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abStract
Background: Screening for colorectal cancer is widely recommended, but the preferred 

strategy remains unidentified. We aimed to compare participation and diagnostic yield between 

screening with colonoscopy and with non-cathartic CT colonography.

Methods: Members of the general population, aged 50 to 75 years, and living in the regions of 

Amsterdam or Rotterdam, identified via the registries of the regional municipal administration, 

were randomly allocated (2:1) to be invited for primary screening for colorectal cancer 

by colonoscopy or by CT colonography. Randomisation was done per household with a 

minimisation algorithm based on age, sex, and socioeconomic status. Invitations were sent 

between June 8, 2009, and August 16, 2010. Participants assigned to CT colonography who were 

found to have one or more large lesions (≥10 mm) were offered colonoscopy; those with 6–9 mm 

lesions were off ered surveillance CT colonography. The primary outcome was the participation 

rate, defined as number of invitees undergoing the examination relative to the total number 

of invitees. Diagnostic yield was calculated as number of participants with advanced neoplasia 

relative to the total number of invitees. Invitees and screening centre employees were not 

masked to allocation. This trial is registered in the Dutch trial register, number NTR1829.

Findings: 1,276 (22%) of 5,924 colonoscopy invitees participated, compared with 982 (34%) 

of 2,920 CT colonography invitees (relative risk [RR] 1.56, 95% CI 1.46–1.68; p<0.0001). Of 

the participants in the colonoscopy group, 111 (9%) had advanced neoplasia of whom seven 

(<1%) had a carcinoma. Of CT colonography participants, 84 (9%) were offered colonoscopy, 

of whom 60 (6%) had advanced neoplasia of whom five (<1%) had a carcinoma; 82 (8%) were 

offered surveillance. The diagnostic yield for all advanced neoplasia was 8.7 per 100 participants 

for colonoscopy vs. 6.1 per 100 for CT colonography (RR 1.46, 95% CI 1.06–2.03; p=0.02) and 

1.9 per 100 invitees for colonoscopy and 2.1 per 100 invitees for CT colonography (RR 0.91, 

0.66–2.03; p=0.56). The diagnostic yield for advanced neoplasia of 10 mm or more was 1.5 per 

100 invitees for colonoscopy and 2.0 per 100 invitees for CT colonography, respectively (RR 

0.74, 95% CI 0.53–1.03; p=0.07). Serious adverse events related to the screening procedure were 

post-polypectomy bleedings: two in the colonoscopy group and three in the CT colonography 

group. 

Interpretation: Participation in colorectal cancer screening with CT colonography was 

significantly better than with colonoscopy, but colonoscopy identified significantly more 

advanced neoplasia per 100 participants than did CT colonography. The diagnostic yield 

for advanced neoplasia per 100 invitees was similar for both strategies, indicating that both 

techniques can be used for population-based screening for colorectal cancer. Other factors 

such as cost-effectiveness and perceived burden should be taken into account when deciding 

which technique is preferable.
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introduction
Colorectal cancer (CRC) is the second most prevalent cause of cancer-related mortality in 

Europe.(1) The lifetime risk in the US population is 5–6% without screening (2), similar to that 

in the Netherlands.(3) The prognosis of CRC depends on the stage at the time of diagnosis; in 

the Netherlands, 5-year survival of patients with stage I CRC is 94% compared with 8% for stage 

IV (3). In most cases, the disease develops from adenomatous polyps after a long premalignant 

state. Substantial evidence exists that screening reduces CRC mortality both by early detection 

of cancers and by endoscopic removal of adenomas.(4) Colonoscopy and CT colonography 

visualise the complete colon and enable early detection of advanced adenomas and CRCs. 

These techniques could therefore lead to a decrease of incidence of this disease.(5) 

Colonoscopy is widely accepted as the reference standard for detection of adenomas and 

CRCs. Results from tandem-colonoscopy studies and comparative studies with CT colonography 

showed that the sensitivity is between 88% and 98% for large adenomas (≥10 mm) (6;7) and about 

87% for 6–9 mm adenomas.(6) Colonoscopy has the advantage that adenomas can be removed 

directly. Additionally, colonoscopy can be repeated with long intervals because the risk of 

developing CRC after a negative colonoscopy remains low for more than 10 years.(8) However, 

the protective effect seems to be less clear for right-sided cancers and is related to the quality of 

the procedure.(9) Disadvantages are the need for full bowel cleansing, burden of the procedure, 

and the complication rate of 0.1–0.3%, such as post-polypectomy bleeding and perforation.(10;11)

CT colonography could be a valuable alternative for colonoscopy. Its estimated sensitivity 

in detection of large adenomas (≥10 mm) in a screening population is 88%, compared with 79% 

for 6–9 mm adenomas.(12) Important advantages of CT colonography are its minimally invasive 

nature (only a small-calibre flexible rectal catheter is needed for colonic distension), the use 

of limited bowel preparation (13;14), and low risk of complications.(15) Disadvantages are the 

exposure to ionising radiation— although low-dose protocols are now available—and the need 

for subsequent colonoscopy if substantial lesions are detected. 

Several studies have compared the accuracy and yield of colonoscopy and CT colonography 

in an average risk population.(12) However, the effectiveness of a population-based screening 

programme does not only depend on the detection rate of the screening technique, but also 

on the participation rate. One could hypothesise that CT colonography will be perceived as 

less burdensome, leading to a higher participation in CT-based screening. The aim of this 

population-based randomised trial was to compare the participation and diagnostic yield of 

colonoscopy and non-cathartic CT colonography in average risk individuals in a population-

based programme of colorectal cancer screening.

MetHodS

Study design and participants

This randomised controlled trial was done in the Netherlands, at the Academic Medical 

Centre in Amsterdam and the Erasmus University Medical Centre in Rotterdam. Individuals, 

not previously invited for screening for CRC, aged 50 to 75 years, and of the general Dutch 
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population in the regions of Amsterdam and Rotterdam, were invited for CRC screening. 

Individuals were identified with the electronic databases of the regional municipal 

administration registration. The overall design of the COCOS (COlonoscopy or COlonography 

for Screening) trial has been described in detail previously.(16) Ethics approval was obtained 

from the Dutch Health Council (2009/03WBO, The Hague, Netherlands). All participants gave 

their written informed consent. 

Randomisation and masking

Individuals were randomly assigned (2:1) to colonoscopy or CT colonography for primary 

screening for CRC. The trial originated from two different projects: one for colonoscopy 

screening and one for CT colonography screening, which were separately funded, but could 

be merged into this randomised trial, which explains the 2:1 ratio. Randomisation was done 

before invitation, to mimic a true population-based screening programme. Randomisation was 

done per household, to prevent individuals from switching invitations or calling the screening 

centre to be assigned to another group of the study. Additionally, individuals were stratified for 

age (50–54, 55–59, 60–64, 65–69, 70–75 years), sex, and socioeconomic status (score 1–5; very 

low, low, average, high, very high). These details were based on the Dutch population registry 

and on data from Statistics Netherlands, providing information on which socioeconomic 

status is linked to each postal code in the Netherlands. This way the invited population was 

representative for the Dutch population of 50 to 75 years in terms of sex, socioeconomic status, 

incidence and mortality of CRC, and access to medical care.

Randomisation was done by TENALEA using ALEA Randomisation software (version 2.2), 

with TENALEA online resource for clinical trials, providing various validated algorithms for 

randomisation of individuals in clinical trials. For this study, we used the TENALEA minimisation 

algorithm based on Pocock and Simon.(17)

Minimisation conceals treatment allocation since it does not use a predefined allocation 

scheme, but assigns treatment on the basis of characteristics of the individuals and the 

treatment assignment of participants already randomised in the study. Invitees and screening 

centre employees were not masked from the allocation.

Procedures

All individuals were invited by mail between June 8, 2009, and August 16, 2010, by the 

regional comprehensive cancer centres. Invitations were accompanied by an information 

leaflet, including information about CRC in general, and about advantages and possible risks 

of colonoscopy or CT colonography (only about the test for which the person was invited), 

derived from previous pilots of CRC screening and approved by the Dutch Health Council.

(18-20) Further details about the information leaflets and invitation letters are provided in the 

Webappendix 1.

Invitees with symptoms potentially related to CRC in the previous 3 months (e.g., rectal 

blood loss or changed bowel habits, or both) were recommended to decline the invitation for 

screening and contact their family doctor instead. All invitees invited in this study will be linked 

to the national cancer registry for follow-up on incidence (including left-sided and right-sided 

cancers) and mortality attributable to CRC over a 10-year period since invitation.
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Invitees in both groups were offered screening with a previous consultation with a doctor 

or nurse. During the consultation, the procedure, risks, general health status, and informed 

consent were discussed. Respondents were excluded from participation if they had had a 

colonoscopy, CT colonography, or double-contrast barium enema in the previous 5 years, or if 

they had severe disease with a life expectancy of less than 5 years. This strategy was in line with 

international Recommendations for CRC screening.(21) CT colonography responders were also 

excluded in case of pregnancy, hyperthyroidism, iodine contrast medium allergy, or when they 

had been exposed to ionising radiation for research purposes within the previous 12 months.

All colonoscopies were scheduled on one of the programmes of five experienced 

gastroenterologists (≥1000 colonoscopies) and done according to the standard quality 

indicators defined by the Society of Gastrointestinal Endoscopy.(22) For bowel preparation, 

we used 2 L of polyethylene electrolyte glycol solution (Moviprep, Norgine bv, Amsterdam, 

Netherlands) together with 2 L of transparent fluid, and a low-fibre diet for 2 days. Conscious 

sedation (midazolam) and analgesics (fentanyl) were given intravenously at the discretion of 

the participant and the endoscopist. Hyoscine butylbromide was given intravenously at the 

start of withdrawal of the endoscope to reduce colonic motility if needed. Withdrawal time 

was at least 6 minutes. Of all detected lesions, morphology (sessile, pedunculated, flat, or 

depressed), location (distance from the anus and segment), macroscopic aspect (hyperplastic, 

adenomatous, carcinomatous) and size (open biopsy forceps with 7 mm span) were noted. If 

possible, all detected lesions were removed during the same procedure and, if not, biopsies 

were obtained for histopathology. We used final histopathology outcome of these lesions as 

the definitive diagnosis.

For participants assigned to receive CT colonography, a non-cathartic preparation 

consisting of two times 50 ml of iodinated contrast agent (Telebrix Gastro, Guerbet, 

Aulnaysous-Bois, France) was given on the day before the examination, 50 ml 1.5 h before 

the examination, and a low-fibre diet for 1 day. Colonic distension was obtained with an 

automatic carbon dioxide insufflator (PROTOCO2L, Bracco, EZEM, Lake Success, NY, USA) 

after intravenous administration of 20 mg hyoscine butylbromide. If contraindicated, 1 mg of 

glucagon hydrochloride was used intravenously. If both bowel relaxants were contraindicated, 

no medication was used. We obtained CT images in the supine and prone position on two 

64-slice CT-scanners (Brilliance, Philips Healthcare, Best, Netherlands; SOMATOM Sensation, 

Siemens Medical Solutions, Erlangen, Germany) using a low-dose protocol; with collimation 

64 × 0.625 mm, slice thickness 0.9 mm, reconstruction interval 0.7 mm, tube voltage 120 kV, 

and 25 reference mAs (for Brilliance) and collimation 128 × 0.6 mm, slice thickness 1.0 mm, 

reconstruction interval 0.7 mm, tube voltage 120 kV, and 16 ref mAs (for SOMATOM Sensation). 

Lesion detection was done by one of three experienced readers (≥800 examinations). Images 

were read in primary 2D (window setting 1500, –250 HU) with 3D problem solving using 

enhanced 3D visualisation software (View Forum, Philips, Best, Netherlands), followed by 

secondary computer-aided detection (CAD) read using a commercial CAD system of Philips 

healthcare (non-commercial outside Europe). CT colonography was done with non-cathartic 

bowel preparation and low-dose protocol, and therefore a primary three-dimensional 

read (either with or without electronic cleansing) was not appropriate. For experienced 

85



6

PARTICIPATION AND YIELD OF COLONOSCOPY AND CT COLONOGRAPHY

readers, a primary two-dimensional read has been shown to be as accurate as a primary 

three-dimensional read and two-dimensional read turned out to be more time efficiënt.

(23) We examined extracolonic structures using the C-RADS classification.(24) We judged an 

extracolonic lesion C-RADS E3 or E4 to be possibly clinically relevant.

Follow-up after a positive test result 

Colonoscopy participants were informed about the findings on the day of the procedure, and, 

in case of histology sampling, were informed within 2 weeks by telephone on the definitive 

diagnosis. Recommendations about surveillance colonoscopy were given according to Dutch 

adenoma surveillance guidelines.(25) In case of cancer, staging investigations were done and 

the patient was referred for further treatment. CT colonography participants were informed 

by telephone about the CT colonography results within 2 weeks. Participants with one or more 

large lesions (≥10 mm) who had had a CT colonography were referred for colonoscopy within 

3 weeks, during which CT colonography findings were revealed with segmental unblinding, 

which was done by a physician or nurse from the radiology department. All polyps detected 

during follow-up colonoscopy were removed, irrespective of size.

By contrast with US screening guidelines for CRC (26), the Dutch Health Council decided 

that participants with less than three lesions measuring 6–9 mm should be recommended to 

undergo surveillance CT colonography after 3 years, whereas participants with three or more 

lesions measuring 6–9 mm were recommended follow-up CT colonography after 1.5 years. 

Polyps smaller than 6 mm were ignored because of the very low prevalence of malignancy 

in these lesions.(27) Participants with relevant extracolonic findings were referred for 

corresponding tests. 

Histology was assessed by two expert gastrointestinal pathologists and defined according 

to the Vienna criteria.(28) Lesions were classified as hyperplastic polyp, serrated adenoma, 

adenoma (tubular, tubulovillous, or villous), or carcinoma. Dysplasia was defined as low-grade 

or high-grade. Advanced adenoma was defined as an adenoma of 10 mm or more, or as an 

adenoma (irrespective of size) with at least 25% villous histology or with high-grade dysplasia, 

or both.(29) Advanced neoplasia was defined as either advanced adenoma or CRC. 

Complications related to colonoscopy and CT colonography were recorded at the time of 

the procedure. All participants were contacted 2 weeks after the procedure for registration 

of post-procedural complications and were instructed to contact the primary investigator if 

complications occurred in the additional 2 weeks. 

Statistical analysis

The analysis was based on the intention-to-treat principle. The primary endpoint, participation 

rate, was defined as the number of participants undergoing the screening test relative to the 

total number of invitees. Results were not adjusted for clustering, because in most instances 

there were only one or two eligible individuals per household. Diagnostic yield was calculated 

as number of participants with advanced neoplasia relative to the total number of participants 

and relative to the total number of invitees. Differences were expressed as relative risk with 

95% CIs. We used logistic regression to test the statistical significance of the difference in 

participation and detection rates between groups, taking into account the factors used in the 
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randomisation. Two-sided p values of less than 0.05 were deemed significant. We used SPSS for 

Windows, version 18, for all the analyses.

We predicted a participation rate of 25% in colonoscopy screening and 35% in CT 

colonography screening, on the basis of the participation rate of sigmoidoscopy screening 

in the Netherlands.(18) By inviting at least 7,500 individuals, a statistical power of more than 

99% would be achieved to reject the null hypothesis of no difference, using a χ2 test with a 

significance level set at 0.05. We aimed for high precision on the primary outcome to provide an 

optimum basis for political and public health decision making on introduction of a population-

based programme of CRC screening in the Netherlands. The invitation process continued until 

at least 1,250 colonoscopies and 875 CT-colonographies were done. This trial was registered in 

the Dutch trial register, number NTR1829. 

Role of the funding source

The sponsors of the study had no access to the data, no role in study design, data collection, data 

analysis, data interpretation, or writing of the report. The corresponding author had full access 

to all the data in the study and had final responsibility for the decision to submit for publication.

reSultS
Between June 8, 2009, and August 16, 2010, 8,844 people were randomly allocated to be 

invited to screening with colonoscopy or CT colonography (Figure 1). Colonoscopy invitees 

Figure 1: Participation and outcome among colonoscopy and CT colonography invitees
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Table 1: Participation rate by age, sex and socioeconomic status

Colonoscopy CT Colonography

Inviteesa

n=5,924
Participantsa

n=1,276 
Inviteesa

n=2,920
Participantsa

n=982 

Age (years)
50-54
55-59
60-64
65-69
70-75
p value

1,277
1,423
1,439
1,009
772
..

290 (23%)
334 (23%)
306 (21%)
245 (24%)
101 (13%)
<0.0001b

621
742
665
497
395
..

230 (37%)
264 (36%)
219 (33%)
171 (34%)
98 (25%)
0.001b

Sex
Male 
Female 
p value

2,937
2,987

652 (22%)
624 (21%)
0.22b

1,439
1,481

507 (35%)
475 (32%)
0.07b

Socioeconomic 
Status 
Very low 
Low 
Average 
High 
Very high 
p value

1,030
1,236
1,160
1,127
1,206

178 (17%)
257 (21%)
261 (23%)
257 (23%)
306 (25%)
0.0001b

546
568
588
606
528

169 (31%)
187 (33%)
184 (31%)
231 (38%)
191 (36%)
0.04b

The denominator of all percentages is the number of invitees in the corresponding category.
 a Due to missing values, the total number of participants included in the analyses per age and socioeconomic status do not 
always add up to the total number of invitees or participants. 
b p values were for the comparison of participation rates between subgroups and were calculated with χ2 statistics.

had a mean age of 60.8 years (SD 6.6), a mean socioeconomic status of 3.0 (SD 1.4), and 50% 

of them were male. CT colonography invitees had a mean age of 60.9 years (SD 6.7), a mean 

socioeconomic status of 3.0 (SD 1.4), and 49% of them were male. Overall, 1,276 (22%) of 5,924 

colonoscopy invitees participated compared with 982 (34%) of 2,920 CT colonography invitees 

(relative risk [RR] 1.56 [95% CI 1.46–1.68] p<0.0001). Table 1 shows details on participation rate 

by age, sex, and socioeconomic status. 

The most frequently mentioned reasons for non-participation are summarised in 

Webappendix 2. Participation rates in colonoscopy and CT colonography screening differed 

significantly between age groups and between socioeconomic categories, with lower 

participation in advanced age groups and lower socio economic categories. Participation 

did not differ between men and women. 43 (3%) of 1276 colonoscopy participants had at 

least one first-degree relative aged 49 years or younger with CRC or at least two first-degree 

relatives aged 50 years or older with CRC, compared with 34 (3%) of 982 CT colonography 

participants.

Colonoscopy was incomplete in 39 (3%) of 1,276 colonoscopy participants because of poor 

bowel preparation (n=21), pain during the procedure (n=8), bowel anatomy (n=6), presence 

of a colonic stricture (n=2), or other (n=2). The procedure was successfully repeated in 11 

participants, 28 declined re-examination, resulting in an overall completion rate of 98%. CT 
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colonography was incomplete in 44 (4%) of 982 participants because of inadequate distension 

(n=29), inadequate tagging (n=12), or both (n=3). It was successfully repeated in 33 participants, 

11 declined re-examination, resulting in an overall completion rate of 99%.

Of all 982 CT colonography participants, 78 (8%) were offered surveillance after 3 years 

and four (<1%) after 18 months because of 6–9 mm lesions. These surveillance data are not 

yet available for analysis. Another 84 (9%) were referred for colonoscopy because they had 

at least one large lesion (≥10 mm). All these individuals underwent colonoscopy. Two of these 

84 colonoscopies were initially incomplete because of a post-polypectomy bleeding and 

insufficient bowel preparation, but successfully repeated. In seven (8%) participants, no lesions 

were found on colonoscopy.

In the primary colonoscopy group, 111 participants were diagnosed with advanced 

neoplasia, compared with 60 CT colonography participants (Table 2), corresponding with 

at least one advanced neoplasia in 8.7 per 100 colonoscopy participants vs. 6.1 per 100 CT 

colonography participants (RR 1.46; 95% CI 1.06–2.03; p=0.02). Relative to those invited, 

the difference is 1.9 per 100 vs. 2.1 per 100 invitees (RR 0.91, 0.66–2.03, p=0.56). The positive 

predictive value for advanced neoplasia of CT colonography was 71% (95% CI 0.62–0.81). If 

CAD had not been used in CT colonography, this would have resulted in 59 instead of 60 

participants with advanced neoplasia. 

In the primary colonoscopy group, 87 participants were diagnosed with advanced neoplasia 

of 10 mm or more, compared with 58 CT colonography participants (Table 2; for participants, RR 

was 1.17, 95% CI 0.83–1.64, p=0.31; for invitees, RR was 0.74, 0.53–1.03, p=0.07).

Tables 3 and 4 summarise the characteristics of detected advanced adenomas and cancers. 

In the 111 colonoscopy participants with advanced neoplasia, 140 advanced adenomas were 

detected. Of these, 104 (74%) were at least 10 mm, 72 (51%) showed a 25% or more villous 

Table 2: Most advanced lesion per participant and per invitee for colonoscopy and CT colonography (CTC)

Yield per 100 participants Yield per 100 invitees

Colonoscopy 
(n=1,276)

CTC
(n=982) p value

Colonoscopy
 (n=5,924)

CTC
(n=2,920) p value

Colorectal cancer (n)a 0.5 (7) 0.5 (5) 0.91 0.1 (7) 0.2 (5) 0.50

Advanced adenoma (n) 8.2 (104) 5.6 (55) 0.02 1.8 (104) 1.9 (55) 0.69

≥10 mm 6.3 (80) 5.4 (53) 0.30b 1.4 (80) 1.8 (53) 0.11b

Non-advanced adenoma (n) 21.4 (273) 1.2 (12) <0.0001 4.6 (273) 0.4 (12) <0.0001

Serrated adenoma (n) 2.4 (32) 0.2 (2) <0.0001 0.5 (32) 0.1 (2) 0.001

Hyperplastic polyp (n) 13.9 (178) 0.3 (3) <0.0001 3.0 (178) 0.1 (3) <0.0001

Advanced neoplasia (n) 8.7 (111) 6.1 (60) 0.02c 1.9 (111) 2.1 (60) 0.56

≥10 mm 6.8 (87) 5.9 (58) 0.31d 1.5 (87) 2.0 (58) 0.07

Numbers in brackets are the actual number of individuals. 
a All CRCs were 10 mm or larger. 
b Relative risk for advanced adenomas of 10 mm or more per 100 participants was 1.17 (95% CI 0.82-1.68), relative risk for 
advanced adenomas of 10 mm or more per 100 invitees was 0.74 (0.52-1.05)
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Table 3: Histology and dysplasia of detected adenomas

Colonoscopy (n, %) CT Colonography (n,%)

Adenomas ≥10 mm

Villous
HGD 

2 (2%)
1 (1%)

1 (2%)
0

Tubulovillous
HGD 

50 (48%)
6 (6%)

38 (58%)
6 (9%)

Tubular 
HGD 

49 (47%)
5 (5%)

26 (39%)
3 (5%)

Not specified 3 (3%) 1 (2%)

Total 104 66

Adenomas 6-9 mm

Villous 
High grade dysplasia

0
0

0
0

Tubulovillous 
High grade dysplasia

12 (11%)
2 (2%)

3 (8%)
0

Tubular 
High grade dysplasia

98 (87%)
4 (4%)

33 (85%)
0

Not specified 3 (3%) 3 (8%)

Total 113 39

Adenomas 6-9 mm

Villous 
High grade dysplasia

0
0

0
0

Tubulovillous 
High grade dysplasia

8 (2%)
6 (1%)

5 (5%)
0

Tubular 
High grade dysplasia

98 (87%)
12 (2%)

33 (85%)
2 (2%)

Not specified 12 (2%) 17 (17%)

Total 495 98

Total number of adenomas 712 203

Total number of advanced adenomas 140 76

component, and 36 (26%) contained high-grade dysplasia (Table 3). Both advanced and non-

advanced lesions were mostly sessile and most advanced lesions were left sided (Table 4). In the 

60 CT colonography participants with confirmed advanced neoplasia, 76 advanced adenomas 

were detected. Of these, 66 (87%) were at least 10 mm, 47 (62%) showed a 25% or more villous 

component, and 11 (14%) contained high-grade dysplasia (Table 3). Most advanced lesions were 

pedunculated and left sided (Table 4). Most non-advanced lesions were sessile (Table 4). 

Seven (<1%) of the 1,276 colonoscopy participants had a carcinoma, compared with five (<1%) 

of the 982 CT colonography participants; p=0.90. All CRCs were 10 mm or larger. Eleven (92%) 

of these carcinomas were classified as Dukes A and one carcinoma, detected in a colonoscopy 

participant, was classified as Dukes C. 
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Table 4: Morphology of detected adenomas and location of colorectal cancers and advanced adenomas

Colonoscopy (n, %) CT Colonography (n,%)

Morphology

Advanced adenomas 140 76

Flat 6 (4%) 5 (7%)

Sessile 71 (51%) 26 (34%)

Pedunculated 62 (44%) 43 (57%)

Missing 1 (1%) 2 (3%)

Non-advanced adenomas 572 127

Flat 31 (5%) 17 (13%)

Sessile 477 (83%) 97 (76%)

Pedunculated 44 (8%) 8 (6%)

Missing 20 (3%) 5 (4%)

Location 

Colorectal cancers 7 5

Rectosigmoid 5 (71%) 4 (80%)

Proximala 2 (29%) 1 (20%)

Advanced adenomas 140 76

Rectosigmoid 85 (61%) 50 (66%)

Proximala 55 (39%) 26 (34%)

a Proximal is defined as descending colon, transverse colon, ascending colon or caecum (as Atkin and colleagues30).

Serious adverse events included post-polypectomy bleeding in two colonoscopy 

participants (0.2%) and in three CT colonography participants (0.3%) who received subsequent 

colonoscopy. One colonoscopy participant died 22 days after colonoscopy because of a spinal 

epidural abscess, not likely related to the colonoscopy. Complications are further described in 

Table 5.

Potentially important findings (C-RADS E3 or E4) were detected in 107 CT colonography 

participants (11%), of whom 94 (10%) had a new diagnosis for which they were further assessed. 

No complications occurred during further assessments, which showed extracolonic cancer 

in five participants (four renal-cell carcinomas and one duodenal carcinoma), abdominal 

aortic aneurysms in seven participants (three underwent surgical treatment), and aneurysms 

of smaller vessels in three participants. One participant had low-risk myelofibrosis, one had 

Paget’s disease, and another had a suspected lung lesion which, after lobectomy, turned out 

to be a glandular papilloma. The remaining C-RADS E3 and E4 findings turned out to be benign 

lesions, 19 located in the kidney, 12 in the gynaecological organs, seven in the liver, seven in the 

lung, five in the adrenals, and 26 in other organs.
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diScuSSion
We compared participation and diagnostic yield of colonoscopy and non-cathartic CT 

colonography for primary CRC screening in a population-based randomised trial with 

individuals aged 50–75 years. The participation rate was higher with CT colonography than 

with colonoscopy, whereas colonoscopy identified more advanced neoplasia in participants 

than did CT colonography. These two differences more or less cancelled each other out in the 

diagnostic yield per invitee, which was similar in both groups (Panel).

Because the screening naive invitees were directly selected from the population registry, 

without any pre-selection strategy, our results are representative for the general Dutch 

population. Invitations for colonoscopy and CT colonography were sent by postal mail in the 

same period, to minimise the possibility of participation being affected by external influences 

such as public awareness. Yet, during the screening trial there was no nationwide screening 

programme or awareness campaign for CRC in the Netherlands, which might have influenced 

our participation rate in a negative way.

Unfortunately, no follow-up data are available yet on the participants offered CT 

colonography surveillance. On the basis of the diagnostic yield in our colonoscopy group, we 

can expect that the diagnostic yield of CT colonography has been underestimated with respect 

to 6–9 mm advanced neoplasia. We detected advanced neoplasia of 10 mm or more in 1.5 per 

Table 5: Complications within 30 days after the examination among colonoscopy and CT colonography 
participants

Colonoscopy (n, %) CT Colonography (n,%)

Serious adverse eventsb

Post-polypectomy bleeding 2 3

Atrial fibrillation 1 0

Collapse 1 1

Pneumonia 1 0

Spinal epidural abscessc 1 0

Acute coronary syndrome 0 1

Acute rheumatic fever 0 1

Cerebrovascular accident 0 1

Myocardial infarction 0 1

Other adverse eventsd

Urinary-tract infection 1 0

Ingestion of disinfectant (30% alcohol)  
instead of 50 ml iodinated contrast agent

0 1

a All complications occurred after CT colonography, except for the post-polypectomy bleedings and the ingestion of 
disinfectant instead of 50 ml of iodinated contrast agent. 
b Serious adverse events were defined as events leading to hospital admission or extension of hospital stay. 
c Participant died 22 days after colonoscopy. This complication seemed not to be related to the colonoscopy, but to 
concurrent otitis media. 
d Other adverse events were defined as events other than serious adverse events.
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100 colonoscopy invitees and in 2.0 per 100 CT colonography invitees, respectively. If the 

cut-off value for referral would have been 6 mm or more rather than at least 10 mm, we would 

probably have noted a higher diagnostic yield. Given the small number of CRCs detected and 

the size of our study group, we were unable to obtain a precise comparison of the diagnostic 

yield for CRCs. The diagnostic yield of CT colonography screening might not unconditionally 

be generalised to other settings, in which the experience of CT colonography readers might be 

lower than in our study. However, results from a study showed that inexperienced readers can 

reach a similar sensitivity compared with experienced readers after 175 CT-colonographies with 

colonoscopy verification.(35)

It can be debated whether the use of non-cathartic preparation in our study has influenced 

the diagnostic yield in the CT colonography group in a positive or negative way. To our 

knowledge, no studies have compared the diagnostic accuracy of CT colonography with 

cathartic or non-cathartic preparation. However, several studies with iodine tagging similar to 

that in our study showed results close to those with cathartic preparation.(13;14) Results from 

a previous study in which 48% of participants were symptomatic, showed that the use of non-

cathartic preparation consisting of 200 ml iodinated contrast agent, resulted in a per patient 

sensitivity of 90–94% for polyps of 6 mm or more.(14) Another study done in a population 

positive for faecal occult blood test (FOBT), reported results on differences in diagnostic 

accuracy, between a bowel preparation consisting of 350 ml (group 1) vs. 200 ml (group 2) 

iodinated contrast agent.(13) The mean sensitivity per patient for large lesions (≥10 mm) did 

not differ significantly between both preparation schemes (90% group 1 vs. 96% group  2, 

respectively). For lesions of 6 mm or more, one of the two observers reached a significant 

difference in per patient sensitivity, as preparation 1 resulted in a sensitivity of 82%, whereas 

Panel. Research in context

Systematic review

We searched PubMed for studies comparing participation and diagnostic yield of colonoscopy and 
CT colonography screening. Several studies compared the accuracy and yield of colonoscopy and CT 
colonography in an average-risk population.(15;31-33) However, the effectiveness of a screening programme 
does not only depend on detection rate, but also on participation. Only one previous study addressed 
the participation rate and yield of screening in an average-risk population with either colonoscopy or CT 
colonography.(34)

Interpretation

Our results show that colonoscopy and CT colonography screening result in a lower participation rate 
compared to guaiac-based faecal occult blood test (gFOBT) and FIT screening.(18-20) The participation rate 
of sigmoidoscopy screening was similar to that of CT colonography.(18) The yield of advanced neoplasia 
per 100 invitees was similar between colonoscopy and CT colonography, and to that noted with flexible 
sigmoidoscopy (18), and higher than that noted with first-round gFOBT or faecal immunochemical test.(18-20) 
Both gFOBT and sigmoidoscopy screening have been proven to decrease colorectal cancer-related mortality.
(4;30) Whether screening with colonoscopy or CT colonography lowers the mortality related to colorectal 
cancer is unknown in absence of large, long-term prospective controlled trials. In deciding which screening 
technique would be preferable, we should keep in mind that the detection rates for advanced neoplasia might 
be different in subsequent screening rounds and that participation rates might change over these rounds. 
Additionally, other factors such as cost-effectiveness and experienced burden should be taken into account.
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preparation 2 resulted in a sensitivity of 98%. No differences in per patient specificity were 

recorded. Therefore, we think that the use of non-cathartic preparation did not influence the 

diagnostic yield of CT colonography screening in a negative way.

To our knowledge, only one other randomised trial comparing participation and 

diagnostic yield of colonoscopy and CT colonography has been published so far.(34) That 

study, a community-based screening trial in Australia, reported participation rates of 16% for 

colonoscopy and 18% for CT colonography, and a diagnostic yield for advanced neoplasia of 

8.4 per 100 and 9.0 per 100 participants, respectively.(34) The main differences with our study 

were the substantially smaller numbers of invitees (n=1,400 vs. 8,844) and the fact that invitees 

who met the exclusion criteria were excluded before the analyses, thereby artificially increasing 

the participation rate. Diagnostic yield in the colonoscopy group was similar to the one in our 

study, whereas the diagnostic yield of CT colonography was higher, which could be explained 

by the use of other referral criteria.(35)

The 22% participation rate in our colonoscopy group is more than double the 10% 

participation rate for colonoscopy reported in an Italian randomised trial of screening for CRC.

(36) In another similar trial of average risk individuals selected by general physicians in Italy, the 

participation rate for colonoscopy was 27%.(37) Differences with our study are the procedure 

for selection of invitees and exclusion before randomisation. The participation rate in our CT 

colonography group was 34%. To our knowledge, apart from the Australian randomised trial 

reporting a participation rate of 18%, no other studies have previously reported on participation 

rates for CT colonography with primary population screening.(34)

Our findings on detection rates are similar to other studies. In our study, advanced neoplasia 

was detected in 8.7% of colonoscopy participants, which was similar to German reports in which 

advanced neoplasia was reported in 7.9% of average risk individuals aged 55–99 years.(38) Another 

study done in the USA including asymptomatic individuals from 13 Veterans Affairs medical 

centres aged 50 years or older (97% men), reported advanced neoplasia in 10.5% of colonoscopy 

participants.(39) The higher incidence of advanced neoplasia in their study might be explained 

by the higher prevalence of a positive family history: 13.9% compared with 3.4% in our study, and 

the strong male predominance. A third study including individuals older than 20 years, which was 

also done in the USA, showed a somewhat low detection rate for advanced neoplasia of 5.9%.(40) 

The same detection rate of 5.9% was reported in a Polish study in participants aged 50–66 years, 

despite 13.3% of participants reporting a positive family history.(41) A fifth study done in the USA 

including predominantly asymptomatic individuals (98%) and with 8.4% of participants having a 

positive family history, detected advanced neoplasia in 3.4% of participants.(15)

By referring almost 9% of CT colonography participants for colonoscopy because of large 

lesions (≥10 mm), we detected advanced neoplasia in 6.1% of the participants (detection rate 

in referred individuals 75%). This diagnostic yield seems high. One similar study had a similar 

referral rate of 7.9% and advanced neoplasia was detected in 3.2% of participants (detection 

rate 41%).(15) However, these results also include an unknown number of referred participants 

with only 6–9 mm lesions detected at CT, who were given the choice between immediate 

colonoscopy and surveillance CT colonography. It is unclear how many participants were 

detected with CT lesions of 10 mm or more in previous studies comparing the diagnostic value 
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of CT colonography and colonoscopy in average risk individuals, as the detected advanced 

neoplasia was not presented by referring CT-size categories.(12)

We detected a low number of flat adenomas by both colonoscopy and CT colonography 

(Table 4). These results are similar to those of a previous study reporting on the prevalence of flat 

neoplasms.(42) In that study, 9% of detected neoplasms in screening participants were flat.(42) 

When comparing colonoscopy and CT colonography, some important aspects need to be 

considered. Colonoscopy has the advantage that detected lesions can be removed immediately, 

whereas CT colonography participants need a subsequent colonoscopy. CT colonography has 

the advantage that the risk of complications is low (15), whereas colonoscopy has a 0.1–0.3% 

risk of complications.(10;11) In our study, three post-polypectomy bleedings occurred in the 

CT colonography group (0.3% of participants) and two post-polypectomy bleedings occurred 

in the colonoscopy group (0.2%). The finding of similar complication rates is not unexpected 

as CT colonography screening will also result in colonoscopy-related complications in those 

participants referred for polypectomy of large lesions with increased risks of complications.

(10) Additionally, in both groups, a few serious adverse events occurred, which seemed not 

directly related to the procedure, but related to the age and comorbidity of the screenees. 

A disadvantage of CT colonography is the exposure to ionising radiation, whereas the 

visualisation of extracolonic structures is both an advantage and a disadvantage. A study 

assuming a substantially higher dose than that used in this study, estimated that the number 

of CRCs prevented with a 5-year screening interval outweighs the number of radiation-related 

cancers (benefit-risk ratio 24:1). (43) 

In our study, colonoscopy detected 273 non-advanced adenomas in 1,276 individuals, whereas 

CT colonography showed 12 non-advanced adenomas in 982 participants (no surveillance data 

are available yet). Smaller adenomatous lesions have a low prevalent risk of bearing dysplasia or 

cancer, although we are not able to predict which lesions will progress over time. Besides, more 

hyperplastic lesions were detected by colonoscopy compared with CT colonography. One can 

defend the argument that it is an attractive feature of CT colonography that it finds fewer smaller 

adenomas and hyperplastic lesions, since every polypectomy is associated with risks, as well as 

increased burden, and costs. Altogether, one can argue both ways with respect to the lower 

sensitivity of CT colonography; for the short term it prevents further intervention, for the long 

term, it is likely to limit the preventive effect of the screening intervention.

Since the invitational processes for colonoscopy and CT colonography in our study were 

identical, the most probable reason for the significant difference in participation rate is a 

difference in the expected burden or procedure-related complications. In the Netherlands, 

several trials of screening for CRC have been done in the past few years.(18-20) The Dutch 

participation rates of screening for guaiac-based FOBT (47–50%) and faecal immunochemical 

test (FIT; 60–62%) were higher than the participation rates of colonoscopy and CT 

colonography noted in this study.(18;19) Sigmoidoscopy screening had a participation rate 

of 32% in the Netherlands, which was similar to CT colonography screening.(18) Participation 

rates of all screening techniques could be increased by increasing public awareness through 

large campaigns, or by involving more actively general practitioners in the invitation process. 

Although both guaiac-based FOBT and FIT had a higher participation rate than did other 
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available screening techniques, the diagnostic yield of 0.6 and 1.4–1.5 per 100 invitees, 

respectively, were lower than those with sigmoidoscopy, colonoscopy, and CT colonography 

screening (2.2, 1.9, and 2.1 per 100 invitees, respectively). Whether screening for CRC with FIT, 

colonoscopy, and CT colonography lowers colorectal-cancer related mortality is unknown in 

the absence of large, long-term prospective controlled trials. Both guaiac-based FOBT and 

sigmoidoscopy screening have in such studies been proven to decrease mortality related to 

CRC by 16% and 31%, respectively (4;30)

In deciding which screening technique is favourable, we should keep in mind that the 

detection rates for advanced neoplasia might be different in subsequent screening rounds 

and that participation rates might change over these rounds. The decision about the preferred 

method for CRC screening in population-based screening can be guided by the results of our 

trial, which showed more participants with non-cathartic CT colonography, a higher yield for 

colonoscopy, but a similar diagnostic yield for both methods in the detection of advanced 

neoplasia per 100 invitees. Therefore, to know which screening technique is preferable, other 

factors such as cost-effectiveness, influenced by higher participation rate of CT colonography 

and higher yield per participant for colonoscopy, and experienced burden should be studied. 

Details about experienced burden (as obtained in our trial) and about cost-effectiveness will 

be reported elsewhere.
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aPPendiceS

Webappendix 1 

Available online (Lancet Oncology), includes:

•	 Information on ‘development of information leaflets and invitation letters’

•	 Information leaflets as used during the COCOS trial

 – colonoscopy, intake at the outpatient clinic

 – colonoscopy, intake by telephone

 – CT colonography, intake by telephone

•	 Invitation letters as used during the COCOS trial

 – colonoscopy, intake at the outpatient clinic

 – colonoscopy, intake by telephone

 – CT colonography, intake by telephone

 

Webappendix 2: Most frequently mentioned reasons for non-participationa

Reason Colonoscopy CT colonography

I have symptoms suggestive for CRC 35 (1%) 10 (1%)

I have recently undergone a colonoscopy 398 (9%) 185 (10%)

I have recently undergone a barium contrast enema 44 (1%) 23 (1%)

I am coping with another illness 141 (3%) 48 (2%)

Other reason 784 (17%) 279 (14%)

I do not want to indicate a reason for non-participation 1,249 (27%) 510 (26%)

No response 1,941 (42%) 864 (45%)

Died/moved 56 (1%) 19 (1%)

Total number of non-participants 4,648 (100%) 1,938 (100%)

a Reasons for non-participation as indicated on the reply card (including excluded subjects).
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