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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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