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1

INTRODUCTION

To date, colorectal cancer (CRC) is the most common cancer in Europe.(1) The prognosis of 

patients in whom CRC is detected is largely influenced by the clinical and pathological stage at 

the time of diagnosis.(2) CRC mortality rate is lower if cancer is detected early, whereas both 

the incidence and mortality rate can be decreased by the timely detection and removal of 

colorectal adenomas, the most important precursor lesions of CRC.(3) 

One of the ways of achieving early detection of CRC and colorectal polyps is through 

the development of population screening programs in asymptomatic individuals. Population 

screening for CRC has shown to be effective for lowering the CRC mortality rate. This can 

be explained by the relatively high prevalence of detectable precursor lesions and the slow 

progression from adenoma to invasive cancer (4;5). 

Several CRC screening tests are now available. Each test has particular advantages and 

disadvantages that affect its acceptability profile and its accuracy in detecting colorectal 

neoplasia. Screening tests can be roughly classified into two categories: stool-based tests 

and structural exams. Most stool-based tests detect blood (guaiac and immunochemical fecal 

occult blood tests). Structural exams can be subdivided into endoscopic techniques (such as 

flexible sigmoidoscopy and colonoscopy) and radiological exams (e.g. computed tomography 

(CT) colonography). 

When the research reported in this thesis started, the Netherlands did not have a 

population-based screening program. An evidence-based estimate of the participation rate was 

considered essential for estimating the effectiveness and costs of a national screening program. 

In 2005, a National Consensus meeting recommended investigating the implementation of a 

nationwide CRC screening program. In 2008 and 2009, two Dutch pilot studies were conducted 

to investigate the feasibility of fecal occult blood tests (FOBT) and flexible sigmoidoscopy 

(FS) for colorectal cancer screening. The conclusion was that between 47% and 50% would 

participate in a guiac FOBT screening program, 60% to 62% in a fecal immunochemical test (FIT) 

screening program, and 32% in a flexible sigmoidoscopy screening program.(6;7) Colonoscopy 

and CT colonography were considered to be the most accurate exams in detecting colorectal 

neoplasia, but it was not known to what extent the Dutch population would participate in such 

programs. 

The aim of the work reported in this thesis was to contribute evidence for evaluating 

colonoscopy screening. To achieve this goal, we performed a large population based 

randomized screening trial comparing colonoscopy and CT colonography as primary CRC 

screening methods. In this trial we could estimate participation and diagnostic yield, and assess 

other factors that may influence the effectiveness of colonoscopy screening. 

Chapter 2 reviews the literature on the available screening tests and their performance, 

corresponding participation rates and resulting effectiveness. Although fecal immunochemical 

testing is increasingly used worldwide, solid data evaluating the accuracy of FIT against 

colonoscopy as the reference standard are scarce, as most studies to date have only 

performed colonoscopy in subjects with a positive FIT only, not in those with a negative FIT. 

The colonoscopy pilot-study gave us the opportunity to invite each colonoscopy participant 

to additionally perform a FIT. Chapter 3 reports on this additional study on the accuracy of FIT. 
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INTRODUCTION

Although colonoscopy is considered the most accurate exam in detecting colorectal 

neoplasia, it can still miss a significant number of lesions. (8) Adenomas can be visible and not 

recognized or they can be located outside the visual field, hidden behind folds or flexures. The 

use of a transparent cap attached to the tip of a colonoscope could increase colonic surface 

visualization by depressing and pushing away the colonic folds with the cap. We compared the 

adenoma detection rate of cap-assisted colonoscopy with that of regular colonoscopy and 

report the results in Chapter 4. 

Chapter 5 addresses factors associated with the detection of serrated polyps. Such polyps 

can progress to invasive cancer via the serrated pathway, one that differs from the traditional 

adenoma-carcinoma sequence. Serrated polyps have traditionally been thought to be benign, 

with a low likelihood to progress to colorectal cancer. Growing evidence now supports their 

malignant potential. Identifying factors associated with serrated polyp detection may help 

endoscopists to improve the detection of these polyps.

The main results of our randomized screening trial, participation and diagnostic yield of 

colonoscopy and CT colonography screening, are described in Chapter 6. 

Participation in a colonoscopy screening program can be influenced by the anticipated and 

the expected burden of the screening test. Those who anticipate the screening procedure to 

be burdensome may be less likely to take part, while the experienced burden of the procedure 

could play a role in future program adherence. Chapter 7 describes the expected and perceived 

burden of colonoscopy screening compared to CT colonography screening.

Reasons to accept or decline a screening invitation could be based on erroneous 

assumptions. We explored and compared reasons for participation and non-participation 

between colonoscopy and CT colonoscopy screening and report on them in Chapter 8. Such 

findings may be of help in the design of future screening invitations, which can remove barriers 

to participation in colonoscopy screening. 

Chapter 9 presents a comparison of two different types of a pre-consultation in colonoscopy 

screening. A face-to-face consultation allows personal attention and may facilitate decision 

making about participation. In contrast, a telephone consultation does not require the invitee 

to travel and be absent from work. We studied the participation rate with a pre-colonoscopy 

consultation by telephone and compared that with participation using a standard visit at 

the outpatient clinic. We report on this comparison in Chapter 9. In the final Chapter 10 we 

summarize our main findings and discuss future perspectives for colonoscopy screening. 
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abStract
Colorectal cancer is the second most common cancer in Europe and meets the criteria for 

population screening. Population screening should lead to a reduction in CRC-related mortality 

and incidence. Several options are available for CRC screening, which can be itemised as stool 

based-tests and structural exams. Stool-based tests include guaiac and immunochemical faecal 

occult blood tests and DNA-marker tests. Structural exams comprise endoscopic techniques 

(flexible sigmoidoscopy, colonoscopy and capsule endoscopy) and radiological exams (double 

contrast barium enema, CT-colonography and MR-colonography). 

Each test has its own test performance characteristics and acceptability profile, which affect 

the participation and effectiveness of the associated screening programmes. Faecal occult 

blood tests (FOBT) and flexible sigmoidoscopy (FS) are the only methods with a demonstrated 

mortality reduction during a ten year period (FOBT 16% and FS 31%) while flexible sigmoidoscopy 

is the only screening test with a demonstrated reduction in CRC incidence (23%). It is likely 

that other screening techniques such as colonoscopy and CT-colonography will also be 

effective in reduction of CRC-related mortality. DNA-marker tests, capsule endoscopy and MR-

colonography are possible options for the future. 
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introduction
Colorectal cancer (CRC) is the second most common cancer in Europe. Each year, more than 

400,000 persons are diagnosed with CRC and more than half of them will die from the disease.

(1) In the Netherlands, 12,117 persons were diagnosed with CRC and 4,810 persons died from 

CRC in 2008.(2;3) The clinical and pathological stage at the time of diagnosis largely determines 

the prognosis of diagnosed patients.(4) The CRC mortality rate could be decreased by the early 

detection of cancer, whereas both the mortality rate and the incidence can be decreased by the 

timely detection and removal of adenomatous polyps, precursor lesions of CRC.(5) As clinical 

symptoms develop late in the course of the disease, early detection requires additional action. 

One of the ways of achieving early detection and prevention is through the development 

of population screening programs in asymptomatic individuals.(6-9) CRC screening meets the 

criteria for population screening as defined by Wilson and Jungner.(10) CRC is an important 

health problem, its precursor lesions are recognizable and early removal of these lesions has 

been shown to be beneficial.

Several CRC screening tests are available. Each test has its specific test characteristics, with 

particular advantages and disadvantages that determine its acceptability profile. In general, 

screening tests can be classified into two categories: stool based tests and structural exams. 

Stool based tests can be subdivided into tests that detect blood (guaiac and immunochemical 

faecal occult blood tests) and test that detect faecal DNA that is shedded from CRC. Structural 

exams can be subdivided into endoscopic techniques (flexible sigmoidoscopy, colonoscopy and 

capsule endoscopy) and radiological exams (double contrast barium enema, CT colonography 

and MR-colonography). In this review, we discuss test performance, participation rate and 

effectiveness of the available population screening tests for CRC.

Screening teStS

Stool-based tests

Faecal occult blood tests (FOBT) are based on the principle of detecting blood in stool that 

may originate from a bleeding CRC or large adenoma. FOBT is frequently used as screening 

test worldwide because it is simple to perform at home, is non-invasive and relatively cheap. 

However FOBTs are not designed to detect precursor lesions. Adenomas and even CRCs usually 

bleed intermittently and therefore repetitive testing is required. Two main classes of FOBTs are 

available: guiac-FOBT (gFOBT) and faecal immunochemical tests (iFOBT or FIT). gFOBT detect 

any blood in stool whereas FIT are more specific for human haemoglobin.

Guiac-faecal occult blood test (gFOBT)

gFOBT detects blood in stool through pseudoperoxidase activity of haeme or haemoglobin. 

Persons are invited to collect 3 samples of stool at home and send it back by mail. The result of 

the test is usually interpreted by a laboratory assistant. In case of a positive test result, follow-up 

colonoscopy is advised. The test itself is easy to perform at home and no serious complications 

can be expected. In contrast, follow-up colonoscopy can cause complications in FOBT based 

screening programs, such as perforation and bleeding (0.001 to 0.02%).(11)
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Test performance 

Sensitivity is affected by factors such as test interpretation variability among laboratory 

assistants, brand of the test, and number of stool samples collected. Sensitivity is increased by 

adding a drop of water to the test before processing (rehydration of the test). Dietary intake of 

red meat (detection of non-human haemoglobin) leads to false-positives and vitamin C intake 

to false-negatives through blockage of the peroxidise reaction. gFOBT sensitivity is limited and 

variable for CRC (reported numbers vary between 13% to 64%) and for advanced adenomas (11% 

to 41%). Specificity for CRC ranges from 91% to 95%.(11-13) In population screening, the non-

rehydrated gFOBT resulted in a low test positivity rate (0.8% to 3.8%) and a positive predicted 

value (PPV) for CRC of 5.0% to 18.7%. Rehydrated gFOBT resulted in higher test positivity rate 

(1.7% to 15.4 %) and a lower PPV (0.9% to 6.1%) than non-rehydrated gFOBT.(11)

Participation

To be effective, gFOBT based screening programs require annual or biannual testing. Therefore, 

participation in subsequent screening rounds is essential. Reported percentages of persons 

attending a first gFOBT screening round ranged from 53% to 67%. The percentages of persons 

attending all screening rounds were only between 38% to 60% while participation in at least 

one of the screening rounds was between 60 to 78%, in a programme with a minimal length of 

10 years.(11;14)

Effectiveness

gFOBT was the first screening test with a documented CRC-related mortality reduction during 

a 10-year period.(11;14) The estimated CRC-related mortality reduction ranged from 13% to 

33% in four randomised controlled trials (RCTs), in which FOBT screening was compared with 

no screening. Combining the results of all eligible RCTs that used both annual and biannual 

screening leads to an estimated 16% RR reduction in CRC mortality in an intention-to-screen 

meta-analysis (RR 0.84; 95% confidence interval [CI] 0.78 to 0.90). In studies that only used 

biannual screening an estimated 15% CRC mortality reduction (RR 0.85; 95% CI 0.78 to 0.92) 

was achieved, from which can be concluded that biannual screening is sufficient.(11) A CRC 

incidence reduction was only observed in one RCT, but this effect could be largely attributed 

to the high colonoscopy and following polypectomy rate in that study. The other three (truly 

population-based) RCTs reported no significant CRC incidence reduction.

Immunochemical faecal occult blood test (FIT)

FIT detects human globin in stool via an immunochemical reaction and is generally considered a 

superior screening test compared with gFOBT. Whereas gFOBT only determines the presence or 

absence of blood in stool in absolute terms, FIT allows quantitative measurement haemoglobin 

in stool. This allows fine-tuning of the cut-off level for referral for follow-up colonoscopy, 

aiming at an optimal balance between test performance and the available colonoscopy 

capacity in a certain country.(15;16) In contrast to gFOBT testing, no dietary restrictions are 

needed. Processing of the test is automated in a clinical laboratory and only one measurement 

is needed for FIT, versus three stool samples for gFOBT-based screening. As adverse events are 

also associated with follow-up colonoscopies rather than with stool testing itself, complication 
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rates of FIT-based screening programs will be comparable with that of gFOBT-based screening, 

provided the positivity rates are comparable.

Test performance

With FIT, high sensitivity can be achieved. Its sensitivity in detecting CRC (66% to 82%) and 

advanced adenomas (27% to 30%) is at least similar to that of gFOBT, without a reduction in 

CRC specificity for CRC (95% to 97%).(12;17) In persons who participated in screening, detection 

rates for advanced adenomas and cancer were higher with FIT compared with gFOBT (2.4% 

versus 1.1% to 1.2%) whereas the PPV for CRC seems equal (10% to 11% versus 8.6% to 9.7%).(18;19)

Participation

In two Dutch population-based screening studies, in which participants were randomized to 

receive either gFOBT or FIT, participation was higher in the FIT group (60% and 62%) than in 

the gFOBT group (47% and 50%).(18;19) However, participation in the gFOBT-screening arm 

in these trials was lower than in other European studies (53% to 67%). This could be due to 

the current low awareness of CRC and CRC screening in the Netherlands.(20;21) However this 

could also imply an increase in participation for FIT-based screening in the future. The most 

important reason for the higher participation rates for FIT-screening is presumably the easier 

performance of the test.(22)

Effectiveness

There is no evidence from RCTs that CRC-related mortality is reduced over a 10-year period 

of FIT screening. Because FIT-based screening has been shown to lead to higher participation 

and detection rates than gFOBT-based screening, it is likely that the associated effectiveness 

is at least comparable. In one RCT 94,000 persons were randomized to either one round of FIT 

testing and completion of a risk-questionnaire or no screening.(23) No colon cancer mortality 

reduction was shown after a follow-up period of 8 years: CRC mortality was 90 per 100,000 in 

the screening group versus 83 per 100,000 in the control group (p = 0.222). There were some 

major limitations is this study: only one round of FIT was offered, and flexible sigmoidoscopy 

instead of colonoscopy was performed in case of a positive test result. 

DNA-markers

A relative new method of CRC screening is based on DNA-markers in stool (sDNA) and carries 

promise for screening in the future. A multipanel of DNA-markers is needed because no single 

gene mutation is present in all cells shed by adenoma or cancer. A panel of DNA markers 

comprising selected point mutations on APC, KRAS and p53 genes plus long DNA (PreGen-Plus) 

is tested in two large average-risk cohorts.(13) Another panel marker comprising methylated 

vimentin, mutant KRAS, and mutant APC (SDT-2) is being tested in a smaller study.(24) However, 

costs are high compared to FOBT.

Test performance

One study that used PreGen-Plus showed a limited CRC sensitivity (52%) and acceptable 

specificity (94%).(13) Another study using PreGen-Plus showed 20% sensitivity and 96% 
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specificity for “screen-relevant neoplasia” (curable-stage cancer, high-grade dysplasia, 

or adenomas > 1 cm). This study also demonstrated a sensitivity of 40% for screen-relevant 

neoplasia using SDT-2.(24) The limited sensitivity can be explained by the use of a panel of DNA 

markers identifying the majority but not all CRC. 

Participation

So far, no studies have been performed evaluating sDNA in an invitational population-based 

screening setting. It is not known to what extent individuals would be more willing to participate 

in CRC screening by sDNA than by gFOBT or FIT.

Effectiveness

No data are available evaluating reduction of CRC-related mortality by sDNA during a period 

of 10 years.

endoScoPic tecHniQueS

Flexible sigmoidoscopy

Flexible sigmoidoscopy (FS) is an endoscopic procedure, in which the distal 40 to 60 cm of the 

colon is inspected by a regular forward viewing endoscope. Individuals will receive an enema 

30 to 60 minutes before the examination for distal bowel cleansing. FS can be performed 

without sedation. In contrast to FOBT testing, small early neoplastic lesions in the distal colon 

are detected and these can directly be removed. If an adenoma of any size is detected in the 

distal colon a full colonoscopy is advised, because of the increased risk of advanced adenomas 

or cancer in the proximal colon.(25) Quality of the examination and thus of the screening 

program might be difficult to assess since insertion depth is sometimes difficult to determine.

(26) Furthermore, FS needs to be performed by trained endoscopists with acceptable adenoma 

detection rates.(26) Complications such as bleeding or perforation occur in FS screening, 

because of the screening method itself (0% to 0.03%) or due to follow-up colonoscopy (0.3% 

to 0.5%).(27-29)

Test performance

In a screening program in which eligible patients were selected by general practitioners (GP), 

FS had a higher detection rate for advanced adenomas and cancer compared to FIT in one 

screening round (5.2% versus 1.2%, OR 0.22; 95% CI: 0.14% to 0.35%).(30) Isolated proximal 

advanced adenomas or cancer will be undetected in persons attending FS screening, because 

in the absence of distal adenomas, they will not receive a follow-up colonoscopy. In persons 

attending colonoscopy screening, the percentage of asymptomatic individuals with isolated 

proximal advanced adenomas or cancer is estimated at 1.3% to 5%.(31;32) 

Participation

Participation to once-only FS screening is lower than in once-only gFOBT or FIT screening.

(19) However the large variance of participation rates to FS screening is remarkable in Europe. 

A Dutch trial reported a participation rate of 32% whereas large Norwegian and UK trials have 
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reported participation rates of 64% and 71%.(19;27;28) The Norwegian and Dutch trials were 

truly invitational population-based whereas the UK trial used a two-step procedure in which 

people were only randomized after having shown an interest in being screened. Screening 

programme participation could be lower over 10 years because it is generally advised that 

repetitive five yearly testing is necessarily in case of a negative test result.(33) 

Effectiveness

Recently, Atkin et al. (UK-trial) were the first to show evidence of mortality reduction in FS 

screening.(27) In contrast to FOBT screening, a CRC incidence reduction was also expected 

because of the removal of the precursor lesions in FS screening. After having shown an interest 

to be screened, asymptomatic individuals were randomised on a 2:1 basis resulting in a control 

group (113,195 persons) and an intervention group (57,237 persons). In the intervention group, 

40,621 persons (71%) attended FS screening; advanced adenomas or cancer was detected in 

5%. In all people offered a single round of FS screening, a 23% reduction of CRC incidence (HR 

0.77; 95% CI 0.70-0.84) and a 31% reduction in CRC related mortality (HR 0.69; 95% CI 0.59-0.82) 

were observed. In persons who actually attended FS screening, the incidence and mortality 

reduction were higher: 33 % (HR 0.67; 95% CI 0.60 to 0.76) and 43 % (HR 0.57; 95% CI 0.45 to 

0.72), respectively.

A Norwegian group reported the results of an interim-analysis of a population-based 

study (NORCCAP-trial) for CRC incidence after a follow-up period of seven years and for CRC 

mortality after six years.(28) In contrast to the UK-trial, no significant difference was found in 

CRC incidence between the screening and control group (134.5 versus 131.9 cases per 100,000 

person years). Nor was a significant difference observed in CRC-related mortality (HR 0.73; 95% 

CI 0.47 to 1.13). There was a significant CRC-related mortality reduction of 59 % in persons who 

attended FS-screening (HR 0.41; 95% CI 0.21 to 0.82). Hoff et al. mentioned two reasons for 

the limited effect of FS-screening in this interim-analysis: the screening test does not work or 

the development of CRC from precursor lesions will take longer than the follow-up time. The 

second possibility is more likely, considering the results of the UK-trial.

Two other large RCTs of FS-screening are currently ongoing. The Prostate, Lung, Colorectal 

and Ovarian (PLCO) cancer screening trial included 154,942 men and women aged 55 to 74 years, 

who were randomized to either repeated FS or no screening.(34) In the Italian SCORE trial, 34,292 

individuals were randomised to either once-only FS-based screening or no screening.(29) 

Colonoscopy

Colonoscopy is an endoscopic technique that allows inspection of the entire colon. It is 

considered the reference standard for detection of colorectal neoplasia. Colonoscopy is an 

invasive and burdensome procedure and involves full bowel cleansing. The main advantage of 

colonoscopy is that removal of adenomas or early cancer can be performed during the same 

procedure whereas all other screening tests require colonoscopy for confirmation and removal. 

Another advantage is that histological assessment of resected polyps and irresectable lesions 

can be directly obtained, which is necessary to determine the surveillance-interval or the need 

for further treatment. The risk of complications with colonoscopy is estimated between 0.1% 

and 0.3%; adverse events include postpolypectomy bleeding and perforation.(35;36)
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Test-performance

In an average risk cohort of persons 50 to 66 years of age who underwent full colonoscopy, 

advanced adenomas were detected in 5% and CRC in 0.9%.(36) Although colonoscopy is 

considered as the reference standard for the detection of colonic neoplasia, polyps are still 

missed. A substantial adenoma miss rate of 20% to 26% for any adenoma and of 2.1% for large 

adenomas (≥ 10 mm) were reported in tandem colonoscopy studies.(37) Adenoma detection 

rate is highly dependent on quality standards including the colonoscopist and several 

patient related factors.(38) Optimal bowel preparation, sufficient withdrawal time, complete 

examination of the colon and, to a lesser extent, optimal withdrawal technique, are associated 

with lower polyp miss rates.(39-42)

Participation

It is not known yet to what extent persons would participate in a truly invitational population 

based colonoscopy screening programme. Colonoscopy is offered in Poland and Germany 

as part of an implemented programme.(36;43) In Germany, the average annual participation 

rate is about 2.6% of those entitled to screening colonoscopy: men and women aged 55 years 

or older.(44) The Italian study reported a lower participation rate for colonoscopy screening 

compared with FS and FIT screening: 27% versus 32% and 32%, respectively.(30) In this study, 

subjects were selected by GPs and randomised to one of the groups within GP. This study can 

not therefore be considered an invitational population-based screening study. 

It would come as no surprise that participation rates in colonoscopy screening are 

lower than in FOBT or FS-based screening, because the procedure is simply more invasive 

and burdensome. Yet, as patients only have to participate once every ten years, achieving 

comparable program-adherence over a similarly long period could be challenging for FOBT 

and FS-based screening. Colonoscopy can be performed with long intervals as the risk of 

developing CRC after a negative colonoscopy remains low for more than ten years.(45;46) 

At this moment, a large Spanish RCT is ongoing comparing the participation rate in biannual 

FIT screening to that of one-time colonoscopy screening, with a follow-up time of ten years.

(47) A Dutch RCT (COCOS-trial) is ongoing, comparing participation in one-time colonoscopy 

screening to that in one-time CT-colonography screening.(48) This trial is conducted in 

the same setting as earlier RCTs in the Netherlands which investigated participation rates in 

gFOBT, FIT and FS based screening, allowing a comparison, be it an indirect one, of all of these 

screening tests. 

Effectiveness

There are no empirical estimates of the effects of colonoscopy screening on CRC-related 

incidence and mortality. The Nordic–European Initiative on Colorectal Cancer (NordICC)-trial 

is a multicenter collaborative effort in the Nordic countries, the Netherlands and Poland in 

which 66,000 individuals are randomised to either colonoscopy screening or no screening. A 

15-year follow up is planned and an interim analysis will be performed after ten years. Results are 

expected in 2026.(49) In the Spanish trial, CRC-related mortality is directly compared between 

biannual FIT and colonoscopy screening and results are expected in 2021.(47)
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Capsule endoscopy

Colon capsule endoscopy is a new technique to visualise the colon, originating from small 

bowel imaging. Colon capsule is an ingestible capsule consisting of an endoscope equipped 

with a video camera at both ends. Van Gossum et al. were the first to evaluate the effectiveness 

in a prospective setting. In high-risk patients, the sensitivity and specificity in detecting polyps 

≥ 6 mm was 64% and 84% respectively and in detecting advanced adenomas 73% and 79%.(50) 

The per patient sensitivity and specificity with the second-generation capsules were promising, 

with an estimated sensitivity and specificity of 89% and 76% for polyps ≥ 6 mm, and 88% and 

89% for polyps ≥ 10 mm.(51) Compared with full colonoscopy, the accuracy of capsules is 

considerably lower and an even more extensive bowel cleansing is needed. Capsule endoscopy 

has not yet been evaluated in an average risk screening population. 

radiological eXaMS

CT colonography

CT colonography (CTC), also called virtual colonoscopy, allows an examination of the entire 

colon. Interpretation is made possible in two-dimensional and three-dimensional images. 

A small rectal catheter is inserted into the cecum and carbon dioxide is needed for bowel 

insufflation. CTC is considered a less invasive colonic exam compared with colonoscopy.(52;53) 

The preparation is reduced to 150 mL of iodinated contrast agent for tagging combined with 

a low residue diet. This preparation is now indicated as best practice and can replace the 

extensive bowel preparation needed for colonoscopy.(54) If polyps or CRC are detected on CTC, 

a colonoscopy will follow for confirmation and, if possible, subsequent therapy. CTC screening 

leads to exposure of ionizing radiation to asymptomatic persons. A low dose protocol is regularly 

used and inherent chances of radiation induced malignancy are low. Extra colonic structures 

are made visible on CTC. This could be beneficial, but the risks and costs associated with false-

positives will be considerable. The risk of complications is extremely low, no perforations or 

other serious complications have been observed in a large CTC screening cohort.(55)

Test performance

A large screening trial evaluating CTC and same day colonoscopy studied 1233 asymptomatic 

individuals and reported high sensitivity (94%) and specificity (96%) per patient for large 

adenomas (≥10 mm) and these dropped for smaller lesions (≥6 mm): 89% and 80% respectively.

(56) In another study, performed across 15 institutions and including 2500 asymptomatic 

individuals, sensitivity for adenomas ≥ 10 mm and cancer was 90%, specificity 86%, at a PPV of 

23% and a NPV of 99%.(57) The diagnostic yield for detection of advanced neoplasia of CTC is 

comparable to that of colonoscopy: 3.2% versus 3.4%.(55)

Participation

So far, no data are available evaluating participation to an invitational population based CTC 

screening program. The ongoing Dutch COCOS-trial compares participation in CTC-based 

screening to that in colonoscopy screening. 

23



STRATEGIES IN SCREENING FOR CRC

2

Effectiveness

The effectiveness of CTC screening on CRC incidence and mortality is not yet demonstrated. To 

our knowledge, no RCTs are ongoing evaluating this effect.

MR colonography

Magnetic resonance imaging (MRI) of the colon is increasingly studied in the last years. This 

imaging technique also allows examination of the entire colon. The lack of ionizing radiation 

and high soft tissue contrast could favour MRI over CTC. As in CTC, the use of ionizing contrast 

agent for tagging could be mandatory.(58) 

Accuracy of MR colonography in detecting colorectal polyps was evaluated in both high risk 

and normal risk cohorts. In a meta-analysis, its sensitivity in the detection of CRC was estimated 

at 100%. For polyps with a size 10 mm or larger, per patient sensitivity and specificity estimates 

were 88% and 99%.(59) One study only included asymptomatic individuals with a normal risk 

for CRC. Sensitivity and specificity for polyps ≥ 10 mm were 70% and 100%.(60) 

Double-contrast barium enema

Double contrast barium enema (DCBE) was the first radiologic exam that could evaluate the 

entire colon. DCBE coats the mucosal surface with high-density barium. Multiple radiographs 

are made while constantly changing the patients’ position constantly. Full bowel preparation 

is needed and test performance is low: sensitivity for lesions ≥10 mm and ≥6 mm is only 48% 

and 35% respectively in a high-risk cohort.(61) The higher performances of CTC anc MR 

colonography make DCBE-based screening studies illogical. 

diScuSSion
Of all available options for CRC screening, gFOBT and FS based screening are the only strategies 

with a documented CRC-related mortality reduction during a 10-year period. gFOBT and FS 

based screening can therefore considered to be effective.(11;27) Development in CRC screening 

is ongoing and it is very likely that other screening methods (iFOBT, CTC and colonoscopy) are 

effective as well. Stool marker tests, capsule endoscopy and MR colonography should not be 

used for CRC screening at this moment, but have potential for the future. DCBE is considered 

to be an inferior modality, now surpassed by CTC and should not be used for screening. The 

characteristics of all screening tests are summarized in Table 1. 

FOBT is easy to perform at home and the associated costs are low. FOBT requires biannual 

testing and follow-up colonoscopy is needed in case of a positive test result. High participation 

rates during both first and subsequent screening rounds are essential for the effectiveness of 

the screening programme. Nowadays FIT-based screening is generally preferred over gFOBT-

based screening, because of the better participation and detection rates. Its quantitative 

nature allows the definition of an optimal cut-off level aiming to match detection rates in a 

given population to colonoscopy capacity. However definitive evidence of the effectiveness for 

FIT-based screening is lacking. 

In contrast to FOBT, CRC-related incidence reduction was observed in FS-based screening. 

It is very likely that colonoscopy-based screening would also result in CRC-related incidence 
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reduction. The success of FS-based and colonoscopy-based screening is dependent on the 

quality of the examination which should be carefully guaranteed if implemented. Colonoscopy 

is considered as the best test to detect colorectal neoplasia, but polyps are missed by this 

modality as well. CTC can detect polyps with similar accuracy compared with colonoscopy and 

is therefore also a good candidate for CRC screening. 

To implement a specific CRC screening programme, various factors should take into account. 

Besides factors as test accuracy and participation rates, programme adherence has already been 

proven necessary (biannual screening by FOBT). However high test accuracy is often associated 

with high burden and low programme adherence. Furthermore, high participation rates of a 

single round of screening would not automatically result in high programme adherence during 

a longer period. The results of the interim-analysis of the NORCCAP study may illustrate that 

programme adherence for FS screening is as important as for FOBT screening. No significant 

CRC-related mortality reduction was shown after seven years of follow-up by a single round of 

(invitational population-based) screening. This might indicate that a second round after five 

years is actually needed.(28) It seems logical that a CRC-related mortality reduction will be 

shown in the future, because development to CRC will probably take longer than seven years. 

This is confirmed by the results of the UK trial, but this study used a two-step invitation strategy 

and can not be considered as truly invitational population-based.(27)

Table 1: Characteristics of all screening tests 

gFOBT FIT FS CTC Colonoscopy

Sensitivity (%)  
for detecting cancer or 
advanced adenoma (62) 

20 32 83 97 100

Detection rate 
for advanced adenoma  
and cancer (%)  
intention-to-treat 
(18;19;30;36;55)

1.1(19) to 1.2(18) 1.2(30) to 2.4(18;19) 5.2(30) to 8.0(19) 3.2(55) 3.4(55) to 5.9(36) 

Participation rates (%) 
in the Netherlands  
(18;19;48)

47(18) to 50(19) 60(18) to 62(19) 32(19) expected in 2011(48) expected in 2011(48)

Complication rate (%) 
in population screening
screening test only
+ colonoscopy

-
0.001-0.02

-
0.001-0.02

0-0.03
0.3-0.5

expected in 2011
expected in 2011

0.1-0.3
N/A

Significant reduction  
CRC incidence (%) 
intention-to-screen (11;27)

No(11) No 23(27) ? ?

Significant reduction  
CRC mortality (%) 
intention-to-screen (11;27)

16(11) ? 31(27) ? ?

(62) colonoscopy is used as reference standard 
(18;19) derived from population-based RCT; (30;36;55) derived from non-population invitational based screening programme 
(11) CRC incidence reduction was not found by three of four RCTs included in meta-analysis 
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In the US, persons can choose the screening test that they prefer. Two major US guidelines, 

from ACS-MSTF and USPSTF, both published in 2008, came to different recommendations on 

CRC screening while the literature supporting both guidelines was almost identical.(33;63) 

ACS-MSTF distinguishes between cancer prevention tests and cancer detection tests. The 

cancer prevention tests are mainly focussed on detection and removal of the premalignant 

lesions to prevent development of cancer while the cancer detection tests concentrate 

mainly on early detection of cancer. ACS-MSTF stipulated that the best test is the test that the 

patient will take, but recommends cancer prevention over cancer detection tests. In contrast, 

the USPSTF guidelines are based on a simulation decision model and require higher level of 

evidence to include a test. The USPSTF recommend focusing on strategies that maximize the 

participation rate and therefore also includes cancer detection tests in their guidelines.

In most of the EU member states, the USPSTF approach is more supported than the 

ACS-MSTF one. The Council of the European Union (EU) has recently recommended screening 

by FOBT, but a population-based approach to programme implementation. Most of the EU 

member states have already adopted this approach.(64) Some of the member states (Germany, 

Austria) have established non-population based screening programs while some have 

implemented other strategies than FOBT. Poland began an opportunistic colonoscopy program 

in the early 1990s and also other member states have adopted endoscopic methods (Austria, 

Germany, Greece), as a supplement to FOBT or an alternative screening method. Differences 

in programmes and strategies might make it difficult to evaluate and to compare the effect of 

screening in all of Europe.

In conclusion, strong evidence is available on the effectiveness of FOBT-screening.(11) FOBT, 

and especially FIT, resulted in the highest participation rate in pilot programmes.(18;19) Most of 

the EU member states have now implemented or will implement a FOBT programme. However 

other screening techniques (FS, colonoscopy, CTC, MR colonography or stool marker tests) 

could be implemented as a supplement in existing programs or replace FOBT in the future. 

26



STRATEGIES IN SCREENING FOR CRC

2

referenceS
1. Ferlay J, Autier P, Boniol M, Heanue M, 

Colombet M, Boyle P. Estimates of the cancer 
incidence and mortality in Europe in 2006. 
Ann Oncol 2007 Mar;18:581-92.

2. Integrale Kanker Centra. http://www.ikcnet.
nl 2010.

3. Centraal Bureau voor Statistiek. http://www.
cbs.nl 2010.

4. Gondos A, Bray F, Brewster DH, Coebergh 
JW, Hakulinen T, Janssen-Heijnen ML, et al. 
Recent trends in cancer survival across Europe 
between 2000 and 2004: a model-based 
period analysis from 12 cancer registries. Eur J 
Cancer 2008;44:1463-75.

5. Winawer SJ, Zauber AG, Ho MN, O’Brien MJ, 
Gottlieb LS, Sternberg SS, et al. Prevention 
of colorectal cancer by colonoscopic 
polypectomy. The National Polyp Study 
Workgroup. N Engl J Med 1993;329:1977-81.

6. Hardcastle JD, Chamberlain JO, Robinson 
MH, Moss SM, Amar SS, Balfour TW, et al. 
Randomised controlled trial of faecal-occult-
blood screening for colorectal cancer. Lancet 
1996;348:1472-7.

7. Kronborg O, Fenger C, Olsen J, Jorgensen 
OD, Sondergaard O. Randomised study of 
screening for colorectal cancer with faecal-
occult-blood test. Lancet 1996;348:1467-71.

8. Selby JV, Friedman GD, Quesenberry CP, Jr., 
Weiss NS. A case-control study of screening 
sigmoidoscopy and mortality from colorectal 
cancer. N Engl J Med 1992;326:653-7.

9. Newcomb PA, Norfleet RG, Storer BE, Surawicz 
TS, Marcus PM. Screening sigmoidoscopy and 
colorectal cancer mortality. J Natl Cancer Inst 
1992;84:1572-5.

10. Wilson JM, Jungner YG. [Principles and 
practice of mass screening for disease]. Bol 
Oficina Sanit Panam 1968;65:281-393.

11. Hewitson P, Glasziou P, Watson E, Towler 
B, Irwig L. Cochrane systematic review of 
colorectal cancer screening using the fecal 
occult blood test (hemoccult): an update. Am 
J Gastroenterol 2008;103:1541-9.

12. Allison JE, Sakoda LC, Levin TR, Tucker JP, 
Tekawa IS, Cuff T, et al. Screening for colorectal 
neoplasms with new fecal occult blood tests: 
update on performance characteristics. J Natl 
Cancer Inst 2007;99:1462-70.

13. Imperiale TF, Ransohoff DF, Itzkowitz SH, 
Turnbull BA, Ross ME. Fecal DNA versus fecal 

occult blood for colorectal-cancer screening 
in an average-risk population. N Engl J Med 
2004;351:2704-14.

14. Heresbach D, Manfredi S, D’halluin PN, 
Bretagne JF, Branger B. Review in depth and 
meta-analysis of controlled trials on colorectal 
cancer screening by faecal occult blood test. 
Eur J Gastroenterol Hepatol 2006;18:427-33.

15. Hol L, Wilschut JA, van Ballegooijen M, van 
Vuuren AJ, van der Valk H, Reijerink JC, et 
al. Screening for colorectal cancer: random 
comparison of guaiac and immunochemical 
faecal occult blood testing at different cut-off 
levels. Br J Cancer 2009;100:1103-10.

16. van Rossum LG, van Rijn AF, Laheij RJ, van 
Oijen MG, Fockens P, Jansen JB, et al. Cutoff 
value determines the performance of a semi-
quantitative immunochemical faecal occult 
blood test in a colorectal cancer screening 
programme. Br J Cancer 2009;101:1274-81.

17. Morikawa T, Kato J, Yamaji Y, Wada R, 
Mitsushima T, Sakaguchi K, et al. Sensitivity 
of immunochemical fecal occult blood 
test to small colorectal adenomas. Am J 
Gastroenterol 2007;102:2259-64.

18. van Rossum LG, van Rijn AF, Laheij RJ, van Oijen 
MG, Fockens P, van Krieken HH, et al. Random 
comparison of guaiac and immunochemical 
fecal occult blood tests for colorectal cancer 
in a screening population. Gastroenterology 
2008;135:82-90.

19. Hol L, van Leerdam ME, van Ballegooijen 
M, van Vuuren AJ, van Dekken H, Reijerink 
JC, et al. Screening For Colorectal Cancer; 
Randomised Trial Comparing Guaiac-Based 
And Immunochemical Faecal Occult Blood 
Testing And Flexible Sigmoidoscopy. Gut 
2010;59:62-68.

20. Keighley MR, O’Morain C, Giacosa A, Ashorn 
M, Burroughs A, Crespi M, et al. Public 
awareness of risk factors and screening for 
colorectal cancer in Europe. Eur J Cancer Prev 
2004;13:257-62.

21. Wee CC, McCarthy EP, Phillips RS. Factors 
associated with colon cancer screening: 
the role of patient factors and physician 
counseling. Prev Med 2005;41:23-9.

22. Deutekom M, van Rossum LG, van Rijn AF, 
Laheij RJ, Fockens P, Bossuyt PM, et al. 
Comparison of guaiac and immunological 
fecal occult blood tests in colorectal cancer 

27



STRATEGIES IN SCREENING FOR CRC

2

screening: the patient perspective. Scand J 
Gastroenterol 2010;45:1345-9.

23. Zheng S, Chen K, Liu X, Ma X, Yu H, Chen K, 
et al. Cluster randomization trial of sequence 
mass screening for colorectal cancer. Dis 
Colon Rectum 2003;46:51-8.

24. Ahlquist DA, Sargent DJ, Loprinzi CL, Levin 
TR, Rex DK, Ahnen DJ, et al. Stool DNA and 
occult blood testing for screen detection 
of colorectal neoplasia. Ann Intern Med 
2008;149:441-50, W81.

25. Imperiale TF, Wagner DR, Lin CY, Larkin GN, 
Rogge JD, Ransohoff DF. Risk of advanced 
proximal neoplasms in asymptomatic adults 
according to the distal colorectal findings. N 
Engl J Med 2000;343:169-74.

26. Levin TR, Farraye FA, Schoen RE, Hoff 
G, Atkin W, Bond JH, et al. Quality in the 
technical performance of screening flexible 
sigmoidoscopy: recommendations of an 
international multi-society task group. Gut 
2005;54:807-13.

27. Atkin WS, Edwards R, Kralj-Hans I, Wooldrage 
K, Hart AR, Northover JM, et al. Once-
only flexible sigmoidoscopy screening in 
prevention of colorectal cancer: a multicentre 
randomised controlled trial. Lancet 
2010;375:1624-33.

28. Hoff G, Grotmol T, Skovlund E, Bretthauer M. 
Risk of colorectal cancer seven years after 
flexible sigmoidoscopy screening: randomised 
controlled trial. BMJ 2009;338:b1846.

29. Segnan N, Senore C, Andreoni B, Aste H, 
Bonelli L, Crosta C, et al. Baseline findings of 
the Italian multicenter randomized controlled 
trial of “once-only sigmoidoscopy”--SCORE. J 
Natl Cancer Inst 2002;94:1763-72.

30. Segnan N, Senore C, Andreoni B, Azzoni 
A, Bisanti L, Cardelli A, et al. Comparing 
attendance and detection rate of colonoscopy 
with sigmoidoscopy and FIT for colorectal 
cancer screening. Gastroenterology 
2007;132:2304-12.

31. Lewis JD, Ng K, Hung KE, Bilker WB, Berlin 
JA, Brensinger C, et al. Detection of proximal 
adenomatous polyps with screening 
sigmoidoscopy: a systematic review and 
meta-analysis of screening colonoscopy. Arch 
Intern Med 2003;163:413-20.

32. Betes IM, Munoz-Navas MA, Duque 
JM, Angos R, Macias E, Subtil JC, et al. 
Diagnostic value of distal colonic polyps for 
prediction of advanced proximal neoplasia 
in an average-risk population undergoing 

screening colonoscopy. Gastrointest Endosc 
2004;59:634-41.

33. Levin B, Lieberman DA, McFarland B, Andrews 
KS, Brooks D, Bond J, et al. Screening and 
surveillance for the early detection of 
colorectal cancer and adenomatous polyps, 
2008: a joint guideline from the American 
Cancer Society, the US Multi-Society Task 
Force on Colorectal Cancer, and the American 
College of Radiology. Gastroenterology 
2008;134:1570-95.

34. Weissfeld JL, Schoen RE, Pinsky PF, Bresalier 
RS, Church T, Yurgalevitch S, et al. Flexible 
sigmoidoscopy in the PLCO cancer screening 
trial: results from the baseline screening 
examination of a randomized trial. J Natl 
Cancer Inst 2005;97:989-97.

35. Nelson DB, McQuaid KR, Bond JH, Lieberman 
DA, Weiss DG, Johnston TK. Procedural 
success and complications of large-scale 
screening colonoscopy. Gastrointest Endosc 
2002;55:307-14.

36. Regula J, Rupinski M, Kraszewska E, 
Polkowski M, Pachlewski J, Orlowska J, et al. 
Colonoscopy in colorectal-cancer screening 
for detection of advanced neoplasia. N Engl J 
Med 2006;355:1863-72.

37. van Rijn JC, Reitsma JB, Stoker J, Bossuyt 
PM, van Deventer SJ, Dekker E. Polyp miss 
rate determined by tandem colonoscopy: 
a systematic review. Am J Gastroenterol 
2006;101:343-50.

38. Rex DK, Petrini JL, Baron TH, Chak A, 
Cohen J, Deal SE, et al. Quality indicators 
for colonoscopy. Gastrointest Endosc 
2006;63:S16-S28.

39. Barclay RL, Vicari JJ, Doughty AS, Johanson JF, 
Greenlaw RL. Colonoscopic withdrawal times 
and adenoma detection during screening 
colonoscopy. N Engl J Med 2006;355:2533-41.

40. Harewood GC, Sharma VK, de GP. Impact of 
colonoscopy preparation quality on detection 
of suspected colonic neoplasia. Gastrointest 
Endosc 2003;58:76-9.

41. Marmo R, Rotondano G, Riccio G, Marone A, 
Bianco MA, Stroppa I, et al. Effective bowel 
cleansing before colonoscopy: a randomized 
study of split-dosage versus non-split dosage 
regimens of high-volume versus low-volume 
polyethylene glycol solutions. Gastrointest 
Endosc 2010;72:313-20.

42. Rex DK. Colonoscopic withdrawal technique 
is associated with adenoma miss rates. 
Gastrointest Endosc 2000;51:33-6.

28



STRATEGIES IN SCREENING FOR CRC

2

43. Pox C, Schmiegel W, Classen M. Current status 
of screening colonoscopy in Europe and in the 
United States. Endoscopy 2007;39:168-73.

44. Brenner H, Altenhofen L, Hoffmeister M. Eight 
years of colonoscopic bowel cancer screening 
in Germany: initial findings and projections. 
Dtsch Arztebl Int 2010;107:753-9.

45. Singh H, Turner D, Xue L, Targownik LE, 
Bernstein CN. Risk of developing colorectal 
cancer following a negative colonoscopy 
examination: evidence for a 10-year 
interval between colonoscopies. JAMA 
2006;295:2366-73.

46. Brenner H, Chang-Claude J, Seiler CM, 
Sturmer T, Hoffmeister M. Does a negative 
screening colonoscopy ever need to be 
repeated? Gut 2006 Aug;55:1145-50.

47. Colorectal Cancer Screening in Average-
Risk Population: Immunochemical Fecal 
Occult Blood Testing versus Colonoscopy. 
http://www.clinicaltrials.gov/ct2/show/
NCT00906997.

48. de Wijkerslooth TR, de Haan MC, Stoop EM, 
Deutekom M, Fockens P, Bossuyt PM, et al. 
Study protocol: population screening for 
colorectal cancer by colonoscopy or CT 
colonography: a randomized controlled trial. 
BMC Gastroenterol 2010;10:47.

49. The Northern-European Initiative on 
Colorectal Cancer (NordICC). http://
clinicaltrials.gov/ct2/show/NCT00883792.

50. Van Gossum A, Munoz-Navas M, Fernandez-
Urien I, Carretero C, Gay G, Delvaux M, et al. 
Capsule endoscopy versus colonoscopy for 
the detection of polyps and cancer. N Engl J 
Med 2009;361:264-70.

51. Eliakim R, Yassin K, Niv Y, Metzger Y, Lachter 
J, Gal E, et al. Prospective multicenter 
performance evaluation of the second-
generation colon capsule compared with 
colonoscopy. Endoscopy 2009;41:1026-31.

52. Jensch S, de Vries AH, Peringa J, Bipat S, 
Dekker E, Baak LC, et al. CT colonography 
with limited bowel preparation: performance 
characteristics in an increased-risk 
population. Radiology 2008;247:122-32.

53. Lefere PA, Gryspeerdt SS, Dewyspelaere J, 
Baekelandt M, van Holsbeeck BG. Dietary 
fecal tagging as a cleansing method before 
CT colonography: initial results polyp 
detection and patient acceptance. Radiology 
2002;224:393-403.

54. Burling D. CT colonography standards. Clin 
Radiol 2010;65:474-80.

55. Kim DH, Pickhardt PJ, Taylor AJ, Leung WK, 
Winter TC, Hinshaw JL, et al. CT colonography 
versus colonoscopy for the detection 
of advanced neoplasia. N Engl J Med 
2007;357:1403-12.

56. Pickhardt PJ, Choi JR, Hwang I, Butler JA, 
Puckett ML, Hildebrandt HA, et al. Computed 
tomographic virtual colonoscopy to screen 
for colorectal neoplasia in asymptomatic 
adults. N Engl J Med 2003;349:2191-200.

57. Johnson CD, Chen MH, Toledano AY, Heiken 
JP, Dachman A, Kuo MD, et al. Accuracy of CT 
colonography for detection of large adenomas 
and cancers. N Engl J Med 2008;359:1207-17.

58. van der Paardt MP, Zijta F, Stoker J. MRI of the 
colon. Imaging Med 2010;2:195-209.

59. Zijta FM, Bipat S, Stoker J. Magnetic resonance 
(MR) colonography in the detection of 
colorectal lesions: a systematic review of 
prospective studies. Eur Radiol 2010;20: 
1031-46.

60. Kuehle CA, Langhorst J, Ladd SC, Zoepf 
T, Nuefer M, Grabellus F, et al. Magnetic 
resonance colonography without bowel 
cleansing: a prospective cross sectional study 
in a screening population. Gut 2007;56:1079-85.

61. Rockey DC, Paulson E, Niedzwiecki D, 
Davis W, Bosworth HB, Sanders L, et al. 
Analysis of air contrast barium enema, 
computed tomographic colonography, 
and colonoscopy: prospective comparison. 
Lancet 2005;365:305-11.

62. Graser A, Stieber P, Nagel D, Schafer C, 
Horst D, Becker CR, et al. Comparison of CT 
colonography, colonoscopy, sigmoidoscopy 
and faecal occult blood tests for the detection 
of advanced adenoma in an average risk 
population. Gut 2009;58:241-8.

63. Screening for colorectal cancer: 
U.S. Preventive Services Task Force 
recommendation statement. Ann Intern Med 
2008;149:627-37.

64. von Karsa L, Anttila A, Ronco G, Ponti 
A, Malila N, Arbyn M, et al. Cancer 
Screening in the European Union. Report 
on the implementation of the Council 
Recommendation on cancer screening. http://
ec.europe.eu/health/ph_determinants/
genetics/documents/cancer_screening.pdf 
2009 Aug 4.

29



3



iMMunocHeMical fecal occult blood teSting 
iS eQually SenSitive for ProXiMal and diStal 

advanced neoPlaSia

T.R. de Wijkerslooth*, E.M. Stoop*, P.M. Bossuyt, G.A. Meijer, 
M. van Ballegooijen, A.H.C. van Roon, I. Stegeman, R.A. Kraaijenhagen, 

P. Fockens, M.E. van Leerdam, E. Dekker, E.J. Kuipers

* equal contributions

Published in American Journal of Gastroenterology 2012; 107:1051-58



3

ACCURACY OF FIT

abStract
Objective: Fecal immunochemical testing (FIT) is increasingly used for colorectal cancer (CRC) 

screening. We aimed to estimate its diagnostic accuracy in invitational population screening 

measured against colonoscopy.

Methods: Participants (50-75 years) in an invitational primary colonoscopy screening program 

were asked to complete one sample FIT before colonoscopy. We estimated FIT sensitivity, 

specificity and predictive values in detecting CRC and advanced neoplasia (carcinomas and 

advanced adenomas) for cut-off levels of 50 (FIT50), 75 (FIT75) and 100 (FIT100) ng Hb/ml, 

corresponding with, respectively, 10, 15 and 20 microgram hemoglobin per gram feces. 

Results: A total of 1,256 participants underwent a FIT and screening colonoscopy. Advanced 

neoplasia was detected by colonoscopy in 119 (9%); 8 (0.6%) of them had CRC. At FIT50, 121 (10%) 

had a positive test result; 45 (37%) had advanced neoplasia and 7 (6%) had CRC. A total of 74 of 

1,135 FIT50 negatives (7%) had advanced neoplasia including 1 (0.1%) CRC. FIT50 had a sensitivity 

of 38% (95% CI: 29-47) for advanced neoplasia and 88% (95% CI: 37-99) for CRC at a specificity of 

93% (95% CI: 92-95) and 91% (95% CI: 89-92), respectively. The positive and negative predictive 

values for FIT50 were 6% (95% CI: 3-12) and almost 100% (95% CI: 99-100) for CRC, and 37% 

(95% CI: 29-46) and 93% (95% CI: 92-95) for advanced neoplasia. The sensitivity and specificity 

of FIT75 for advanced neoplasia were 33% (95% CI: 25-42) and 96% (95% CI: 94-97). At FIT100, 

71 screenees (6%) had a positive test result. The sensitivity and specificity of FIT100 were for 

advanced neoplasia 31% (95% CI: 23-40) and 97% (95% CI: 96-98), and for CRC 75% (95% CI: 

36-96) and 95% (95% CI: 93-96). The area under curve for detecting advanced neoplasia was 

0.70 (95% CI: 0.64-0.76). FIT had a similar sensitivity for proximal and distal advanced neoplasia 

at cutoffs of 50 (38% versus 37%; p=0.99), 75 (33% versus 31%; p=0.85) and 100 (33% versus 29%; 

p=0.68) ng Hb/ml. 

Discussion: Nine out of ten screening participants with colorectal cancer and four out of 

ten with advanced neoplasia will be detected using one single FIT at low cutoff. Sensitivity in 

detecting proximal and distal advanced neoplasia is comparable.

Study HigHligHtS

What is current knowledge

•	 Population screening for colorectal cancer (CRC) with guaiac FOBT leads to a reduction in 

CRC-related mortality. 

•	 Fecal Immunochemical Testing (FIT) is preferred over guaiac-FOBT because of the higher 

participation and detection rate at equal specificity in population screening. 

•	 Solid data evaluating FIT (OC-Sensor) against colonoscopy are scarce. 

What is new here

•	 Within an invitational colonoscopy screening program, nine out of ten screening 

participants with CRC and four out of ten screening participants with advanced neoplasia 

will be detected using one single FIT.

•	 Sensitivity of FIT for the detection of proximal and distal neoplasia is equal.
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introduction
Colorectal cancer (CRC) is a major health problem worldwide.(1) The prognosis of patients is 

largely determined by the clinical and pathological stage at the time of diagnosis.(2) Population 

screening for CRC has shown to be beneficial which is explained by the high prevalence of 

disease, the slow progression from adenoma to clinically invasive cancer and its recognizable 

precursor lesions.(3-5) 

All U.S. CRC screening guidelines include Fecal Immunochemical Testing (FIT) as one of 

the recommended screening tests.(6;7) The noninvasive character of FIT benefits adherence, 

although participation rates widely vary between countries.(8-11) Guaiac-FOBT (gFOBT) has 

shown to decrease CRC-related mortality by 16% and in a very cost-effective way.(4;12) FIT 

gains preference over gFOBT because of the higher acceptance and detection rates at equal 

specificity.(10;11) Furthermore, the quantitative measurement of hemoglobin (Hb) allows 

adaptation of the cutoff level for referral for colonoscopy to optimize cost-effectiveness or 

to account for the available colonoscopy capacity in a certain region.(13;14) Although FIT 

screening is implemented worldwide, solid data evaluating FIT against colonoscopy as the 

reference standard are scarce as most studies to date have only performed colonoscopy in 

subjects with a positive FIT, but not in those with a negative FIT. 

In addition, the debate regarding miss-rates of right-sided neoplasia in CRC screening 

programs is also relevant for FIT. FIT aims to detect blood in stool but hemoglobin from 

proximal neoplasia may degrade on passage to the anus which could affect the accuracy of FIT. 

Second, a positive FIT-result is followed by a colonoscopy. Undetected right-sided neoplasia by 

colonoscopy will result in a lower sensitivity for detecting colorectal neoplasia in FIT screening.

We aimed to estimate the sensitivity, specificity, positive and negative predictive values of 

FIT in screening naïve participants within a population-based invitational primary colonoscopy 

screening trial, using colonoscopy as the reference test. In addition, we aimed to evaluate FIT 

sensitivity in detecting right-sided and left-sided advanced neoplasia. 

MetHodS

Study population

Between June 2009 and July 2010, a total of 6,600 asymptomatic individuals of the Amsterdam 

and Rotterdam region were randomly selected from the regional municipal administration 

registrations and invited for colonoscopy screening. The protocol of this population-based 

screening pilot (COCOS-trial) has been described in detail previously.(15) The results on 

participation and diagnostic yield of this trial were published recently.(16) The trial was 

registered in the Dutch Trial Register: NTR1829 (http://www.trialregister.nl). At the time of 

the trial, the Netherlands did not have a population-based CRC screening program. Invitees 

who had had a full colonic examination in the previous 5 years (complete colonoscopy, CT 

colonography and/or double contrast barium enema) were excluded from the screening 

program. Invitees planned for surveillance colonoscopy (personal history of CRC, colonic 

adenomas or inflammatory bowel disease) and individuals with an end-stage disease and a life-
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expectancy of less than 5 years were also excluded. Ethical approval was obtained from the 

Dutch National Health Council (2009/03WBO, The Hague, The Netherlands). 

fit
Screening participants allocated to the colonoscopy arm of the COCOS-trial and willing to 

undergo colonoscopy were informed about this study and invited to complete one sample 

FIT (OC-Sensor, Eiken Chemical Co., LTD., Japan) prior to their screening colonoscopy. 

Participants were verbally instructed at the screening center or at home. Screenees who agreed 

to participate gave written informed consent. 

Consenting screening participants were provided with a study kit. The study kit contained 

a plastic collection container, a holder to position the container for collection, a FIT, a 

plastic bag to seal the FIT and written instructions on how to perform the FIT. No dietary or 

medication restrictions were advised. After emptying the bladder, but before having a bowel 

movement, participants were instructed to place the collection container into the holder, to 

avoid contamination with water or urine. After collection of one bowel movement they were 

instructed to sweep the tip of the probe several times through the feces and to insert the probe 

in the collection tube. The collection tube contained 2.0 ml of buffer designed to minimize 

the degradation of hemoglobin. Afterwards, the FIT was sealed in a plastic bag and temporary 

stored in a sealed envelope at room temperature. 

Participants were instructed to perform the FIT at home, within 48 hours before the 

colonoscopy, but before starting the bowel preparation, and were asked to bring the FIT 

to the screening center. Another option for FIT collection was to call the screening center 

immediately after performing the FIT, so that the research staff could collect the FIT within 

48 hours at home. 

Afterwards, the FIT was directly stored in a -20°C freezer at the laboratory. The samples 

were automatically processed and analyzed within 6 weeks after storage to avoid degradation 

of hemoglobin at the Laboratory Clinical Chemistry of the Academic Medical Center in 

Amsterdam, which is certified according to CCKL (ISO 9001). FIT was only analyzed in the 

presence of written informed consent for both colonoscopy and FIT. FIT yielded a quantitative 

hemoglobin (Hb) concentration defined per milliliter test kit buffer (ng/ml). For the test used, 

an Hb concentration of 50, 75 and 100 ng/ml in the test buffer corresponds to, respectively, 10, 

15 and 20 µg Hb/g faeces.

Colonoscopy

All colonoscopies were performed according to the standard quality indicators defined by 

the Society of Gastrointestinal Endoscopy and recorded on DVD (17). Research staff attended 

all colonoscopies and prospectively recorded colonoscopy quality indicators and data on 

polyp detection. Participants received a standard bowel preparation including a low-fiber 

diet and oral intake of 2 L of hypertonic polyethylene glycol solution (Moviprep, Norgine bv, 

Amsterdam, The Netherlands) and of 2 L of transparent fluid. Colonoscopies were performed 

under conscious sedation using intravenous midazolam (Dormicum, Actavis, Baarn, The 

Netherlands) and fentanyl (Bipharma, Weesp, The Netherlands) if desired. Endoscopists were 
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highly experienced and had performed at least 1000 colonoscopies before the start of the 

study. Endoscopists were blinded from the result of FIT. 

Bowel preparation was scored using the validated Ottawa bowel preparation score ranging 

from 0 (an excellent bowel preparation in all three colonic segments) to 14 (a very poor bowel 

preparation).(18) In case of insufficient bowel preparation, as much fluid and fecal residue as 

possible was suctioned out during intubation to inspect the colon as properly as possible. 

Subsequently, colonoscopy was rescheduled if considered necessary. 

Cecal intubation was confirmed by documentation of cecal landmarks (cecal valve and 

appendix orifice or intubation of terminal ileum). During withdrawal of the colonoscope the 

colonic mucosa was carefully inspected. Minimal withdrawal time was at least six minutes. Size, 

morphology, localization and macroscopic aspect of all detected polyps were noted on a case 

record form. The size of all polyps was measured during endoscopy using a biopsy forceps 

with a 7 mm span. Localization was considered proximal when proximal to the splenic flexure. 

Morphology was assessed as sessile, pedunculated, flat or depressed. All detected polyps were 

directly removed and obtained for histological assessment. If immediate endoscopic treatment 

was not possible, biopsies were obtained to provide a histopathological diagnosis. 

Histology 

Removed lesions were assessed by one of two expert gastro-intestinal pathologists, one in 

each center. Lesions were classified as non-neoplastic, serrated polyp (hyperplastic, traditional 

serrated adenoma or sessile serrated lesion), adenoma (tubular, tubulovillous or villous) or 

carcinoma.(19) Dysplasia was defined as either low-grade or high-grade. Advanced adenoma 

was defined as an adenoma ≥ 10 mm, an adenoma with villous histology (≥25% villous), and/or an 

adenoma with high grade dysplasia. Advanced neoplasia included an advanced adenoma and/

or carcinoma. All advanced neoplasia and a random selection of 10% of all other neoplasia was 

re-examined by the pathologist of the other center. In case of inconsistency, the slides were 

reviewed together to provide a definitive diagnosis. 

Outcome measures and statistical analysis

All screening participants who completed a FIT and underwent a screening colonoscopy were 

included in the analysis. A participant was considered screen positive if one or more advanced 

neoplasia were detected at the specified cut-off level. In addition, sensitivity, specificity and 

likelihood ratios were also estimated for detecting at least one advanced adenoma and a colorectal 

carcinoma. Sensitivity, specificity and likelihood ratios were estimated for FIT cut-off levels 50, 

75 and 100 ng/mL. The number needed to screen (NNS) describes the number of FITs needed 

to detect one advanced adenoma, CRC or advanced neoplasia. Overall performance of FIT was 

evaluated by estimating the corresponding area under the Receiver Operating Characteristic 

(ROC) curve. The ROC curve was represented by plotting the sensitivity versus 1 minus specificity.

Sensitivity in detecting proximal and distal advanced neoplasia was estimated in participants 

with isolated proximal and isolated distal advanced neoplasia (i.e. participants with advanced 

neoplasia in both proximal and distal colon were excluded) and compared using Chi square 

statistic. Results were reported according to the standards for reporting diagnostic accuracy 

(STARD).(20) 
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reSultS
Figure 1 shows the study flow. Of the 6,600 people invited for a screening colonoscopy, 1,616 

(24%) responded and received a prior consultation. Thirty-four invitees had to be excluded 

from colonoscopy screening because of a complete bowel examination in the previous 5 years 

(n=26), planned surveillance colonoscopy (n=4), or end-stage disease (n=4). Another 156 

invitees did not undergo colonoscopy after the prior consultation, leaving 1,426 participants 

who underwent a screening colonoscopy. Of these, 1,256 (88%) colonoscopy participants had 

consented to be included in this study and to perform a FIT. Population demographics are 

summarized in Table 1. 

Figure 1: Study Flow. Flow-chart according to STARD. Participant and endoscopist were blinded from the 
FIT-result. FIT was not analyzed in absence of written informed consent for colonoscopy or FIT.

Colonoscopy results

Of all FIT participants, the cecum was reached in 1,239 (99%). Inspection time during withdrawal 

was more than 6 minutes in almost all colonoscopies (99.8%). Median Ottawa bowel preparation 

score was 5 (IQR 3 to 8). At discretion of the endoscopist, 21 colonoscopies were considered 

incomplete (1.6%). Seven participants had persistent insufficient bowel preparation after 

additional endoscopic cleaning. It was not possible to intubate the cecum in 14 participants 

because of bowel anatomy or experienced pain.
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No polyps were detected in 633 participants (50%). A total of 51 participants (4%) were 

detected with only non-neoplastic lesions, 192 (15%) with only serrated polyps and 261 (21%) with 

only non-advanced adenomas. Overall, adenomas (non-advanced and advanced altogether) 

were detected in 377 participants (30%) and advanced adenomas in 113 (9%). Eight participants 

(0.6%) had a carcinoma. Of the latter group, six were diagnosed with Dukes’ stage A, 1 with 

Dukes’ stage B and 1 with Dukes’ stage C. Advanced neoplasia were detected in 119 participants 

(9%), i.e. two participants with CRC in addition had one or more advanced adenomas.

FIT results

Of 1,256 participants, 121 (10%) had a positive FIT result at a cut-off level of 50 ng/mL (FIT50), 

while 88 (7%) and 71 (6%) had a positive FIT result at a cut-off level of 75 ng/mL (FIT75) 

and 100 ng/mL (FIT100), respectively. In the FIT50 group of screen positives, advanced 

adenomas were detected in 40 participants, CRC in 7 participants, and advanced neoplasia 

in 45 participants. In the 1,135 FIT50 negatives, 73 (6%) participants had advanced adenomas 

detected at colonoscopy, 1 (0.1%) CRC (Dukes A; 7 mm located in rectum) and 74 (7%) 

advanced neoplasia. In this population, raising the cut-off from 50 to 75 ng/mL would have 

missed a Dukes A carcinoma of 10 mm located in the rectum, an advanced adenoma of 20 mm 

in the ascending colon and four advanced adenomas of respectively 10, 12, 20 and 50 mm 

located in the rectum. Raising the cut-off from 75 ng/mL to 100 ng/mL would have missed a 

further two advanced adenomas of 7 and 10 mm in size located in the sigmoid and descending 

colon (Appendix).

Table 1: Population demographics

Age (years, median, IQR) 60 (55-65)

Male (n, %) 726 (51%)

Social economic status
Very low (n,%)
Low (n,%)
Average (n,%)
High (n,%)
Very high (n,%)

171 (14%)
260 (21%)
259 (21%)
250 (20%)
303 (24%)

Ethnicity*
Caucasian (n,%)
Other (n,%)

998 (96%)
37 (4%)

Education*
Elementary (n,%)
Secondary (n,%)
Tertiairy and postgraduate (n,%)

42 (4%)
711 (68%)
273 (26%)

Family history CRC
One first-degree relative < 50 years (n, %)
One first-degree relative ≥ 50 years (n, %)
Two first-degree relatives ≥ 50 years (n, %)

20 (2%)
158 (13%)
15 (1%)

*As not all participants completed the questions on their ethnicity and education, the percentages mentioned for these items 
are based on the participants who answered those questions.
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FIT sensitivity, specificity, PPV, NPV and NNS 

The accuracy of FIT in detecting advanced adenomas, CRC, and advanced neoplasia at the 

respective cut-off levels is summarized in Table 2. At a 50 ng/mL positivity cutoff, FIT had a 

sensitivity of 38% (95% CI: 29 to 47) for advanced neoplasia at a specificity of 93% (95% CI: 92 to 

95). Using a 75 ng/mL cutoff, sensitivity and specificity in detecting advanced neoplasia were 

estimated at 33% (95% CI: 25 to 42) and 96% (95% CI: 94 to 97) respectively. Corresponding 

numbers for the 100 ng/mL threshold were 31% (95% CI: 23 to 40) and 97% (95% CI: 96 to 98). 

At the 50 ng/mL cut-off level, the positive predictive value for advanced adenoma, CRC, 

and advanced neoplasia was 33%, 6% and 37%, respectively. Corresponding negative predictive 

values at this threshold were 94%, almost 100% and 93%, respectively. Figure 2 shows the 

ROC-curve of FIT for detecting advanced neoplasia. The area-under-curve (AUC) for detecting 

advanced neoplasia was 0.70 (95% CI: 0.64 to 0.76). Exclusion of participants with an incomplete 

colonoscopy provided similar results (data not shown).

At a cut-off level of 50 ng/mL, the number needed to screen to detect one participant 

with advanced adenoma, CRC and advanced neoplasia was 31, 179 and 28, respectively. 

Corresponding numbers at 75 ng/mL were 36, 209, and 32 versus 38, 209 and 34 at 100 ng/mL. 

Table 2: Accuracy of FIT at different cut-off levels for different disease outcomes

Sensitivity 
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

LR+
(95% CI)

LR-
(95% CI)

FIT ≥ 50

AA 35 (27-45) 93 (91-94) 33 (25-42) 94 (92-95) 5.0 (3.6-6.9) 0.70 (0.61-0.80)

CRC 88 (47-99) 91 (89-92) 6 (3-12) 100 (99-100) 9.6 (7.0-13.1) 0.14 (0.02-0.86)

AN 38 (29-47) 93 (92-95) 37 (29-46) 93 (92-95) 5.7 (4.1-7.8) 0.67 (0.58-0.77)

FIT ≥ 75

AA 31 (23-40) 95 (94-96) 40 (30-51) 93 (92-95) 6.7 (4.6-9.8) 0.72 (0.64-0.82)

CRC 75 (36-96) 93 (92-95) 7 (3-15) 100 (99-100) 11.4 (7.3-17.4) 0.27 (0.08-0.89)

AN 33 (25-42) 96 (94-97) 44 (34-55) 93 (92-95) 7.6 (5.2-11.1) 0.70 (0.62-0.80)

FIT ≥ 100

AA 29 (21-39) 97 (95-98) 46 (35-59) 93 (92-95) 8.8 (5.7-13.4) 0.73 (0.65-0.82)

CRC 75 (36-96) 95 (93-96) 8 (3-18) 100 (99-100) 14.4 (9.0-22.9) 0.26 (0.08-0.88)

AN 31 (23-40) 97 (96-98) 52 (40-64) 93 (91-94) 10.4 (6.8-15.9) 0.71 (0.63-0.80)

AA = advanced adenoma; AN = advanced neoplasia; CI = confidence interval; CRC = colorectal carcinoma; FIT = fecal 
immunochemical testing; PPV = positive predictive value; NPV = negative predictive value; LR+ = likelihoodratio positive;  
LR- = likelihoodratio negative

Sensitivity proximal versus distal neoplasia

Eight participants were detected with CRC: two CRCs were detected in the proximal colon and 

six in the distal colon. The two proximal CRCs were detected at all respective cut-off levels. In 

contrast, five of six distally located CRCs (83%) were detected at the 50 ng/mL cut-off level and 

four at 75 and 100 ng/mL (67%). 
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Twenty-nine participants had proximally located advanced adenomas and 84 participants 

had distal advanced adenomas. Of the 119 participants with advanced neoplasia (advanced 

adenoma and CRC together), 31 participants had proximal advanced neoplasia and 88 distal 

advanced neoplasia. Twelve participants had both proximally and distally located advanced 

neoplasia. Isolated proximal advanced neoplasias were detected in 24 of 1,256 participants 

(1.9%). Of these, 9 (38%) were positive at a cut-off level of 50 ng/mL. Of the 83 participants with 

isolated distal advanced neoplasia, 31 (37%) were detected at a cut-off level of 50 ng/mL (p=0.99 

for sensitivities proximal versus distal). At a cut-off level of 75 ng/mL, the sensitivity in detecting 

proximal and distal advanced neoplasia was 33% and 31%, respectively (p=0.85). At a cut-off 

level of 100 ng/mL these numbers were 33% and 29%, respectively (p=0.68).

diScuSSion
We estimated the sensitivity, specificity and predictive values of a FIT (OC-Sensor) in detecting 

CRC, advanced adenomas and advanced neoplasia at different cut-off levels measured against 

colonoscopy within a randomized invitational population-based colonoscopy screening 

program. Almost 9 out of 10 screenees with CRC, 3 to 4 out of 10 with advanced adenoma, and 4 

out of 10 with advanced neoplasia were detected using a single FIT at a low cut-off of 50 ng/ml. 

One out of twenty participants with a positive test result had CRC while a negative test result 

almost ruled out CRC. The sensitivity in detecting proximal advanced neoplasia was found to 

be similar to the sensitivity for distal advanced neoplasia. The importance of these data lies in 

particular in the sensitivity and negative predictive values of FIT for CRC and advanced adenoma. 

This study has several strengths. All participants in this accuracy study were screening-naïve 

participants within a randomized invitational population-based primary colonoscopy screening 

Figure 2: ROC-curve of FIT for detecting advanced neoplasia. ROC-curve at different cut-off levels 
including confidence intervals for sensitivity and specificity. FIT50 = FIT at a cut-off level of 50 ng Hb/ml; 
FIT75 = FIT at a cut-off level of 75 ng Hb/ml; FIT100 = FIT at a cut-off level of 100 ng Hb/ml
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trial. They were consecutively invited to perform FIT. This way, we were able to estimate accuracy 

of FIT measured against colonoscopy. This setting in a screening-naïve population is relevant 

as previous screening is likely to lower the prevalence of advanced lesions in a screening 

population, which may interfere with test performance and in particular yield lower positive 

predictive values.(21) The detection rates in our screening-naïve population may be higher 

than in a population who had received previous screening. Detection rates for CRC (0.6%) 

and advanced neoplasia (9%) were similar to those reported in previous studies performed 

in asymptomatic European populations.(22-24) Endoscopists were blinded for the FIT result, 

which prevented investigator bias. Research staff attended all colonoscopies and prospectively 

recorded all data on colonoscopy quality indicators and polyp detection ensuring accurate and 

optimal data-collection. Polyps were evaluated by two expert gastro-intestinal pathologists to 

minimize inter-observer bias. All FITs were collected and adequately processed within 48 hours 

after performing the test, minimizing but not eliminating the risk of hemoglobin degradation. 

Some limitations should be acknowledged. Our study population consisted of participants 

who participated in primary colonoscopy screening. Only 22% of all invitees decided to participate 

in colonoscopy screening.(16) This low participation rate mirrors other studies and programs in 

Europe.(24;25) This limits the accuracy of FIT compared to a FIT based invitational population 

screening program. Participation in FIT-screening is higher than in colonoscopy screening: 60 to 

62% in pilot studies.(10;11) This limited participation rate may have resulted in a study group with 

a different CRC risk-profile compared to FIT-screening. It is possible that participants in more 

invasive screening programs are more likely to have unreported CRC symptoms, which would 

increase the positive predictive value of FIT. The majority of our study group was caucasian. The 

prevalence of colonic polyps seems to differ between ethnic populations which could affect FIT 

accuracy.(26) Next, our reference standard, colonoscopy, is not infallible. A meta-analysis of 

back-to back colonoscopies has shown that approximately 2% of large adenomas will be missed 

during colonoscopy.(27) Colonoscopy has also shown to miss right-sided neoplasia.(28;29) Both 

could have had a positive (missed lesions in FIT-negatives) or negative (missed lesions in FIT-

positives) impact on the observed FIT performance. Lastly, we estimated FIT accuracy in only 

one round of FIT-screening. We therefore underestimate the sensitivity of FIT compared to FIT-

sensitivity of an entire annual or biannual FIT screening program. 

We decided not to exclude participants with an incomplete colonoscopy, as such exclusion 

can introduce bias. Colorectal neoplasia can still be detected in patients with an incomplete 

colonoscopy and exclusion should then be erroneous (7 out of 21 participants with an 

incomplete colonoscopy were detected with an adenoma and received subsequent follow-up 

or surveillance by colonoscopy or CT-colonography). Our results reflect daily practice and we 

demonstrated high standard colonoscopy quality parameters. Besides, an additional analysis 

among participants with a complete colonoscopy provided similar FIT accuracy results.

Study participants brought the FIT to their scheduled screening colonoscopy or our 

research staff collected it at home. In a common screening setting, the FIT is returned by 

mail which may cause delay. This could affect test accuracy, in particular with higher ambient 

temperatures.(30) Our strategy, ensuring rapid FIT sample return, may have affected test 

accuracy in a positive way. 
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Although a significant number of advanced lesions were identified, we only detected 

8 screenees with CRC and 24 and 83 screenees with isolated proximal and distal advanced 

neoplasia. This limits the precision of our estimates of FIT sensitivity in CRC detection, and our 

comparison of FIT sensitivities in detecting proximal and distal advanced neoplasia. 

To our knowledge, this is the first study evaluating the accuracy of FIT within an invitational 

population-based colonoscopy screening program. Other studies comparing FIT and 

colonoscopy included participants of non-invitational screening programs. In such programs, 

the proportion of participants with a positive CRC family history was higher compared to our 

study (13-14% versus 3%).(22;31) This implies that participation may have been triggered by other 

factors, such as abdominal symptoms or a positive CRC family history. We estimated a sensitivity 

of 38% in detecting advanced neoplasia and 88% for CRC at the lowest cut-off level. Two German 

studies reported on the performance of several FITs in non-invitational colonoscopy screening.

(23;32) At 95% specificity, they reported a sensitivity of 33% for detecting advanced adenomas 

using an ELISA-based (Ridascreen) quantitative FIT.(32) They also showed that this type of FIT 

had a similar sensitivity compared to six qualitative FITs at defined levels of specificity.(23) Other 

studies that also compared FIT with colonoscopy findings reported on non-population based 

average-risk cohorts and used other FIT types including qualitative tests.(33;34) A Korean study 

reported on 770 subjects, who performed three FITs (OC-Sensa Micro; Eiken Chemical, Tokyo, 

Japan) from three consecutive bowel movements prior to colonoscopy.(35) They reported a 

relatively high positivity rate (12%), a high sensitivity in detecting advanced neoplasia (47%) 

but a low specificity (91%) compared to our study. Taking only the first FIT into account, the 

observed sensitivities and specificities were similar to our study. We asked participants to 

perform one sample of FIT which ruled out possible confusion over different FIT samples. Our 

design rather mimicks a FIT screening program as one sample is advised in most population-

based screening programs. However we know from previous experience that repeat FIT testing 

increases diagnostic yield of advanced lesions.(36) 

We estimated similar sensitivities for detecting proximal and distal advanced neoplasia: 

38% versus 37%. This implicates that FIT may be a good screening strategy for preventing both 

proximal and distal CRC. In contrast, two other studies reported a lower sensitivity in detecting 

proximal advanced neoplasia than for distal advanced neoplasia: 20% versus 33% and 16% versus 

31%, respectively.(33;37) These contrasting results may be explained by the fact that the study 

population in our invitational population-based screening differed from the Japanese hospital-

based screening and from the German non-invitational population based study. We also used 

another type of FIT (OC-Sensor) compared to the other studies (respectively Magstream and 

Ridascreen).(33;37) It is conceivable that the type of FIT we used was relatively more capable 

of detecting proximal advanced neoplasia than other types. The different cut-off levels may 

be postulated as a potential explanation for the different results, but this is not supported by 

the literature. The German group reported significant differences in detecting proximal and 

distal advanced neoplasia at cut-off levels of 2, 8 and 15 microgram hemoglobin per gram feces. 

At a cut-off level of 15 microgram hemoglobin per gram feces, the one with which we can 

compare, we found a similar FIT sensitivity in detecting proximal and distal advanced neoplasia. 

The differences could also to some extent be influenced by the quality of the follow-up 
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colonoscopy, In recent years, attention for missed neoplasia in the proximal colon has grown 

which increases awareness among endoscopists for adequate inspection of the proximal colon. 

If proximal advanced neoplasias had predominantly been missed in FIT-positives, this could 

be an explanation for the lower sensitivity in detecting proximal advanced neoplasia in these 

studies. Comparable sensitivity in detecting proximal and distal advanced neoplasia indicates 

that hemoglobin degradation on passage to the anus only has a minimal effect on the accuracy 

of FIT.

In most cost-effectiveness analyses, FIT sensitivity was simulated in the absence of 

population-based data on colonoscopy in FIT-negatives. In a recent cost-effectiveness analysis, 

a distinction was made between sensitivity in detecting CRC long before it became clinical 

and shortly before it became clinical.(38) FIT sensitivity in detecting CRC long before clinical 

was assumed to be 61%, 56% and 51% at a cut-off level of 50, 75 and 100 ng/mL, respectively. 

FIT sensitivity in detecting CRC shortly before clinical was assumed to be 88%, 86% and 83% 

respectively. We detected 5 CRCs Dukes A, 1 Dukes B and 1 Dukes C and found FIT sensitivities 

for detecting CRC of 88% (50 ng/mL) and 75% (75 and 100 ng/mL). Assuming that most subjects 

with Dukes A carcinoma may be detected by colonoscopy screening long before they become 

symptomatic, our results indicate a higher FIT sensitivity than previously assumed. Per-lesion 

sensitivities for detecting advanced adenomas were assumed to be 16.7%, 15.2% en 13.0% at 

cut-off levels of 50, 75 and 10 ng/mL, respectively, which is substantially lower compared to the 

results in this study. Our results can be used as input in cost-effectiveness analyses.

This study provides further significant evidence to overturn the general belief that FIT tests 

like gFOBT only detect colorectal cancer, but not advanced adenomas under the assumption 

that these do not bleed. In a previous study comparing gFOBT and FIT screening, we found 

that gFOBT led to detection of 6 subjects with advanced neoplasia per 1000 screenees invited, 

whereas FIT screening led to detection of 21 per 1000.(11) The increased yield in particular 

comprised of screenees with an advanced adenoma. This is supported by our current finding 

that FIT screening in particular at low cut-off detects a sizeable proportion of subjects with 

advanced adenoma. Repeated screening rounds are then necessary to increase this proportion 

as well as population coverage as subjects who did not participate in the first round may 

participate with repeat screening. On the other hand, other studies suggested that adenomas 

that did not bleed at the time of a screening round and were missed, may have a higher than 

average probability of not bleeding in a next screening round and therefore remain undetected.

(38;39) More data of follow up rounds are necessary to quantify such an expected effect.

We showed that raising the cut-off level from 50 to 75 ng/mL or even to 100 ng/mL resulted 

as expected in a lower sensitivity, but in a higher specificity in detecting CRC or advanced 

neoplasia. Although a higher cut-off value would result in a higher number of missed lesions, it 

may be necessary to adapt the cut-off level to the available colonoscopy capacity and investment 

resources in a certain region. A recent study showed that adapting the cut-off level was the most 

optimal strategy to meet decreasing colonoscopy capacity.(14) Though, the cost-effectiveness 

analysis by Wilschut et al. showed that a cut-off level of 50 ng/mL is most cost-effective.(38) 

The lower specificity at a cut-off level of 50 ng/mL (compared to higher cut-off levels) was 

outweighed by the fact that fewer screening rounds were sufficient to be equally effective. 
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Depending on colonoscopy capacity and costs, it is also possible to perform more than one 

sample of FIT. The Korean study showed that the sensitivity of FIT rose from 33% to 47% by using 

three FITs instead of one FIT sample.(35) A Dutch randomized trial showed that the positivity 

rate of FIT increased from 8% to 13% by adding a second FIT sample, although the detection 

rate did not differ significantly.(36) Lowering the cut-off level or raising the number of tests 

will result in a higher sensitivity and a lower specificity of FIT. Although a higher proportion 

of participants with advanced neoplasia will be detected by FIT, it will yield a higher number 

of positive screenees and require more colonoscopies. The corresponding higher number of 

false positives may burden screening participants by conducting unnecessary colonoscopies. 

We report on the accuracy of a once-only FIT with colonoscopy as the clinical reference 

standard. Repeated screening rounds will increase the yield of FIT. A recent two-round FIT 

study looking at intervals of 1, 2, and 3 years, showed that the yield at the second screening 

round was not influenced by the interval length within this one to three year range.(40) Further 

studies need to be done to find the optimal interval for repeat FIT screening.

In conclusion, this study shows that FIT has a high sensitivity in the detection of CRC and 

a moderate sensitivity in detecting advanced neoplasia within an invitational colonoscopy 

screening program. In contrast to previous findings, the sensitivity of FIT in detecting proximal 

and distal advanced neoplasia is equal. 

43



3

ACCURACY OF FIT

referenceS

1. Ferlay J, Parkin DM, Steliarova-Foucher E. 
Estimates of cancer incidence and mortality in 
Europe in 2008. Eur J Cancer 2010;46:765-81.

2. Gondos A, Bray F, Brewster DH et al. Recent 
trends in cancer survival across Europe 
between 2000 and 2004: a model-based 
period analysis from 12 cancer registries. Eur J 
Cancer 2008;44:1463-75.

3. Winawer SJ, Zauber AG, Ho MN et al. Prevention 
of colorectal cancer by colonoscopic 
polypectomy. The National Polyp Study 
Workgroup. N Engl J Med 1993;329:1977-81.

4. Hewitson P, Glasziou P, Watson E et al. 
Cochrane systematic review of colorectal 
cancer screening using the fecal occult 
blood test (hemoccult): an update. Am J 
Gastroenterol 2008;103:1541-9.

5. 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.

6. Rex DK, Johnson DA, Anderson JC et al. 
American College of Gastroenterology 
guidelines for colorectal cancer screening 
2009 [corrected]. Am J Gastroenterol 
2009;104:739-50.

7. Levin B, Lieberman DA, McFarland B et 
al. Screening and surveillance for the 
early detection of colorectal cancer and 
adenomatous polyps, 2008: a joint guideline 
from the American Cancer Society, the US 
Multi-Society Task Force on Colorectal Cancer, 
and the American College of Radiology. 
Gastroenterology 2008;134:1570-95.

8. von Wagner C, Baio G, Raine R et al. Inequalities 
in participation in an organized national 
colorectal cancer screening programme: 
results from the first 2.6 million invitations in 
England. Int J Epidemiol 2011;40:712-8.

9. Ascunce N, Salas D, Zubizarreta R et al. Cancer 
screening in Spain. Ann Oncol 2010;21 Suppl 
3:iii43-iii51.

10. van Rossum LG, van Rijn AF, Laheij RJ et 
al. Random comparison of guaiac and 
immunochemical fecal occult blood tests for 
colorectal cancer in a screening population. 
Gastroenterology 2008;135:82-90.

11. Hol L, Van Leerdam ME, van Ballegooijen 
M et al. Screening For Colorectal Cancer; 
Randomised Trial Comparing Guaiac-Based 

And Immunochemical Faecal Occult Blood 
Testing And Flexible Sigmoidoscopy. Gut 
2010;59:62-68.

12. Whynes DK. Cost-effectiveness of screening 
for colorectal cancer: evidence from the 
Nottingham faecal occult blood trial. J Med 
Screen 2004;11:11-5.

13. Hol L, Wilschut JA, van Ballegooijen M et al. 
Screening for colorectal cancer: random 
comparison of guaiac and immunochemical 
faecal occult blood testing at different cut-off 
levels. Br J Cancer 2009;100:1103-10.

14. Wilschut JA, Habbema JD, Van Leerdam 
ME et al. Fecal Occult Blood Testing When 
Colonoscopy Capacity is Limited. J Natl 
Cancer Inst 2011;103:1741-51.

15. de Wijkerslooth TR, de Haan MC, Stoop EM 
et al. Study protocol: population screening 
for colorectal cancer by colonoscopy or CT 
colonography: a randomized controlled trial. 
BMC Gastroenterol 2010;10:47.

16. 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.

17. Rex DK, Petrini JL, Baron TH et al. Quality 
indicators for colonoscopy. Gastrointest 
Endosc 2006;63:S16-S28.

18. Rostom A, Jolicoeur E. Validation of a new 
scale for the assessment of bowel preparation 
quality. Gastrointest Endosc 2004;59:482-6.

19. Schlemper RJ, Riddell RH, Kato Y et al. The 
Vienna classification of gastrointestinal 
epithelial neoplasia. Gut 2000;47:251-5.

20. Bossuyt PM, Reitsma JB, Bruns DE et al. 
Towards complete and accurate reporting 
of studies of diagnostic accuracy: The STARD 
Initiative. Ann Intern Med 2003;138:40-4.

21. Steele RJ, McClements P, Watling C et al. 
Interval cancers in a FOBT-based colorectal 
cancer population screening programme: 
implications for stage, gender and tumour 
site. Gut 2012;61:576-81.

22. Regula J, Rupinski M, Kraszewska E et al. 
Colonoscopy in colorectal-cancer screening 
for detection of advanced neoplasia. N Engl J 
Med 2006;355:1863-72.

44



3

ACCURACY OF FIT

23. Hundt S, Haug U, Brenner H. Comparative 
evaluation of immunochemical fecal occult 
blood tests for colorectal adenoma detection. 
Ann Intern Med 2009;150:162-9.

24. Quintero E, Castells A, Bujanda L et al. 
Colonoscopy versus fecal immunochemical 
testing in colorectal-cancer screening. N Engl 
J Med 2012;366:697-706.

25. Lisi D, Hassan C, Crespi M. Participation 
in colorectal cancer screening with FOBT 
and colonoscopy: an Italian, multicentre, 
randomized population study. Dig Liver Dis 
2010;42:371-6.

26. Lieberman DA, Holub JL, Moravec MD et 
al. Prevalence of colon polyps detected by 
colonoscopy screening in asymptomatic black 
and white patients. JAMA 2008;300:1417-22.

27. van Rijn JC, Reitsma JB, Stoker J et al. Polyp 
miss rate determined by tandem colonoscopy: 
a systematic review. Am J Gastroenterol 
2006;101:343-50.

28. Lakoff J, Paszat LF, Saskin R et al. Risk of 
developing proximal versus distal colorectal 
cancer after a negative colonoscopy: a 
population-based study. Clin Gastroenterol 
Hepatol 2008;6:1117-21.

29. Baxter NN, Goldwasser MA, Paszat LF et al. 
Association of colonoscopy and death from 
colorectal cancer. Ann Intern Med 2009;150:1-8.

30. van Roon AH, Hol L, Van Vuuren AJ et al. Are 
fecal immunochemical test characteristics 
influenced by sample return time? A 
population-based colorectal cancer screening 
trial. Am J Gastroenterol. 2012;107:99-107.

31. Lieberman DA, Weiss DG, Bond JH et al. Use 
of colonoscopy to screen asymptomatic 
adults for colorectal cancer. Veterans Affairs 
Cooperative Study Group 380. N Engl J Med 
2000;343:162-8.

32. Haug U, Hundt S, Brenner H. Quantitative 
immunochemical fecal occult blood testing 
for colorectal adenoma detection: evaluation 
in the target population of screening and 
comparison with qualitative tests. Am J 
Gastroenterol 2010;105:682-90.

33. Morikawa T, Kato J, Yamaji Y et al. A 
comparison of the immunochemical fecal 
occult blood test and total colonoscopy in the 
asymptomatic population. Gastroenterology 
2005;129:422-8.

34. Graser A, Stieber P, Nagel D et al. Comparison 
of CT colonography, colonoscopy, 
sigmoidoscopy and faecal occult blood tests 

for the detection of advanced adenoma in an 
average risk population. Gut 2009;58:241-8.

35. Park DI, Ryu S, Kim YH et al. Comparison 
of guaiac-based and quantitative 
immunochemical fecal occult blood testing 
in a population at average risk undergoing 
colorectal cancer screening. Am J 
Gastroenterol 2010;105:2017-25.

36. van Roon AH, Wilschut JA, Hol L et al. 
Diagnostic yield improves with collection 
of 2 samples in fecal immunochemical test 
screening without affecting attendance. Clin 
Gastroenterol Hepatol 2011;9:333-9.

37. Haug U, Kuntz KM, Knudsen AB et al. 
Sensitivity of immunochemical faecal occult 
blood testing for detecting left- vs right-
sided colorectal neoplasia. Br J Cancer 
2011;104:1779-85.

38. Wilschut JA, Hol L, Dekker E et al. Cost-
effectiveness Analysis of a Quantitative 
Immunochemical Test for Colorectal Cancer 
Screening. Gastroenterology 2011;141:1648-55.

39. Zorzi M, Barca A, Falcini F et al. Screening 
for colorectal cancer in Italy: 2005 survey. 
Epidemiol Prev 2007;31(2-3 Suppl 2):49-60.

40. van Roon AH, Goede SL, van Ballegooijen M 
et al. Random comparison of repeated faecal 
immunochemical testing at different intervals 
for population-based colorectal cancer 
screening. Gut 2012 Epub ahead of print

45



3

ACCURACY OF FIT

aPPendiceS

Appendix 1: Colonoscopy findings at different FIT cut-off levels

All FIT ≥ 50 FIT < 50 FIT ≥ 75 FIT < 75 FIT ≥ 100 FIT < 100

n=1,256 n=121 n=1,135 n=88 n=1,168 n=71 n=1,185

≥ 1 AA* 113
9%

40
33%

73
6%

35
40%

78
7%

33
47%

80
7%

≥ 1 CRC 8
0.6%

7
6%

1
0.1%

6
7%

2
0.2%

6
9%

2
0.2%

≥ 1 AN* 119
9%

45
37%

74
7%

39
44%

80
7%

37
52%

82
7%

AA = advanced adenoma; CRC = colorectal carcinoma; AN = advanced neoplasia
Cells contain number of participants and percentages 
FIT ≥ [50,75,100] = Percentage and number of participants with FIT cut-off level equal or higher than [50,75,100]
FIT < [50,75,100] = Percentage and number of participants with FIT cut-off level lower than [50,75,100] 
* 2 participants with CRC in addition had one or more advanced adenomas
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ADENOMA DETECTION IN CAC

abStract
Objective: Conventional colonoscopy (CC) is considered the reference standard for detection 

of colorectal neoplasia, but it can still miss a substantial number of adenomas. The use of a 

transparent plastic cap may improve colonic visualization. We compared the adenoma detection 

of cap-assisted colonoscopy (CAC) to CC. Secondary outcomes were cecal intubation time, 

cecal intubation rate and the degree of discomfort of colonoscopy.

Design: This is a parallel, randomized, controlled trial at two centers. Asymptomatic 

participants, aged 50-75 years, in a primary colonoscopy screening program were consecutively 

invited. Consenting subjects were 1:1 randomized to either CAC or CC. All colonoscopies were 

performed by experienced endoscopists (≥ 1000 colonoscopies) who were trained in CAC. 

Colonoscopy quality indicators were prospectively recorded.

Results: A total of 1,380 participants were randomly allocated to CC (N=694) or CAC (N=686). 

Cecal intubation rate was comparable in the two groups (98% versus 99%; p=0.29). Cecal 

intubation time was significantly lower in the CAC group: 7.7±5.0 (mean±SD) with CAC versus 

8.9±6.2 minutes with CC (p<0.001). Adenoma detection rates of all endoscopists were ≥20%. The 

proportion of subjects with at least one adenoma was similar in the two groups (28% versus 28%; 

RR 0.98; 95%CI 0.82-1.16), as well as the average number of adenomas per subject (0.49±1.05 

versus 0.50±1.03; p=0.91). Detection of small size, flat and proximally located adenomas was 

comparable. CAC participants had lower Gloucester Comfort Scores during colonoscopy 

(2.2±1.0 versus 2.0±1.0; p=0.03).

Conclusion: CAC does not improve adenoma detection. CAC does reduce cecal intubation 

time by more than one minute and does lessen the degree of discomfort during colonoscopy.

Study HigHligHtS

What is already known about this subject? 

•	 Conventional colonoscopy can miss a substantial number of adenomas.

•	 Cap-assisted colonoscopy (CAC) may improve colonic visualization and thus may improve 

adenoma detection. 

•	 Currently, the possible improvement of adenoma detection by CAC is arguable as mixed 

results on polyp detection have been reported.

What are the new findings?

•	 CAC does not improve the detection of adenomas, nor the detection of small size, flat or 

proximally located adenomas.

•	 CAC does not improve the detection of adenomas in patients with a good bowel preparation.

•	 CAC does lessen the degree of discomfort during colonoscopy.

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

•	 On the basis of our results, CAC should not be used in daily practice to improve the 

detection of adenomas.

•	 CAC can be used to reduce cecal intubation times and patient discomfort.
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introduction
Colonoscopy is widely accepted as the reference standard for detection of colorectal 

neoplasia. However, a substantial adenoma miss rate of 20 to 26% has been reported in tandem 

colonoscopy studies.(1) Forward viewing colonoscopes cannot visualize the full colonic surface 

and adenomas may be missed because they are located outside the visual field, hidden behind 

folds or flexures.(2) 

The use of a transparent cap attached to the tip of a colonoscope may increase colonic 

surface visualization by depressing the colonic folds with the cap. In addition, a better endoscopic 

view can be created by keeping an appropriate distance between the tip of the colonoscope 

and the mucosa preventing a “red-out.” This suggests that cap-assisted colonoscopy (CAC) 

may improve adenoma detection. A disadvantage of CAC, however, might be that de view is 

blurred if the bowel preparation is poor, as fecal material can remain in the cap.

So far, clear evidence that CAC improves adenoma detection is lacking. Previous studies did not 

report histopathology of all polyps, and / or did not achieve enough power to compare adenoma 

detection, and the results may have been influenced by investigator bias or by other confounders.

(3-11) CAC has particular been studied in Asian populations. Mixed results on polyp and adenoma 

detection have been reported.(3-10) CAC trials in Western populations are limited; one small single 

center tandem study with only two participating endoscopists showed a reduction in adenoma 

miss-rates by CAC.(11) However, a recent meta-analysis could not draw any conclusions on the 

improvement of polyp or adenoma detection by CAC.(12) Regarding cecal intubation, CAC studies 

have demonstrated a shorter cecal intubation time and suggested easier cecal intubation by 

inexperienced endoscopists.(3;4) In addition, patient discomfort seems to be less during CAC.(5) 

It is currently argued that an improvement in adenoma detection could possibly be achieved 

with CAC. We aimed to compare adenoma detection between CAC and conventional colonoscopy 

in a large two-center randomized controlled trial comprising screening naïve participants in a 

primary colonoscopy screening program. In addition, we compared cecal intubation time and 

rate, the degree of discomfort during colonoscopy, perceived burden of colonoscopy two weeks 

afterwards and complication rate. We prospectively recorded all colonoscopy quality indicators 

that could have affected adenoma detection. Several endoscopists participated in this study 

mimicking daily clinical practice of the effectiveness of CAC. 

MetHodS

Study population

Data were collected in the randomized, multicenter Co lo no sco py or Co lo n o grap hy for Scree-

ning (COCOS) trial. The overall design of this invitational population based colorectal cancer 

screening program has been described in detail previously.(13) Between June 2009 and July 

2010, 6,600 asymptomatic people from the Amsterdam and Rotterdam regions were randomly 

selected and invited for colonoscopy screening. 

Subjects who had undergone a full colonic examination in the previous 5 years (complete 

colonoscopy, CT colonography and/or double contrast barium enema) were excluded from the 
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screening program, as well as subjects planned for surveillance colonoscopy (personal history 

of CRC, colonic adenomas or inflammatory bowel disease (IBD)) and subjects with an end-stage 

disease. In addition, subjects with a (partial) colonic resection were excluded.

All screening participants scheduled for colonoscopy were invited to this randomized, 

parallel designed, study. After providing informed consent, eligible participants were 

randomly allocated 1 to 1 to either CAC or CC by a computerized randomization program 

(ALEA Randomization Service).(14) Randomization was stratified by age, sex and screening 

center using random block sizes of a maximum of six per block. It occurred within 24 hours 

prior to colonoscopy and was performed by the research staff. Participants and endoscopists 

were blinded for the randomization result until start of the colonoscopy. Ethics approval was 

obtained from the Dutch Health Council (2009/03WBO, The Hague, The Netherlands). The trial 

was registered in the Dutch Trial Register: NTR1888 (http://www.trialregister.nl). 

Colonoscopy

Colonoscopies were performed at the Academic Medical Center Amsterdam and Erasmus 

Medical Center Rotterdam. Scheduled colonoscopies (CC or CAC) were consecutively 

performed in a morning or afternoon session according to the standard quality indicators 

defined by the Society of Gastrointestinal Endoscopy.(15) All colonoscopies were recorded 

on DVD. Colonoscopy variables were directly noted on a case record form by the research 

staff. All colonoscopies were performed by endoscopists with an experience of more than 

1000 colonoscopies. They were trained in CAC and had an experience of at least 20 cap-

colonoscopies. Colonoscopes were CF-Q160 (140° field of view), CF-Q180 (170° field of view) 

and PCF-Q180 (140° field of view) series variable stiffness instruments (Olympus Medical 

Systems, Tokyo, Japan). 

All participants received standard bowel preparation, which included a low-fiber diet 

and oral intake of 2 L of transparent fluid and 2 L of hypertonic polyethylene glycol solution 

(Moviprep; Norgine bv, Amsterdam, The Netherlands) at home. Procedures were performed 

with the subject under conscious sedation in combination with an analgesic if desired using 

intravenous midazolam and fentanyl. 

Endoscopists intended to intubate the cecum as quickly as possible without performing 

polypectomies. Cecal intubation was confirmed by documentation of cecal landmarks 

(cecal valve and appendix orifice or intubation of terminal ileum). During withdrawal of the 

colonoscope the colonic mucosa was carefully inspected and all detected polyps were directly 

removed and obtained for histological assessment. Minimal withdrawal time (minus time for 

polypectomy) was at least six minutes. Size of all polyps was measured by the endoscopist using 

open biopsy forceps with a 7 mm span. Localization was considered proximal if proximal to the 

splenic flexure. 

Discomfort during colonoscopy was scored by the research staff on the five-point 

Gloucester Comfort Score, with scores ranging from no discomfort to severe discomfort.(16) 

Bowel preparation was scored using the validated Ottawa bowel preparation score(17), ranging 

from 0 (an excellent bowel preparation in all three colonic segments) to 14 (a very poor bowel 

preparation). A good bowel preparation was defined as a total score of 7 or lower, including 
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segment scores of 2 or lower. In case of insufficient bowel preparation (Ottawa score ≥ 11) 

the procedure was interrupted and rescheduled with the same endoscopist using the same 

allocated strategy, unless the participant refused to undergo repeat colonoscopy. 

Cap-colonoscopy

For the CAC group, a transparent cap was fitted to the tip of the colonoscope so that 

it protruded 4 mm ahead of the tip of the colonoscope. We used a cap with a diameter of 

13.4 mm (D-201-12704; Olympus Medical Systems, Tokyo, Japan) or 15.0 mm (D-201-14304; 

Olympus Medical Systems, Tokyo, Japan) depending on the diameter of the colonoscope that 

was chosen in each procedure. Some improvements were made over the cap used in previous 

CAC studies. A side hole on the cap was created for drainage of fluid and fecal material. In 

addition, the edge of the cap was rounded off to minimize mucosal damage and the material 

was made more transparent (Figure 1).
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Figure 1: Cap used for the CAC arm  

A side hole on the cap was created for drainage of fluid and fecal material, the edge of the cap was 

rounded off to minimize mucosal damage and the material was made more transparent. 

Figure 1: Cap used for the CAC arm. A side hole on the cap was created for drainage of fluid and fecal 
material, the edge of the cap was rounded off to minimize mucosal damage and the material was made 
more transparent.

Histopathology

Histopathology was processed and stained using standard methods and evaluated by two 

expert pathologists (one in each center) according to the Vienna criteria.(18) All lesions were 

classified into hyperplastic, serrated, tubular, tubulovillous, villous or carcinoma. Dysplasia was 

defined as either low grade or high grade. An advanced adenoma was defined as an adenoma 

≥ 10 mm, ≥ 25% villous or with high grade dysplasia.

Complications

All acute complications were recorded at the time of the colonoscopy. Subjects were contacted 

two weeks after the procedure for registration of post-procedural complications. They were 
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instructed to contact research staff if complications occurred in the following two weeks to 

ensure a complete complication registry of four weeks. 

Questionnaire

All participants were asked to complete a questionnaire on perceived burden of the colonoscopy 

(PBQ) two weeks afterwards. It had been previously validated. (13) It measured the perceived 

burden and pain of colonoscopy related items and of the full screening procedure (e.g. ‘how 

burdensome/painful did you find insertion of the endoscope?’). All items were scored on five-

point Likert scales (1=not at all; 2=slightly; 3=somewhat; 4=rather; 5=extremely).

Outcome measures and statistical analysis

The primary outcome measure was adenoma detection, defined as the proportion of participants 

with at least one adenoma (per-patient analysis). The number of adenomas per subject (per-

polyp analysis) was defined as the total number of detected adenomas in each group divided by 

the total number of participants. Secondary outcomes were cecal intubation time and rate, the 

degree of discomfort during colonoscopy, perceived burden of the colonoscopy two weeks 

afterwards and complication rate. We performed a subanalysis to investigate the influence 

of bowel preparation. We calculated adenoma detection rates in patients with good bowel 

preparation scores.

Adenoma detection was analyzed in an intention-to-treat and a per-protocol analysis. 

Adenoma detection was compared using the Chi-square test (per-patient analysis) and Mann-

Whitney U test (per-polyp analysis) statistics. The Mann-Whitney U test statistic was used to 

compare procedural times and discomfort and perceived burden scores. The Chi-square test 

statistic was used to compare cecal intubation rate. 

Two-sided P-values of less than 0.05 were considered to indicate statistically significant 

differences. All analyses were performed using SPSS version 16.0 for Windows. The results were 

reported using the CONSORT guidelines.(19)

Sample size

In the conventional colonoscopy group, we expected that 20% of all subjects would have at 

least one adenoma, based on a large colonoscopy screening study.(20) We aimed to detect an 

increase in adenoma detection by 35%, resulting in an expected adenoma detection rate of 27% 

in the CAC group. A priori, we planned to scope a total number of at least 1,250 colonoscopies 

(625 per arm). With a two-sided test significance level of 0.05 we would achieve a power of at 

least 81% in detecting the indicated difference. 

reSultS
Figure 2 shows the patient flow. A total of 1,380 eligible screening participants consented 

and were 1:1 randomized to either conventional colonoscopy (CC) (n=694) or CAC (n=686). 

After randomization, a total number of 41 subjects dropped out because of withdrawal (n=26), 

absence of a trained endoscopist on the day of colonoscopy (n=13) or technical problems 

(n=2). As displayed in Table 1, groups were comparable with respect to age, gender or prior 

abdominal operation.
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Colonoscopy results

Almost all colonoscopies (1,328 of 1,339; 99%) were performed by five endoscopists who each 

performed at least 50 study colonoscopies (Table 1). Each endoscopist performed a similar 

number of cap-colonoscopies and regular colonoscopies within this study. Colonoscopes with 

140° and 170° field of view were used equally between the endoscopists. Cecal intubation was 

achieved in 671 of 683 subjects (98%) in the CC group versus 649 of 656 (99%) in the CAC group 

(p=0.29). Cecal intubation time was significantly lower in the CAC group than the CC group (7.7 

± 5.0 minutes with CAC versus 8.9 ± 6.2 minutes with CC; p<0.001). No significant differences 

were detected with respect to net withdrawal time or bowel preparation scores. 

Polyp detection

In the intention-to-treat analysis, the proportion of participants with at least one adenoma was the 

same in the two groups (28% versus 28%; RR 0.98; 95% CI 0.82 to 1.16). The total number of detected 

adenomas per subject was not significantly different between CC and CAC (0.49 ± 1.05 versus 0.50 

± 1.03; p=0.91). In the CC group, 63 participants (9%) had at least one advanced adenoma versus 

51 participants (7%) in the CAC group (RR 0.80; 95% CI 0.57 to 1.17). The total number of detected 

advanced adenomas per subject was also comparable between the groups (0.12 ± 0.45 versus 0.09 ± 

0.36; p=0.27). The per-protocol analysis is displayed in Table 2; it showed comparable results.

Figure 2: Patient flow
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Table 1: Baseline demographics and colonoscopy characteristics

CC (n=683) CAC (n=656) P-value

Age (yrs, median, IQR) 60 (55-65) 60 (55-65)

Male (n, %) 346 (51%) 339 (50%)

Prior abdominal operation (n, %) 203 (30%) 205 (31%)

Diverticulosis 173 (25%) 144 (22%)

Ottawa bowel preparation score (mean, SD) 5.5 (3.7) 5.8 (3.1)

Sedation (n,%)
None
Midazolam only
Fentanyl only
Midazolam + Fentanyl 

69 (10%)
1 (0%)
28 (4%)
580 (86%)

58 (9%)
0 (0%)
25 (4%)
570 (87%)

No. colonoscopies each endoscopist (n, %)
Endoscopist 1
Endoscopist 2
Endoscopist 3
Endoscopist 4
Endoscopist 5
Other endoscopists

343 (50%)
152 (22%)
83 (12%)
68 (10%)
29 (4%)
8 (1%)

311 (47%)
146 (22%)
97 (15%)
74 (11%)
25 (4%)
3 (1%)

0.41

Colonoscope, 170° field of view 504 (77%) 477 (76%) 0.71

Colonoscope, high definition 541 (82%) 521 (83%) 0.82

Cecal intubation rate (n, %) 671 (98%) 649 (99%) 0.29

Cecal intubation time (minutes, mean, SD) 8.9 (6.2) 7.7 (5.0) <0.001

Net withdrawal time (minutes, median, IQR) 10 (8-14) 10 (8-15) 0.64

 

Table 2 also shows size, morphology and location of all detected adenomas. Detection 

of small size (<6 mm) adenomas was comparable for CC and CAC, as well as the detection of 

6-9 mm and large (>10 mm) adenomas. In addition, CAC did not detect a higher number of 

flat adenomas per subject or a higher number of subjects with flat adenomas. No significant 

differences between the groups were noted in the detection of proximal located adenomas.

Influence of endoscopist and bowel preparation on adenoma detection 

Adenoma detection rates of all endoscopists are displayed in Table 3. One endoscopist who 

performed 54 colonoscopies in this study detected a lower number of subjects with at least one 

adenoma in the CAC group (55% versus 24%; p=0.02). Adenoma detection rates for all other 

endoscopists were not statistically different between CC and CAC. 

We performed a subanalysis in patients with a good bowel preparation. In the CC group, 465 

(68%) had at least a good bowel preparation versus 434 (66%) in the CAC group. The proportion 

of subjects with at least one adenoma was 30% in the CC group with a good bowel preparation 

versus 31% in the CAC group (p=0.92). The number of detected adenomas per subject was also 

comparable between the groups (0.55 ± 1.15 versus 0.56 ± 1.06; p=0.82). 
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Table 2: Polyp detection conventional colonoscopy (CC) versus cap-assisted colonoscopy (CAC): per-protocol 
analysis

CC (n=683) CAC (n=656) P-value

Total number of polyps 665 682 0.71

Total number of adenomas
Advanced adenomas

339
81

341
64

0.92
0.13

Total number of serrated adenomas 56 45 0.23

Total number of hyperplastic polyps 270 296 0.28

Adenomas per subject (mean, SD)
Advanced adenomas per subject (mean, SD)

0.50 (1.06)
0.12 (0.45)

0.52 (1.05)
0.10 (0.37)

0.83
0.34

Subjects ≥ 1 adenoma (n, %)
Subjects ≥ 1 advanced adenoma (n, %)

196 (29%)
63 (9%)

189 (29%)
51 (8%)

0.96
0.34

Size of all adenomas
< 6 mm per subject (mean, SD)
6-9 mm per subject (mean, SD)
≥ 10 mm per subject (mean, SD)

0.32 (0.78)
0.08 (0.35)
0.09 (0.35)

0.36 (0.81)
0.09 (0.34)
0.07 (0.29)

0.35
0.99
0.18

Flat morphology
Flat adenomas per subject (mean, SD)
Subjects ≥ 1 flat adenoma (n, %)

0.02 (0.13)
14 (2%)

0.02 (0.15)
16 (2%)

0.49
0.63

Proximal location
Proximal adenomas per subject (mean, SD)
Proximal advanced adenomas per subject (mean, SD)
Subjects ≥ 1 proximal adenoma (n,%)
Subjects ≥ 1 proximal advanced adenoma (n,%)

0.25 (0.69)
0.03 (0.19)
115 (17%)
22 (3%)

0.25 (0.71)
0.02 (0.19)
104 (16%)
11 (2%)

0.72
0.07
0.63
0.07

Table 3: Adenoma detection rates of the different endoscopists

No. colonoscopies Subjects ≥ 1 adenoma (n, %) P-value

CC CAC

Endoscopist 1 654 79 (23%) 78 (25%) 0.54

Endoscopist 2 298 45 (30%) 47 (32%) 0.63

Endoscopist 3 180 34 (41%) 30 (31%) 0.16

Endoscopist 4 142 20 (29%) 26 (35%) 0.47

Endoscopist 5 54 16 (55%) 6 (24%) 0.02

Other endoscopists 11 2 (25%) 2 (67%) 0.20

Discomfort during colonoscopy and perceived burden two weeks afterwards

In both groups, the majority of subjects received a combination of midazolam and fentanyl 

(Table 1). During colonoscopy, 21% in the CC group had “several moments of discomfort” 

versus 16% in the CAC group (Figure 3). Overall, Gloucester Comfort Scores were lower in the 

CAC group than in the CC group (mean score 2.0 ± 1.0 versus 2.2 ± 1.0; p=0.03). 
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Two weeks after colonoscopy, a total of 467 of 683 (68%) CC subjects returned the PBQ versus 

483 of 656 (74%) subjects in the CAC group. The perceived burden and pain for colonoscopy 

related items (introduction of the colonoscope and proceeding the procedure including cecal 

intubation and withdrawal) two weeks after colonoscopy were scored comparably between the 

groups (Figure 4). The full procedure was perceived as not or slightly burdensome by 82% of 

CC participants and by 83% of CAC participants (mean score 1.8 ± 1.0 versus 1.8 ± 0.9; p=0.75) 

and perceived as not or slightly painful by 78% and 84% (mean score 1.8 ± 1.1 versus 1.7 ± 1.0; 

p=0.27), respectively. Two weeks after the colonoscopy, women had lower pain scores in the 

CAC than the CC group for proceeding the procedure (mean score 1.9 ± 1.3 versus 1.7 ± 1.1; 

p=0.04). Patients who did not receive sedation had comparable burden scores in both groups.

Complications

One post-polypectomy bleeding and one perforation occurred in the CC group versus none in 

the CAC group. One patient in the CC group died because of a spinal epidural abscess 23 days 

after the colonoscopy. In retrospect, this event was probably not related to the colonoscopy. 

 Page 85 

 

Figure 3: Discomfort during colonoscopy  

Discomfort during colonoscopy. This was measured by the Gloucester Comfort Score ranging from no 

discomfort (1) to extreme discomfort (5). On top of the bars, mean (SD) scores and significance levels 

between the groups are displayed.  

Figure 3: Discomfort during colonoscopy. Discomfort during colonoscopy. This was measured by the 
Gloucester Comfort Score ranging from no discomfort (1) to extreme discomfort (5). On top of the bars, 
mean (SD) scores and significance levels between the groups are displayed. 
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Three non-colonoscopy related complications occurred in the CAC-group: pneumonia, urinary 

tract infection and atrial fibrillation.

diScuSSion
We compared adenoma detection rates by CC and CAC in a population at average risk of 

colorectal cancer. We found that CAC did not improve the detection of adenomas nor the 

detection of small size, flat or proximally located adenomas. We also performed a subanalysis 

in patients with good bowel preparation scores showing similar results. CAC reduced cecal 

intubation times by more than one minute. In addition, CAC participants showed lower 

discomfort scores during colonoscopy. 

This is the first large prospective randomized controlled trial adequately powered to 

compare adenoma detection between CC and CAC. Five experienced endoscopists with good 

adenoma detection rates and who were trained for CAC performed 99% of all colonoscopies. 

Our study population was uniform as all included participants underwent a primary screening 

colonoscopy. In addition, research staff attended all colonoscopies and prospectively recorded 

all data on polyp detection, procedural times and bowel preparation scores ensuring accurate  Page 86 

 

Figure 4: Perceived burden two weeks after the procedure 

Perceived pain and burden of different items and the full procedure was measured by a validated 

questionnaire. On top of the bars mean scores (SD) and significance levels between the groups are 

displayed. 

 

Figure 4: Perceived burden two weeks after the procedure. Perceived pain and burden of different items 
and the full procedure was measured by a validated questionnaire. On top of the bars mean scores (SD) 
and significance levels between the groups are displayed.
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and optimal data-collection. Conventional colonoscopies and cap-assisted colonoscopies 

were consecutively performed in a random order. Therefore, we believe that our results are 

reliable and applicable to daily clinical practice.

Unfortunately, we had to exclude 39 participants after randomization because of withdrawal 

from the study or absence of a CAC-trained endoscopist on the day of the procedure. Because of 

logistics, we had to randomize some participants one day before colonoscopy. Allocation to one 

of the two arms did not seem to be responsible for dropping-out since the result of randomization 

was only revealed to the patients and endoscopists just before the colonoscopy. More importantly, 

no significant differences were observed between the intention-to-treat and the per-protocol 

analysis. In our study, colonoscopes with different fields of view (140° and 170°) were used. This 

does not seem to have influenced the results as both types were used equally between the several 

endoscopists. In line with this, use of wideangle colonoscopes did not affect adenoma detection 

rates in previous studies.(21;22) Lastly, as blinding is not possible because the cap is visible on the 

monitor during colonoscopy, it is impossible to rule out an investigator bias in any study with the 

cap. Investigator bias would have been more likely if we had detected a higher number of subjects 

with adenomas in the CAC-group, as we aimed to improve adenoma detection by CAC. 

According to quality guidelines, adenoma detection rates over 20% are required in 

populations at average risk of CRC.(15;23) Low adenoma detection rates are associated with 

an increased risk of interval colorectal cancer.(23) In our study, the endoscopists fulfilled this 

quality condition. Adenoma detection rates of the conventional colonoscopy group (control 

group) varied from 23% to 41% for those endoscopists performed more than 100 study 

colonoscopies. Good adenoma detection rates in our control group did minimize the risk of 

investigator bias and did secure a solid comparison to cap-assisted colonoscopy. 

In our study, adenoma detection rates in the cap-assisted colonoscopy group were 

comparable to those in the conventional colonoscopy group and varied from 24% to 35%. Only 

one endoscopist, who performed 54 colonoscopies in this study, detected significantly more 

patients with at least one adenoma in the CC group than in the CAC group (55% versus 24%; 

p=0.02), but this difference did not affect the overall results. In the literature, mixed results 

have been reported on improvement of polyp detection by CAC (Table 4).(3-11) The majority 

of these studies did not report histopathology of detected polyps. One Japanese study with a 

similar design reported a higher polyp detection in the CAC group.(4) In contrast, a Chinese 

study reported lower polyp detection rates in CAC, but polyp detection was also correlated 

with withdrawal time.(3) Two other parallel randomized controlled trials reported similar polyp 

detection rates, but these studies did not achieve enough power to compare polyp detection.

(5;8) A limited number of CAC studies did report histopathology. Two tandem studies showed 

improvement of adenoma detection by CAC.(9;10) However adenoma miss-rates in the 

control groups were lower than expected based on miss-rates in a meta-analysis, suggesting 

investigator bias.(1) Hewett and Rex studied CAC in a Western population and found that CAC 

decreased adenoma miss-rates, especially for small size adenoma miss-rates.(11) In this study, 

adenoma detection rates of the participating endoscopists were remarkably high (69% for CC 

versus 65% for CAC), making these results less applicable to daily clinical practice. Although a 

tandem design, as used in this study, is generally considered the most reliable, it can lead to 
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investigator bias in studies in which blinding for the technique is impossible. In our study, a 

large number of conventional and cap-assisted colonoscopies were consecutively performed 

in a random order, through which we aimed to mimic daily clinical practice. 

Cecal intubation times of the CAC group were reduced by more than one minute in our 

study, which is in accordance with findings from other CAC studies.(3-5) This reduction may 

be caused by the protruding cap, which may facilitate sliding along folds and flexures allowing 

quick advancement of the colonocope to the cecum. Furthermore, CAC may be especially 

helpful in patients with difficult bowel anatomy, such as female patients, old patients, patients 

with previous abdominal surgery and patients with left-sided diverticulosis.(4) However, the 

cecal intubation rates were not improved by CAC and were equal to those in other studies in 

the literature.(3;5) 

We showed that participants undergoing CAC had lower discomfort scores during 

colonoscopy. This finding is in accordance with the literature.(5;24;25) However, after two weeks, 

no significant differences in the perceived burden of the procedure were reported. Discomfort 

during colonoscopy was scored by the research staff, whereas the burden after two weeks was 

reported by subjects themselves. Investigator bias may be an explanation for these conflicting 

results. A subanalysis in women demonstrated lower pain scores two weeks after colonoscopy for 

cecal intubation and withdrawal of the colonoscope, a finding that is in line with the literature.(5)

We compared the adenoma detection between CAC and CC in experienced endoscopists. 

It has previously been reported that CAC improved cecal intubation rates in female patients 

among trainee endoscopists.(4) CAC may be a useful method in the improvement of adenoma 

detection by less experienced endoscopists, but further studies are needed to confirm this. 

A possible disadvantage of CAC is the visibility of the cap on the monitor during colonoscopy 

reducing the visual field. A possibility for improving this could be the development of a cap with 

an angle that is similar to the field of view of the colonoscope (140° or 170°). In this case, the 

cap can smooth colonic folds without blurring the endoscopic view. In addition, because of the 

oblique sides, the chance of fecal residue remaining in the cap may be lower and maneuvering 

the cap to each fold may take less effort due to the extended range of the cap. Another option 

is to combine CAC with other advanced imaging techniques. A Japanese study combined CAC 

and autofluorescence imaging (AFI) and found higher “neoplasm detection rates” (adenomas, 

carcinomas and carcinoids altogether) compared to white light endoscopy only (1.96 versus 

1.19; p=0.02).(7) The conclusion that a combination of these techniques improves adenoma 

detection seems premature. Further studies are needed to verify these results. A recent study 

showed that CAC improved polyp detection in patients referred for endoscopic mucosal 

resection of polyps detected during an initial CC that could not be removed with standard 

biopsy forceps.(26) CAC may possibly have a role during a “second look” in patients being 

referred for removal of (large) colorectal polyps.

We conclude from this large randomized controlled trial that CAC does not improve adenoma 

detection. It does reduce cecal intubation times and is safe, as no complications occurred. On 

the basis of the results of our study, we strongly feel that CAC should not be used in daily clinical 

practice to improve the detection of adenomas. It may be useful in reducing cecal intubation 

time and patient discomfort. This technique could therefore be used for these indications. 
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Table 4: Polyp and adenoma detection rates (per-patient and per-polyp analysis) in RCTs (CC versus CAC)

Adenoma detection studies

Author, year Design
Primary 
outcome Population N

Adenoma detection
(per-patient)
CC CAC P

Adenoma detection 
(per-polyp)
CC CAC P Comments

Hewett et al., 
2010

Cross-over (tandem), 
randomized order*

Adenoma 
miss-rate

High-risk (referral: 
surveillance/screening)

100 69% 65% N/A 1.85** 1.60** N/A
-  Adenoma miss-rate was significantly lower for CAC compared to CC 

(21% versus 33%; p=0.039)
- Remarkably high adenoma detection rates

Wijkerslooth 
et al., 2011

Parallel, randomized
Adenoma 
detection

Average-risk 
(population-based 
screening)

1,380 29% 29% 0.96 0.50 0.52 0.83 N/A

Polyp detection studies (or other primary outcome)

Author, year Design
Primary 
outcome Population N

Polyp detection
(per-patient)
CC CAC P

Polyp detection 
(per-polyp)
CC CAC P Comments

Tada et al., 
1997

Parallel, randomized
Cecal intubation 
time

High-risk (referral: 
FOBT+/surveillance

140 N/A N/A N/A 0.58 0.86 < 0.05 - Histopathology not reported (only “lesions”)

Matsushita 
et al., 1998

Cross-over (tandem), 
randomized order*

Polyp detection 
rate

High-risk (referral: 
polyps at previous 
barium-enema)

24 N/A N/A N/A 3.33** 3.67** N/A
-  Polyp miss-rate was significantly lower for CAC compared to CC (15% 

versus 0%; p=0.0125) 
- Small polyps in recto-sigmoid were not removed

Kondo et al., 
2007***

Parallel, randomized
Cecal intubation 
rate

High-risk (referral) 456 39.1% 49.3% 0.04 2.07** 2.05** N/A - Histopathology not reported

Horiuchi 
et al., 
2008****

Tandem; fixed order; 
Parallel randomization 
after 1st colonoscopy

Cecal intubation 
time; number of 
adenomas

Patients with adenomas 
at 1st colonoscopy 

60 N/A N/A N/A 1.50** 1.63** N/A
-  Compared to initial CC, CAC detected 10 additional adenomas 

compared to 2 additional adenomas in the CC group (p=0.029),

Lee et al. 
2009

Parallel, randomized
Cecal intubation 
rate

High-risk (referral: 
symptoms/surveillance

1,000 37.5% 30.5% 0.018 0.96 0.63 0.023
-  Shorter withdrawal time in the CAC group correlated with lower polyp 

detection rate
- “Adenomas” are reported but included hyperplastic polyps

Harada et al., 
2009

Parallel, randomized
Cecal intubation 
time

High-risk (referral: 
symptoms/surveillance/
screening)

592 42.4% 43.0% 0.88 1.50** 1.49** N/A
- Not powered for polyp detection
- Histopathology not reported

Takeuchi et 
al. 2010*****

Parallel, randomized
“Neoplasm” 
detection rate

High-risk (referral: 
FOBT+/surveillance)

274 55.6% 59.6% N/A 1.19 1.72 0.21
-  Results are displayed of detected “neoplasms”; 388 of 400 detected 

neoplasms were adenomas.

Tee et al., 
2010

Parallel, randomized
Cecal intubation 
time

High-risk (referral: 
symptoms/surveillance/
screening)

400 31.3% 32.8% 0.75 0.74** 0.54** N/A
- Not powered for polyp detection
-  Total number of adenomas was reported, but not the total number of 

patients with adenomas

Dai et al., 
2010

Parallel, randomized Not specified High-risk (referral) 250 14.7%** 15.7%** N/A 0.24** 0.27** N/A
- Not powered for polyp detection
- Histopathology not reported

Park et al., 
2011

Tandem; fixed order; 
Parallel randomization 
after 1st colonoscopy

Cecal intubation 
time; polyp miss 
rate

Patients being 
referred for removal of 
unresectable polyps 

329 N/A N/A N/A 3.4 2.7 0.003
-  Compared to initial CC, number of detected polyps was significantly 

higher in CAC compared to CC (1.65 versus 0.86; p=0.026), 

* Tandem design; results of detected polyps derived from 1st colonoscopy; polyp miss-rate (primary outcome) is displayed in 
the ”comments” column 
** Not reported in the study; derived from results
*** Randomized to three different arms. Only results from CC and CAC arm are displayed; polyp detection rate of the “short 
hood” arm is not displayed
**** Study was performed in two parts; first part non-randomized design (data not displayed), second part tandem design 
with fixed order in patients with adenomas at initial colonoscopy; randomization in second part after 1st (conventional) 
colonoscopy to either conventional colonoscopy or colonoscopy with retractable extension device.

***** Randomized to four different arms. Only results from CC and CAC arm are displayed; results from two autofluorescence 
imaging (AFI) arms are not displayed. “Neoplasm” was defined as an adenoma (low or high grade), non-invasive carcinoma, 
invasive carcinoma or carcinoid
- Horiuchi et al. 2009 not displayed: tandem design with fixed order; randomization after 1st (conventional) colonoscopy to 
either narrow-band imaging colonoscopy or colonoscopy with retractable extension device; due to design (absence of CC 
group) data extraction not possible
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Table 4: Polyp and adenoma detection rates (per-patient and per-polyp analysis) in RCTs (CC versus CAC)

Adenoma detection studies

Author, year Design
Primary 
outcome Population N

Adenoma detection
(per-patient)
CC CAC P

Adenoma detection 
(per-polyp)
CC CAC P Comments

Hewett et al., 
2010

Cross-over (tandem), 
randomized order*

Adenoma 
miss-rate

High-risk (referral: 
surveillance/screening)

100 69% 65% N/A 1.85** 1.60** N/A
-  Adenoma miss-rate was significantly lower for CAC compared to CC 

(21% versus 33%; p=0.039)
- Remarkably high adenoma detection rates

Wijkerslooth 
et al., 2011

Parallel, randomized
Adenoma 
detection

Average-risk 
(population-based 
screening)

1,380 29% 29% 0.96 0.50 0.52 0.83 N/A

Polyp detection studies (or other primary outcome)

Author, year Design
Primary 
outcome Population N

Polyp detection
(per-patient)
CC CAC P

Polyp detection 
(per-polyp)
CC CAC P Comments

Tada et al., 
1997

Parallel, randomized
Cecal intubation 
time

High-risk (referral: 
FOBT+/surveillance

140 N/A N/A N/A 0.58 0.86 < 0.05 - Histopathology not reported (only “lesions”)

Matsushita 
et al., 1998

Cross-over (tandem), 
randomized order*

Polyp detection 
rate

High-risk (referral: 
polyps at previous 
barium-enema)

24 N/A N/A N/A 3.33** 3.67** N/A
-  Polyp miss-rate was significantly lower for CAC compared to CC (15% 

versus 0%; p=0.0125) 
- Small polyps in recto-sigmoid were not removed

Kondo et al., 
2007***

Parallel, randomized
Cecal intubation 
rate

High-risk (referral) 456 39.1% 49.3% 0.04 2.07** 2.05** N/A - Histopathology not reported

Horiuchi 
et al., 
2008****

Tandem; fixed order; 
Parallel randomization 
after 1st colonoscopy

Cecal intubation 
time; number of 
adenomas

Patients with adenomas 
at 1st colonoscopy 

60 N/A N/A N/A 1.50** 1.63** N/A
-  Compared to initial CC, CAC detected 10 additional adenomas 

compared to 2 additional adenomas in the CC group (p=0.029),

Lee et al. 
2009

Parallel, randomized
Cecal intubation 
rate

High-risk (referral: 
symptoms/surveillance

1,000 37.5% 30.5% 0.018 0.96 0.63 0.023
-  Shorter withdrawal time in the CAC group correlated with lower polyp 

detection rate
- “Adenomas” are reported but included hyperplastic polyps

Harada et al., 
2009

Parallel, randomized
Cecal intubation 
time

High-risk (referral: 
symptoms/surveillance/
screening)

592 42.4% 43.0% 0.88 1.50** 1.49** N/A
- Not powered for polyp detection
- Histopathology not reported

Takeuchi et 
al. 2010*****

Parallel, randomized
“Neoplasm” 
detection rate

High-risk (referral: 
FOBT+/surveillance)

274 55.6% 59.6% N/A 1.19 1.72 0.21
-  Results are displayed of detected “neoplasms”; 388 of 400 detected 

neoplasms were adenomas.

Tee et al., 
2010

Parallel, randomized
Cecal intubation 
time

High-risk (referral: 
symptoms/surveillance/
screening)

400 31.3% 32.8% 0.75 0.74** 0.54** N/A
- Not powered for polyp detection
-  Total number of adenomas was reported, but not the total number of 

patients with adenomas

Dai et al., 
2010

Parallel, randomized Not specified High-risk (referral) 250 14.7%** 15.7%** N/A 0.24** 0.27** N/A
- Not powered for polyp detection
- Histopathology not reported

Park et al., 
2011

Tandem; fixed order; 
Parallel randomization 
after 1st colonoscopy

Cecal intubation 
time; polyp miss 
rate

Patients being 
referred for removal of 
unresectable polyps 

329 N/A N/A N/A 3.4 2.7 0.003
-  Compared to initial CC, number of detected polyps was significantly 

higher in CAC compared to CC (1.65 versus 0.86; p=0.026), 

* Tandem design; results of detected polyps derived from 1st colonoscopy; polyp miss-rate (primary outcome) is displayed in 
the ”comments” column 
** Not reported in the study; derived from results
*** Randomized to three different arms. Only results from CC and CAC arm are displayed; polyp detection rate of the “short 
hood” arm is not displayed
**** Study was performed in two parts; first part non-randomized design (data not displayed), second part tandem design 
with fixed order in patients with adenomas at initial colonoscopy; randomization in second part after 1st (conventional) 
colonoscopy to either conventional colonoscopy or colonoscopy with retractable extension device.

***** Randomized to four different arms. Only results from CC and CAC arm are displayed; results from two autofluorescence 
imaging (AFI) arms are not displayed. “Neoplasm” was defined as an adenoma (low or high grade), non-invasive carcinoma, 
invasive carcinoma or carcinoid
- Horiuchi et al. 2009 not displayed: tandem design with fixed order; randomization after 1st (conventional) colonoscopy to 
either narrow-band imaging colonoscopy or colonoscopy with retractable extension device; due to design (absence of CC 
group) data extraction not possible

63



4

ADENOMA DETECTION IN CAC

referenceS

1. van Rijn JC, Reitsma JB, Stoker J et al. Polyp 
miss rate determined by tandem colonoscopy: 
a systematic review. Am J Gastroenterol 
2006;101:343-50.

2. East JE, Saunders BP, Burling D et al. Surface 
visualization at CT colonography simulated 
colonoscopy: effect of varying field of view 
and retrograde view. Am J Gastroenterol 
2007;102:2529-35.

3. Lee YT, Lai LH, Hui AJ et al. Efficacy of cap-
assisted colonoscopy in comparison with 
regular colonoscopy: a randomized controlled 
trial. Am J Gastroenterol 2009;104:41-6.

4. Kondo S, Yamaji Y, Watabe H et al. A 
randomized controlled trial evaluating the 
usefulness of a transparent hood attached to 
the tip of the colonoscope. Am J Gastroenterol 
2007;102:75-81.

5. Harada Y, Hirasawa D, Fujita N et al. Impact of a 
transparent hood on the performance of total 
colonoscopy: a randomized controlled trial. 
Gastrointest Endosc 2009;69:637-44.

6. Matsushita M, Hajiro K, Okazaki K et al. Efficacy 
of total colonoscopy with a transparent cap in 
comparison with colonoscopy without the 
cap. Endoscopy 1998;30:444-7.

7. Takeuchi Y, Inoue T, Hanaoka N et al. 
Autofluorescence imaging with a transparent 
hood for detection of colorectal neoplasms: 
a prospective, randomized trial. Gastrointest 
Endosc 2010;72:1006-13.

8. Tee HP, Corte C, Al-Ghamdi H et al. 
Prospective randomized controlled trial 
evaluating cap-assisted colonoscopy vs 
standard colonoscopy. World J Gastroenterol 
2010;16:3905-10.

9. Horiuchi A, Nakayama Y, Kato N et al. Hood-
Assisted Colonoscopy Is More Effective in 
Detection of Colorectal Adenomas Than 
Narrow-Band Imaging. Clin Gastroenterol 
Hepatol 2010;8:379-83.

10. Horiuchi A, Nakayama Y. Improved colorectal 
adenoma detection with a transparent 
retractable extension device. Am J 
Gastroenterol 2008;103:341-5.

11. Hewett DG, Rex DK. Cap-fitted colonoscopy: 
a randomized, tandem colonoscopy study 
of adenoma miss rates. Gastrointest Endosc 
2010;72:775-81.

12. Morgan J, Thomas K, Lee-Robichaud H et 
al. Transparent Cap Colonoscopy versus 

Standard Colonoscopy for Investigation of 
Gastrointestinal Tract Conditions. Cochrane 
Database Syst Rev 2011;2:CD008211.

13. de Wijkerslooth TR, de Haan MC, Stoop EM 
et al. Study protocol: population screening 
for colorectal cancer by colonoscopy or CT 
colonography: a randomized controlled trial. 
BMC Gastroenterol 2010;10:47.

14. TENALEA ID Project (2006). ALEA 
Randomisation software (Version 2.2) 
[Computer software]. Amsterdam, Netherlands 
Cancer Institute. http://tenalea.net/. 

15. Rex DK, Petrini JL, Baron TH et al. 
Quality indicators for colonoscopy. Am J 
Gastroenterol 2006;101:873-85.

16. British Society of Gastroenterology. BSG 
Guidelines on Safety and Sedation during 
Endoscopic Procedures. http://www.bsg.org.
uk 2003.

17. Rostom A, Jolicoeur E. Validation of a new 
scale for the assessment of bowel preparation 
quality. Gastrointest Endosc 2004;59:482-6.

18. Schlemper RJ, Riddell RH, Kato Y et al. The 
Vienna classification of gastrointestinal 
epithelial neoplasia. Gut 2000;47:251-5.

19. Schulz KF, Altman DG, Moher D. CONSORT 
2010 Statement: Updated guidelines for 
reporting parallel group randomised trials. J 
Clin Epidemiol 2010;63:834-40.

20. Regula J, Rupinski M, Kraszewska E et al. 
Colonoscopy in colorectal-cancer screening 
for detection of advanced neoplasia. N Engl J 
Med 2006;355:1863-72.

21. Deenadayalu VP, Chadalawada V, Rex DK. 170 
degrees wide-angle colonoscope: effect on 
efficiency and miss rates. Am J Gastroenterol 
2004;99:2138-42.

22. Tribonias G, Theodoropoulou A, Konstantinidis 
K et al. Comparison of standard versus high-
definition, wide-angle colonoscopy for polyp 
detection: A Randomized Controlled Trial. 
Colorectal Dis 2010; 12:e260-66

23. Kaminski MF, Regula J, Kraszewska E et al. 
Quality indicators for colonoscopy and the risk 
of interval cancer. N Engl J Med 2010;362:1795-
803.

24. Dai J, Feng N, Lu H et al. Transparent cap improves 
patients’ tolerance of colonoscopy and 
shortens examination time by inexperienced 
endoscopists. J Dig Dis 2010;11:364-8.

64



4

ADENOMA DETECTION IN CAC

25. Shida T, Katsuura Y, Teramoto O et 
al. Transparent hood attached to the 
colonoscope: does it really work for all types of 
colonoscopes? Surg Endosc 2008;22:2654-8.

26. Park SY, Kim HS, Yoon KW et al. Usefulness 
of cap-assisted colonoscopy during 
colonoscopic EMR: a randomized, controlled 
trial. Gastrointest Endosc 2011;74:869-75.

65



5



differenceS in ProXiMal Serrated PolyP 
detection aMong endoScoPiStS are aSSociated 

witH variability in witHdrawal tiMe

T.R. de Wijkerslooth, E.M. Stoop, P.M. Bossuyt, K.M.A.J. Tytgat, J. Dees, 
E.M.H. Mathus-Vliegen, E.J. Kuipers, P. Fockens, M.E. van Leerdam, E. Dekker

Accepted for Publication in Gastrointestinal Endoscopy



5

FACTORS ASSOCIATED WITH PSP DETECTION

abStract
Background: Insufficient detection of proximal serrated polyps (PSP) might explain the 

occurrence of a proportion of interval carcinomas in colonoscopy surveillance programs. 

Objective: To compare PSP detection between endoscopists and to identify patient and 

endoscopist-related factors associated with PSP detection. 

Design: Prospective study in unselected patients. 

Setting: Colonoscopy screening program for colorectal cancer at two academic medical 

centers.

Patients: Asymptomatic consecutive screening participants (50 to 75 years).

Interventions: Colonoscopies were performed by five experienced endoscopists. All detected 

polyps were removed. Multiple colonoscopy quality indicators were prospectively recorded. 

Main outcome measurements: We compared PSP detection between endoscopists by 

calculating odds ratios (OR) with logistic regression analysis. Logistic regression was also used 

to identify patient features and colonoscopy factors associated with PSP detection.

Results: 1,354 subjects underwent a complete screening colonoscopy: 1,635 polyps were 

detected, of which 707 (43%) were adenomas and 685 (42%) were serrated polyps including 

215 PSPs. In 167 patients (12%) one or more PSP were detected. The PSP detection rate differed 

significantly between endoscopists ranging from 6% to 22% (p<0.001). Longer withdrawal time 

(OR 1.12; 95% CI: 1.10 to 1.16) was significantly associated with better PSP detection, while patient 

age, gender and quality of bowel preparation were not. 

Limitations: Limited number of highly experienced endoscopists.

Conclusions: The PSP detection rate differs among endoscopists. Longer withdrawal times are 

associated with better PSP detection, but patient features are not (Clinical trial registration 

number: NTR1888).

Take-home message: PSP detection is not so much patient related, but depends more on the 

skills of the endoscopist, such as withdrawal time. 
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introduction
Colonoscopy has been recommended by the American College of Gastroenterology as the 

preferred strategy for colorectal cancer screening of average risk individuals.(1) Colonoscopy 

is considered the most accurate method for the detection of colorectal neoplasia. Although 

its ability to identify left sided neoplasia is undisputed, this is less so for proximally located 

cancer. (2;3) This can be explained by several factors. First, colonoscopies can be inadequate 

because of lack of cecal intubation or appropriate bowel preparation.(3) Insufficient detection 

and removal of serrated polyps could be another explanation. Such polyps can develop into 

cancer through the serrated pathway, one that differs from the traditional adenoma-carcinoma 

sequence and is characterized by BRAF mutations and CpG island methylator phenotype 

(CIMP).(4-8) Previous studies have demonstrated an association between proximal location of 

serrated polyps and synchronous advanced neoplasia and colorectal cancer, implying a higher 

risk of advanced neoplasia during surveillance.(9;10)

Serrated polyps may be more easily missed during colonoscopy because of their flat 

morphology and ambiguous colour. This can be the case particularly in the proximal colon where 

the endoscopic view is often blurred because of insufficient bowel preparation. Serrated polyps 

also have traditionally been thought to be benign. Endoscopists may therefore be unaware of 

their malignant potential and decide not to remove these lesions during colonoscopy. Kahi et 

al. have shown that proximal serrated polyp detection varies among endoscopists.(11) Because 

of the retrospective design of their study they were unable to evaluate the effect of potential 

confounders on polyp detection, in particular the quality of the bowel preparation.

We have performed a prospective study in unselected patients to compare detection of 

proximal serrated polyps among endoscopists in a primary colonoscopy screening program 

for colorectal cancer, and to evaluate associations between proximal serrated polyp detection 

and patient related and endoscopist related factors. In addition, we also compared the effect of 

these factors on the detection of adenomas. 

MetHodS

Study population

Data were collected in the randomized, multicenter Co lo no sco py or Co lo n o grap hy for Scree ning 

(COCOS) trial. The overall design of this invitational population based colorectal cancer screening 

program, as well as its main results (participation and diagnostic yield), have been described in 

detail elsewhere.(12;13) Screening participants allocated to the colonoscopy arm were included 

for this study. Between June 2009 and July 2010, a total of 6,600 asymptomatic individuals of the 

Amsterdam and Rotterdam region were randomly selected and invited for colonoscopy screening. 

Patients with an end-stage disease were excluded, as were individuals who had been 

scheduled for surveillance colonoscopy, because of a personal history of colorectal cancer, 

colon adenomas or inflammatory bowel disease, as well as those who had undergone a 

full colonic examination in the previous 5 years with either a complete colonoscopy, CT 

colonography and/or double contrast barium enema. 
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The study was discussed during a pre-colonoscopy consultation, after which participants 

were invited to sign informed consent. Next, consenting eligible participants were scheduled 

for a primary screening colonoscopy. Ethical approval was obtained from the Dutch Health 

Council (2009/03WBO, The Hague, The Netherlands). The trial was registered in the Dutch Trial 

Register: NTR1829 (www.trialregister.nl). 

Colonoscopy and histopathology

All colonoscopies were performed at the Academic Medical Center in Amsterdam and Erasmus 

University Medical Center in Rotterdam by senior gastroenterologists with an experience of at 

least 1,000 colonoscopies each in their careers. Each gastroenterologist performed all his/her 

colonoscopies at one center. Colonoscopies were recorded on DVD and performed according 

to the standard quality guidelines defined by the Society of Gastrointestinal Endoscopy.(14) 

Colonoscopes were 160 or 180 series variable stiffness instruments (Olympus Medical Systems, 

Tokyo, Japan). Participants received 2L of polyethylene electrolyte glycol solution (Moviprep; 

Norgine bv, Amsterdam, The Netherlands) and 2L transparent fluid, split-dose or single dose, 

dependent on time of procedure (morning or afternoon).

Research staff prospectively recorded a number of colonoscopy variables, including cecal 

intubation time, withdrawal time, endoscopist, field of view of the colonoscope (140° or 170°), 

definition of the colonoscope (high or low), use of a plastic cap at the tip of the colonoscope, 

timing of the colonoscopy (morning/afternoon), use of sedation (midazolam and/or fentanyl), 

use of antispasmodic medication (butylscopolamine) and quality of the bowel preparation. 

Quality of the bowel preparation was assessed by the validated Ottawa bowel preparation 

score, which includes three segment scores (0-4) and an overall score (0-2) and ranges from 0 

(excellent bowel preparation in all three colonic segments) to 14 (very poor bowel preparation).

(15) Endoscopists were instructed to intubate the cecum and to document the cecal landmarks 

(cecal valve and appendix orifice or intubation of terminal ileum). Withdrawal time was 

recorded by a stopwatch and was demanded to be at least six minutes, after subtracting the 

time needed for polypectomies. Polyps were directly removed during withdrawal and obtained 

for histological assessment. Polyp variables were prospectively recorded including location, 

size and morphology (pedunculated, sessile, flat). Proximal location was considered as proximal 

to the splenic flexure.

All polyps were evaluated by two expert gastro-intestinal pathologists, one in each center. 

Serrated polyps included hyperplastic polyps, sessile serrated lesions and traditional serrated 

lesions. Adenomas were classified as tubular, tubulovillous or villous; dysplasia was assessed as 

either low or high grade.(16) An advanced adenoma was defined as an adenoma ≥ 10 mm, ≥ 25% 

villous or with high grade dysplasia. Advanced neoplasia comprised advanced adenoma and 

CRC altogether.

Outcome measures and statistical analysis

First, we compared proximal serrated polyp detection among endoscopists with logistic 

regression analysis. The outcome variable was the detection of one or more proximal serrated 

polyps in a per-patient analysis. Endoscopists were included in the model using dummy 

variables, by using the endoscopist with the highest detection rate as the reference. To adjust 
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for potential confounders, we also included patient’s age, gender and quality of the bowel 

preparation in the logistic regression model. Intubation times and withdrawal times were 

compared among endoscopists by the Kruskal-Wallis test statistic. 

Next, we intended to identify patient features and colonoscopy factors associated with the 

detection of one or more proximal serrated polyps in a per-patient analysis. We expressed the 

strength of the corresponding associations as odds ratios and estimated these using univariable 

and multivariable logistic regression analysis, once again using detection of a proximal serrated 

polyp as the outcome variable. We considered factors that may affect polyp detection as 

described in the literature. We evaluated the following patient-related factors: age (17), gender 

(17) and the quality of the bowel preparation.(18) We also evaluated these colonoscopy-related 

factors: intubation time (19), withdrawal time (20), field of view of the colonoscope (140° or 

170°) (21), definition of the endoscope (high or low) (22;23), use of a plastic cap (24), timing of 

the colonoscopy (morning/afternoon) (25), use of sedation (midazolam and/or fentanyl) (26), 

use of antispasmodic medication (butylscopolamine) (27) and Gloucester comfort score (28). 

We evaluated the same variables in a different set of logistic regression models, to estimate the 

strength of the corresponding associations with the detection of adenomas in the entire colon. 

In all analyses we only included data from endoscopists who performed more than 50 

colonoscopies in this study. We excluded participants with an incomplete colonoscopy, that 

is, those in which the cecum was not intubated because we could not assess detection of 

proximally located polyps and/or other quality indicators. Two-sided p-values of less than 0.05 

were considered to indicate statistically significant differences. All analyses were performed by 

using PASW statistics version 18.0 for Windows. 

Sample size calculation

The sample size calculation for the randomized trial in which this study was embedded is 

described in detail elsewhere.(12;13). With approximately 1400 colonoscopies, and assuming 

a baseline detection rate of about 12%, we would have at least 80% power to detect an odds 

ratio of 1.53 for dichotomous variables in the logistic regression (at a 50% prevalence; 1.67 at a 

20% prevalence), or an odds ratio of 1.3 for a change in one standard deviation from the mean 

in continuous variables.

reSultS
A total of 1,426 invitees participated in the colonoscopy screening program of whom 1,407 

(99%) underwent a complete screening colonoscopy. In this group, 1,354 colonoscopies 

were completed by endoscopists who had performed more than 50 colonoscopies. Of the 

corresponding study participants, 689 (51%) were men; their median age was 60 years (IQR 55 

to 65 years). The median Ottawa bowel preparation score was 5 (IQR 3 to 8). The median net 

withdrawal time was 10 minutes (IQR 8 to 15 minutes).

Overall, 1,635 polyps were detected of which 707 (43%) were adenomas and 685 (42%) were 

serrated polyps. The mean number of adenomas per patient was 0.52 (SD 1.08). The mean 

number of serrated polyps per patient was 0.51 (SD 1.16). Of the detected serrated polyps, 215 

(31%) were proximally located. These were detected in 167 patients (12%). The mean number of 
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proximal serrated polyps per patient was 0.16 (SD 0.48). The median proximal serrated polyp 

size was 4 mm (IQR 3 to 7). In 392 patients (29%) one or more adenomas were detected. The 

median adenoma size was 4 mm (IQR 3 to 7). An advanced adenoma was detected in 119 patients 

(9%) and advanced neoplasia in 125 patients (9%).

Differences among endoscopists

There were significant differences among endoscopists in PSP detection rates (p<0.001) 

and adenoma detection rates (p=0.002), as summarized in Table 1. Among experienced 

endoscopists, the PSP detection rate varied from 6% to 22%; the adenoma detection rate varied 

from 24% to 40%. These differences also were observed when we adjusted for differences in 

case-mix. When we included patient’s age, gender and quality of the bowel preparation the 

differences among endoscopists were significant (p<0.001 and p=0.001, for PSP detection 

and adenoma detection respectively). Median intubation times differed significanty among 

endoscopists (p<.001); ranging from 5 to 13 minutes. Median withdrawal times were also 

significantly different (p<0.001); these varied from 8 to 16 minutes. The endoscopist with the 

highest PSP detection rate was third in adenoma detection. The endoscopist with the highest 

adenoma detection rate was fourth in PSP detection.

Table 1: Endoscopist’s adenoma detection rates (ADR) and proximal serrated polyp (PSPR) detection rates

Endoscopist

Colonoscopy 
experience 
(years)

Number of 
colonoscopies 
in the study

Intubation 
time (median, 
IQR) 

Withdrawal 
time (median, 
IQR) ADR PSPR

Odds 
ratio 95% CI

Endoscopist 1 9 147 13 (9-17) 16 (13-20) 33% 22% 1 N/A

Endoscopist 2 30 192 8 (6-12) 16 (13-20) 37% 20% 0.85 0.50-1.44

Endoscopist 3 9 310 7 (5-11) 9 (7-12) 30% 16% 0.65 0.40-1.06

Endoscopist 4 6 52 9 (6-13) 11 (9-15) 40% 15% 0.63 0.27-1.57

Endoscopist 5 35 653 5 (4-8) 8 (7-10) 24% 6% 0.22 0.13-0.36

Factors associated with proximal serrated polyp and adenoma detection 

Associations between patient-related and procedure-related factors and the detection of 

proximal serrated polyps (PSP) and adenomas are summarized in Table 2. Significantly more 

adenomas were detected in elderly patients, in males and in patients with better bowel 

preparation. Including the proximal bowel preparation score instead of overall bowel preparation 

scores in an alternative multivariable model for PSP detection showed comparable results.

Of the procedure-related factors, withdrawal time was significantly associated with adenoma 

detection: more adenomas were detected in patients with longer withdrawal times. Adenoma 

detection differed significantly among subgroups defined by the Gloucester comfort score but 

no linearity was observed between higher adenoma detection and increasing discomfort. Use 

of butylscopolamine was associated with better adenoma detection in the univariable analysis; 

when we adjusted for case-mix this effect was no longer observed. 
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PSP detection was found to be associated with intubation time, withdrawal time and use 

of butylscopolamine in the univariable analysis. These factors were no longer significant when 

taking patient factors and all colonoscopy factors into account. In the multivariable analysis, 

withdrawal time was the only factor significantly associated with PSP detection: PSP detection 

was significantly more likely during procedures with longer withdrawal times. 

Association of proximal serrated polyp detection and adenoma detection

Associations were observed between PSP detection and detection of colorectal neoplasia in 

the entire colon. In the univariable analysis, better PSP detection was associated with higher 

adenoma detection (OR 1.73; 95% CI 1.23 to 2.41; p=0.001), advanced adenoma detection 

(OR 2.43; 95% CI 1.53 to 3.84; p<0.001) and advanced neoplasia detection (OR 2.34; 95% CI 1.52 

to 3.75; p<0.001). When we adjusted for patient features (age, gender and quality of bowel 

preparation), these associations were still observed. Better PSP detection was associated with 

higher adenoma detection (OR 1.74; 95% CI 1.23 to 2.46), advanced adenoma detection (OR 2.41; 

95% CI 1.51 to 3.86) and advanced neoplasia detection (OR 2.37; 95% CI 1.49 to 3.76).

When we adjusted for patient features and colonoscopy factors, associations between PSP 

detection and detection of colorectal neoplasia (adenoma, advanced adenoma and advanced 

neoplasia) were no longer significant. In the multivariable analysis, including adenoma, 

advanced adenoma or advanced neoplasia detection, withdrawal time was the only factor 

consistently and significantly associated with PSP detection. 

diScuSSion
We performed a prospective study to compare proximal serrated polyp detection among 

endoscopists and to identify patient-related and procedure-related factors associated with the 

detection of proximal serrated polyps. PSP detection differed significantly among experienced 

endoscopists. In this population, we did not observe significant effects of age, gender or quality 

of the bowel preparation, but found withdrawal time to be strongly and significantly associated 

with PSP detection. 

To our knowledge this is the first prospective study to identify factors associated with 

PSP detection during colonoscopy. Our study population is relatively homogenous, because 

we included participants who all underwent a primary screening colonoscopy. Research staff 

attended all colonoscopies and prospectively recorded various data on the quality of the 

colonoscopy and polyp detection ensuring accurate and optimal data-collection. Polyps were 

evaluated by only two expert gastro-intestinal pathologists minimizing inter-observer bias. All 

colonoscopies were performed by experienced endoscopists who were instructed to remove 

all detected polyps. 

We included all patient features and colonoscopy factors that may affect polyp detection as 

known to us from literature. It is possible that we failed to include all factors that could influence 

polyp detection. The limited number of participating endoscopists could be another limitation 

of our study. Because of the low number we could not evaluate factors on the endoscopist level, 

such as endoscopist’s age, sex or technique. We cannot exclude an inter-observer variation 

in the distinction between serrated polyps and adenomas. A recent study in a screening 

74



5

FACTORS ASSOCIATED WITH PSP DETECTION

population showed inter-observer agreement for non-adenomatous or adenomatous polyps 

in 96% of cases, with a very good corresponding kappa value of 0.88 (29). Applying these 

findings to our study would suggest that inter-observer variation does not have a large effect. 

To minimize the risk of coincidental observations, we excluded 53 colonoscopies from our 

analyses because they had been performed by experienced endoscopists who completed less 

than 50 colonoscopies for this screening trial.

Adenoma detection rates of less than 20% are associated with a higher risk of interval cancer 

(30). Because of this, quality guidelines proposed this percentage as the lower achievable limit 

in average risk populations.(14;30) Our endoscopists had adenoma detection rates ranging 

from 24% to 40%, all thus fulfilling this quality condition. In line with the literature, age, sex, 

quality of bowel preparation and withdrawal time were associated with adenoma detection 

(17;18;20). 

The endoscopists detected proximal serrated polyps in 12% of participants, but detection 

rates varied significantly between endoscopists, from 6% to 22%. A recent retrospective study 

by Kahi et al reported an overall PSP detection rate of 13%, ranging from 1% to 18% among 

individual endoscopists.(11) Because of the retrospective design, Kahi et al were not able to 

report on the influence of two important quality parameters for polyp detection: quality of the 

bowel preparation and withdrawal time. 

In our study, net withdrawal time (corrected by subtracting the time taken for polypectomy) 

was associated with PSP detection; detection of at least one PSP was more likely in colonoscopies 

with longer withdrawal times. To our knowledge, no other studies identified withdrawal time 

as contributor to PSP detection. In the adenoma detection rate, the odds ratio for withdrawal 

time was comparable, with a similar confidence interval. This suggests that withdrawal time is 

equally powerful for predicting PSP detection as for adenoma detection.

Serrated polyps usually have a flat morphology and are identical in color to the normal 

mucosa. Detection of these lesions might further be hindered by a typical ‘mucus cap’, a 

coating of mucus over the surface. Adequate bowel preparation aids in adenoma detection 

and we postulated this also would be the case for PSP detection, especially because bowel 

preparation tends to be worst in the proximal colon. To our surprise, the quality of the bowel 

preparation was not significantly associated with PSP detection. Including an evaluation of 

the proximal bowel preparation score in our multivariable model for PSP detection, instead of 

overall bowel preparation scores, showed comparable results. It is possible that the mucus cap 

on the serrated polyp attaches some residual stool, attracting attention and highlighting the 

polyp, especially if the proximal colon is rinsed with water. If so, the endoscopist should be well 

trained in detecting serrated polyps and be made aware of the clinical importance to remove 

them. Our colonoscopies were performed by experienced endoscopists. They were aware that 

they were performing study colonoscopies and we emphasized the importance of removing all 

detected polyps in colorectal cancer screening.

Two previous studies have reported PSP detection not to depend on patient’s age or sex, and the 

results of our study are consistent with this conclusion.(10;11) Schreiner et al. suggested that higher 

age was not associated with PSP detection because they classified a traditional serrated adenoma 

with dysplasia as an adenoma. They presumed that non-dysplastic serrated lesions progressed to 
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traditional serrated adenomas with increasing age. Because they classified a traditional serrated 

adenoma with dysplasia as an adenoma, they presumed that serrated polyp detection was 

underestimated in the higher age groups. In contrast, we defined hyperplastic polyps, sessile 

serrated lesions and traditional serrated lesions all as serrated polyps and found comparable results. 

From this we conclude that PSP prevalence may be comparable across age groups, which suggests 

that the risk of developing CRC via the serrated pathway does not depend on age.

Detection of PSP was associated with the detection of adenoma, advanced adenoma 

and advanced neoplasia in the univariable analysis, as previously described. (10;11) When we 

adjusted for patient features and colonoscopy factors these associations were no longer 

significant. Withdrawal time was the only factor significantly associated with PSP detection. 

Other prospective studies should be performed evaluating the effect of colonoscopy factors 

on PSP detection to confirm our results. 

PSP detection rates and adenoma detection rates differed among endoscopists. These 

differences can be explained by the inspection skills of the endoscopist. Besides withdrawal time, 

withdrawal technique could be responsible for the variation in PSP detection. Rex et al. showed that 

adenoma detection rate depended on four quality criteria of withdrawal technique: (1) examining 

the proximal sides of flexures, folds and valves, (2) cleaning and suctioning, (3) adequacy of 

distention, and (4) adequacy of time spent viewing.(31) Likely, endoscopists with high PSP detection 

rates have a better withdrawal technique compared to endoscopists with low PSP detection rates. 

Further studies are required to confirm this hypothesis. Alternatively, it may also be that detection 

of proximal serrated adenomas depends on training, recognition, and focus. In that respect, it 

is notable that our results in terms of a correlation between PSP detection and withdrawal time 

are driven by the low PSP detection rate for one, elderly endoscopist with extensive colonoscopy 

experience. Although it was not part of our study, it seems reasonable to speculate that simple 

training and emphasis on removal of PSP lesions would help to improve the PSP detection rate for 

such endoscopists without the need for longer intubation and withdrawal times. 

Endoscopists with lower PSP detection rates should be encouraged to detect and remove 

all polyps. For these endoscopists, increasing awareness of the risk of PSP may be necessary and 

additional training to improve SP detection could be beneficial. It is presumable that low PSP 

detection rates are associated with a higher risk for interval cancer, similar to the association 

between low adenoma detection rates (lower than 20%) and the higher interval cancer risk (30). To 

our knowledge, such an association has never been described in the literature. Further studies are 

needed to determine the association between PSP detection rates and the risk for interval cancer. If 

so, it would be logical to include PSP detection rate as a separate quality indicator for colonoscopy. 

Recent studies demonstrated that patients with large PSPs are at increased risk of synchronous 

and likely metachronous advanced neoplasia and CRC.(9;10;32) These results might even justify 

surveying patients with PSPs henceforth. Terdiman and McQuaid recently proposed surveillance 

intervals for patients with serrated polyps.(33) Such a proposal will burden surveillance programs, 

colonoscopy capacity and medical costs, and should be weighed carefully against the risk of 

these patients developing CRC. The magnitude of that risk has to be clarified in future research. 

In summary, our results suggest that PSP detection is not patient related, but that it 

depends on the skills of the endoscopist to detect PSP. Better PSP detection rates can probably 

be achieved by a longer withdrawal time during colonoscopy. 
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PARTICIPATION AND YIELD OF COLONOSCOPY AND CT COLONOGRAPHY

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.

82



6

PARTICIPATION AND YIELD OF COLONOSCOPY AND CT COLONOGRAPHY

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 
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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

87



6

PARTICIPATION AND YIELD OF COLONOSCOPY AND CT COLONOGRAPHY

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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abStract
Objective: CT colonography has been suggested to be less burdensome for primary CRC 

screening than colonoscopy. We compared the expected and perceived burden of both in a 

randomized trial. 

Design: 8,844 Dutch citizens aged 50-74 were randomly invited for CRC screening with 

colonoscopy (n=5,924) or CT colonography (n=2,920). Colonoscopy was performed after full 

colon lavage, CT colonography after limited bowel preparation (non-cathartic). All invitees 

were asked to complete the expected burden questionnaire (EBQ) before the procedure. 

All participants were invited to complete the perceived burden questionnaire (PBQ) 14 days 

afterwards. Mean scores were calculated on five-point scales.

Results: 

Expected burden: 2,111 (36%) colonoscopy and 1,199 (41%) CT colonography invitees completed 

the EBQ. Colonoscopy invitees expected the bowel preparation and screening procedure to be 

more burdensome than CT colonography invitees: mean scores 3.0±1.1 versus 2.3±0.9 (p<0.001) 

and 3.1±1.1 versus 2.2±0.9 (p<0.001).

Perceived burden: 1,009/1,276 (79%) colonoscopy and 801/982 (82%) CT colonography 

participants completed the PBQ. The full screening procedure was reported as more 

burdensome in CT colonography than in colonoscopy: 1.8±0.9 versus 2.0±0.9 (p<0.001). Drinking 

the bowel preparation received a higher burden score in colonoscopy (3.0±1.3 versus 1.7±1.0, 

p<0.001) while related bowel movements were scored more burdensome in CT colonography 

(2.0±1.0 versus 2.2±1.1, p<0.001). Most participants would probably or definitely take part in a 

next screening round: 96% for colonoscopy and 93% for CT colonography (p=0.99). 

Conclusion: In a CRC screening program, colonoscopy invitees expected the screening 

procedure and bowel preparation to be more burdensome than CT colonography invitees. In 

participants, CT colonography was scored as more burdensome than colonoscopy. Intended 

participation in a next screening round was comparable. 
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Study HigHligHtS

What is already known about this subject?

•	 Population screening for colorectal cancer (CRC) should lead to a reduction in CRC-related 

mortality. 

•	 Colonoscopy and CT- colonography are both accurate methods for the detection of 

colorectal neoplasia and can be used for population-based CRC screening. 

•	 CT colonography has been shown to be superior in terms of overall patients’ preference in 

tandem-studies.

What are the new findings?

•	 Colonoscopy invitees expected the screening procedure to be more burdensome than CT 

colonography invitees.

•	 CT colonography participants perceived the screening procedure as more burdensome 

than colonoscopy participants.

•	 Intended participation in a future screening round was comparable.

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

•	 Results may attenuate some of the advantages of CT colonography compared to 

colonoscopy in a screening setting.

•	 Although CT colonography participants perceived the screening procedure as more 

burdensome, it remains to be seen whether this will result in a difference in actual 

participation to future screening rounds, as intended participation was comparable. 
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bacKground
Each year, more than 400,000 persons are diagnosed with colorectal cancer (CRC) and half of 

them die from the disease.(1) CRC incidence can be decreased by timely detection of CRC and 

removal of colonic adenomatous polyps.(2) Early detection of adenomas and CRC is possible 

through population screening programs, which should lead to a reduction in CRC-related 

mortality and maybe also incidence.(3;4) 

The population health gain of a screening program is affected not only by the accuracy 

of the screening test, but also by the corresponding participation rate. Initial participation 

can be influenced by the expected burden of the screening test. Those who anticipate 

the screening procedure to be burdensome may be less likely to take part. The actually 

perceived burden of the procedure, from beginning to end, could play a role in future 

program adherence. 

Colonoscopy and CT colonography are both accurate methods to visualize the entire colon. 

Colonoscopy is considered as the reference standard for detection of colonic neoplasia while 

CT colonography has a high estimated per-patient sensitivity (88%) for large adenomas.(5) 

CT colonography has been shown to be superior in terms of overall patient preferences.(6-9) 

Previous CT colonography studies were non-randomized and used a tandem design, in which 

CT colonography was performed prior to colonoscopy. This gives participants the opportunity 

to compare the perceived burden of both techniques but suffers from having a fixed sequential 

order. To our knowledge no studies have been published comparing both the expected and 

perceived burden of colonoscopy and CT colonography. 

Within a randomized controlled trial we compared the expected burden of a population-

based colorectal cancer screening using either primary colonoscopy or CT colonography, 

as well as the perceived burden and participants’ willingness to return in future screening 

rounds. One would expect that colonoscopy invitees would anticipate the procedure to be 

more burdensome than CT colonography invitees. In addition, CT colonography participants 

can be expected to perceive the screening as less burdensome, especially because of the 

limited bowel preparation used in CT colonography, compared to the extensive bowel 

preparation needed for colonoscopy.(8) A lower patient burden may be reflected in a larger 

proportion of CT colonography participants expressing a willingness to return in future 

screening rounds.

MetHodS

Patients and settings

Between June 2009 and July 2010, a total of 8,844 Dutch citizens aged 50-74 years were invited 

by mail for population-based CRC screening in the regions of Amsterdam and Rotterdam. The 

trial protocol has been described in detail elsewhere.(10) Invitations were randomly allocated 

2:1 to colonoscopy (n=5,924) or CT colonography (n=2,920) by a computerized randomization 

program (ALEA Randomization Service).(11) Invitees within a single household were invited 

to the same modality. Allocation was stratified for age, sex and socio-economic status based 
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on data of Statistics Netherlands.(12) Invitees could not opt for the alternative screening 

strategy. At the time of the trial, the Netherlands did not have population-based CRC screening 

programs. Ethics approval was obtained from the Dutch Health Council (2009/03WBO, The 

Hague, The Netherlands). The trial was registered in the Dutch Trial Register: NTR1829 (www.

trialregister.nl). 

Information leaflet and prior consultation

Together with the invitation, all invitees received a leaflet with information on the CRC 

screening program in general, benefits and (complication) risks of colonoscopy or CT 

colonography (depending on the invitation) and on follow-up in case of a positive test result. 

Information leaflets were derived from previous CRC screening pilots and aimed at providing all 

invitees with information about the CRC screening program and the procedure itself, in order 

to facilitate informed decision-making on participation. Both information leaflets, as well as 

the invitation letters, were written and reviewed by gastroenterologists, radiologists, nurses 

and experts from the comprehensive cancer centers. Further, the Dutch Health Council has 

scrutinized this material extensively prior to giving approval for this study.

Responding invitees received a standardized prior consultation with the research 

staff to inform them about the bowel preparation, the procedure itself and to check on 

contraindications and/or exclusion criteria. Invitees were excluded from participation when 

they had had a full colonic examination (colonoscopy, CT colonography or double barium 

contrast enema) in the previous five years, were scheduled for surveillance colonoscopy 

(personal history of CRC, adenomatous polyps or inflammatory bowel disease (IBD)) or when 

they had a severe or end-stage disease with a life expectancy of less than 5 years. In addition, 

CT colonography responders were excluded when they had been exposed to ionizing radiation 

for research purposes within the previous 12 months and when they had hyperthyroidism or 

iodine contrast allergy. 

All responders who were willing to undergo screening signed written informed consent. 

They were scheduled for the screening procedure within four weeks after the prior consultation. 

Timing of the procedure was self-selected, but within a fixed screening timetable. 

Colonoscopy

All colonoscopies were performed according to the standard quality indicators defined by 

the Society of Gastrointestinal Endoscopy(13). For bowel preparation, all participants started 

a low-fiber diet, two days before colonoscopy. Subsequently, all participants received 2L of 

polyethylene electrolyte glycol solution (Moviprep; Norgine bv, Amsterdam, The Netherlands) 

and 2L transparent fluid, split-dose or single dose, dependent on time of procedure (morning 

or afternoon). 

All colonoscopies were performed by experienced gastroenterologists (≥1000 

colonoscopies). Forward viewing colonoscopes with variable stiffness were used (Olympus 

Medical Systems, Tokyo, Japan). Intravenous midazolam and fentanyl were administered 

if desired. Room air or carbon dioxide was used for insufflation, depending on screening 

location. Cecal intubation was achieved by changing positions (left lateral, right lateral, 

supine and prone position) during intubation if needed. At the discretion of the endoscopist, 
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antispasmodic medication (butylscopolamine) was given intravenously at the start of 

withdrawal of the endoscope and repeated if necessary. After cecal intubation, colonic mucosa 

was carefully inspected during withdrawal for at least 6 minutes. Detected lesions were directly 

removed during the same procedure, whenever possible. If not, biopsies were obtained for 

histopathology. 

Participants were informed about the colonoscopy findings on the day of the procedure. In 

case of polyps or cancer, participants were informed on the definitive diagnosis by telephone 

or at the outpatient clinic within two weeks, followed by further staging investigations and 

referral for further treatment. Advice regarding surveillance colonoscopy was given according 

to Dutch adenoma surveillance guidelines (CBO)(14)

CT colonography

Participants received a non-cathartic bowel preparation consisting of two times 50 mL of 

iodinated contrast agent (Telebrix Gastro, Guerbet, Aulnay sous Bois, France) on the day 

prior to CT colonography and 50 mL one-and-a-half hour before the examination, combined 

with a low-fiber diet for one day.(15;16) We used this preparation scheme as previous studies 

showed that the use of a non-cathartic preparation scheme with 200 mL of iodinated contrast 

resulted in high per-patient sensitivities for polyps ≥6mm of 90-98% and has the advantage that 

participants do not have to ingest four liters of fluid or use laxatives.(15;16) However, it does 

not prevent the development of diarrhea, as most iodinated contrast agents are hyperosmotic. 

Nowadays, non-cathartic bowel preparation for CT colonography consisting of fecal tagging 

with barium or iodine without laxatives is increasingly used.(17)

All CT colonography examinations were performed by experienced personnel. Colonic 

distension was obtained with an automatic CO
2
 insufflator (PROTOCO2L, Bracco, EZEM, 

Lake Success, USA) after intravenous administration of 1 ml butylscopolamine or (when 

contraindicated) 1 mg of glucagonhydrochloride intravenously. When both spasmolytica 

were contra-indicated, no bowel relaxants were used. The aim was to insufflate three liters 

(1.3 left side, 0.9 supine and 0.8 right side) or at least two-and-a-half liters within a maximum 

insufflation time of 5 minutes before scanning. Images were obtained in both the supine and 

prone position, using a low dose scan protocol. All participants were informed by telephone 

about the CT colonography result within two weeks. 

Participants with one or more CT colonography lesions ≥10mm were referred for follow-up 

colonoscopy within 3 weeks, during which CT colonography findings were revealed using 

segmental unblinding. All participants with 1-2 lesions of 6-9 mm were recommended to 

undergo surveillance CT colonography after 3 years; patients with ≥3 lesions in this range 

were recommended follow-up CT colonography after 1.5 years. Participants with relevant 

extracolonic findings were invited at the outpatient clinic and referred for corresponding 

follow-up. 

Expected Burden Questionnaire (EBQ)

All invitees received a validated questionnaire by postal mail on the expected burden of the 

screening procedure (expected burden questionnaire, EBQ) within four weeks before the 

screening procedure. They were asked to complete the questionnaire prior to the screening 
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procedure and to return it by mail in a prepaid envelop. All non-participants received the same 

questionnaire within four weeks after the initial invitation and were asked to return it by mail. 

The EBQ was based on previous Dutch FOBT screening pilots and on studies investigating 

the acceptance of CT colonography and patient perception of diagnostic tests for fecal 

incontinence.(18-21) With the EBQ we collected information on the expected embarrassment, 

pain and burden of the bowel preparation and the examination itself. All items were scored 

on a five-point Likert scale (1=not at all; 2=slightly; 3= somewhat; 4=rather; 5=extremely).(22) 

Completed EBQs were scanned and responses were automatically transferred to a database. 

The questionnaire also collected information on background characteristics like educational 

and income levels. 

Perceived Burden Questionnaire (PBQ)

Participants received a second questionnaire by postal mail 14 days after the examination. 

At that point, participants had already been informed about the final result of the screening 

procedure. This second questionnaire addressed the perceived burden of the screening 

procedure (PBQ). Similar to the EBQ, the PBQ was based on previous CRC screening pilots 

and had been validated in previous screening cohorts. The PBQ contained items on perceived 

embarrassment, pain and burden of the bowel preparation, the examination itself and on the 

overall burden of the screening procedure In addition, the PBQ included specific items related 

to colonoscopy or CT colonography. All items were scored on a five-point Likert scale (1=not at 

all; 2=slightly; 3=somewhat; 4=rather; 5=extremely).(22) 

With the questionnaire we also collected information on previous experience with 

colonoscopy or CT colonography, the most burdensome part of the colonoscopy or CT 

colonography (preparation, examination, abdominal symptoms afterwards, waiting for the 

results or sedation in case of colonoscopy) and the willingness to return in future screening 

rounds. 

Participants were asked to fill in the questionnaire directly after receiving it and to send it 

back by mail in a pre-paid envelop. If participants did not respond, they were not reminded. 

In case of a positive CT colonography test result, a subject was asked individually to complete 

the PBQ prior to follow-up colonoscopy. Completed PBQs were scanned and responses were 

automatically transferred to a database.

Statistical analysis

Expected burden was compared between colonoscopy and CT colonography invitees: those 

who had been invited, regardless participation. All EBQs completed after the screening 

procedure were excluded from the analysis. Perceived burden was compared between actual 

colonoscopy and CT colonography participants. Items allowing a comparison between 

expected and perceived burden were analyzed using the Mann-Whitney test or chi-square 

statistics. 

In addition, items specific for colonoscopy or for CT colonography were analyzed separately. 

We performed additional analyses to investigate the influence of a delayed return of PBQ on the 

perceived burden. SPSS version 18.0 for Windows (SPSS, Chicago, Ill) was used to perform all 

statistical tests.
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reSultS
The EBQ was returned by 2,111 colonoscopy invitees (36%) and 1,199 CT colonography invitees 

(41%). Forty-four EBQs (27 in colonoscopy arm and 17 in CT colonography arm) of screening 

participants had to be excluded because participants had completed the EBQ after the 

screening procedure. As shown in Figure 1, 1,276 colonoscopy invitees participated (22%), 

compared to 982 CT colonography invitees (34%). The PBQ was returned by 1,009 colonoscopy 

participants (79%) and by 801 CT colonography participants (82%). Background characteristics 

are summarized in Table 1.

Figure 1: Overview of response to the expected and perceived burden questionnaire among invitees 
of a primary colonoscopy or CT colonography screening program. Forty-four EBQs (27 in colonoscopy 
arm and 17 in CT colonography arm) were excluded as they were completed after the procedure. 
EBQ = Expected Burden Questionnaire; PBQ = Perceived Burden Questionnaire.

Expected burden invitees

Figure 2 summarizes the results on expected burden, including (pooled) standard deviations. 

Twenty-seven percent of colonoscopy invitees expressed to be extremely reluctant to undergo 

screening compared to 6% of CT colonography invitees (overall mean score 3.3 versus 2.4; p<0.001). 

Bowel preparation 

A smaller proportion of responding colonoscopy invitees than CT colonography invitees 

expected to be not or only slightly embarrassed by drinking the bowel preparation (64% versus 

77%; 2.2 versus 1.8; p<0.001). A majority of CT colonography invitees expected that drinking 

the bowel preparation would be not or only slightly painful, more than in colonoscopy invitees 

(79% versus 61%; 1.9 versus 2.4; p<0.001). Thirty-four percent of colonoscopy invitees expected 
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Table 1: Respondents’ baseline characteristics

Invitees Participants

Colonoscopy CTC Colonoscopy CTC

N=5,924 N=2,920 N=1,276 N=982

Respondents (n) 2,111 (36%) 1,199 (41%) 1,009 (79%) 801 (82%)

– Age in years (median, IQR) 60 (55-65) 60 (55-66) 60 (56-65) 60 (55-66)

– Gender (% male) 583 (49%) 1,015 (48%) 503 (50%) 406 (51%)

– Married/lived together (%)* 1,786 (85%) 990 (84%) 747 (87%) 654 (87%)

– Social economic status (mean, SD)** 3.2 (SD 1.4) 3.1 (SD 1.4) 3.2 (SD 1.4) 3.1 (SD 1.4)

– Education*
Elementary (%)
Secondary (%)
Tertiary and postgraduate (%)

101 (5%)
1,418 (68%)
530 (25%)

65 (6%)
705 (60%)
375 (32%)

41 (5%)
621 (70%)
212 (25%)

27 (4%)
452 (60%)
269 (36%)

– Prior endoscopy experience (%)* N/A N/A 138 (14%) 105 (13%)

* As not all respondents completed the questions on their marital status, education and prior endoscopy experience, the 
percentages mentioned for these items are not based on the total number of respondents, but on the total number of invitees 
and participants who answered those questions.
** Socio-economic status was categorized as very low, low, medium, high and very high (1-5).
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Figure 2: Reluctance to undergo screening and expected embarrassment, pain and burden of 

bowel prep and screening procedure.  

On top of the bars, mean scores, standard deviations (between parantheses), differences in mean 

scores and pooled standard deviations (pSD) are displayed. All items differed significantly between 

colonoscopy and CT colonography (p<0.001). 

 

 

Figure 2: Reluctance to undergo screening and expected embarrassment, pain and burden of 
bowel prep and screening procedure. On top of the bars, mean scores, standard deviations (between 
parantheses), differences in mean scores and pooled standard deviations (pSD) are displayed. All items 
differed significantly between colonoscopy and CT colonography (p<0.001).
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that drinking the bowel preparation would be rather or very burdensome compared to 10% of 

CT colonography invitees (3.0 versus 2.3; p<0.001). 

Examination itself

A larger proportion of colonoscopy invitees expected to be somewhat, rather or extremely 

embarrassed by undergoing the screening procedure (44% versus 24%; 2.5 versus 1.9; p<0.001). 

Only 5% of colonoscopy invitees expected that the screening procedure would not be painful 

compared to 35% of CT colonography invitees (2.9 versus 1.9; p<0.001). Colonoscopy invitees 

expected the screening procedure to be more burdensome than CT colonography invitees 

(rather or extremely burdensome; 36% versus 9%, 3.1 versus 2.2: p<0.001).

Perceived burden participants

Figure 3 summarizes the findings with the perceived burden questionnaire, including (pooled) 

standard deviations.

Bowel preparation

Drinking the preparation was more often perceived as not or only slightly burdensome by 

CT colonography participants (39% versus 84%; overall mean score 3.0 versus 1.7; p<0.001), 

while colonoscopy participants perceived the related bowel movements more often as not 
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Figure 3: Perceived burden of colonoscopy and CT colonography.  

On top of the bars, mean scores, standard deviations (between parantheses), differences in mean 

scores and pooled standard deviations (pSD) are displayed.  

All items differed significantly between colonoscopy and CT colonography (p<0.001), except for 

experienced pain caused by the bowel movements (related to the preparation), which was not 

significantly different between colonoscopy and CT colonography (p=0.06). 

Figure 3: Perceived burden of colonoscopy and CT colonography. On top of the bars, mean scores, 
standard deviations (between parantheses), differences in mean scores and pooled standard deviations 
(pSD) are displayed. All items differed significantly between colonoscopy and CT colonography (p<0.001), 
except for experienced pain caused by the bowel movements (related to the preparation), which was not 
significantly different between colonoscopy and CT colonography (p=0.06).
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burdensome (36% versus 27%; 2.0 versus 2.2; p<0.001) and not embarrassing (72% versus 62%; 

1.4 versus 1.6; p<0.001). The perceived pain of the related bowel movements was not significantly 

different (1.4 versus 1.5; p=0.06). 

Waiting for the results

Colonoscopy participants perceived waiting for the results more often as not burdensome than 

CT colonography participants (78% versus 66%; 1.3 versus 1.5; p<0.001). 

Physical health around the examination 

On the day prior to the examination, 48% of colonoscopy participants and 37% of CT 

colonography participants were hindered in their normal activities (p<0.001), while 

CT  colonography participants were hindered more often the day after the examination 

(15% versus 31%, p<0.001). Prior to the examination, colonoscopy participants more often 

experienced trouble sleeping (31% versus 24%, p=0.001), while CT colonography participants 

experienced this more often afterwards (6% versus 12%, p<0.001). 

Abdominal complaints after the examination (more than normal) were experienced 

less often by colonoscopy participants (24% versus 48%, p<0.001), but if experienced, these 

abdominal complaints were perceived as more painful by colonoscopy participants (somewhat, 

rather or extremely painful: 40% versus 28%, p=0.01). The abdominal complaints were rated as 

not burdensome by 19% of colonoscopy participants versus 9% of CT colonography participants 

(p<0.05).

Entire screening procedure 

Colonoscopy participants rated the entire screening procedure more often as not or only 

slightly embarrassing (95% versus 92%; overall mean score 1.4 versus 1.5; p<0.001), more often 

as not painful (53% versus 28%; 1.8 versus 2.1; p<0.001) and more often as not burdensome (48% 

versus 34%; 1.8 versus 2.0; p<0.001). The majority of colonoscopy participants (73%) scored the 

bowel preparation as most burdensome aspect of the overall screening procedure, while CT 

colonography participants scored the examination itself (37%) or the bowel preparation (32%) 

as most burdensome aspects.

The entire screening procedure turned out worse than expected by 12% of colonoscopy 

participants and by 21% of CT colonography participants, experienced as expected by 13% and 

20%, and turned out better than expected by 75% and 59%, respectively (p mean score<0.001). 

Perceived burden colonoscopy related items

Of all colonoscopy participants 88% received sedation. Insertion of the endoscope into the 

rectum was perceived as not or slightly burdensome by 92% of colonoscopy participants, as 

not or slightly embarrassing by 93% and as not or only slightly painful by 89%. The rest of the 

examination, including cecal intubation and withdrawal of the colonoscope, was experienced 

as not or only slightly burdensome by 90%. It was scored as not or only slightly embarrassing 

by 98% and experienced as somewhat, rather or extremely painful by only 17%. Of those 

participants that received sedation, 98% scored recovering after colonoscopy as not or only 

slightly burdensome. 
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Perceived burden CT colonography related items

Of all CT colonography participants, 92% experienced diarrhea; in 37% of participants diarrhea 

had started after ingestion of 50mL of Telebrix, in 47% after 100mL and the remaining 16% of 

participants experienced it after ≥150mL. Insertion of the rectal catheter was experienced as 

not at all or slightly burdensome by 90% of participants. Insufflation of CO
2
 was experienced 

as rather or extremely painful by 23% of participants and was rated as rather or extremely 

burdensome by 20% of participants. Changing positions during the procedure was scored as 

not or only slightly burdensome by 81% of participants. 

Future screening rounds

Ninety-six percent of colonoscopy participants would recommend others to undergo screening 

compared to 95% of CT colonography participants. Ninety-six of colonoscopy and 93% of CT 

colonography participants would probably or definitely participate in a next screening round 

(p for mean score=0.99).

Influence of delayed return on perceived burden 

The PBQ was returned within 4 weeks after the screening procedure by 45% of colonoscopy 

responders and by 67% of CT colonography responders, after 6 weeks these percentages were 

72% and 82% respectively. CT colonography participants returned their PBQ more quickly, 

after a median of 22 days (IQR 18-31) versus 29 days in the colonoscopy group (IQR 20-42); 

p<0.001). In the analyses to investigate the influence of delayed return of PBQ, we found results 

comparable to those of the main analysis (data not shown). 

diScuSSion
In this study we compared the expected and perceived burden of primary colonoscopy and 

CT colonography screening in a randomized population-based screening program. The 

expected burden among responding colonoscopy invitees was significantly higher than in CT 

colonography invitees. In contrast, the perceived burden of the entire screening procedure 

was evaluated as significantly higher in CT colonography participants than in colonoscopy 

participants. Nevertheless, the level of intended participation in a next screening round was 

very much comparable in both groups. 

Our study has several strengths. Subjects had been randomly invited for primary 

population-based CRC screening using either colonoscopy or CT colonography making a 

head-to-head comparison possible. Previous studies compared both screening methods in a 

tandem design, in which subjects underwent a colonoscopy after a CT colonography or vice 

versa. Invitees were not allowed to switch between both strategies, preventing the possibility 

of a selection bias. The information leaflets for colonoscopy and CT colonography invitees 

were identically designed, both written and reviewed by gastroenterologists, radiologists, 

nurses and experts from the comprehensive cancer centers, and aimed at providing decision 

relevant knowledge. Further, the invitation material was approved by the Dutch Health 

Council. All participants received a standardized prior consultation to inform them about the 

entire screening procedure, including the bowel preparation. Both questionnaires had been 
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validated in previous CRC screening pilots. Almost 80% of participants returned their PBQ, a 

very reassuring response rate.

A number of potential limitations should also be acknowledged. The lower participation rate 

in the colonoscopy screening group (22% versus 34%) should be kept in mind when interpreting 

the results. Participation can be expected to be influenced by the expected burden. A larger 

proportion of CT colonography participants than colonoscopy participants indicated that the 

screening procedure turned out worse than expected (21% versus 12%). This suggests that CT 

colonography invitees may have been more inclined towards participation, because they might 

have underestimated the burden of CT colonography.

Although all participants received the PBQ two weeks after the procedure, colonoscopy 

participants were more likely to return their questionnaire at a later stage compared to CT 

colonography participants. This difference may have affected the perceived burden scores, as 

perceived burden has been suggested to increase over time.(19;23) In our additional analyses 

however, which included the PBQs returned within 4 and within 6 weeks after the procedure, 

we observed comparable results, which suggest that our main findings were not affected by the 

delay in responding. As not all participants returned their PBQ, we must consider the possibility 

of a selective response but the number of participants who returned the PBQ was equally high 

in both arms, suggesting that comparisons are valid.

Although most of the differences between CT colonography and colonoscopy participants 

were statistically significant, the actual differences were sometimes small when evaluated 

relative to the variability within groups. In our study, for example, perceived burden scores 

of the entire screening procedure were 1.8 for colonoscopy and 2.0 for CT colonography. 

This difference of 0.2 on the five-point scale was highly significant (p<0.001) but the pooled 

standard deviation (SD) of the scores was 0.9, indicating a large within-group variability in 

scores. Norman  et al. suggested to indicate clinically important differences as those above 

approximately half a standard deviation (SD).(24) This remark does not concern our results on 

expected burden as differences between mean scores were all larger than a half pooled SD. 

We anticipated that a lower experienced burden would be associated with a higher 

willingness to participate in future screening rounds. This was not observed in our study, where 

the overwhelming majority of participants in both groups indicated they would participate in a 

next screening round and would recommend undergoing screening to others.

To our knowledge, no previous randomized controlled trials have been published 

comparing the expected burden of colonoscopy and CT colonography. One small Australian 

(population-based) randomized screening study reported on perceived burden of six different 

screening strategies including colonoscopy and CT colonography. This study showed higher 

pain and embarrassment scores in the CT colonography group (n=38 participants) than in 

the colonoscopy group (n=63 participants).(25) As far as we know, other studies comparing 

the perceived burden of both techniques used non-randomized tandem designs and were 

therefore not comparable to our study.(7;8;26) 

We observed that drinking the bowel preparation was experienced as more burdensome 

in the colonoscopy arm than in CT colonography participants. This can be attributed to the 

higher intake of fluid before colonoscopy, compared to the limited bowel preparation in CT 
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colonography. A high amount of fluid intake is a persistent burdensome aspect in colonoscopy. 

Switching to a more limited bowel preparation, such as sodiumpicosulfate, may reduce the 

burden in the future.(27) However, additional intake of a substantial amount of clear fluid will 

still be necessary, comparable to polyethylene glycol, which was used in our study. In contrast, 

the related bowel movements were experienced as more burdensome in CT colonography. 

Possibly, these complaints were not anticipated by CT colonography participants.

In our study CT colonography participants reported more often abdominal complaints after 

the procedure, although colonoscopy participants experienced the associated pain as more 

burdensome. The larger proportion of CT colonography participants experiencing abdominal 

complaints could be explained by the lower expected burden or attributed to post-procedural 

diarrhea, caused by the tagging agent. Based on these findings, one may consider the use of 

non-ionic contrast agents in order to minimize the amount of related bowel movements, post-

procedural diarrhea and other post-procedural abdominal complaints. However further studies 

are needed to evaluate whether non-ionic contrast agents will result in similar tagging quality 

for CT colonography, compared to ionic contrast agents. We aimed for homogeneous tagging 

and therefore did not choose barium only tagging. Bowel preparation with a combination 

of barium and iodine or lower doses of iodine has been proposed which may be a good 

compromise between homogeneous tagging and side effects.(8;28) 

Abdominal complaints were experienced as more painful by colonoscopy participants. 

This might be explained by the fact that colonic distention during CT colonography was 

achieved using CO
2
, while colonic distention during colonoscopy was achieved using room air 

or CO
2
. One previous randomized trial showed a reduction in patient discomfort using CO

2
 

for insufflation instead of room air during colonoscopy, as CO
2
 is rapidly absorbed from the 

colon which probably results in fewer abdominal cramps.(29) Using only CO
2
 instead of using 

also room air may decrease the experienced post-procedural abdominal pain in colonoscopy 

screening. 

To our surprise, CT colonography participants assigned higher burden scores to the entire 

examination than colonoscopy participants. It is likely that the higher perceived burden in CT 

colonography was also influenced by the relatively lower expected burden, as the examination 

turned out better than expected in 75% of the colonoscopy participants compared to 60% of CT 

colonography participants. An explanation for this difference might be that CT colonography 

invitees more often underestimated burdensome elements of CT colonography, such as 

the watery diarrhea caused by the intake of iodinated contrast agents, or the bowel cramps 

occurring after insufflations of 2.5 to 3.0 liters of CO
2
 for achieving sufficient bowel distention. 

In addition, the use of sedation could be responsible for the lower experienced burden in 

colonoscopy, as this could lead to retrograde amnesia. Sedation is not common practice in CT 

colonography, as so far the advantages did not seem to outweigh the disadvantages, such as 

recovery time, restrictions on driving and additional costs. 

Our information leaflets were identically designed and aimed at disseminating adequate 

decision-relevant information to all invitees. All participants received a standardized prior 

consultation to inform them about the entire screening procedure itself and the bowel 

preparation. Despite our efforts to inform all participants adequately, it is still possible that not 
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all had a similar understanding of the procedure. Future efforts could target improvements in 

information leaflets and the development of campaigns to increase appropriate awareness of 

all potentially burdensome aspects in CT colonography. The fact that colonoscopy participants 

were informed about the temporary result directly after the procedure, while CT colonography 

participants received their results after two weeks, may be a third explanation for the 

difference in perceived burden. We observed that waiting for the test results was perceived 

more burdensome by CT colonography participants, suggesting that providing a temporary 

CT colonography result on the day of the examination could contribute to a lower perceived 

burden of CT colonography. 

A priori, based on studies in high-risk participants, we anticipated CT colonography 

to be less burdensome than colonoscopy, making CT colonography a good option for CRC 

screening.(30) Our study, performed in an average risk population, showed that the entire 

screening procedure was experienced as more burdensome by CT colonography participants 

than by colonoscopy participants. This finding may attenuate some of the potential perceived 

advantages of CT colonography compared to colonoscopy in a screening setting. At the same 

time, it is reassuring that in both groups the majority of the patients experienced the screening 

procedure as not or only slightly burdensome and that there was no difference between the 

groups in intended participation in a next screening round.
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REASONS FOR PARTICIPATION AND NON-PARTICIPATION

abStract
Background: The effectiveness of colorectal cancer (CRC) screening programs is affected by the 

initial participation rate. Reasons to accept or to decline a screening invitation could be based 

on erroneous assumptions. Our aim was to compare reported reasons for participation and non-

participation between colonoscopy and CT colonography in a randomized controlled trial. 

Design: A group of 8,844 persons aged 50 to 74 years were randomly invited for CRC screening 

by colonoscopy (n=5,924) or CT colonography (n=2,920). All invitees received a validated 

baseline questionnaire by postal mail with questions about the reasons for (non-)participation. 

Reasons to participate in screening could be indicated by checking one or more of 16 response 

options; non-participants could select from 18 (colonoscopy) or 20 (CT  colonography) 

response options. Invitees could also report other reasons, and were asked to indicate the most 

decisive reason.

Results: The baseline questionnaire was returned by 2,100 of 5,924 (35%) colonoscopy invitees 

and 1,189 of 2,920 (41%) CT colonography invitees. 

Reasons for participation: The most frequently cited reasons to accept screening were: 

‘it allows early detection of precursor lesions’ (72% in the colonoscopy group and 68% in the CT 

colonography group; p=0.04), ‘it allows early detection of CRC’ (60% versus 61%; p=0.77) and 

‘I would like to contribute to science’ (63% versus 57%; p<0.05).

Reasons for non-participation: The most frequently cited reasons to decline screening were: 

‘the examination strikes me as unpleasant’ (66% versus 30%; p<0.001), ‘the preparation required 

for the procedure strikes me as too inconvenient’ (34% versus 18%; p<0.001), ‘I do not have 

symptoms of CRC’ (23% versus 32%; p=0.01) and ‘no time/too much effort’ (14% versus 20%; 

p<0.05). In colonoscopy non-participants, the inconvenience of the procedure was less often 

cited by invitees over 69 years (53% versus 66% overall; P=0.02) while absence of symptoms 

was more often cited by elderly (36% versus 23% overall; P=0.01). The most frequently reported 

decisive reason not to participate in colonoscopy screening was ‘the examination strikes me as 

unpleasant’ (33%); for CT colonography screening this was ‘no time/too much effort’ (13%) and 

‘I do not have any symptoms of CRC’ (13%).

Discussion: In colonoscopy and CT colonography screening programs, the procedure itself is 

mentioned most frequently as a reason not to participate in screening, as well as the absence 

of symptoms. Future screening programs could tailor the information provided to screening 

invitees while respecting the principles of informed decision-making and patient autonomy.
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bacKground
Population screening for colorectal cancer (CRC) has been shown to reduce CRC-related 

mortality.(1;2) The American College of Gastroenterology (ACG) has recommended 

colonoscopy every 10 years, beginning at age 50, as the preferred strategy for screening 

of average risk individuals.(3) CT colonography has been proposed as an alternative to 

colonoscopy in screening (3) Although colonoscopy and CT colonography are the most 

accurate methods to detect colorectal neoplasia, not all eligible individuals are willing to 

undergo screening by one of these procedures.(4;5)

Patient autonomy should be respected in invitees’ decision whether or not to participate 

in screening(6), but erroneous assumptions about screening may have an undesired effect on 

initial participation or future program adherence. An improved understanding of the reasons 

to participate or not may be of help in the design of information leaflets and invitation letters, 

which can remove barriers to participation. Understanding the reasons for non-participation 

can provide information on such barriers. 

Previous studies have shown underutilization of CRC screening in certain age-, gender- and 

social economic status (SES)-groups.(7) Reasons to participate or not may vary between these 

groups, which would encourage the development of invitation strategies that are tailored to 

certain subgroups.

Within a randomized controlled trial of individuals eligible for colonoscopy and CT 

colonography screening we aimed to compare reported reasons for participation and for non-

participation. We also asked respondents to cite the most decisive reason. In the analyses we 

stratified for age, gender and social-economic status. 

MetHodS

Study population

Between June 8th 2009 and August 16th 2010, 8,844 screening naïve individuals, aged 50 

to 75 years, within the Amsterdam and Rotterdam region were randomly allocated 2:1 to an 

invitation for either colonoscopy screening (n=5,924) or CT colonography screening (n=2,920) 

by a computerized randomization program (ALEA Randomization Service). The protocol of 

this population-based screening pilot has been described in detail elsewhere.(8) The results 

on participation and diagnostic yield of this trial were published recently.(9) Participation in 

CRC screening was 34% for CT colonography and 22% for colonoscopy (9). Invitees within a 

single household were allocated and invited to the same modality. Allocation was based on a 

minimization algorithm taking into account age (50-54; 55-59; 60-64; 65-69 and 70-74 years), 

gender (male/female) and socio-economic status (very low; low; average; high and very high) 

according to data of Statistics Netherlands.(10) Invitees could not opt for the alternative 

screening strategy. At the time of the trial, the Netherlands did not have a population-

based CRC screening program. Ethical approval was obtained from the Dutch Health Council 

(2009/03WBO, The Hague, The Netherlands). The trial was registered in the Dutch trial register: 

NTR1829 (www.trialregister.nl).
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Invitation procedure

All invitations were sent out by postal mail by the Comprehensive Cancer Centers in Amsterdam 

and Rotterdam. Invitees received a pre-announcement, two weeks before the invitation. 

With the invitation they also received a reply-card and a leaflet with information on the CRC 

screening program in general, on benefits and risks of colonoscopy or CT colonography, 

depending on the invitation, and on follow-up in case of a positive test result. We developed 

these information leaflets based on previous Dutch CRC screening pilots. In doing so we 

aimed at providing invitees with information about the CRC screening program and the 

screening procedures itself, in order to facilitate informed decision making on participation.

(11-13) Information leaflets as well as the invitation letters had been written and reviewed by 

gastroenterologists, radiologists, nurses and experts from the comprehensive cancer centers. 

The Dutch Health Council committee on population screening has studied and approved this 

material before study initiation. Our information leaflets were previously published in Dutch 

language.(9) 

Invitees had three options to respond their invitation: returning the reply card by postal mail, 

calling the Comprehensive Cancer Center, or sending an email message. With the invitation, 

six possible options for non-participation were given, and each nonparticipant could indicate 

which one applied in his or her case, ensuing from our encouragement not to participate in 

some circumstances (recent full colonic examination or symptoms) (Table 1 and Figure 1). 

Those willing to participate in screening were invited for a prior consultation to receive 

further information on the screening procedure. At this consultation, we also evaluated any 

contraindications. A reminder letter was sent to all non-respondents 4 weeks after the initial 

invitation.

Table 1: Response options on reply-card

I have symptoms suggestive for CRC
I have recently undergone a complete colonoscopy
I have recently undergone a barium contrast enema
I am coping with another illness
Other reason, as follows
I do not want to indicate a reason for non-participation

Baseline questionnaire 

Regardless of their response to the invitation, all invitees received a validated baseline 

questionnaire by postal mail on which they could indicate reasons for participation or non-

participation. This baseline questionnaire also contained questions on socio-demographic 

characteristics, such as educational level and income category. Invitees who indicated 

they would probably participate in screening received the questionnaire within four weeks 

before the screening procedure. They were asked to complete the questionnaire prior to the 

screening procedure and to return it by mail in a prepaid envelope. Invitees who declined or 
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did not respond to the invitation received the same questionnaire four weeks after the initial 

invitation, together with the reminder letter. Non-participants were also asked to complete 

the questionnaire and to return it by mail in a prepaid envelope. Eight weeks after the initial 

invitation - four weeks after receiving the questionnaire - non-participants were reminded 

by postal mail to complete and return the questionnaire, if necessary. Completed baseline 

questionnaires were scanned and responses were automatically transferred to a database.

Reasons for participation

Reasons to participate in screening could be indicated by checking one or more of 16 response 

options. Participants who intended to be screened could also specify “other reasons.” They 

were also asked to indicate their most decisive reason to participate.

Reasons for non-participation

Colonoscopy and CT colonography invitees who intended to decline screening could check 

one or more of 18 and 20 response options, respectively, to indicate their reasons to decline 

screening. The CT colonography group was provided with two additional response options 

than the colonoscopy group, because of the triage character of CT colonography. Intending 

non-participants could also specify “other reasons” and they were asked to report their most 

decisive reason for non-participation.

Statistical analysis 

We assessed reasons for participation and non-participation among intending participants 

and non-participants in the colonoscopy group and in the CT colonography group. Invitees 

were classified as intending participants or intending non-participants based on the response 

to the corresponding questions in the questionnaire. Reasons for participation were counted 

and proportions were compared between invitees who intended to participate in colonoscopy 

or CT colonography screening. Reasons for non-participation were evaluated and compared 

between both arms among all invitees who intended to decline screening. Relative frequencies 

for cited reasons were compared between groups using chi-square test statistics. We evaluated 

differences between subgroups defined by gender, age and SES using univariable logistic 

regression analysis. SPSS version 18.0 for Windows (SPSS, Chicago, Ill) was used to perform all 

statistical tests.

reSultS
Figure 1 shows the study flow and summarizes response rates to the reply card and the baseline 

questionnaire. More colonoscopy invitees than CT colonography invitees declined the 

invitation by returning the reply card (68% versus 52%; P < 0.001). Reasons for non-participation 

as indicated on the reply card are summarized in Figure 1. Significantly more invitees in the 

colonoscopy group than in the CT colonography group intended to decline screening in the 

baseline questionnaire and also indicated their reasons (13% versus 7%; P < 0.001). Background 

demographics of intending (non-)participants are summarized in Table 2.
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A total number of 1,191 of 1,328 (90%) intending participants in the colonoscopy arm and 

930 of 988 (94%) intending participants in the CT colonography arm actually underwent the 

screening procedure. Almost all intending non-participants kept to the decision to decline 

screening; in both arms only one invitee decided to participate afterwards. Two invitees (one in 

both arms) withdrew consent after participation. 

Table 2: Respondents’ baseline characteristics

Intending participants Intending non-participants

Colonoscopy CTC Colonoscopy CTC

Respondents (n) 1,328 988 772 201

– Age in years (median, IQR) 60 (55-65) 60 (55-65) 60 (55-65) 61 (56-68)

– Gender (% male) 673 (51%) 493 (51%) 332 (43%) 86 (43%)

– Social economic status (n, %)
Very low
Low
Average
High
Very high

196 (15%)
265 (20%)
275 (21%)
260 (20%)
314 (24%)

176 (18%)
186 (19%)
187 (19%)
228 (24%)
191 (20%)

109 (14%)
151 (20%)
155 (20%)
157 (21%)
186 (25%)

29 (15%)
44 (22%)
38 (19%)
47 (24%)
40 (20%)

– Ethnicity (n,%)*
Caucasian 1,226 (94%) 924 (94%) 718 (95%) 182 (94%)

– Married/lived together (%)* 1,140 (86%) 835 (85%) 633 (83%) 149 (79%)

– Education*
Elementary (%)
Secondary (%)
Tertiary and postgraduate (%)

63 (5%)
889 (67%)
336 (25%)

55 (6%)
591 (61%)
304 (31%)

39 (5%)
524 (69%)
183 (24%)

9 (5%)
110 (58%)
67 (35%)

* As not all respondents completed the questions on their marital status, education and ethnicity, the percentages mentioned 
for these items are not based on the total number of respondents, but on the total number of participants and non-
participants who answered those questions.

Reasons for participation

Figure 2 summarizes cited reasons for participation in the baseline questionnaire in both 

arms. The dominant reasons to participate in screening were ‘it allows early detection of 

precursor lesions’ (72% for colonoscopy versus 68% for CT colonography; P = 0.04), ‘it allows 

early detection of CRC’ (60% versus 61%; P = 0.77) and ’I would like to contribute to science’ 

(63% versus 57%; P = 0.047). CT colonography participants cited “I want to pay attention to my 

health’ more often than colonoscopy participants (58% versus 51%; P = 0.001). 

The early detection of colorectal polyps and CRC with the screening test was cited as 

most decisive reason to participate in both screening programs (Table 3). A total of 163 (14%) 

intending colonoscopy participants and 96 (12%) intending CT colonography participants were 

not or only a little certain on their decision to participate in screening. 
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Table 3: Most decisive reason to participate in screening

Reason Colonoscopy CT-colonography

It allows early detection of CRC 272 (21%) 215 (22%)

It allows early detection of precursor lesions 260 (20%) 171 (18%)

I want to obtain certainty of my risk for CRC 183 (14%) 118 (12%)

I will receive a medical check-up if I participate 118 (9%) 122 (13%)

I want to pay attention to my health 96 (7%) 105 (11%)

I would like to contribute to science 120 (9%) 93 (10%)

Reasons for non-participation

Figure 3 summarizes cited reasons to decline the invitation. The most frequently cited reasons to 

decline screening were: ‘the examination strikes me as unpleasant’ (66% versus 30%; P < 0.001), 

‘the preparation required for the procedure strikes me as too inconvenient’ (34% versus 18%; 

P < 0.001), ‘I have not developed any symptoms and therefore deem an examination unnecessary’ 

(23% versus 32%; P = 0.012) and ‘no time/too much effort’ (14% versus 20%; P = 0.043). 

The reason most frequently reported as the most decisive one for declining colonoscopy 

screening was the inconvenience of the examination (33%); for CT colonography screening this 

was lack of time (13%) and absence of symptoms (13%) (Table 4). Two out of three colonoscopy 

non-participants (68%) were somewhat or very certain on their decision to decline screening 

compared to 71% of CT colonography non-participants. 

Table 4: Most decisive reason to decline screening

Reason Colonoscopy CT colonography

The examination strikes me as unpleasant 256 (33%) 14 (7%)

No time / too much effort 39 (5%) 25 (13%)

I have not developed any symptoms and therefore deem an 
examination unnecessary

46 (6%) 25 (13%)

I can insufficiently assess the consequences of participation 46 (6%) 13 (7%)

I am coping with another illness / family problems 27 (4%) 13 (7%)

I believe the risks related to the examination outweigh the benefits 55 (7%) 6 (3%)

The preparation required for the procedure strikes me as too 
inconvenient

42 (5%) 8 (4%)

Subgroup analysis: gender, age and SES 

In each age group of colonoscopy non-participants, the expected inconvenience of the 

examination was often mentioned as a reason to decline the invitation, yet the proportion 

varied significantly between age groups (P = 0.018); it was cited less often in the highest age 

group (overall: 66%; 70 to 74 years: 53%). The number of non-participants referring to absence 

127



8

REASONS FOR PARTICIPATION AND NON-PARTICIPATION

 
P

a
g

e
 1

7
4

 

F
ig

u
re

 3
: 

R
e
a
s
o
n
s
 f

o
r 

n
o

n
-p

a
rt

ic
ip

a
ti
o
n

 i
n

 c
o
lo

n
o
s
c
o
p

y
 a

n
d
 C

T
 c

o
lo

n
o
g
ra

p
h

y
 s

c
re

e
n

in
g
 o

f 
in

v
it
e
e
s
 w

h
o
 i
n
te

n
d
e
d

 t
o
 d

e
c
lin

e
 s

c
re

e
n
in

g
. 

    

Fi
g

ur
e 

3:
 R

ea
so

n
s 

fo
r 

n
o

n
-p

ar
ti

ci
p

at
io

n
 in

 c
o

lo
n

o
sc

o
p

y 
an

d
 C

T 
co

lo
n

o
g

ra
p

hy
 s

cr
ee

n
in

g
 o

f i
nv

it
ee

s 
w

h
o

 in
te

n
d

ed
 t

o
 d

ec
lin

e 
sc

re
en

in
g

.

128



8

REASONS FOR PARTICIPATION AND NON-PARTICIPATION

of symptoms also varied between age groups (P = 0.011); this was cited more often in the highest 

age group (overall: 23%; 70 to 74 years: 36%). Reasons for non-participation did not vary among 

SES-subgroups or between men and women. For CT colonography, no significant differences 

were observed between subgroups defined by gender, age or SES. 

diScuSSion
Our study suggests that the dominant reasons to participate in colonoscopy and CT 

colonography screening are the early detection of CRC and finding of precursor lesions. The 

most frequently reported reasons to decline colonoscopy screening are the expected burden 

of the bowel preparation and the procedure itself. A large proportion of CT colonography 

non-participants report a low priority to participate in screening or feel that participation is 

unnecessary in absence of symptoms. 

Participants in this study had been randomly invited for population-based screening for CRC 

using either colonoscopy or CT colonography. In both programs, a large number of invitees 

who filled in reasons for participation also underwent the screening test (90% and 94%). 

Further, almost all invitees who filled in reasons for non-participation kept to their decision 

to decline screening. The response rate itself was limited (35% and 41%), though higher than 

in some other screening programs. (14) We sent reminders to improve response rates, but 

partial response is hard to avoid in non-participation studies.(14;15) A lower proportion of 

CT colonography invitees than colonoscopy invitees filled in reasons for non-participation. 

This may be a result of the higher actual participation rate in CT colonography screening (9), 

a difference that should be kept in mind when interpreting results. 

Our baseline questionnaire had been previously piloted in other screening programs. (11;12) 

The reported reasons for participation and non-participation may have been influenced by 

social desirability considerations. We solicited reasons for participation and non-participation 

by offering fixed response options, although respondents also could specify other reasons. 

We here reported reasons for participation and non-participation of intending participants 

and non-participants, close to the point of decision making, not of the actual participants. 

A total of 138 invitees in the colonoscopy group and 59 invitees in the CT colonography group 

reconsidered their decision after completing the questionnaire. It is very well possible that the 

arguments for considering participation evolve over time, and even change after the decision 

has been made. 

The results of this study are, to some extent, reassuring for those developing screening 

programs. A CRC-mortality reduction in screening is achieved mainly by the early detection of 

CRC or its precursor lesions.(1;2;16) This is well understood by the participants, as the benefits of 

early detection of CRC or precursor lesions was most frequently cited as a reason to participate 

in screening, in both trial arms. In lung and prostate cancer screening, four out of five screening 

participants expected to have an advantage of early detection of cancer.(14;15) 

A contribution to science was frequently cited as a reason to participate (63% and 57%), 

although cited as the most decisive reason by only 10% of participants in both arms. The latter 

suggest this form of altruism may have been reported because of its socially desirable character. 

This is supported by findings from another study reporting on benefits of participation in a 
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screening colonoscopy research study.(17) After intensively interviewing a selected group 

of colonoscopy screening participants in a one year period, participants reported that 

internal benefit was the greatest benefit they received. Participation to help others and share 

information with others was only reported by 11%. It would be interesting to form focus groups 

of screening participants and to follow them during a longer period to evaluate changes in 

reported reasons for (non-)participation. Possibly, external reasons (e.g. contribution to 

science) may be reported less frequently.

The anticipated inconvenience of the bowel preparation and the examination itself 

were the dominant reasons to decline screening, but significantly more often cited in the 

colonoscopy group. This is the most probable explanation for the differences in participation. 

Efforts should be made to reduce the anticipated burden of colonoscopy and CT colonography. 

For colonoscopy, this could include reducing the amount of fluid intake by switching to more 

limited bowel preparation, such as sodiumpicosulfate.(18) For CT colonography, we offered 

non-cathartic bowel preparation consisting of 150 mL of iodinated contrast agent.(8,9) 

Nowadays, non-cathartic bowel preparation for CT colonography is increasingly used.(19) The 

amount of fluid intake or the use of iodine may be more reduced which could further lower the 

anticipated burden of CT colonography in the future. However, we also noted that this limited 

bowel prep led to prolonged symptoms of post-procedural diarrhea.(20)

Other findings may be reason for concern in developing CRC screening programs. A larger 

proportion of CT colonography than colonoscopy non-participants cited the absence of 

symptoms as reason to decline the screening invitation: 32% versus 23%. With both screening 

techniques, this proportion is higher than in lung cancer screening (20%), but lower than in 

prostate cancer screening (57%). We feel these findings deserve further attention in future 

campaigns and information leaflets. Such initiatives and products should emphasize that 

screening is designed for individuals who do not have complaints and that most large polyps 

and CRCs do not cause symptoms. On the other hand, 6% to 7% of participants in both 

programs cited having complaints as reason to participate in screening which is remarkably 

low compared to lung cancer (13%) and prostate cancer screening programs (25%). Possibly, 

knowledge about screening is higher among participants than in non-participants, a finding 

previously reported in other screening studies.(14;21)

Our results may be subject to cultural differences regarding CRC screening. Most guidelines 

in US, for example, have endorsed the ‘menu-of-options’ approach, sometimes supplied 

with a preferred strategy (3,22). Cancer prevention tests such as colonoscopy are generally 

preferred over cancer detection tests, such as FOBT. The Council of the European Union 

(EU) has recommended screening by FOBT with a population-based approach to program 

implementation. Most of the EU member states have already adopted this approach (23). 

We conclude from this questionnaire study performed within a randomized controlled 

trial that the expected burden of both colonoscopy and CT colonography screening put up 

barriers to participate in these programs. In addition, a large proportion of CT colonography 

non-participants felt they should not participate in the absence of symptoms. While respecting 

patient autonomy future education programs could more convincingly point out that not 

having colorectal complaints does not rule out the presence of CRC or precursor lesions. 
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FACE-TO-FACE VERSUS TELEPHONE CONSULTATION

9

abStract
Background: A pre-colonoscopy consultation in colorectal cancer (CRC) screening is necessary 

to assess a screenee’s general health status and to explain benefits and risks of screening. The 

first option allows for personal attention, whereas a telephone consultation does not require 

traveling. We hypothesised that a telephone consultation would lead to higher response and 

participation in CRC screening compared with a face-to-face consultation. 

Methods: 6,600 persons (50-75 yrs) were 1:1 randomized for primary colonoscopy screening 

with a pre-colonoscopy consultation either face-to-face or by telephone. In both arms, we 

counted the number of invitees who attended a pre-colonoscopy consultation (response) and 

the number of those who subsequently attended colonoscopy (participation), relative to the 

number invited for screening. A questionnaire regarding satisfaction with the consultation 

and expected burden of the colonoscopy (scored on five-point rating scales) was sent to 

invitees. Besides, a questionnaire to assess the perceived burden of colonoscopy was sent to 

participants, 14 days after the procedure. 

Results: In all, 3,302 invitees were allocated to the telephone group and 3,298 to the face-to-

face group, of which 794 (24%) attended a telephone consultation and 822 (25%) a face-to-face 

consultation (p=0.41). Subsequently, 674 (20%) participants in the telephone group and 752 

(23%) in the face-to-face group attended colonoscopy (p=0.018). Invitees and responders in 

the telephone group expected the bowel preparation to be more painful than those in the face-

to-face group while perceived burden scores for the full screening procedure were comparable. 

More subjects in the face-to-face group than in the telephone group were satisfied by the 

consultation in general: (99.8% versus 98.5%, p=0.014).

Conclusion: Using a telephone rather than a face-to-face consultation in a population-based 

CRC colonoscopy screening program leads to similar response rates but significantly lower 

colonoscopy participation. 
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introduction
Screening programmes for colorectal cancer (CRC) are being implemented in most Western 

countries. In 2009, 19 out of 27 European countries had established or were preparing a 

population-based or opportunistic CRC screening programme. (1) Although screening for 

colorectal cancer is gaining acceptance throughout the world, a consensus on the preferred 

strategy is still lacking. Colonoscopy is a colorectal exam with a high accuracy to detect 

colorectal neoplasia and one of the recommended screening strategies by the US Taskforce. 

(2) Colonoscopy is, however, a burdensome procedure that requires complete colon lavage. 

For a primary screening test, it has a relatively high complication rate of 0.1% to 0.3%. (3, 4) 

When colonoscopy is used as a primary screening method, the risks and benefits of screening 

therefore have to be explained to participants before screening to enable informed decision 

making. Besides, information on a person’s medical history and medication use should be 

obtained to anticipate on possible risks during colonoscopy. On one hand screenees need to 

be adequately informed on the risks and benefits of the procedure, and on the other hand the 

endoscopist and screening organization require adequate information on the health status of 

the individual screenee and the need for any specific precautions. Both aims can be achieved in 

a pre-colonoscopy consultation.

Most hospitals in the Netherlands invite patients at the outpatient clinic prior to 

colonoscopy. Although this is working well in daily clinical practice, it may overload the 

outpatient clinic when used in screening. 

An alternative for a face-to-face consultation could be a telephone consultation. Travelling 

to and from the hospital with absence from home or work would no longer be necessary which 

could facilitate participation. On the other hand, bowel preparation may be less well explained 

during telephone conversations, which would lead to lower quality exams. Telephone 

conversations may provide less room for additional questions, leading to lower satisfaction 

levels and inferior participation rates. Furthermore, participants’ expected burden of the 

colonoscopy might be influenced by the type of assessment. 

The primary aim of this randomised trial was to compare the response rate and participation 

rate with pre-colonoscopy assessment by telephone to that of a face-to-face consultation 

at the outpatient clinic. Secondary outcomes were participants’ satisfaction, expected and 

perceived burden, and quality of bowel preparation. Our a priori hypothesis was that more 

invitees would have a pre-colonoscopy assessment in the telephone group than in the face-

to-face group, because these invitees could stay at home or at work during the consultation. 

We expected that a higher response rate in the telephone group would lead to a higher 

colonoscopy participation rate, because these invitees would have to come to the hospital 

only once. We also expected participants in the face-to-face group to be more satisfied with 

the consultation and that the quality of bowel preparation would be higher in this group. We 

anticipated no difference between both groups regarding expected burden and perceived 

burden of the colonoscopy.
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MetHodS

Randomisation and invitation

A group of 6,600 persons aged 50-75 years of the general Dutch population in the regions 

Amsterdam and Rotterdam was randomly allocated, prior to invitation, to either a face-

to-face pre-colonoscopy consultation (n=3,298) or a telephone consultation (n=3,302) 

(Figure 1). Individuals were identified using the electronic databases of the regional municipal 

administration registration. Randomisation was performed per household. The randomisation 

was performed by TENALEA, using ALEA Randomisation software (Version 2.2), based on a 

minimisation algorithm taking into account age (50-55, 55-60, 60-65, 65-70, 70-75), gender, and 

socio-economic status (very low, low, average, high, very high). At the time of the trial, the 

Netherlands did not have a CRC screening programme. 

All individuals were invited between June 2009 and July 2010 by the Regional Comprehensive 

Centers in Amsterdam and Rotterdam. They received a pre-announcement, followed by an 

invitation and an information leaflet, containing information on CRC in general, the advantages 

and disadvantages of screening, possible risks and follow up in case of a positive test result. 

If invitees failed to respond, they were sent a reminder letter four weeks later for the same 

assessment type as in the first invitation.(5) The overall design of the COCOS (COlonoscopy 

or COlonography for Screening) trial has been described in detail previously. (5) The primary 

outcomes of the COCOS trial (participation rate and diagnostic yield) were published recently. 

(6) Ethical approval was obtained from the Dutch Health Council (2009/03WBO, The Hague, 

The Netherlands). The trial was included in the Dutch trial register prior to its initiation: NTR1829 

(http://www.trialregister.nl). 

Pre-colonoscopy assessment

At two academic centers in the Netherlands, face-to-face and telephone pre-colonoscopy 

consultations were performed by clinical research staff. A formalized consultation was 

performed with standardized questions (Table 1) using a shared database in both hospitals. 

For both consultation types, 30 minutes were scheduled. During the consultation, possible 

screening exclusion criteria were discussed. Persons were excluded when they had had a 

full colonic exam (colonoscopy, double contrast barium enema or CT colonography) in the 

previous 5 years or when they were in a surveillance programme because of a personal history 

of CRC, colonic adenomas or inflammatory bowel disease. Persons with an end-stage disease 

and a life expectancy below 5 years were also excluded.

If additional information was needed on possible exclusion criteria or contra-indications 

for the screening procedure, the general practitioner or medical specialist was contacted for 

further information. In the telephone group, respondents were invited at the outpatient clinic 

if the research staff felt that the telephone consultation had been inadequate. 

During the second part of the consultation, information was given regarding the 

colonoscopy itself. Duration, discomfort and possible complications, such as bleeding or 

perforation (0.1% to 0.3%) were discussed. The research staff explained about the possibility 

of using conscious sedation (midazolam) and/or analgesics (fentanyl) during the procedure. 
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Invitees received detailed information about the bowel preparation during the consultation. 

In addition, they were handed bowel preparation materials. In the telephone group, this was 

distributed by mail. At the end of the consultation, information was given on how test results 

would be reported and corresponding follow up measures. Informed consent was discussed 

during the assessment and subsequently, an informed consent form was sent by postal mail 

to potential participants together with an information leaflet for reference. Participants were 

asked to return the informed consent form by mail before the scheduled colonoscopy. 

At the end of the consultation, an appointment was made for the actual colonoscopy. 

All individuals who agreed to participate were sent a confirmation of the appointment for 

colonoscopy. 

Baseline questionnaire 

The first 5,924 invitees received a validated baseline questionnaire by postal mail. Respondents 

to the first screening invitation received the questionnaire after the prior consultation, within 

four weeks before the scheduled colonoscopy. Invitees who had not responded to the initial 

invitation received the same baseline questionnaire four weeks after the initial invitation, 

together with the reminder. All individuals were asked to complete the questionnaire and to 

return it by mail in a pre-paid envelope. 

The baseline questionnaire comprised items regarding satisfaction with the prior 

consultation (SQ) and expected burden (EBQ) of the colonoscopy (Table 2). Items on 

satisfaction were based on a previously validated questionnaire on satisfaction in eight university 

hospitals in The Netherlands. (7) Satisfaction was scored on a 4-point scale ranging from very 

satisfied to very unsatisfied. Expected burden was itemized into expected embarrassment, pain 

and burden of the bowel preparation and the colonoscopy itself and was previously validated. 

(8-10) The EBQ burden items such as embarrassment, pain and burden during the procedure 

were scored on five-point rating scales labelled as not embarrassing, painful or burdensome, to 

extremely embarrassing, painful or burdensome (1=not at all; 2=slightly; 3= somewhat; 4=rather; 

5=extremely). The questionnaire also collected information on background characteristics 

Table 1: Standardized questions asked during pre-colonoscopy consultation

Standardized questions asked in both academic centers

Have you noticed rectal blood loss or changed bowel habits during the last three months? 

Are you suffering from any chronic diseases, such as diabetes or asthma?

Are you suffering from any current diseases and if so, is specialized treatment necessary?

Have you ever been severely ill or admitted to the hospital? Have you ever had surgery? 

Are you suffering from any chest pain, orthopnea, angina or exercise tolerance?

Are you taking medication and what are the corresponding dosages?

How tall are you and what is your weight? What is your nationality?

Do you use tobacco, alcohol or drugs? And if so, how many times a day?

Do you have first-degree relatives which have/had been diagnosed with CRC? Do you have first-degree 
relatives with hereditary diseases such as FAP or Lynch syndrome?
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such as educational and income levels. Completed baseline questionnaires were scanned and 

responses were automatically transferred to a database. 

Perceived burden questionnaire (PBQ)

A PBQ was sent to screening participants, two weeks after the colonoscopy (Figure 1). 

Participants received this questionnaire together with their final test results. Participants were 

asked to fill in the PBQ questionnaire directly after receiving it and to return by mail in a pre-paid 

envelope. If participants did not respond, they were not reminded. This questionnaire had also 

been previously validated (8-11). It comprised colonoscopy-related items as well as items on 

the full procedure (including bowel preparation, colonoscopy itself, post-procedure follow-

up, and waiting for the test results. The perceived burden questions are listed in Table 3. All 

burden items were scored on a five-point rating scale ranging from not embarrassing, painful 

or burdensome to extremely embarrassing, painful or burdensome (1=not at all; 2=slightly; 

3=somewhat; 4=rather; 5=extremely). Participants were also asked about their willingness 

to participate in a future screening round (1=absolutely not; 2=probably not; 3=probably; 

4=certainly). Completed PBQs questionnaires were scanned and responses were automatically 

transferred to a database.

Colonoscopy

All colonoscopies were performed by experienced gastroenterologists (≥1000 colonoscopies) 

according to the standard quality recommendations of the American Society of Gastrointestinal 

Endoscopy. (12) Conscious sedation (midazolam) and analgesics (fentanyl) were administered 

intravenously at the discretion of the participant and the endoscopist. Withdrawal-time 

was at least 6 minutes. For bowel preparation, 2L of polyethylene electrolyte glycol solution 

(Moviprep; Norgine bv, Amsterdam, The Netherlands) together with 2L transparent fluid, and a 

low-fibre diet for two days were used. Bowel preparation was scored using the validated Ottawa 

bowel preparation score (13) and classified as excellent (0-3), good (4-6), sufficient (7-10) or 

inadequate (11-14). In case of inadequate bowel preparation, the colonoscopy was interrupted 

and re-scheduled, unless the participant refused to undergo re-colonoscopy. 

Table 2: Questions asked in baseline questionnaire regarding satisfaction and expected burden

Satisfaction regarding the consultation

How satisfied are you with the personal attention?
How satisfied are you with the opportunity to ask questions?
How satisfied are you with the clarity of the information given during the assessment?
How satisfied are you with the assessment in general?

Expected burden of colonoscopy screening

How embarrassing do you expect the bowel preparation to be?
How painful do you expect the bowel preparation to be?
How burdensome do you expect the bowel preparation to be?
How embarrassing do you expect the colonoscopy to be?
How painful do you expect the colonoscopy to be?
How burdensome do you expect the colonoscopy to be?
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Data analysis

The analysis was based on the intention-to-screen principle. The primary outcome 

measures were the response rate, defined as the number of invitees attending the pre-

colonoscopy consultation relative to the total number of invitees, and the participation 

rate, defined as the number of invitees who underwent a colonoscopy relative to the 

total number of invitees. Differences in response and participation rates between groups 

were evaluated using Chi-square test statistics. Results were not adjusted for clustering, 

as in most instances there were only one or two eligible subjects per household. 

Items on satisfaction of the consultation and expected and perceived burden of the 

colonoscopy were expressed as mean scores and compared using Mann-Whitney U test. 

Expected burden was compared for all invitees, responders (invitees who attended the 

consultation), and non-participants (responders who did not attend the colonoscopy). In 

the analysis of the expected burden and satisfaction scores for responders, questionnaires 

were excluded if completed before the consultation. All baseline questionnaires that had 

not been completed before the colonoscopy were excluded from the analysis. Quality of 

bowel preparation was expressed as percentages per category and compared using Chi-

square statistics. The software programme SPSS for Windows®, version 18, was used for all 

of the analyses.

Table 3: Questions asked in perceived burden questionnaire

Bowel preparation

How embarrassing did you find the bowel preparation?
How painful did you find the bowel preparation?
How burdensome did you find the bowel preparation?

Insertion of the colonoscope

How embarrassing did you find insertion of the colonoscope?
How painful did you find insertion of the colonoscope?
How burdensome did you find insertion of the colonoscope?

The remainder of the examination

How embarrassing did you find the remainder of the colonoscopy?
How painful did you find the remainder of the colonoscopy?
How burdensome did you find the remainder of the colonoscopy?

Waiting for the test results

How burdensome did you find waiting for the test results?

The colonoscopy procedure overall

How embarrassing did you find the colonoscopy procedure overall?
How painful did you find the colonoscopy procedure overall?
How burdensome did you find the colonoscopy procedure overall?

Participation in a future screening round

Would you participate in a future colonoscopy screening round?
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Sample size

We expected an overall participation rate of 25% in colonoscopy screening. We anticipated a 

participation rate of 22.5% in the face-to-face group versus 27.5% in the telephone consultation 

group. Including 5,000 invitees in this trial would result in a power of 98% to reject the null hypothesis 

of no difference, using two degrees of freedom Chi-Square test with a significance level set at 0.05.

reSultS

Response and participation

Figure 1 summarises the study flow. In the telephone group, 794 of the 3,302 invitees (24%) 

attended the pre-colonoscopy consultation versus 822 of the 3,298 invitees (25%) in the face-

to-face group. This difference in response rate was not significant (p=0.41). One responder in 

the telephone group was invited at the outpatient clinic because of severe co-morbidity and 

was subsequently excluded from colonoscopy. 

In total, 18 participants in the telephone group and 14 in the face-to-face group were 

excluded after the pre-colonoscopy assessment because they met one or more exclusion 

criteria. After the pre-colonoscopy consultation, 102 responders in the telephone group and 

65 in the face-to-face group decided not to undergo a colonoscopy. The participation rate was 

significantly lower in the telephone group: 674 invitees (20%) had a screening colonoscopy after 

the telephone consultation versus 752 (23%) in the face-to-face group (p=0.018). Demographic 

characteristics of responders and participants are listed in Table 4.

Table 4: Demographic characteristics of responders and participants

Pre-colonoscopy assessment
(responders)

Colonoscopy
(participants)

Assessment type Face-to-Face Telephone Face-to-Face Telephone

Invitees (n) 3,298 3,302 3,298 3,302

Responders (n,%) 822 (25%) 794 (24%) - -

Participants (n, %) - - 752 (23%) 674 (20%)

Mean age (yr, SD) 61 (6.1) 60 (6.3) 61 (6.1) 60 (6.2)

Male (n,%)
SES* (mean, SD)

419 (51%)
3.2 (1.4)

410 (52%)
3.2 (1.4)

387 (51%)
3.2 (1.4)

339 (50%)
3.2 (1.4)

*Socio-economic status was categorized as very low, low, medium, high and very high (1-5)

Baseline questionnaire

Expected burden among all invitees 

We had to exclude 27 questionnaires that were returned after the colonoscopy. Questions on 

expected burden were completed by 1,083 of 2,958 individuals (37%) invited for a face-to-face 

consultation and by 1,001 of 2,966 individuals (34%) invited for a telephone consultation. 
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Figure 2 summarises the expected burden scores of all invitees. Reluctance to undergo 

screening was comparable in both groups. The expected embarrassment and burden of the 

bowel preparation was scored comparable in both groups. A larger proportion of invitees 

allocated to the telephone consultation expected the bowel preparation to be somewhat 

painful: 26% versus 22%, with an overall mean score of 2.4 versus 2.3 (p=0.03). Mean scores 

for expected embarrassment, pain and burden of the colonoscopy itself were not statistically 

different between the two groups.
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Figure 2: Reluctance to undergo colonoscopy and expected embarrasement, pain and burden of bowel prep and colonoscopy. On top of the bars 

mean score, standard deviation (between parantheses), difference in mean scores and pooled standard deviation (pSD) are displayed. Expected pain of the 

bowel preparation differed significantly between the groups (p=0.03), all other items were not statistically different. 

Figure 2: Reluctance to undergo colonoscopy and expected embarrasement, pain and burden of bowel 
prep and colonoscopy. On top of the bars mean score, standard deviation (between parantheses), difference 
in mean scores and pooled standard deviation (pSD) are displayed. Expected pain of the bowel preparation 
differed significantly between the groups (p=0.03), all other items were not statistically different.

Expected burden among responders (invitees who attended the consultation) 

Items on expected burden were completed by 578 of the 736 responders (79%) who attended a 

face-to-face consultation and by 524 of the 701 responders (75%) with a telephone consultation. 

Mean expected embarrassment and burden scores of the bowel preparation were similar for 

the two groups; the expected pain of the bowel preparation was rated higher in the telephone 

group: 20% in the telephone group expected it to be rather painful versus 16% in the face to 

face group; overall mean scores were 2.1 versus 2.0 (p=0.03). Expected embarrassment, pain 

and burden of the colonoscopy itself were similar for both groups.
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Expected burden in non-participants who did attend the consultation

In the telephone group 33 of the 102 non-participants (32%) completed the questions on 

expected burden versus 24 of the 56 (43%) in the face-to-face group. Scores on expected 

embarrassment, pain and burden of the bowel preparation and the colonoscopy itself did not 

significantly differ between the groups. 

Satisfaction among responders

A total of 585 of the 736 responders (79%) in the face-to-face group completed the items on 

satisfaction after the consultation, versus 472 of the 701 responders (67%) in the telephone 

group. Table 5 summarizes the level of satisfaction during the consultation for both groups.

Almost all responders in the face-to-face group and in the telephone group indicated to be 

(very) satisfied with the assessment in general (99.8% versus 98.5%, p=0.014). Responders reported 

to be (very) satisfied with the personal attention from the research staff: 98.9% in the telephone 

group versus 100% in the face-to-face group (p=0.011). The clarity of the information given during 

the assessment was scored as (very) satisfying by 98.5% in the telephone group versus 99.5% in 

the face-to-face group (p=0.10). All responders (100%) in the face-to-face group expressed being 

satisfied with the possibility to ask questions versus 99.1% in the telephone group (p=0.023).

Table 5: Level of satisfaction

Satisfaction
Face-to-face
n=585

Telephone
n=472 P-value

The assessment in general 1.60 (SD 0.49) 1.69 (SD 0.50) 0.004

Possibility to ask questions 1.61 (SD 0.49) 1.70 (SD 0.49) 0.002

Personal attention 1.60 (SD 0.49) 1.72 (SD 0.48) <0.001

Clarity of information 1.64 (SD 0.49) 1.75 (SD 0.48) <0.001

Bowel preparation 

Four colonoscopies in the telephone group and three in the face-to-face group had to be re-

scheduled because of an inadequate bowel preparation. Mean Ottawa scores for the quality of 

the bowel preparation in participants were similar: 5.7 in the telephone group versus 5.6 in the 

face-to-face group (p=0.54) (Table 6).

The perceived burden

In the telephone group, 574 (85%) colonoscopies were performed under conscious sedation 

in combination with analgesics compared to 647 (86%) colonoscopies in the face-to-face 

group. (p=0.40). The PBQ was completed by 477 of 674 (71%) participants with a telephone 

consultation and 529 of 752 (70%) participants with a face-to-face consultation. Scores on 

perceived embarrassment, pain and burden of the full screening procedure were similar in both 

groups (Figure 3). In participants, 95.5% in the telephone group and 96.2% in the face-to-face 

group would (probably) participate in a future screening round (p=0.58). 
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Table 6: Quality of bowel preparation

Satisfaction
Face-to-face
N=752

Telephone
N=674 P-value

Excellent (0-3)* 225 (30%) 203 (30%) 0.92

Good (4-6)* 327 (43%) 283 (42%) 0.58

Sufficient (7-10)* 135 (18%) 118 (18%) 0.84

Inadequate (11-14)* 57 (8%) 62 (9%) 0.27

Missing 8 (1%) 8 (1%) 0.83

*Ottawa bowel preparation score
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Figure 3: Perceived embarrasement, pain and burden of the entire screening procedure Including bowel preparation. colonoscopy itself, waiting for the 

test results and abdominal complaints. On top of the bars mean score, standard deviation (between parantheses), difference in mean scores and pooled 

standard deviation (pSD) are displayed. None of the items were statistically different between the groups: pain (p=0.06), embarrassement (p=0.96) and 

burden (p=0.75).

Figure 3: Perceived embarrasement, pain and burden of the entire screening procedure Including 
bowel preparation. colonoscopy itself, waiting for the test results and abdominal complaints. On top of 
the bars mean score, standard deviation (between parantheses), difference in mean scores and pooled 
standard deviation (pSD) are displayed. None of the items were statistically different between the groups: 
pain (p=0.06), embarrassement (p=0.96) and burden (p=0.75).
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diScuSSion
We compared pre-colonoscopy consultation by telephone to face-to-face assessment in 

a population-based colorectal cancer screening programme in average-risk subjects. The 

response rate was similar for telephone and face-to-face assessments, with about 25% of the 

invitees having the assessment. Colonoscopy participation on the other hand was significantly 

higher among individuals in the face-to face group. Satisfaction was marginally but significantly 

lower and expected burden scores higher after telephone assessment. 

Our study has several strengths. All invitees in this randomised controlled trial were 

screening naïve subjects and were randomly selected prior to the invitation to one of the two 

consultation types. Invitees received an invitation for only one of the two consultation types in 

combination with an identically designed detailed information leaflet. In this way, information 

supply and decision making was kept as simple and clear as possible. Information provided 

during the consultation was kept similar; a standardised questionnaire was used to keep the two 

assessment types comparable. In each center the same research staff performed both types of 

assessments, minimising bias in the comparison. Nevertheless, differences may have occurred 

in the information exchanged with invitees. At the outpatient clinic, information supply can be 

simplified and made clearer using visual aids, for example. 

In our study, 20% of the invitees in the telephone group participated in screening and 23% 

in the face-to-face group. This compares well with the attendance rates in other colonoscopy 

screening programmes. The participation rate in colonoscopy population screening in 

Australia was 16%. (14) Two Italian randomized controlled trials, in which invitees were selected 

by general practitioners, reported primary colonoscopy participation rates of 10% and 27%. 

(15, 16) The annual participation rates for the age group 55 to 69 years in the opportunistic 

colonoscopy screening programme in Germany are 3% for men and 4% for women (17). 

To our knowledge only one previous, non-randomised study compared a face-to-face 

pre-colonoscopy assessment to a telephone assessment in CRC screening using gFOBT as the 

primary screening method.(18) This retrospective study, performed in Scotland, compared 

participation, satisfaction of the participant, and quality of bowel preparation in 316 gFOBT 

positive participants in the first year of screening (with a face-to-face consultation) with 388 

gFOBT positive participants in the second year of screening (with a choice for face-to-face 

or telephone consultation). Overall, colonoscopy attendance was significantly higher in the 

second year: 99% versus 85%. These results our difficult to compare to ours, because of the 

non-randomized nature of the study and the optional choice for a face-to-face interview in the 

second year. Both in the Scottish study and in our study, quality of bowel preparation did not 

differ between the two groups.

Prior to colonoscopy, accurate information on bowel preparation must be provided 

to perform a high quality exam. Inadequate bowel preparation can result in missed lesions, 

cancelled procedures, increased procedural time, and a potential increase in complication 

rates. Adherence to instructions for preparation can be achieved by an accurate explanation 

prior to colonoscopy. Characteristics like age, gender, weight, and co-morbidity must be 

obtained before colonoscopy, because these may influence the quality of bowel preparation. 

(19) Here also, in screening participants we found no significant differences between both 
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groups. This indicates that a telephone interview can be an adequate mode for preparing 

participants for colonoscopy.

In our study we found significant differences in satisfaction between groups. It is conceivable 

that when participants feel satisfied with the personal attention and the opportunity to ask 

questions they will be more compliant with screening. One may assume that a high level of 

satisfaction strengthens continuity of the participant-physician relationship. (20, 21) Several 

previous studies have evaluated satisfaction regarding the colonoscopy (22-24). In concordance 

with our results, usually very high satisfaction rates are found. (25) 

Expected burden may also influence participation in CRC screening. If invitees expect the 

colonoscopy to be highly burdensome, they can decide, before or after the pre-colonoscopy 

assessment, not to undergo colonoscopy. (24, 26) Expected burden can be influenced by the way 

the information is provided during the pre-colonoscopy assessment. In our study, significantly 

more invitees and responders in the telephone group expected the bowel preparation to be 

painful than in the face-to-face group. Not only expected burden but also perceived burden 

of colonoscopy influences the participation rate in future screening rounds. In our study, 

perceived burden was comparable between both groups as well as the willingness to participate 

in a future screening round (96%). This suggests that the mode of pre-colonoscopy assessment 

does not affect the experience of actual screening participants. 

Actual differences in satisfaction and expected burden scores between both groups were 

small, which makes the clinical relevance arguable. In a review published in 2003, the minimally 

important difference (MID) for health-related quality of life instruments was computed. In this 

review, the authors concluded that, to indicate clinical relevance, a difference of at least half 

a standard deviation is needed. (27) However, colorectal cancer screening by definition has to 

deal with large populations, and the impact of screening fully relies on consistent participation 

during repeated screening rounds. As such, small differences become relevant.

It is possible that other factors, besides expected burden and satisfaction with the 

assessment, caused invitees in the telephone group to refrain more often from actual 

participation. Unfortunately, a considerable proportion of responders who did not attend 

colonoscopy failed to report the reason for not participating. Maybe the way in which the 

contact is initiated affects the developing physician-patient relationship. We know from other 

studies that this relationship can be influenced by the way participants are approached. (28, 

29) Non-verbal communication between a doctor and a patient affects patient’s satisfaction. 

Behavior such as sitting close to the patient and leaning forward have been associated with higher 

patient satisfaction. (30, 31) A Dutch study reported on endpoints in medical communication to 

improve physician – patient communication. (32) The authors suggested that one of the ways 

to check if a good physician-patient relationship is being established is to have eye-contact 

with the patient, something which is obviously not possible during a telephone conversation. 

Having eye-contact also enables the physician to check whether information given during the 

assessment is understood. 

Although, response rates in both groups were similar, the telephone group had a higher 

post-consultation drop-out rate, or in other words a lower post-consultation uptake of 

colonoscopy, which is of key importance for the impact of colorectal cancer screening. The 
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uptake rate of colonoscopy using a telephone consultation needs to be improved. Therefore, 

further research should focus on how to raise colonoscopy participation rate after a telephone 

consultation. Maybe an interactive conversation using a computer, or information about the 

screening colonoscopy on video might increase commitment. Besides, information supply 

could be done using internet or email. 

There may be alternatives to the face-to-face assessment as done in this study to evaluate 

and inform potential screening participants. One example is the additional use of a pre-

assessment questionnaire. Future research should investigate the safety and preference of 

additional measures for improving pre-colonoscopy assessment in colonoscopy screening.

In summary, we found that a similar number of invitees responded to an invitation for a 

telephone consultation and to an invitation for a face-face consultation in a population-based 

colorectal cancer screening programme using colonoscopy as the primary screening method. 

The number of invitees who decided not to participate was significantly higher after the 

telephone assessment, while satisfaction was lower and expected burden higher. We therefore 

do not recommend switching to telephone consultation in primary colonoscopy screening 

programmes for colorectal cancer. 

149



FACE-TO-FACE VERSUS TELEPHONE CONSULTATION

9

referenceS

1. Zavoral M, Suchanek S, Zavada F, Dusek L, 
Muzik J, Seifert B, et al. Colorectal cancer 
screening in Europe. World J Gastroenterol 
2009;15:5907-15. 

2. Levin B, Lieberman DA, McFarland B, Andrews 
KS, Brooks D, Bond J, et al. Screening and 
surveillance for the early detection of 
colorectal cancer and adenomatous polyps, 
2008: a joint guideline from the American 
Cancer Society, the US Multi-Society Task 
Force on Colorectal Cancer, and the American 
College of Radiology. Gastroenterology. 
2008;134:1570-95. 

3. Nelson DB, McQuaid KR, Bond JH, Lieberman 
DA, Weiss DG, Johnston TK. Procedural 
success and complications of large-scale 
screening colonoscopy. Gastrointest Endosc 
2002;55:307-14.

4. Panteris V, Haringsma J, Kuipers EJ. 
Colonoscopy perforation rate, mechanisms 
and outcome: from diagnostic to therapeutic 
colonoscopy. Endoscopy 2009;41:941-51.

5. de Wijkerslooth TR, de Haan MC, Stoop EM, 
Deutekom M, Fockens P, Bossuyt PM, et al. 
Study protocol: population screening for 
colorectal cancer by colonoscopy or CT 
colonography: a randomized controlled trial. 
BMC Gastroenterol 2010;10:47.

6. Stoop EM, de Haan MC, de Wijkerslooth TR, 
Bossuyt PM, van Ballegooijen M, Nio CY, 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.

7. Prismant: Trends in Tevredenheid 2008. 
d.t.v.p.v. & (2008) d.a. U.M.C.N.r.

8. Denters MJ, Deutekom M, Fockens P, Bossuyt 
PM, Dekker E. Implementation of population 
screening for colorectal cancer by repeated 
fecal occult blood test in the Netherlands. 
BMC Gastroenterol 2009;9:28. 

9. van Gelder RE, Birnie E, Florie J, Schutter MP, 
Bartelsman JF, Snel P, et al. CT colonography 
and colonoscopy: assessment of patient 
preference in a 5-week follow-up study. 
Radiology 2004;233:328-37.

10. Hol L, de Jonge V, van Leerdam ME, van 
Ballegooijen M, Looman CW, van Vuuren AJ, et 
al. Screening for colorectal cancer: comparison 
of perceived test burden of guaiac-based faecal 

occult blood test, faecal immunochemical 
test and flexible sigmoidoscopy. Eur J Cancer. 
2010;46:2059-66.

11. Deutekom M, Terra MP, Dijkgraaf MG, Dobben 
AC, Stoker J, Boeckxstaens GE, et al. Patients’ 
perception of tests in the assessment of faecal 
incontinence. Br J Radiol 2006;79:94-100.

12. Rex DK, Petrini JL, Baron TH, Chak A, Cohen J, 
Deal SE, et al. Quality indicators for colonoscopy. 
Am J Gastroenterol 2006;101:873-85.

13. Rostom A, Jolicoeur E. Validation of a new 
scale for the assessment of bowel preparation 
quality. Gastrointest Endosc 2004;59:482-6

14. Scott RG, Edwards JT, Fritschi L, Foster NM, 
Mendelson RM, Forbes GM. Community-
based screening by colonoscopy or computed 
tomographic colonography in asymptomatic 
average-risk subjects. Am J Gastroenterol 
2004;99:1145-51

15. Lisi D, Hassan CC, Crespi M. Participation 
in colorectal cancer screening with FOBT 
and colonoscopy: an Italian, multicentre, 
randomized population study. Dig Liver Dis 
2010;42:371-6.

16. Segnan N, Senore C, Andreoni B, Azzoni 
A, Bisanti L, Cardelli A, et al. Comparing 
attendance and detection rate of colonoscopy 
with sigmoidoscopy and FIT for colorectal 
cancer screening. Gastroenterology. 
2007;132:2304-12

17. Brenner H, Hoffmeister M, Brenner G, 
Altenhofen L, Haug U. Expected reduction 
of colorectal cancer incidence within 8 years 
after introduction of the German screening 
colonoscopy programme: estimates based 
on 1,875,708 screening colonoscopies. Eur J 
Cancer. 2009;45:2027-33.

18. Rodger J, Steele RJ. Telephone assessment 
increases uptake of colonoscopy in a FOBT 
colorectal cancer-screening programme. J 
Med Screen 2008;15:105-7.

19. Chung YW, Han DS, Park KH, Kim KO, Park 
CH, Hahn T, et al. Patient factors predictive 
of inadequate bowel preparation using 
polyethylene glycol: a prospective study in 
Korea. J Clin Gastroenterol. 2009;43:448-52.

20. Ware JE, Jr., Hays RD. Methods for measuring 
patient satisfaction with specific medical 
encounters. Med Care. 1988;26:393-402.

21. Haddad S, Potvin L, Roberge D, Pineault R, 
Remondin M. Patient perception of quality 

150



FACE-TO-FACE VERSUS TELEPHONE CONSULTATION

9

following a visit to a doctor in a primary care 
unit. Fam Practice. 2000;17:21-9.

22. Chartier L, Arthurs E, Sewitch MJ. Patient 
satisfaction with colonoscopy: a literature 
review and pilot study. Can J of Gastroenterol 
2009;23:203-9.

23. Lin OS, Schembre DB, Ayub K, Gluck 
M, McCormick SE, Patterson DJ, et al. 
Patient satisfaction scores for endoscopic 
procedures: impact of a survey-collection 
method. Gastrointest Endosc 2007;65:775-81.

24. Ko HH, Zhang H, Telford JJ, Enns R. Factors 
influencing patient satisfaction when 
undergoing endoscopic procedures. 
Gastrointest Endosc 2009;69:883-91, quiz 91 e1.

25. Rosenthal GE, Shannon SE. The use of patient 
perceptions in the evaluation of health-care 
delivery systems. Med Care 1997;35:NS58-68.

26. Multicentre Australian colorectal-neoplasia 
Screening (MACS) Group. A comparison 
of colorectal neoplasia screening tests: a 
multicentre community-based study of the 
impact of consumer choice. Med J Aust 
2006;184:546-50.

27. Norman GR, Sloan JA, Wyrwich KW. 
Interpretation of changes in health-related 
quality of life: the remarkable universality 
of half a standard deviation. Med Care 
2003;41:582-92.

28. Ha JF, Longnecker N. Doctor-patient 
communication: a review. Ochsner J 
2010;10:38-43.

29. Moretti F, Fletcher I, Mazzi MA, Deveugele 
M, Rimondini M, Geurts C, et al. GULiVER-
-travelling into the heart of good doctor-
patient communication from a patient 
perspective: study protocol of an international 
multicentre study. Eur J Public Health 2012;22: 
464-469.

30. Pawlikowska T, Zhang W, Griffiths F, van Dalen 
J, van der Vleuten C. Verbal and non-verbal 
behavior of doctors and patients in primary 
care consultations - How this relates to patient 
enablement. Patient Educ Couns 2012; 86:70-76.

31. Roter DL, Frankel RM, Hall JA, Sluyter D. The 
expression of emotion through nonverbal 
behavior in medical visits. Mechanisms and 
outcomes. J Gen Intern Med 2006;21 Suppl 
1:S28-34.

32. de Haes H, Bensing J. Endpoints in medical 
communication research, proposing a 
framework of functions and outcomes. Patient 
Educ Couns 2009;74:287-94.

151



10



SuMMary and future PerSPectiveS



154



SUMMARY AND FUTURE PERSPECTIVES

10

SuMMary and future PerSPectiveS
The research reported in this thesis aims to contribute to the evaluation of the effectiveness and 

the optimization of colonoscopy screening. We performed an invitational population-based 

screening trial comparing colonoscopy and CT colonography as primary screening methods 

for colorectal cancer. This trial was conducted in the same setting as earlier pilot screening 

programs in the Netherlands, which investigated participation rates in gFOBT, FIT and FS based 

screening. This setup allows a comparison, albeit an indirect one, of all of these screening tests.

Chapter 2 presented the available literature when the research reported in this thesis 

started. Table 1 in that chapter summarizes the main screening tests and their test performance, 

corresponding participation rates and resulting effectiveness. Our work fills the gap in the 

evidence evaluating colonoscopy and CT colonography screening (printed in bold in Table 1).

Table I: Characteristics of the main screening tests 

gFOBT FIT FS CTC Colonoscopy

Participation rates 
(%) in the Netherlands 47 to 50 60 to 62 32 34 22

Detection rate for advanced adenoma 
and cancer (%) per 100 invitees 0.6 1.4 to 1.5 2.2 2.1 1.9

Detection rate for advanced adenoma 
and cancer (%) per 100 participants 1.1 to 1.2 2.4 8.0 6.1 8.7

Significant reduction CRC incidence (%) 
intention-to-screen No No 23 ? Results expected in 2026

Significant reduction CRC mortality (%) 
intention-to-screen 16 ? 31 ? Results expected in 2026

 
The Council of the European Union (EU) has recommended setting up population-based 

screening programs by FIT. The Netherlands adopted this advice and plans the implementation 

of a FIT-based screening program in 2013. Based on the completed pilot studies, it is expected 

that six out of ten eligible invitees will participate in this FIT program. 

In the study reported in Chapter 3 we estimated the accuracy of FIT, against colonoscopy as 

the reference standard, for FIT cut-off levels 50, 75 and 100 ng Hb/mL buffer; these correspond 

to 10, 15 and 20 microgram hemoglobin per gram faeces, respectively. The Netherlands will use 

a cut-off level of 75 ng/mL for test positivity (FIT75) in the initial phase of the program. Of the 

1,256 participants in our study, 7% had a positive FIT result at this cut-off. FIT75 sensitivity and 

specificity in detecting advanced neoplasia was 33% and 96%, versus 75% and 93% in detecting 

CRC. In other words, three out of four screenees with CRC and one out of three with advanced 

neoplasia were detected using a single FIT at a cut-off of 75 ng/mL. One out of twenty FIT 

positive participants had CRC, while a negative test result almost ruled out CRC.

In the past, colonoscopy was considered the gold standard to detect colorectal neoplasia. 

Tandem colonoscopy studies have shown that 20% to 26% of adenomas were missed 
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with colonoscopy. Endoscopic imaging techniques, such as narrow band imaging (NBI), 

autofluorescence imaging (AFI) or chromoendoscopy intended to improve adenoma detection 

with varying success. We aimed to improve colonic visualization by the use of a simple plastic 

cap attached to the tip of the colonoscope (cap-assisted colonoscopy; CAC). In Chapter 4 

we demonstrated that adenoma detection did not improve with CAC compared to regular 

colonoscopy. The cap helped in reducing cecal intubation time, probably by facilitating sliding 

along folds and flexures, allowing a quick progression of the colonocope to the cecum. CAC 

also lowered the degree of discomfort during colonoscopy. We concluded that CAC could be 

useful in reducing cecal intubation time and patient discomfort, but should not be used for the 

improvement of adenoma detection. Maneuvering the cap to each fold may take too much 

effort for the endoscopist. A newly developed cap, the EndoCuff, may overcome this drawback 

of CAC. The EndoCuff has two circular rows of plastic hairs that, when pulling the scope back, 

prevent slippages of the mucosa and improve tip control. It remains to be seen whether the 

EndoCuff improves adenoma detection. An RCT is planned to evaluate this “new cap”.

Although the ability of colonoscopy to identify left-sided neoplasia is undisputed, this is 

less so for proximally located cancer. This can be explained by several factors including the 

recognition of the “serrated-pathway,” in which serrated polyps may develop into invasive 

cancer. Serrated polyps may be difficult to detect, especially in the proximal colon, where the 

endoscopic view is often blurred due to insufficient bowel preparation. Chapter 5 demonstrated 

a large variation between endoscopists in detecting proximal serrated polyps: detection rates 

varied from 6% to 22%. Proximal serrated polyp (PSP) detection was associated with a longer 

withdrawal time, but patient features such as age, gender and quality of the bowel preparation 

were not. We concluded that PSP detection is not so much patient related, but depends more 

on the skills of the endoscopist. 

Endoscopists should meet high colonoscopy quality standards, with adenoma detection 

rates above 20% in asymptomatic individuals. This requirement followed from associations 

between low adenoma detection rates (under 20%) and high interval cancer risks. To date, an 

association between low PSP detection rates and higher risk for interval cancer has never been 

described. If so, it would be logical to include PSP detection rate as a separate quality indicator 

for colonoscopy in the future.

The main results of our screening trial are presented in Chapter 6. A total of 8,844 members 

of the general population were randomly allocated (2:1) to an invitation for primary screening by 

either colonoscopy or by CT colonography. A significant lower number of invitees participated 

in colonoscopy screening compared to CT colonography screening: 22% versus 34%. More 

advanced neoplasia were detected in the colonoscopy group: 8.7 per 100 participants versus 6.1 

in the CT group. In the intention-to-screen analysis, diagnostic yield was calculated relative to 

the number of invitees. The results were comparable: 1.9 participants with advanced neoplasia 

per 100 invitees with colonoscopy versus 2.1 with CT colonography. The lower participation and 

the higher diagnostic yield in colonoscopy screening more or less cancelled each other out, 

resulting in a similar diagnostic yield per invitee. 

Other factors than participation and diagnostic yield can be considered in deciding which 

screening technique is preferred. Among these are the expected and the perceived burden of 
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colonoscopy and CT colonography. We compared both in our randomized trial and reported 

the results in Chapter 7. Within our screening program, colonoscopy was performed after full 

colon lavage; CT-colonography after non-cathartic bowel preparation. We hypothesized that 

both the bowel preparation and the full screening procedure would be more burdensome in 

colonoscopy screening, because of its invasive character. As expected, colonoscopy invitees 

expected the bowel preparation and screening procedure to be more burdensome than 

CT-colonography invitees. To our surprise, the perceived burden of the full screening procedure 

was scored lower by colonoscopy participants compared to CT colonography participants. 

This was not reflected in the level of intended participation in a next screening round, which 

was very much comparable in both groups. The finding of a higher perceived burden in 

CT  colonography participants may attenuate some of the potential perceived advantages of 

CT colonography compared to colonoscopy in a screening setting. At the same time, there 

are options for both screening techniques to lower the perceived burden to improve their 

acceptability. One may consider using non-ionic contrast agents for tagging or using sedatives 

for lowering the experienced pain in CT colonography screening. In colonoscopy screening, 

the perceived burden can be lowered by switching to a more limited bowel preparation. 

The surprising results regarding the perceived burden may be the result of erroneous 

assumptions among colonoscopy invitees. An improved understanding of the reasons to 

accept or to decline the screening invitation can be of help in the design of information leaflets 

and invitation letters, which can remove barriers to participation. Reasons to accept or to 

decline colonoscopy and CT colonography screening are summarized in Chapter 8. The most 

frequently cited reasons to accept screening were early detection of precursor lesions and CRC, 

and altruism: the contribution to science. The most frequently cited reasons to decline were 

the unpleasantness of the examination, the inconvenience of the preparation, an absence of 

symptoms, and low priority (“no time/too much effort”). The absence of symptoms was often 

cited as a reason to decline screening in both groups. We feel this finding deserves further 

attention in future campaigns and information leaflets. Such initiatives and products should 

emphasize that screening is designed for individuals who do not have complaints, and that 

most large polyps and CRCs do not cause symptoms. 

In Chapter 9 we compared participation in colonoscopy screening using a pre-colonoscopy 

consultation by telephone with participation after a standard visit at the outpatient clinic. 

Attendance to the consultation was comparable in both groups, but a telephone consultation 

led to a lower actual participation rate in colonoscopy screening compared to a standard visit 

(20% versus 23%). A secondary analysis showed lower satisfaction and higher expected burden 

scores in the telephone group, although the differences were small. It seems likely that the 

establishment of good physician-patient relationship is more challenging in the absence of 

physical contact, as is the case with a more anonymous telephone consultation. One could 

consider communication using web-based video tools or providing additional information 

through channels as YouTube as alternatives for a face-to-face meeting.

With the research reported in this thesis we have better estimates about the anticipated 

attendance and yield of the five main colorectal cancer screening tests that can be considered 

for the Netherlands. As expected, colonoscopy screening has the lowest participation rate 
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compared to the other screening tests. The diagnostic yield per 100 invitees is higher than with 

guiac-FOBT and FIT-based screening, but comparable to that of the other structural exams: 

flexible sigmoidoscopy and CT colonography. 

What should then be the future role for colonoscopy in screening? Because of the high 

advanced neoplasia yield per 100 participants, colonoscopy screening has a high potential, in 

theory. Of all screening modalities, a relatively small increase in participation in colonoscopy 

screening would lead to the highest number of advanced neoplasia cases detected per 

100 invitees. Based on the pilot programs, we can conclude that participation rates in the 

Netherlands are low for colonoscopy and flexible sigmoidoscopy screening when compared 

to the Nordic countries, for example, where a participation of 60% to 70% has been reported 

for both modalities. This difference may be explained by cultural factors, and by differences in 

screening programs and strategies. Awareness of CRC and CRC screening in the Netherlands 

is low at present. The actual implementation of a CRC screening program - with any method 

- will in itself likely increase public awareness, through the large-scale media campaigns that 

will accompany the introduction of screening. Such campaigns should probably not be limited 

to TV and radio. Recent experience with vaccination programs, such as human papilloma virus 

(HPV), has shown that interactive social media, such as Facebook, Twitter or YouTube, can play 

a dominant role in affecting public perceptions. It is possible that participation rates in the 

Netherlands will increase by a more widespread and fully endorsed introduction of screening 

in the Netherlands. 

It is not unlikely that the preferences for screening methods will develop over time. Maybe 

there will be a demand for more sensitive initial screening tests. In that case, a screening test 

with a higher accuracy than FIT, such as colonoscopy, would be logical. Another option would 

be a ‘menu-of-options approach’ in which screening participants can select the screening test 

that they prefer from a series of options, which may include colonoscopy. Such an individualized 

approach is seen in United States, where European style population screening programs do not 

exist. A variation of this menu-of-options approach is the two-options approach. In Germany, 

colonoscopy has been entitled and offered to anyone of 55 years or older. If negative, the test 

can be repeated ten years later. People declining colonoscopy are then invited to perform 

FOBT biennially. Offering multiple options can also be seen by screening invitees as a sign 

of professional uncertainty about screening, which may partially explain the relatively low 

participation rates in Germany and the US. 

At this moment, FOBT and FS are the only screening methods with a CRC mortality 

reduction documented in randomized trials. In the absence of large, long-term prospective 

controlled trials the corresponding CRC mortality reduction through colonoscopy screening 

can only be estimated based on modeling. The results of the Nordic–European Initiative on 

Colorectal Cancer (NordICC)-trial, in which 66,000 individuals are randomly allocated to 

either colonoscopy screening or no screening, are expected in 2026. It is not very likely that 

an invitational population-based colonoscopy screening program will start before that date. 

Moreover, the limited colonoscopy capacity in many countries constitutes a major obstacle 

implementing primary colonoscopy screening which needs to be addressed first. Meanwhile, 

other screening methods, such as molecular stool marker tests, capsule endoscopy and 
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MR colonography, are being developed and evaluated. Over time, these may replace other 

modalities as an initial screening test. Until then, colonoscopy will play an essential role in 

confirming triage test results, such as FOBT or FS. Colonoscopy will therefore be an essential 

element of any future Dutch screening program, but not as a primary screening test for 

colorectal cancer.
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nederlandSe SaMenvatting en toeKoMStPerSPectiven
Het onderzoek dat wordt gepresenteerd in dit proefschrift had als doel bij te dragen aan de 

evaluatie van de effectiviteit en de optimalisering van coloscopie bij het bevolkingsonderzoek. 

In een proefbevolkingsonderzoek werd coloscopie met CT colografie vergeleken, als primaire 

screeningsmethode voor dikke darmkanker. Dit onderzoek is vergelijkbaar met eerder verricht 

proefbevolkingsonderzoek in Nederland, waarin de bereidheid tot deelnemen aan screening 

werd geëvalueerd met FOBT, FIT en sigmoidoscopie. Door deze vergelijkbaarheid kunnen we 

de screeningsmethoden onderling vergelijken, zij het indirect.

Hoofdstuk 2 presenteert de stand van kennis op het moment dat het onderzoek van dit 

proefschrift werd gestart. Tabel 1 in dit hoofdstuk vat de meest gebruikte screeningstests 

samen, inclusief de testeigenschappen, de deelname en de effectiviteit van deze tests. Ons 

onderzoek vult de leemtes in voor coloscopie en CT colografie screening (in vet afgedrukt in 

Tabel 1).

Tabel I: Karakteristieken van de meest gebruikte screeningstests. 

gFOBT FIT FS CTC Coloscopie

Deelnamegraad (%)
in Nederland 47 tot 50 60 tot 62 32 34 22

Detectie van geavanceerd adenoom 
en kanker (%) per 100 genodigden 0.6 1.4 tot 1.5 2.2 2.1 1.9

Detectie van geavanceerd adenoom 
en kanker (%) per 100 deelnemers 1.1 tot 1.2 2.4 8.0 6.1 8.7

Significante vermindering van CRC 
incidentie (%) intention-to-screen Nee Nee 23 ? Resultaten verwacht in 2026

Significante vermindering CRC 
sterfte (%) intention-to-screen 16 ? 31 ? Resultaten verwacht in 2026

De Ministerraad van de Europese Unie (EU) heeft geadviseerd om een 

bevolkingsonderzoek met FIT te starten. Nederland heeft dit advies overgenomen en start 

een FIT screeningsprogramma in 2013. Gezien de eerdere proefbevolkingsonderzoeken 

wordt er verwacht dat zes van de tien personen die uitgenodigd worden voor screening ook 

daadwerkelijk zullen gaan deelnemen.

In het onderzoek dat in Hoofdstuk 3 wordt samengevat schatten we de mate van 

nauwkeurigheid van FIT, met coloscopie als referentiestandaard, met gebruik van afkapwaarden 

50, 75 en 100 ng Hb/ml; deze waarden komen overeen met 10, 15 en 20 microgram hemoglobine 

per gram faeces. Nederland zal voor de eerste fase van het geplande bevolkingsonderzoek een 

afkapwaarde van 75 ng/ml (FIT75) gebruiken. Van de 1256 deelnemers in ons onderzoek had 

7% een positief FIT resultaat met deze afkapwaarde. De sensitiviteit en specificiteit van FIT75 

bij het detecteren van geavanceerde neoplasie was 33% en 96%, versus 75% en 93% voor het 
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detecteren van dikke darmkanker. Met andere woorden, drie van de vier deelnemers met CRC 

en één van de drie met geavanceerde neoplasie zal worden gedetecteerd als éénmalig FIT75 

wordt aangeboden. Eén van de twintig FIT positieven had daadwerkelijk dikkedarmkanker, 

terwijl een negatieve FIT resultaat kanker in de dikke darm zo goed als uitsloot.

In het verleden werd coloscopie gezien als de gouden standaard voor het detecteren van 

colorectale neoplasie. Onderzoek met tandemcoloscopie liet echter zien dat 20% tot 26% van 

de adenomen werd gemist bij het uitvoeren van één enkele coloscopie. Met endoscopische 

technieken, zoals narrow band imaging, autofluorescentie of chromoendoscopie, heeft men 

getracht - met wisselend succes - de detectie van adenomen te verbeteren. Wij wilden de 

endoscopische visualisatie verbeteren door het gebruik van een simpel plastic kapje: cap-

geassisteerde coloscopie (CAC). In het onderzoek dat in Hoofdstuk 4 staat gerapporteerd 

toonden we aan dat de adenoomdetectie niet verbetert met CAC, dit ten opzichte van met 

reguliere coloscopie. De “cap” zorgde er wel voor dat de cecale intubatietijd korter werd, 

waarschijnlijk doordat het makkelijker wordt om langs plooien in de dikke darm en flexura te 

komen, waardoor uiteindelijk de cecale intubatie sneller gaat. CAC verlaagde ook de mate van 

belasting tijdens de coloscopie. We concluderen hieruit dat CAC behulpzaam kan zijn voor het 

verminderen van de cecale intubatietijd en de ervaren belasting, maar dat deze techniek niet 

moet worden gebruikt voor de verbetering van adenoomdetectie. Het manoeuvreren van de 

cap naar elke plooi lijkt te moeilijk te zijn voor de endoscopist. Dit probleem valt wellicht op 

te lossen met een nieuw ontwikkelde cap, de EndoCuff. Deze EndoCuff heeft twee circulaire 

rijen van plastic haartjes die, zodra de scoop wordt teruggetrokken, het terugschieten van de 

scoop moeten verminderen, en daarnaast ook de controle over het uiteinde van de coloscoop 

moet verbeteren. Nader onderzoek zal moeten uitwijzen of de EndoCuff ook daadwerkelijk de 

adenoomdetectie verbetert. Een gerandomiseerd onderzoek wordt voorbereid gepland om 

deze nieuwe cap te evalueren.

Er bestaat nauwelijks discussie over het vermogen van coloscopie om linkszijdige 

neoplasie te detecteren, maar dit ligt anders voor rechtszijdige neoplasie. Dit kan verklaard 

worden door verschillende factoren. Eén ervan is de “geserreerde neoplasiecascade”, 

waarbij geserreerde poliepen zich kunnen ontwikkelen tot darmkanker. Geserreerde 

poliepen kunnen moeilijk te zien zijn, vooral in het proximale colon, waar het endoscopische 

zicht wordt vertroebeld door een slechte darmvoorbereiding. Hoofdstuk 5 laat zien dat er 

een grote mate van variabiliteit bestond tussen scopisten onderling bij het detecteren van 

proximale geserreerde poliepen: de detectie varieerde van 6% tot 22%. De mate van detectie 

van proximale, geserreerde poliepen hing samen met een langere terugtrektijd, maar niet 

met patiëntfactoren als leeftijd, geslacht en kwaliteit van de darmvoorbereiding. Hieruit 

maken we op dat de detectie van proximale, geserreerde poliepen niet zozeer afhangt de 

patiënt, maar vooral van de vaardigheden van de scopist.

Endoscopisten moeten voldoen aan hoge kwaliteitseisen, waaronder een adenoomdetectie 

van tenminste 20% bij personen zonder symptomen van darmkanker. Deze eis kwam voort uit 

associaties tussen lage adenoomdetectie (onder de 20%) en het risico op intervalkanker. Tot 

op heden is zo’n verband tussen een lage proximale geserreerde poliepdetectie en een hoger 

risico op interval kanker nooit beschreven. Indien dit verband wel bestaat is het logisch om in de 
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toekomst de detectie van proximale, geserreerde poliepen op te nemen als kwaliteitsindicator 

voor coloscopie. 

De centrale resultaten van het proefbevolkingsonderzoek staan beschreven in 

Hoofdstuk 6. Daarin kregen 8.844 willekeurig geselecteerde burgers een uitnodiging om deel 

te nemen aan ofwel coloscopie of aan CT colografie screening. De inhoud van de uitnodiging 

werd op basis van toeval bepaald (2:1). Een significant lager aantal personen nam deel aan 

coloscopiescreening vergeleken met CT-colografiescreening: 22% versus 34%. Er werden 

meer gevallen van geavanceerde neoplasie gedetecteerd in de coloscopiegroep: 8,7 per 

100 deelnemers versus 6,1 in de CT colografie groep. In de intention-to screen analyse werd 

de diagnostische opbrengst vergeleken per 100 uitgenodigden. Hier waren de resultaten 

vergelijkbaar: per 1,9 van de 100 uitgenodigden in de coloscopiegroep hadden geavanceerde 

neoplasie, vergeleken met 2,1 in de CT colografie groep. De lagere deelnamegraad en de 

hogere diagnostische opbrengst in coloscopiescreening heffen elkaar ongeveer op, zodat de 

uiteindelijke diagnostische opbrengst met de twee technieken vergelijkbaar is.

Er moet ook met andere factoren dan met de deelnamegraad en de diagnostische 

opbrengst rekening worden gehouden om na te gaan welke screeningstechniek de voorkeur 

geniet. Twee van deze factoren kunnen de verwachte en ervaren belasting zijn van coloscopie 

en van CT colografie. Wij vergeleken beide in het eerder genoemde proefbevolkingsonderzoek, 

en rapporteerden de resultaten in Hoofdstuk 7. Coloscopie werd verricht met vooraf 

een uitgebreide darmvoorbereiding terwijl CT colografie werd verricht met een beperkte 

darmvoorbereiding. Onze hypothese was dat zowel de darmvoorbereiding als de volledige 

screeningsprocedure meer belastend zou zijn bij coloscopiescreening, dit vanwege het 

invasieve karakter. Zoals vooraf al werd gedacht verwachtten de coloscopiegenodigden 

inderdaad dat de darmvoorbereiding en het onderzoek zelf meer belastend zou zijn dan de 

CT colografiegenodigden. Tot onze verrassing werd echter de gehele screeningsprocedure 

als minder belastend ervaren door de coloscopiedeelnemers, in vergelijking met de 

CT-colografiedeelnemers. Dit kwam niet tot uiting in het aantal personen dat aangaf aan een 

volgende screeningsronde deel te willen nemen; dat was ongeveer gelijk in beide groepen. 

De hogere ervaren belasting in de CT-colografiegroep staat in contrast met wat vooraf als één 

van de belangrijkste voordelen van CT colografie werd gezien, dit ten opzichte van coloscopie. 

Voor beide screeningsmethoden zijn er nog opties om de ervaren belasting te 

verminderen. Bij CT-colografie is dat het gebruik van niet gejodeerd contrast, of het gebruik 

van kalmeringsmiddelen tijdens het onderzoek. De ervaren belasting bij coloscopie zou kunnen 

worden verminderd door het gebruik van een beperktere darmvoorbereiding.

De verrassende resultaten met betrekking tot de ervaren belasting kunnen er op duiden 

dat de personen die voor coloscopie werd uitgenodigd verkeerde aannames hadden over 

screening. Een beter begrip van de redenen om wel of niet deel te nemen aan screening kan 

bijdragen aan het ontwikkelen van informatiebrochures en uitnodigingsbrieven, waardoor 

onheuse barrières om deel te nemen aan screening kunnen worden weggenomen. 

Die opgegeven redenen staan samengevat in Hoofdstuk 8. Bij de meest opgegeven 

redenen om wel deel te nemen aan screening werden de vroege detectie van voorstadia van 

darmkanker en darmkanker zelf genoemd, maar ook altruïsme: een bijdrage te willen leveren 
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aan de wetenschap. De meest genoemde redenen om niet deel te nemen waren de belasting 

van de coloscopie, het ongemak van de darmvoorbereiding, de afwezigheid van symptomen 

en een lage prioriteit. 

De afwezigheid van symptomen was een vaak opgegeven reden van geen deelname in beide 

groepen. We vinden dat hier in toekomstige screeningsprogramma’s en informatiebrochures 

aandacht aan moet worden besteed. Er dient wellicht benadrukt te worden dat screening 

bedoeld is voor mensen zonder klachten, en dat de meeste grote poliepen en kanker geen 

symptomen geven.

In Hoofdstuk 9 evalueerden we de deelname aan coloscopiescreening met een telefonisch 

consult vooraf en vergeleken dit met een standaard consult op de polikliniek. Een vergelijkbaar 

aantal mensen maakte gebruik van beide vormen van het consult, maar een telefonisch consult 

leidde tot een lagere deelname aan coloscopiescreening: 20% versus 23%. Een secundaire 

analyse toonde minder tevredenheid aan over het telefonisch consult en een hogere verwachte 

belasting, hoewel de verschillen klein waren. Het lijkt aannemelijk dat een goede arts-patient 

relatie wat moeilijker tot stand wordt gebracht zonder een echte ontmoeting, zoals bij een 

telefonisch consult. We zouden in de toekomst webcams kunnen gebruiken, of extra informatie 

verspreiden via YouTube, als alternatief voor en aanvulling op een consult op de polikliniek.

Met het onderzoek dat wordt gepresenteerd in dit proefschrift kunnen we betere 

schattingen maken van de mogelijke deelname en te verwachten opbrengst van de vijf meest 

gebruikte screeningstests. Zoals verwacht deden aan coloscopiescreening minder mensen 

mee, vergeleken met andere vormen van screening. De opbrengst per 100 genodigden is 

hoger dan bij guiac-FOBT en FIT screening, maar vergelijkbaar met die van de andere, meer 

invasieve screeningsmethoden zoals sigmoidoscopie en CT colografie. 

Wat is dan de toekomstige rol van coloscopie in screeningsverband? Omdat deze techniek 

goed geavanceerde neoplasie kan opsporen heeft coloscopiescreening een hoge potentie, 

in theorie tenminste. Een relatief kleine toename in het aantal deelnemers zou leiden tot 

het relatief hoogste aantal gedetecteerd gevallen van geavanceerde neoplasie, per 100 

genodigden. Gezien de eerdere proefbevolkingsonderzoeken kunnen we nu concluderen 

dat de deelnamegraad aan coloscopie en sigmoidoscopie screening laag is vergeleken 

met bijvoorbeeld landen in Scandinavië waar een deelnamegraad van 60% tot 70% wordt 

gezien bij beide screeningstests. Dit verschil kan mogelijk verklaard worden door culturele 

verschillen, maar ook door verschillende screeningsprogramma’s en strategieën. Het belang 

van darmkanker en darmkankerscreening is op dit moment nog maar in beperkte mate bekend 

gemaakt in Nederland. De daadwerkelijke implementatie van een bevolkingsonderzoek, met 

wat voor methode dan ook, zal het bewustzijn over darmkanker en screening aanzienlijk 

verhogen, omdat er ook grote mediacampagnes zullen worden ingezet bij de start van zo’n 

screeningsprogramma. Die campagnes moeten waarschijnlijk niet beperkt blijven tot TV en 

radio. De recente ervaringen met vaccinatieprogramma’s zoals het HPV-programma heeft 

aangetoond dat sociale media, zoals Facebook, Twitter en Youtube, een belangrijke rol kunnen 

spelen in het beïnvloeden van de publieke perceptie. 

Het is niet onaannemelijk dat de voorkeuren voor screeningsmethoden in de loop 

van de tijd zullen veranderen. Wellicht zal er meer vraag komen naar nauwkeurigere 
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screeningsmethoden. In dat geval zou het inzetten van een test met een hogere nauwkeurigheid 

dan FIT, zoals coloscopie, logisch zijn. Een andere optie bestaat uit het aanbieden van meerdere 

screeningsmethoden, waarbij mensen kunnen kiezen voor de screeningstest waaraan zij de 

voorkeur geven, wat ook coloscopie zou kunnen zijn. Zo’n benadering wordt gebruikt in de 

Verenigde Staten, waar bevolkingsonderzoeken zoals in Europa niet bestaan. Een variatie 

hierop zou het aanbieden van twee verschillende screeningsmethoden kunnen zijn. In 

Duitsland wordt coloscopie aan iedereen van 55 jaar of ouder aangeboden. Als hierbij geen 

poliepen worden gezien kan de test tien jaar later worden herhaald. Mensen die niet wensen 

deel te nemen worden uitgenodigd voor tweejaarlijkse FIT screening. Het aanbieden van 

meerdere opties kan worden gezien als een vorm van professionele onzekerheid wat deels de 

relatief lage deelnamegraad aan screening kan verklaren in Duitsland en de Verenigde Staten.

Op dit moment zijn FOBT en sigmoidoscopie de enige screeningsmethoden waarbij een 

reductie van CRC mortaliteit werd aangetoond in gerandomiseerd vergelijkend onderzoek. 

In afwezigheid van grote prospectieve studies met een langdurige follow-up kan de CRC 

mortaliteitsreductie met coloscopiescreening alleen worden geschat op basis van modellen. 

De resultaten van een Scandinavisch initiatief (NordICC studie), waarbij 66.000 personen 

willekeurig worden toegewezen aan coloscopie of geen screening, worden verwacht in 2026. 

Het is niet heel aannemelijk dat een bevolkingsonderzoek op basis van coloscopie zal starten 

voor dat jaar. Bovendien is de beperkte coloscopiecapaciteit een groot probleem bij de 

implementatie van coloscopiescreening, waar eerst aandacht aan zal moeten worden gegeven. 

Ondertussen kunnen andere screeningsmethoden zoals moleculaire ontlastingstests, capsule 

endoscopie en MR colografie verder worden ontwikkeld en geëvalueerd. Wellicht zullen 

deze screeningsmethoden andere tests vervangen in de toekomst. Tot die tijd zal coloscopie 

een belangrijke rol spelen in het bevestigen van triagetests zoals FOBT of sigmoidoscopie. 

Coloscopie zal dan ook een essentiële rol blijven spelen bij elk toekomstig Nederlands 

screeningsprogramma, maar niet noodzakelijk als primaire screeningstest voor darmkanker. 
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danKwoord
Gedurende mijn studie geneeskunde had ik nooit gedacht dat ik zou starten met een 

promotieonderzoek, eigenlijk omdat ik dacht dat het me nooit zo lukken om een heel boekwerk 

te schrijven. Juist daarom ben ik er aan begonnen. “If everything seems under control, you’re 

not going fast enough”, een stelling van dit proefschrift waar ik volledig achter sta. Als je op 

je lauweren gaat rusten, moet je iets anders gaan doen. Dat doe ik inmiddels ook en heb het 

onderzoek even verlaten voor de opleiding tot Maag-Darm-Leverarts. Dit proefschrift was 

echter niet voltooid zonder de hulp van velen. Met dit slotwoord wil ik een aantal mensen 

bedanken die dat meer dan verdienen.

Lieve Anneloes, je bent mijn grootste steun geweest de afgelopen vier jaar en natuurlijk ook 

al de jaren ervoor. Jij bent dan ook de eerste die ik wil bedanken. In alle proefschriften die ik 

tot nu toe gelezen heb wordt de vriend of vriendin altijd als laatste bedankt. Nu dus als eerste, 

omdat je voor mij altijd op de eerste plaats komt. 

Ik wil mijn promotores en copromotor bedanken. Prof. dr. P.M. Bossuyt, beste Patrick, jij 

hebt me geleerd wat wetenschap is. Ik wil je enorm bedanken voor de tijd die je voor me 

hebt ingeruimd en heb je privé mini-colleges over het opzetten van wetenschappelijk 

onderzoek, methodologie en statistiek erg gewaardeerd. Je hebt me de afgelopen jaren enorm 

geïnspireerd. Het inzichtelijk maken van soms moeilijk te begrijpen dingen heb jij tot kunst 

verheven. Ook heb ik veel gehad aan je gedachtes over het opschrijven en presenteren van 

wetenschappelijk onderzoek. Prof. dr. P. Fockens, beste Paul, mede door jou gaat dit proefschrift 

niet alleen over screening, maar ook over coloscopie, een wens van mij voordat ik startte aan 

dit promotietraject. Je stond qua begeleiding iets verder weg dan Patrick en Evelien, maar juist 

de steun die ik voelde op de momenten dat het erom ging waardeer ik enorm. Dr. E. Dekker, 

beste Evelien, jouw intense enthousiasme, doorzettingsvermogen en constante ideeënstorm 

zou een voorbeeld moeten zijn voor elke wetenschapper. Zonder jou was dit proefschrift dan 

ook niet zo gevarieerd geweest: iets softere onderwerpen maar gelukkig ook hardcore MDL. 

Een goede begeleider kenmerkt zich door volledige steun te geven op de momenten dat het 

moeilijk wordt en op dat punt slaag jij in mijn ogen met vlag en wimpel. Bedankt voor de kans 

die je me gegeven hebt om met dit promotietraject te starten en voor de vrijheid die je me 

gegeven hebt in de laatste fase van mijn promotie. Ik hoop dan ook dat we in de toekomst nog 

leuk onderzoek kunnen gaan doen. 

Uiteraard wil ik ook Prof. dr. J.A. Romijn, Prof dr. H.C.P.M van Weert, dr. M.L. Essink-Bot, Prof. 

dr. G.A. Meijer, Prof. dr. J.H. Kleibeuker en Prof. dr. H. de Koning bedanken voor de kritische 

beoordeling van dit proefschrift en de bereidheid om plaats te nemen in de promotiecommissie.

Dit proefbevolkingsonderzoek was niet geslaagd zonder de samenwerking met de afdeling 

Radiologie van het Academisch Medisch Centrum en de afdeling Maag-Darm-Leverziekten 

van het Erasmus Medisch Centrum. Prof. dr. J. Stoker, beste Jaap, bedankt voor de altijd 

prettige samenwerking en goed contact. Ik ken daarbij ook niemand die zo snel correcties 
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en aanvullingen op manuscripten terug stuurt. Prof. dr. E.J. Kuipers, beste Ernst, ik heb 

je hartelijkheid en duidelijkheid altijd erg gewaardeerd, ook natuurlijk dank voor alle 

wetenschapelijke input. Dr. M. van Leerdam, beste Monique, jij legde vaak in m’n manuscripten 

de vinger op de zere plek. Ook natuurlijk veel dank voor de leuke samenwerking. Dan mijn 

collega onderzoekers binnen de studie, Margriet en Esther, zonder jullie was er natuurlijk niets 

op papier gekomen. Margriet, ik kon met een gerust hart de CTC arm aan jou overlaten, omdat 

ik zeker wist dat je alles goed voor elkaar had. Dank voor de samenwerking. Esther, ik heb veel 

met je gebeld, ook als het over niets ging of over iets anders dan onderzoek. Erg gezellig. Ik 

vond het een eer dat je de telefoon (per ongeluk?) opnam toen ik belde en jij beduusd met je 

positieve zwangerschaptest in je hand stond waardoor ik één van de eerste was die wist dat je 

zwanger was! Veel geluk toegewenst. Aafke en Renate, jullie ook bedankt voor al jullie werk 

voordat Esther er was. Inge, ook jij bedankt voor de erg leuke en gezellige samenwerking. 

Dan natuurlijk de mensen die ook direct bij dit onderzoek betrokken waren. Ten eerste 

Karin, ik zou niet weten hoe ik al die mensen had geincludeerd zonder jouw hulp. Dank voor de 

enorme ondersteuning in de logistiek van de studie en voor de nauwkeurige registratie van alle 

gegevens. Esther, Caroline en Laurens, jullie natuurlijk ook bedankt voor hetzelfde werk bij de 

CT colografie arm in het AMC en het ErasmusMC. Ook wil ik de endoscopieafdelingen en alle 

scopisten zelf bedanken die de studiecoloscopieën hebben verricht, in het bijzonder Lisbeth 

Mathus-Vliegen, Kristien Tytgat, Jan Dees, Evelien Dekker en Monique van Leerdam, die 99% 

van alle scopieën voor hun rekening hebben genomen. Zonder jullie hadden we helemaal 

geen studieresultaten gehad, dank voor jullie toewijding aan de studie. Maar poliepen worden 

er ook uit gehaald en beoordeeld. Prof. dr. M.J. van de Vijver en dr. K. Biermann, dank voor 

het beoordelen van die 4,3 meter aan adenomateuze poliepen die in totaal zijn weggehaald. 

Daarnaast wil ik ook alle medewerkers van het Integraal Kanker Centrum Amsterdam (IKA) 

en SBZWN bedanken, in het bijzonder Harriet Blaauwgeers, Jacqueline Reijerink en Hans ‘t 

Mannetje, die ervoor gezorgd hebben dat alle mensen daadwerkelijk werden uitgenodigd. 

Tenslotte wil ik alle mede-auteurs van de verschillende studies bedanken voor alle revisies en 

correcties waardoor de manuscripten in mijn ogen kwalitatief zo goed zijn.

Dan wil ik al mijn collega arts-onderzoekers bedanken, met jullie heb ik een ontzettend leuke 

tijd gehad! Dankzij jullie bewaar ik hele goede herinneringen aan mijn onderzoekstijd. Allereerst 

de Tytgat. Dank dat jullie mijn frustraties hebben willen aanhoren over PIFs en bepaalde tuinen. 

Denny, mijn mede-colo-tje, we zaten een beetje in hetzelfde schuitje. Naast alle gezelligheid 

wil ik je ook heel erg bedanken voor al het voorwerk dat je hebt gedaan voordat ik begon. 

Rogier en Koen, ik kan nog steeds lachen als ik terugdenk aan jullie kantoorhumor. Boney, ik 

heb van je donderdagmiddagverhalen genoten! Tessa, met jou is er altijd leven in de brouwerij. 

De latere Tytgatters, Fraukje, Bram en Noortje, jullie ook bedankt voor de leuke afleiding als 

ik in een schrijfdip zat. De Sultans, Barendse en Search, ik hoop dat we nog vaak limonchello’s 

gaan drinken, gewoon omdat het kan. De snorrenmansen die hierboven nog niet genoemd 

zijn, David, Pim, Maarten en Ketting, dank voor het nat houden van de snor in “de Keet.” Wout, 

Yark, Teaco, Karam, dank voor het nat houden van de bar in dezelfde keet. Alle andere collega 

onderzoekers: Roos, Simone, Frans, Lorenza, Frederike, Joep, Annikki, Femme, Emma, Noor, 
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Willemijn, Esmerij, Charlotte, Dries, Lucas, Liesbeth, Sjoerd, Sanne, Thijs, Nadine en Sascha, 

dank voor jullie collegialiteit. Ook met jullie heb ik het heel leuk gehad. Succes allemaal in 

jullie verdere carrière en ik hoop dat ik iedereen nog vaak binnen en buiten het ziekenhuis 

tegenkom.

Alle vrienden buiten het AMC, jullie hebben voor de noodzakelijke afleiding gezorgd 

gedurende mijn promotietijd en dankzij jullie dacht ik buiten m’n werk niet meer aan darmen 

en participanten. Sjoerd en Michiel, al mijn collega’s kennen jullie van ons wintersporttripje… 

Bas, met jouw woorden “bij een promotieonderzoek word je zelfs betaald om heel veel te 

leren, waarom zou je dat eigenlijk niet doen”, heb je me over de streep getrokken om te gaan 

promoveren. Dank daarvoor.

David en Michiel, een eer dat jullie mijn paranimfen willen zijn, jullie ken ik eigenlijk het beste 

van Curacao. David, behalve een hele leuke gezellige collega, ben je ook een goede vrind. 

Gelukkig blijf je nog even in Amsterdam voordat je naar Leiden vertrekt. Ik weet zeker dat ik je 

nog veel zal blijven zien in de toekomst. Mitch, ik ken maar één iemand met zulke inktzwarte 

humor, enorm geestig. Ook hoop ik jou nog veel te zien de komende jaren.

Tenslotte, lieve pap en mam, Tiets en Allard, jullie ken ik al m’n hele leven. Jullie steunen me 

altijd in alles wat ik doe en door jullie ben ik wie ik nu ben. Veel geluk met Joost, Caryn en de 2 

kleintjes, Floris en Ties. 
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CURRICULUM VITAE

curriculuM vitae
Thomas de Wijkerslooth werd geboren op 12 juni 1982 in Delft. Hij ging naar het Sint Stanislas 

College in Delft en behaalde zijn Atheneum diploma in 2000. Hij begon in Groningen aanvankelijk 

aan de studie farmaceutische wetenschappen, maar werd een jaar later ingeloot voor de studie 

geneeskunde. Na enkele jaren Groningen vertrok hij voor zijn reguliere co-schappen naar het 

Deventer Ziekenhuis in Deventer en vervolgens naar het Sint Elisabeth Hospitaal in Curacao. 

Zijn keuze co-schap deed hij bij de Maag-Darm-Leverziekten in de Isala Klinieken in Zwolle 

waarna hij zijn artsexamen behaalde in november 2008. Vanaf december 2008 verrichte hij 

wetenschappelijk onderzoek op de afdeling Maag-Darm-Leverziekten in het Academisch 

Medisch Centrum te Amsterdam onder leiding van Prof. dr. P. Fockens, Prof. dr. P.M. Bossuyt en 

dr. E. Dekker. Sinds april 2012 is hij werkzaam als arts in opleiding tot Maag-Darm-Leverarts in 

het Sint Lucas Andreas Ziekenhuis in Amsterdam (opleider: dr. C. Siegert) en zal zijn opleiding 

vervolgen in het Academisch Medisch Centrum (opleider: prof. dr. U.H.W. Beuers). Hij woont 

samen met Anneloes Bohte en is recent verhuisd naar Amsterdam.
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STELLINGEN

 1.  Omdat slechts één op de vijf genodigden deelneemt aan coloscopiescreening moeten we 

deze vorm van screening niet gaan invoeren. (Hoofdstuk 6 en 10)

 2. Coloscopie is niet zo belastend als men denkt. (Hoofdstuk 7)

 3.  Het aanbieden van één screeningsmethode heeft de voorkeur boven het aanbieden van 

een keuzemenu. (Hoofdstuk 2 en 10)

 4.  Bij bevolkingsonderzoek met de fecale immunochemische test wordt eén op de vier 

personen met darmkanker gemist. (Hoofdstuk 3)

 5.  Het is logisch dat je met een kap in het endoscopische beeld niet meer poliepen ziet. 

(Hoofdstuk 4)

 6.  Zaagtandpoliepen laten we ten onrechte rechts liggen. (Hoofdstuk 5)

 7.  Een proefschrift schrijven is als een fles ketchup: eerst komt er heel lang niets en ineens 

komt alles in één keer. Vrij naar Ruud van Nistelrooy.

 8.  Het huidige beurzensysteem is hopeloos ouderwets, gerichte “crowdfunding” heeft de 

toekomst.

 9.  Een goede dokter kenmerkt zich door naar kritiek te luisteren, ongeacht de (on)ervarenheid 

van degene die kritiek levert.

 10. Promoveren, gewoon omdat het kan! Vrij naar de lijfspreuk Sultans DDW 2011

 11. If everything seems under control, you’re not going fast enough. Mario Andretti. 




