 adenomas detected among CTC participants, 129 (31.6%) were at least 10 mm in size, 110 (30%) had
a villous component >20% and 37 (9.1%) contained high-grade
dysplasia. Advanced and non-advanced FS adenomas were
mostly sessile and left sided; CTC non-advanced adenomas
were mostly sessile and right sided, whereas CTC advanced
adenomas were sessile or pedunculated and almost equally
3
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Figure 1 Flow diagram of the two randomized clinical trials (RCTs) comparing participation and advanced neoplasia detection of CT colonography
(CTC) and ﬂexible sigmoidoscopy (FS).
distributed in the left and right colon. Additional information
on polyp morphology and distribution is available in the online
supplementary appendix (table S1).

ECFs and adverse events
Clinically relevant ECFs (CT colonography reporting and data
system (C-RADS) E4 and aortic aneurysms ≥4 cm) were diagnosed in 35 (1.2%) CTC participants, of whom 29 (1.0%) had
a new diagnosis that required further assessment. Further details
on ECFs are provided in the online supplementary appendix.
In the CTC group, 14 (0.5%) patients complained of a vagovagal reaction and one (0.04%) a cutaneous rash. In the FS
group, vago-vagal reactions occurred in 9 (0.4%) patients. In
both groups, adverse events resolved spontaneously and did not
require medical treatment or hospital admission.
Table 1 Detection trial: patient characteristics
Sigmoidoscopy
Age (years)
Mean (SD)
58.6 (1.08)
Gender, N (%)
Male
1375 (51.4)
Female
1298 (48.6)
Family risk*, N (%)
No
2444 (92.1)
Yes
209 (7.9)
Previous colonoscopy†, N (%)
No
2324 (94.1)
Yes
344 (12.9)

CT colonography

Total

58.6 (1.09)

58.6 (1.08)

1329 (51.2)
1266 (48.8)

2704 (51.3)
2564 (48.7)

2309 (90.9)
230 (9.1)

4753 (86.0)
439 (8.5)

2266 (91.6)
328 (12.6)

4590 (87.2)
672 (12,8)

*Information was missing in 56 CTC cases and in 20 FS cases.
†Information was missing in 1 CTC case and in 5 FS cases.
FS, flexible sigmoidoscopy.

4

DISCUSSION
According to this study, the performance of CTC and FS when
used as primary screening tests in a population-based setting is
comparable, both in terms of participation and AN detection.
Equivalent participation rates could be related to the similar
perceived burden of the two tests, in that both do not necessitate
sedation and cathartic preparation. Contrary to what was
expected, the offer of a less-invasive radiologic examination
apparently did not enhance participation. However, even if the
study was not powered to detect such difference as statistically
signiﬁcant, a 3.4% absolute increase in screening uptake may
result in a substantial additional impact of the programme at the
population level. Of note, adherence to FS screening in our
study was similar to the average attendance in the local screening programme,6 19 suggesting that the population enrolled in
this study is representative of the population complying with the
screening invitation. The COCOS trial11 showed a higher CTC
uptake, but participation rate in CRC screening trials with FS
and FIT in The Netherlands is also higher, suggesting a greater
awareness of cancer prevention in the Dutch population.11 20
The ﬁnding of a differential uptake by gender with the two
tests deserves consideration. Reports from the Piedmont screening program6 19 consistently showed higher participation in FS
screening among men than among women whereas no such
trend was observed in this study. A 30% increase in screening
uptake was instead observed among men invited for CTC compared with those invited for FS. A higher screening uptake
among men may enhance the health impact of screening, since
men have a higher AN prevalence compared with women.
However, measures to reduce the gender gap in screening coverage also need to be implemented when using CTC, as is already
the case with FS.19
The lack of superiority of CTC compared with FS in terms of
AN detection was at least in part unexpected. Similar to
Regge D, et al. Gut 2016;0:1–7. doi:10.1136/gutjnl-2015-311278
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Table 2 Per-patient findings by gender for sigmoidoscopy and CT colonography (CTC)
Flexible sigmoidoscopy

No finding

Non-neoplastic polyp†

Non-advanced adenoma

Advanced adenoma of any size

Advanced adenoma
<6 mm
Advanced adenoma
6–9 mm
Advanced adenoma
≥6 mm
Advanced adenoma
≥10 mm
Colorectal cancer§

CTC

Women
N=1298
%
(95% CI)

Men
N=1375
%
(95% CI)

Total
N=2673
%
(95% CI)

Women
N=1266
%
(95% CI)

Men
N=1329
%
(95% CI)

Total
N=2595
%
(95% CI)

1087
83.8
(81.6 to 85.7)
82
6.3
(5.5 to 7.8)
86
6.6
(5.3 to 8.1)
41
3.2
(2.3 to 4.3)
6
0.46
(0.2 to 1.0)
4
0.31
(0.08 to 0.8)
35
2.4
(1.6 to 3.4)
31
2.4
(1.6 to 3.4)
2
0.2
(0.02 to 0.6)

1018
74.0
(71.6 to 76.3)
143
10.4
(8.8 to 12.1)
130
9.5
(8.0 to 11.1)
77
5.6
(4.4 to 6.9)
6
0.44
(0.2 to 0.9)
6
0.44
(0.2 to 0.9)
70
4.7
(3.6 to 5.9)
64
4.7
(3.6 to 5.9)
7
0.5
(0.02 to 1.00)

2105
78.8
(77.1 to 80.3)
225
8.4
(7.4 to 9.5)
216
8.1
(7.0 to 9.2)
118
4.4
(3.7 to 5.3)
12
0.45
(0.2 to 0.8)
10
0.37
(0.02 to 0.68)
105
3.6
(2.9 to 4.3)
95
3.6
(2.9 to 4.3)
9
0.3
(0.02 to 0.6)

1183
93.4
(91.8 to 94.7)
12
0.9
(0.5 to 1.6)
29
2.3
(1.9 to 3.3)
37
2.9
(2.0 to 4.0)
0
0.0
(0.0 to 0.3)
7
0.55
(0.20 to 1.00)
37
2.4
(1.6 to 3.4)
30
2.4
(1.6 to 3.4)
5
0.4
(0.1 to 0.9)

1183
89.0
(87.2 to 90.6)
12
0.9
(0.5 to 1.6)
43
3.2
(2.4 to 4.3)
86
6.5
(5.2 to 7.9)
3
0.23
(0.05 to 0.7)
15
1.1
(0.6 to 1.8)
83
5.1
(4.0 to 6.4)
68
5.1
(4.0 to 6.4)
5
0.4
(0.1 to 0.9)

2366
91.2
(90.0 to 92.2)
24
0.9
(5.9 to 1.4)
72
2.8
(2.0 to 3.5)
123
4.7
(4.0 to 5.6)
3
0.12
(0.02 to 0.3)
22
0.9
(0.5 to 1.3)
120
3.8
(3.8 to 4.6)
98
3.8
(3.8 to 4.6)
10
0.4
(0.2 to 0.7)

RR*
(95% CI)
–
0.42
(0.36 to 0.48)
0.76
(0.65 to 0.89)
1.07
(0.84 to 1.37)
–

–

1.17
(0.91 to 1.52)
1.06
(0.81 to 1.40)
1.14
(0.47 to 2.31)

*Crude RR (relative risk), experimental (CTC) versus control (FS) group.
†Normal, hyperplastic or inflammatory.
§FS arm—UICC stage I, n=3; II, n=2; III, n=3; IV, n=1.
CTC arm—UICC stage I, n=3; II, n=5; III, n=2.
FS, flexible sigmoidoscopy; UICC, Union for International Cancer Control.

colonoscopy, CTC has the advantage of a systematic assessment
of the proximal colon. Indeed, the DR of CTC for proximal AN
was twofold higher than with FS. The ﬁnding of a similar prevalence of proximal AN at CTC as at colonoscopy screening in a
comparable target population enrolled in the SCORE 3 trial19
would suggest that colonoscopy and CTC may have comparable

Table 3 Factors associated with advanced neoplasia detection at
multivariate analysis

Gender
Women
Men
1 FDR with colorectal cancer
No
Yes
Performed previous TC
No
Yes
Screening test
Sigmoidoscopy
CT colonography

RR*

95% CI

1
1.94

1.50 to 2.51

1
1.30

0.87 to 1.95

1
0.61

0.39 to 0.96

1
1.05

0.84 to 1.35

*RR adjusted for screening centre and for all other variables in the model.
FDR, first-degree relative; RR, relative risk; TC, colonoscopy.

Regge D, et al. Gut 2016;0:1–7. doi:10.1136/gutjnl-2015-311278

sensitivity in detecting proximal AN. Of note, about 80% of
subjects with proximal AN (including three CRCs) did not have
‘high-risk’ distal lesions and they would not have been diagnosed with FS screening.
In contrast with previous comparative studies, the DR of
distal AN was substantially lower with CTC than with FS.7 8 11
There could be several contributing factors for this that warrant
further investigation. First, the non-cathartic preparation
scheme and the tagging regimen adopted in this study might
have affected exam quality, particularly of the distal colon.
Second, the distal colon is more rigid than the proximal colon
and is the favoured site of diverticular disease, and this may
result in a suboptimal distension when insufﬂating CO2. Third,
particularly in the above reported adverse conditions, adopting
a new reading algorithm with CAD as the ﬁrst reader might
have negatively affected CTC interpretation. Being a highly
technological test and a newcomer, CTC has the potential to
improve its performances.
Two additional variables of CTC must be considered in the
setting of population-based screening programmes, namely
ECFs and radiation exposure. The adoption of strict criteria to
refer people with ECFs to clinical assessments in our study
resulted in a very low rate of referrals. Still, in programmes targeting asymptomatic subjects, in the absence of strong evidence
supporting the effectiveness of assessing and treating ECFs, the
choices concerning ECF management may have a critical impact
on the cost-effectiveness proﬁle of the test.
5
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Table 4 Distribution of recto-sigmoid and proximal advanced neoplasia among flexible sigmoidoscopy (FS) and CT colonography (CTC)
screenees

Distal colon
Women (1298 FS; 1266 CTC)
Men (1375 FS; 1329 CTC)
Total
Proximal colon†
Women (1298 FS; 1266 CTC)
Men (1375 FS; 1329 CTC)
Total

Sigmoidoscopy, N
% (95% CI)

CTC, N
% (95% CI)

RR*
(95% CI)

36
2.8 (1.9 to 3.8)
73
5.3 (4.3 to 6.6)
109
4.1 (3.3 to 4.9)

23
1.8 (1.2 to 2.7)
53
4.0 (3.0 to 5.2)
76
2.9 (2.3 to 3.7)

0.66 (0.40 to 1.10)

13
1.0 (0.5 to 1.7)
21
1.5 (0.9 to 2.3)
34‡
1.3 (0.9 to 1.8)

21
1.7 (1.0 to 2.5)
48
3.6 (2.7 to 4.8)
69‡
2.7 (2.1 to 3.4)

0.76 (0.53 to 1.08)
0.72 (0.54 to 0.96)

1.66 (0.83 to 3.27)
2.3 (1.4 to 3.8)
2.06 (1.37 to 3.10)

*Crude RR (relative risk), experimental (CTC) versus control (FS) group.
†Proximal is defined as descending colon, transverse colon, ascending colon, or caecum.
‡Including 16 (47.1%) FS and 12 (17.3%) CTC cases who had synchronous advanced neoplasia in the distal colon.

Similarly the possible impact of radiation exposure of a large
number of asymptomatic subjects is unknown and potentially
harmful, even when low-dose scanning protocols are applied.
In the detection trial we adopted a two-stage recruitment procedure to ensure comparability between screening arms, by
reducing a potential source of variability related to self-selection
of subjects with different baseline characteristics and CRC risk
in the two arms. The ﬁnding of a higher participation rate

among men (showing a higher AN prevalence) in the CTC arm
in the participation trial would indicate that self-selection could
indeed bias the estimate of the relative DR. Restricting enrolment to volunteers enhanced the validity of the comparison
between the screening methods, although it could limit the generalisability of the study ﬁndings. However, a recent analysis21
comparing subjects who volunteered in the SCORE trial, which
targeted a similar population, with those who did not respond

Table 5 Histological characteristics of advanced neoplasia detected by CT colonography (CTC) and flexible sigmoidoscopy (FS) according to size

Lesion size ≥10 mm, n
TV or villous
High-grade dysplasia
Tubular
High-grade dysplasia
SSA/P—TSA
High-grade dysplasia
Lesion size 6–9 mm, n
TV or villous
High-grade dysplasia
Tubular
High-grade dysplasia
SSA/P—TSA
High-grade dysplasia
Lesions size <5 mm, n
TV or villous
High-grade dysplasia
Tubular
High-grade dysplasia
SSA/P—TSA
High-grade dysplasia
Overall
Total number of advanced adenomas*
Total number of non-advanced lesions

Sigmoidoscopy, N
(%; 95% CI)

CTC, N
(%; 95% CI)

117
54 (46.2; 36.9 to 55.6)
26 (22.2; 15.1 to 30.6)
56 (47.9; 38.5 to 57.3)
4 (3.4; 0.9 to 8.5)
7 (5.1; 2.4 to 1.2)
0 (0.0; 0.0 to 3.1)
138
19 (13.8; 8.5 to 20.7)
1 (1.1; 0.02 to 4.0)
113 (81.9; 74.4 to 87.9)
1 (0.7; 0.02 to 4.0)
6 (4.3; 1.6 to 9.2)
0 (0.0)
305
15 (4.9; 2.8 to 8.0)
1 (0.4; 0 to 1.8)
273 (89.5; 85.5 to 92.7)
4 (1.3; 0.4 to 3.3)
17 (5.6)
0 (0.0)
560
156 (27.9; 24.2 to 31.8)
404 (72.1; 68.2 to 75.8)

129
70 (54.3; 45.7 to 63.1)
16 (12.4; 7.3 to 19.4)
46 (35.7; 27.6 to 44.6)
2 (1.6; 0.2 to 5.5)
13 (10.1; 5.5 to 16.6)
2 (1.6; 0.2 to 5.5)
153
32 (20.9; 14.8 to 28.2)
7 (4.6; 1.9 to 9.2)
109 (71.2; 63.4 to 78.3)
7 (4.6; 1.8 to 9.2)
12 (7.8; 4.2 to 13.3)
0 (0.0)
126
8 (6.3; 2.8 to 12.1)
2 (1.6; 0.2 to 5.6)
107 (84.9; 77.5 to 90.7)
3 (2.4; 0.5 to 6.8)
11 (8.7)
0 (0.0)
408
179 (43.9; 39.0 to 48.8)
229 (56.1; 51.2 to 61.0)

RR
(95% CI)

1.2 (0.9 to 1.5)
0.8 (0.6 to 1.0)
1.7 (0.9 to 4.1)

1.5 (0.9 to 2.6)
0.9 (0.8 to 1.0)
2.1 (0.8 to 5.5)
–
1.3 (0.6 to 3.0)
1.3 (0.8 to 2.3)
1.6 (0.8 to 3.2)

1.6 (1.3 to 1.9)

*Including serrated polyps ≥10 mm, or with high-grade dysplasia.
SSA/P, small sessile serrated adenoma/polyp; TSA, traditional serrated adenoma; TV, tubulovillous.
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Colon
to the recruitment questionnaire showed that volunteers had
lower CRC mortality, but the same CRC incidence as nonresponders, suggesting that our enrolment procedure is unlikely
to inﬂuence the main outcome of the trial. It should be considered that the effectiveness of the two approaches in population
screening settings not only depends on the relative DR but it
results from the combination of participation and DR, the
former being more strictly inﬂuenced by local conditions.
In conclusion, in a population-based screening trial, CTC
showed a similar AN detection and acceptability as FS.
Comparative cost-effectiveness data are needed to assess the possible role of CTC in this setting.
Author afﬁliations
1
Candiolo Cancer Institute-FPO, IRCCS, Candiolo, Italy
2
Ospedale Regionale di Locarno La Carità, Locarno, Switzerland
3
AOU S Giovanni Battista-CPO Piemonte, SCDO Epidemiologia dei Tumori 2, Turin,
Italy
4
im3D S.p.A., Turin, Italy
5
Endoscopy Unit, Nuovo Regina Margherita Hospital, Rome, Italy
6
AOU Città della Salute e della Scienza, CPO Piemonte, SCDO Epidemiologia
screening e registro tumori, Turin, Italy
7
Endoscopy Unit, Ospedale San Giovanni Antica Sede, Turin, Italy
8
Radiology Unit, Fondazione Salvatore Maugeri, IRCCS, Istituto Scientiﬁco di Veruno,
Veruno, Italy
9
Screening Unit, ASL Novara, Novara, Italy
10
Endoscopy and Gastroenterology Unit, U.l.s.s. 20 Verona, Ospedale G. Fracastoro
—San Bonifacio, Verona, Italy
11
Radiology Unit, Department of Surgical Science, University of Torino, A.O.U. Città
della Salute e della Scienza di Torino, Turin, Italy
12
Radiology Unit, Ospitale Mauriziano, Turin, Italy
13
Radiology Unit, Ospedale San Giovanni Antica Sede, Turin, Italy
14
Radiology Unit, Ospedale degli Infermi, Biella, Italy
15
Radiology Unit, Azienda Ospedaliera Universitaria Integrata di Verona, Verona,
Italy
16
AOU Ospedale Maggiore della Carità, Novara, Italy
Acknowledgements We are indebted to the many people that directly and
indirectly supported the trial, and to the radiologists, gastroenterologists, and
administrative staff at each clinical site for their important contribution to subject
recruitment.
Collaborators Proteus Trial Working Group: Turin Candiolo Cancer Institute—FPO,
IRCCS Candiolo: C Laudi (Gastroenterology Unit); D Campanella., P G Valle, S
Musso (Radiology Unit); AO Mauriziano, Umberto I: M Fracchia, A Lavagna, L
Crocellà, R Rocca (Gastroenterology Unit); AOU Città della Salute e della Scienza: A
Bertone, A Mondardini, M Pennazio, T Sprujievnik (Gastroenterology Unit); M
Silvani, A Capuano, G Martinasso (CPO Piemonte); im3D spa: P Falco, M De Bandi,
G Fontanili. Verona: D Cecchin, E Ntakirutimana (Gastroenterology Unit, S. Bonifacio
Hospital); M C Chiofﬁ (Screening Unit, ULSS 20); Novara: C Magnani (CPO
Piemonte, Piemonte Orientale University); L Broglia, S Saettone, G Comi, C Calcara
(Gastroenterology Unit, Borgomanero Hospital); Biella: F Ferrero, A Azzoni
(Gastroenterology Unit, Ospedale degli Infermi); S Debernardi (Radiology Unit,
Ospedale degli Infermi); A Marutti, B Mutti, S Simonetti (Edo Tempia Foundation).
Contributors Nine authors (CS, DR, GI, LC, NS, SM, LM, AE) participated in study
concept and design, acquisition of data, data analysis and interpretation, drafting of
the report, and critical revision of the report for important intellectual content. DM,
RA, LP. GAS, MM participated in the study as CTC readers, collected data and
commented on the draft report. MCC, AF, LG, TG, MCM, GG, AA, GG, GB, PO, PB
were involved in participant recruitment, performance of the examinations, data
collection and drafting of the report. All authors gave ﬁnal approval of the version
to be published.
Funding This research was funded by Piedmont Region (Department of Health and
Department of Technical Innovation) and by im3D S.p.A, Turin, Italy.

Regge D, et al. Gut 2016;0:1–7. doi:10.1136/gutjnl-2015-311278

Competing interests LC and LM are employees of im3D. Authors (CH, CS, NS,
DR and SM) who were not employees or consultants of im3D had control of all data
and information that might present a conﬂict of interest for those authors who were
employees or consultants for im3D.
Patient consent Obtained.
Ethics approval The trial had been approved by the Ethics Review Boards of all
participating centres.
Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1
2

3

4
5

6
7
8

9
10

11

12

13

14

15

16

17
18
19

20

21

Torre LA, Bray F, Siegel RL, et al. Global cancer statistics, 2012. CA Cancer J Clin
2015;65:87–108.
Atkin WS, Edwards R, Kralj-Hans I, et al. Once-only ﬂexible sigmoidoscopy
screening in prevention of colorectal cancer: a multicentre randomised controlled
trial. Lancet 2010;375:1624–33.
Segnan N, Armaroli P, Bonelli L, et al. Once-only sigmoidoscopy in colorectal cancer
screening: follow-up ﬁndings of the Italian randomized controlled trial-SCORE.
J Natl Cancer Inst 2011;103:1310–22.
Schoen RE, Pinsky PF, Weissfeld JL, et al. Colorectal-cancer incidence and mortality
with screening ﬂexible sigmoidoscopy. N Engl J Med 2012;366:2345–57.
Hoff G, Grotmol T, Skovlund E, et al. Risk of colorectal cancer seven years after
ﬂexible sigmoidoscopy screening: randomised controlled trial. BMJ 2009;338:
b1846.
Zorzi M, Baracco S, Fedato C, et al. Screening for colorectal cancer in Italy: 2008
survey. Epidemiol Prev 2010;34(Suppl 4):53–72.
Johnson CD, Chen MH, Toledano AY, et al. Accuracy of CT colonography for
detection of large adenomas and cancers. N Engl J Med 2008;359:1207–17.
Regge D, Laudi C, Galatola G, et al. Diagnostic accuracy of computed tomographic
colonography for the detection of advanced neoplasia in individuals at increased
risk of colorectal cancer. JAMA 2009;301:2453–61.
Kim DH, Pickhardt PJ, Taylor AJ, et al. CT colonography versus colonoscopy for the
detection of advanced neoplasia. N Engl J Med 2007;357:1403–12.
de Haan MC, van Gelder RE, Graser A, et al. Diagnostic value of CT-colonography
as compared to colonoscopy in an asymptomatic screening population: a
meta-analysis. Eur Radiol 2011;21:1747–63.
Stoop EM, de Haan MC, de Wijkerslooth TR, et al. Participation and yield of
colonoscopy versus non-cathartic CT colonography in population-based screening
for colorectal cancer: a randomised controlled trial. Lancet Oncol 2012;13:55–64.
Liedenbaum MH, de Vries AH, Gouw CI, et al. CT colonography with minimal
bowel preparation: evaluation of tagging quality, patient acceptance and diagnostic
accuracy in two iodine-based preparation schemes. Eur Radiol 2010;20:367–76.
de Wijkerslooth TR, de Haan MC, Stoop EM. Burden of colonoscopy compared to
non-cathartic CT-colonography in a colorectal cancer screening programme:
randomised controlled trial. Gut 2012;61:1552–9.
Regge D, Iussich G, Senore C, et al. Population screening for colorectal cancer by
ﬂexible sigmoidoscopy or CT colonography: study protocol for a multicenter
randomized trial. Trials 2014;15:97.
Iussich G, Correale L, Senore C, et al. CT colonography: preliminary assessment of a
double-read paradigm that uses computer-aided detection as the ﬁrst reader.
Radiology 2013;268:743–51.
Iussich G, Correale L, Senore C, et al. Computer-aided detection for computed
tomographic colonography screening: a prospective comparison of a double-reading
paradigm with ﬁrst-reader computer-aided detection against second-reader
computer-aided detection. Invest Radiol 2014;49:173–82.
Zalis ME, Barish MA, Choi JR, et al. CT colonography reporting and data system:
a consensus proposal. Radiology 2005;236:3–9.
Jass JR, Sobin LH. Histological typing of intestinal tumors. 2nd edn. New York:
Springer Verlag, 1989.
Segnan N, Senore C, Andreoni B, et al. Comparing attendance and detection rate
of colonoscopy with sigmoidoscopy and FIT for colorectal cancer screening.
Gastroenterology 2007;132:2304–12.
Hol L, van Leerdam ME, van et al. Screening for colorectal cancer: randomized trial
comparing guaiac-based and immunochemical faecal occult blood testing and
ﬂexible sigmoidoscopy. Gut 2010;59:62–8.
Senore C, Bonelli L, Sciallero S, et al. Assessing generalizability of the ﬁndings of
sigmoidoscopy screening trials: the case of SCORE trial. JNCI 2014;107:385.

7

Downloaded from http://gut.bmj.com/ on September 10, 2016 - Published by group.bmj.com

Comparing CT colonography and flexible
sigmoidoscopy: a randomised trial within a
population-based screening programme
Daniele Regge, Gabriella Iussich, Nereo Segnan, Loredana Correale,
Cesare Hassan, Arrigo Arrigoni, Roberto Asnaghi, Piero Bestagini,
Gianmarco Bulighin, Maria Carla Cassinis, Andrea Ederle, Andrea
Ferraris, Giovanni Galatola, Teresa Gallo, Giovanni Gandini, Licia
Garretti, Maria Cristina Martina, Daniela Molinar, Stefania Montemezzi,
Lia Morra, Massimiliano Motton, Pietro Occhipinti, Lucia Pinali, Gian
Alberto Soardi and Carlo Senore
Gut published online April 12, 2016

Updated information and services can be found at:
http://gut.bmj.com/content/early/2016/04/12/gutjnl-2015-311278

These include:

References

This article cites 20 articles, 4 of which you can access for free at:
http://gut.bmj.com/content/early/2016/04/12/gutjnl-2015-311278#BIBL

Email alerting
service

Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Topic
Collections

Articles on similar topics can be found in the following collections
Colon cancer (1533)
Endoscopy (998)

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions
To order reprints go to:
http://journals.bmj.com/cgi/reprintform
To subscribe to BMJ go to:
http://group.bmj.com/subscribe/

