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Colorectal cancer (CRC) is among the most commonly diagnosed malignancies in the world.1 
In 2012, approximately 1.4 million new CRC cases were diagnosed and CRC caused almost 
700.000 deaths worlwide.1 The average lifetime risk accesseof developing CRC is around 5%. 
CRC gradually develops from premalignant neoplastic lesions (adenomas, sessile serrated 
lesions and traditional serrated adenomas) over the course of an estimated 10 to 15 years.2-4 
This long time span provides a window to intervene. CRC and its precursor lesions can be 
detected by colonoscopy. During this procedure, these neoplastic lesions (e.g. polyps) can 
be removed by polypectomy. Several randomized and observational studies have shown 
that endoscopic detection and resection of premalignant lesions and early stage CRC 
leads to a significant reduction in the incidence and mortality of CRC.5-10 In an effort to 
reduce morbidity and mortality from CRC, population based screening programs are being 
implemented throughout the world.11, 12 Most of these CRC screening programs use either 
a non-invasive triage stool-test to select high-risk individuals to undergo colonoscopy, or 
invite all individuals to undergo primary colonoscopy. The effectiveness of these programs 
depends heavily on participation rates, but the quality of colonoscopy is crucial as  
well.13, 14 Over the last decades, continuous efforts have been made to improve the quality 
of colonoscopy.

Flexible gastrointestinal endoscopy with fiberoptics was introduced in 1958 by dr. Basil 
Hirschowitz.15, 16 Since then, there have been continuous efforts in improving endoscopic 
imaging technology to assist clinicians in visualizing the gastrointestinal tract. This was 
initially achieved by replacing the fiberoptics by a charge-coupled device chip to acquire 
the endoscopic images. In the next three decades, these images became of better 
resolution. Besides improving technology, another revolution was the introduction of 
chromoendoscopy (CE) in the 1970 s in Asia.17 With CE, the mucosa is stained by topical 
dye that is applied upon the mucosa via a spray-catheter to highlight subtle differences. 
However, CE has not been widely accepted by Western endoscopists as it is laborious, time-
consuming and has a long learning curve.18, 19 To overcome these limitations of CE, a series 
of “push-button” technologies were developed in the last decade. These include narrowed-
spectrum endoscopy techniques as Narrow Band Imaging (NBI), i-Scan, Flexible Intelligent 
Chromo Endoscopy (FICE) and Blue Laser Imaging (BLI). With those techniques, light is 
filtered at specific wavelengths or post-processed to enhance the detail of the vascularity of 
the mucosal surface.20, 21 Another push-button technique is autofluorescence imaging (AFI) 
where emitted blue light is used to excite fluorophores in the colonic mucosa.20 Acquired 
images are processed into a real-time pseudo color interpretation in which neoplastic 
lesions appear purple, while non-neoplastic normal mucosa appears green. 

These advanced imaging techniques all aim to highlight mucosal surface patterns, which 
potentially could improve detection of colorectal lesions. Of all techniques, however, only CE 
has consistently shown to increase detection rates of neoplastic lesions.22 Current guidelines 
yet consider CE impractical for colonoscopy in average risk persons as it is laborious and 
increases procedure time, and therefore recommend standard white light endoscopy.23, 24 
Besides improved detection, advanced imaging techniques may also help to differentiate 
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lesions, thereby enabling real-time endoscopic diagnosis and providing guidance to 
endoscopic treatment decisions. 

In the past years, despite being readily available, most of these advanced imaging 
technologies have not widely been adopted into daily clinical practice. Until recently, no 
clear guidelines were available providing guidance which technologies were recommended 
in which clinical scenario.23, 25 Moreover, these techniques require special training, can be 
time-consuming and are perceived as cumbersome. The studies in this thesis aimed to 
contribute adopting these advanced imaging technologies in clinical practice.

PART I OPTICAL DIAGNOSIS OF COLORECTAL NEOPLASIA IN  
THE AVERAGE RISK POPULATION

The high incidence, relation of the stage of the disease to mortality, the high costs of 
treatment combined with the long preclinical phase with recognizable and treatable 
precursor lesions make CRC a highly suitable disease for screening.5, 8-10 From 2014 onwards, 
a CRC screening program based on faecal immunochemical testing (FIT) was implemented 
in the Netherlands. This has resulted in an annual increase in colonoscopies from 190.000 
to 250.000, resulting in an increased burden on colonoscopy programs, waiting lists 
and increasing costs for society. Improving cost-efficacy of this preventive program is  
therefore warranted. 

Currently, virtually all colorectal lesions that are detected are also resected in an effort to 
prevent progression to CRC. After resection, these lesions are routinely sent for histological 
analysis. Histological analysis will reveal the exact nature of the lesion, advanced histological 
features and potential invasive growth (i.e. CRC). The exact nature will help to categorize 
a patient in a certain risk-group for future CRC, and thus assign the appropriate interval for 
surveillance colonoscopy.26, 27 Histological analysis is however expensive, generating a large 
economic burden for healthcare, especially when considering that the majority of polyps 
detected during colonoscopy are diminutive size (≤5mm) and these polyps only seldom 
contain CRC.28, 29 A correct real-time diagnosis of a colorectal lesions (a so-called optical 
diagnosis) during colonoscopy could replace the formal histological analysis, thereby 
improving cost-effectiveness of colonoscopy.30, 31 

The optical diagnosis strategy contains two complementary clinical practices.32, 33 First, 
diminutive polyps could be resected and discarded without histological assessment and 
the photo-documented optical diagnosis would be used to determine the interval for 
the surveillance colonoscopy. This “resect-and-discard” strategy does not only reduce costs 
by foregoing histology exams, but also allows for surveillance interval assignment directly 
after colonoscopy. Besides, innocent non-neoplastic polyps in the distal colon can be left in 
place. What are the pre-requisites for implementing such a new practice in clinical practice? 
For this purpose, the American Society of Gastrointestinal Endoscopy (ASGE) has published 
the Preservation and Incorporation of Valuable endoscopic Innovations (PIVI) statement, 
which contains proposed performance thresholds that should be achieved before 
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implementing optical diagnosis for diminutive polyps in clinical practice.34 First, there should 
be at least 90% agreement in surveillance interval recommendations based on the optical 
diagnosis of diminutive polyps combined with histological outcome of larger lesions, when 
compared with the surveillance recommendations based on histological examination of all 
lesions. Furthermore, the negative predictive value for predicting neoplastic histology in 
the distal colon should be at least 90% to leave suspected non-neoplastic lesions without 
resection. Given the expected cost-savings and improved efficacy of colonoscopy, three 
international societies have endorsed the implementation of optical diagnosis for diminutive 
polyps in clinical practice.23, 35, 36  

There are, however, also several concerns that prevent optical diagnosis for diminutive 
polyps in becoming widely adopted in clinical practice. First, there is a potential risk 
that a misdiagnosed lesion is left without resection and can develop over time into CRC. 
Furthermore, when discarding polyps, advanced histological features as high-grade dysplasia, 
villous features and CRC may be missed, leading to inappropriate surveillance intervals or 
even suboptimal treatment in the case of diminutive CRCs.37 The risk of advanced histological 
features within these tiny diminutive lesions seems very low, but is not negligible and may 
differ between populations.23, 29 Moreover, the importance of advanced histology within 
diminutive polyps in terms of future risk for developing into advanced neoplasia, and its 
timing, is unknown. Finally, and probably most importantly, despite specialist endoscopists 
seem able to achieve these PIVI thresholds using several advanced imaging techniques, data 
derived from studies in community practice are less convincing.36, 38, 39 Several large-scale 
studies with community gastroenterologists have shown that these thresholds were not 
uniformly met.40-43 However, those gastroenterologists were not uniformly trained, were not 
audited prior to performing optical diagnosis nor did they receive structured feedback on 
their performance. 40-43    

Optical diagnosis is also of importance for the treatment of large (≥1cm) polyps. Currently, 
endoscopic resection is the first-line treatment for these lesions if benign.44, 45 If impossible 
to be resected en bloc, piecemeal endoscopic mucosal resection (pEMR) may be performed 
to remove such lesions. This technique has become widely available and has a treatment 
success of over 90%.46 

T1 CRCs, which are cancers confined to the submucosa, are lesions that are 
potentially endoscopically treatable as they have a relatively low risk of lymph node  
metastasis.47, 48  However, to allow appropriate histological evaluation of the resection 
margins, en bloc resection is important. Due to the ongoing implementation of CRC 
screening programs, T1 CRCs are increasingly encountered during colonoscopy.49-51 To avoid 
inappropriate resection techniques, it is crucial that such T1 CRCs lesions are recognized by 
the endoscopist, who should assess every lesion for endoscopic signs of deep submucosal 
invasion before embarking on endoscopic removal. Several studies on optical diagnosis of 
T1 CRCs have been performed in Asia by specialist endoscopists, but data in the setting of 
screening programs in the Western world are scarce.52-54     
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OUTLINE OF PART I OF THIS THESIS

In PART I of this thesis, studies focus on optical diagnosis of colorectal lesions in the average 
risk population. In chapter 2, we performed a systematic review to investigate the natural 
history of diminutive and small (6-9mm) polyps and determined the risk that these lesions 
progress to advanced lesions or CRC. In chapter 3, we investigated the clinical significance 
of diminutive polyps in an international, multicenter cohort-study. We calculated pooled 
estimates for the prevalence of CRC and advanced histology within diminutive lesions. 
Furthermore, the proportion of patients that are categorized as high-risk for surveillance 
colonoscopy due to diminutive lesions and the outcomes of their first surveillance 
colonoscopy were determined. In chapter 4, we used the Adenoma and Serrated pathway 
to Colorectal CAncer (ASCCA) model for determining whether implementation of optical 
diagnosis for diminutive polyps in the nationwide Dutch CRC screening program would 
improve the cost-effectiveness of the screening program without impairing the efficacy. 

Optical diagnosis of sessile serrated lesions has only recently been introduced in 
the Workgroup serrAted polypS and Polyposis (WASP) classification.55 The study in chapter 
5 aimed to evaluate the impact of including optical diagnosis of diminutive sessile serrated 
lesions on the PIVI thresholds and the overall performance of endoscopic polyp differentiation 
in a daily colonoscopy practice. Previous studies have showed conflicting results with regard 
to achievement of the PIVI thresholds by community gastroenterologists. In chapter 6, we 
reported the results of the DISCOUNT 2 study. This is a prospective, multicenter randomized 
study where a large sample of endoscopists accredited for performing colonoscopies for 
the Dutch CRC screening program were systematically trained and audited for performing 
optical diagnosis of diminutive polyps using NBI. The endoscopists that qualified after an 
intensive training period were randomized to receive either structured feedback on their 
performance of optical diagnosis or received no feedback. In chapter 7 we performed 
a post-hoc analysis of the DISCOUNT 2 study in which we included optical diagnosis of small 
polyps in evaluating the PIVI thresholds to determine whether these polyps could also be 
included in the optical diagnosis strategy. 

With the worldwide implementation of CRC screening programs, T1 CRCs are more 
frequently encountered by endoscopists.49-51 To determine the most optimal treatment 
strategy for these lesions, it is important that endoscopists recognize T1 CRCs. In chapter 8, 
we described the results of optical diagnosis and treatment strategies of T1 CRCs in a large 
sample of FIT-positive colonoscopies for the Dutch CRC screening program. In chapter 9, we 
proposed a systematic approach to describe detected colonic lesions to assess the risk of 
submucosal invasion prior to decide on the most optimal treatment method.    



15

1

GENERAL INTRODUCTION

PART II DETECTION AND DIFFERENTIATION OF COLORECTAL 
NEOPLASIA IN THE HIGH RISK POPULATION

The average life-time risk of CRC for the general population is around 5%.1 Patients with 
inflammatory bowel diseases (IBD) or hereditary CRC syndromes carry an increased risk 
for developing CRC.56-58 For this reason, these patients are advised to undergo endoscopic 
surveillance at regular intervals instead of participating in population based screening 
programs, which are designed for average risk individuals56-58 

Patients with longstanding ulcerative colitis (UC) or Crohns disease approximately 
have a risk for development of CRC that is 2 to 5 times higher risk of compared with that 
in the general population.59, 60 This increased risk is attributed to a higher carcinogenic 
risk of continuously or previously inflamed colonic mucosa mediated through several 
inflammatory CRC pathways.61, 62 Low-grade dysplasia (LGD) is considered the CRC precursor 
lesion in IBD patients and is therefore used in clinical studies evaluating endoscopic 
detection techniques.63, 64 The detection of LGD in patients with longstanding UC is 
however challenging.65 The aspect of the mucosal surface is often disturbed due to ongoing 
inflammation. The presence of pseudopolyps combined with the subtle and flat appearance 
of LGD against a background of chronically inflamed and scarred mucosa make these lesions 
very difficult to detect. In IBD patients, advanced imaging help to detect LGD. Furthermore, 
it may help improving the difficult differentiation between colitis associated dysplasia, 
sporadic dysplasia and non-dysplastic lesions such as pseudopolyps, chronic inflammation 
and scars, aiming to reduce the number of unnecessary biopsies. 

As multiple studies showed that pancolonic CE with targeted biopsies significantly 
improves dysplasia detection in colitis, it is now strongly endorsed by the British Society of 
Gastroenterology, the European Society of Gastrointestinal Endoscopy and the European 
Crohn’s and Colitis Organization.23, 56, 57, 66 However, CE in the context of longstanding 
colitis surveillance also incurs several limitations. First, it is cumbersome, time-consuming 
and requires additional training and equipment.  Moreover, there is no proof that better 
detection of dysplasia by CE translates into reduced CRC mortality, decreased risk of interval 
CRC and improved cost-effectiveness.67 

Hereditary CRC syndromes include patients with different forms of polyposis and 
Lynch syndrome. In Lynch syndrome, affected individuals have an inherited defect in 
one of the mismatch repair genes and therefore have a higher risk of developing CRC at 
a younger age.68 Patients with Lynch syndrome are recommended frequent, usually annual 
or biennial colonoscopy surveillance to minimize the risk of developing CRC.58, 69 However, 
despite this strict surveillance program, interval cancers still occur and may be the result 
of missed lesions.70, 71 Precursor lesions in Lynch syndrome are more likely to be non-
polypoid, proximally located and difficult to recognize.72 Advanced imaging, compared with 
regular colonoscopy, could potentially help in Lynch syndrome in two principal ways. First, 
advanced imaging may lead to better lesion detection thereby reducing the risk of interval 
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cancer. Furthermore, this could also allow for safe extension of the surveillance interval for  
a next colonoscopy.

OUTLINE OF PART II OF THIS THESIS

In PART II of this thesis, studies are focused on the detection and differentiation of polyps in 
the high-risk population. The first two chapters focus on dysplasia surveillance in patients 
with longstanding UC, while the two last chapters focus on detection of neoplastic lesions 
in colonoscopy of patients with Lynch syndrome. In chapter 10, AFI and pancolonic CE were 
investigated in a head-to-head fashion in the FIND-UC study for the detection of dysplasia 
in patients with longstanding UC. The accuracy of optical diagnosis using AFI, NBI and 
CE is studied in chapter 11, as an accurate optical diagnosis may reduce the number of 
unnecessary biopsies and polypectomies. 

Contrary to results from the average risk population, previous studies have shown that 
narrow spectrum technologies as NBI and i-Scan increased the detection of adenomas in 
patients with Lynch syndrome.73, 74 As Lynch patients have an increased vascular network of 
oral mucosa, we hypothesized that the microvessel density of adenomas in Lynch patients 
is also increased compared with sporadic adenomas and that this leads to an increased 
detection with narrow spectrum technologies. This translational research project described 
in chapter 12 studied the vascularity in adenomas of Lynch patients and sporadic adenomas 
are reported in this chapter. Lynch syndrome involves fast progression of adenomas to 
colorectal cancer (CRC) due to microsatellite instability. The role of sessile serrated lesions 
and the serrated neoplasia pathway in these patients is unknown. In chapter 13 the results 
of a retrospective study on the prevalence of sessile serrated lesions in Lynch syndrome 
patients are described. Possibly, these sessile serrated lesions may also represent a group of 
precursor lesions of CRC in patients with Lynch syndrome.
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