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INTRODUCTION

Colorectal cancer (CRC) is one of the most common types of cancer in the western 

world. In the Netherlands, approximately 15,000 patients were diagnosed with  

CRC in 2014, and 5,000 patients died from this disease.1,2 This makes CRC the 

second most frequently occurring cancer in the Netherlands.1 

CRC develops from dysplastic precursor lesions, which are most often conventional 

adenomas, but also sessile serrated adenomas/polyps (SSA/Ps). Conventional 

adenomas develop into cancer via the traditional adenoma-carcinoma pathway, 

whilst SSA/Ps develop via the serrated neoplasia pathway.3 

Colonoscopy, the endoscopic examination of the large bowel, is the gold standard 

for finding and removing these lesions. Not all lesions encountered during 

colonoscopy harbour a risk of developing into cancer, and, in fact, most of them 

are completely harmless. The lesions with malignant potential, conventional 

adenomas and SSA/Ps, follow a relatively slow progress towards cancer of 

approximately 10-15 years, which creates a window of opportunity for removing 

these precursor lesions, and so preventing CRC.4 

Because CRC occurs so frequently, and because it can be cured if detected in 

time, the Dutch Bowel Cancer Screening Program was introduced in 2014.5 Dutch 

citizens between the ages of 55 and 75 are invited to participate in screening every 

two years. Participants receive an immunological fecal occult blood test (iFOBT)  

kit by post and, if this test is positive, participants are subsequently invited to 

undergo colonoscopy. 

The content of this thesis focuses on the improvements of the detection and 

differentiation of dysplastic lesions found during colonoscopy in the average 

risk population and additionally zooms in on the detection, differentiation and 

management of dysplastic lesions in patients with inflammatory bowel diseases 

(IBD), who carry a higher risk on CRC. 
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PART I  Advances in colonoscopic imaging

Colonoscopy is the gold standard for detecting and removing colonic lesions. 

Although it is the gold standard, this technique is not flawless. Lesions are still 

being missed, either because they are too subtle to detect, or outside of the 

colonoscopic view.6 

Colonoscopic imaging techniques have improved tremendously over the past 

two decades. Advances include the upgrade from conventional white light 

colonoscopy to high-definition and optical zoom, which aid to assess the colon in 

more detail. Other new colonoscopy techniques make use of increased contrast, 

either by using blue dye sprays (chromo-endoscopy), or specific light filters for 

optical enhancement (Narrow Band Imaging, iSCAN and FICE). Alongside these 

improvements in capturing the mucosal image, there are now also techniques, 

which aim to increase the mucosal view. The standard technique used currently 

is conventional white-light colonoscopy with a forward view of 170 degrees. 

Some of these techniques provide a view over more than 170 degrees (wide-

view endoscopy), whilst others aim to flatten mucosal folds for a more thorough 

examination (e.g. cap-assisted endoscopy, EndoCuff ).

An improved view during colonoscopy aids the detection of colonic lesions, 

but also allows colonoscopists to assess the detected lesions in greater detail. 

At present, all lesions found during colonoscopy are sent for histopathology, as 

this is the current gold standard for histological diagnosis. However, with some 

of the new imaging techniques discussed above, it is possible to see the mucosal 

pit-pattern and microvasculature in high detail. Several classification models 

have been developed to help the colonoscopist to classify these patterns and 

make a real-time diagnosis, which means directly during colonoscopy (“optical 
diagnosis”). 

In 2011, the American Society for Gastrointestinal Endoscopy (ASGE) set a standard 

by developing the PIVI (Preservation and Incorporation of Valuable Endoscopic 

Innovations) guidelines for the real-time endoscopic assessment of the histology 

(optical diagnosis) of diminutive (<5mm) colorectal polyps.7 In practice, this 

means that if a colonoscopist achieves a negative predictive value (NPV) of at 

least 90% for the differentiation of diminutive lesions, those lesions located in the  
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recto-sigmoid could be left in situ if they are thought to be non-adenomatous, 

while other diminutive lesions elsewhere in the colon could be resected without 

being sent for pathology. Additionally, the colonoscopy outcome and the 

adequate surveillance interval could be given to the patient straight after the 

procedure. In clinical practice, this could reduce the time for endoscopy, reduce 

the burden of waiting for the colonoscopy outcome for the patient and would 

make colonoscopy more cost-efficient by saving pathology-costs. 

 
PART II  Approach to dysplasia in IBD

In the Netherlands, as in most of the Western world, the average lifetime risk of 

CRC for the general population is 4-5%.1 Some individuals carry an increased risk 

of developing CRC, such as patients with hereditary conditions like FAP (familial 

adenomatous polyposis), Lynch syndrome (formerly known as hereditary non-

polyposis colorectal cancer or HNPCC), individuals with a positive family history of 

CRC, and finally patients suffering from inflammatory bowel disease (IBD). Those 

persons should undergo close surveillance, instead of participating in an iFOBT-

based program, which is meant for individuals at average risk.8-10

Patients with longstanding inflammatory bowel disease (IBD), have a 2-3 times 

higher risk than the general population of developing CRC, and are therefore 

considered to be a high-risk population.11,12 This risk is primarily based on the 

duration and extent of colitis, as well as the presence of primary sclerosing 

cholangitis (PSC). A positive family history of CRC and the presence of pseudopolyps 

and strictures further increase the risk.13-15

Detecting dysplastic lesions in patients with longstanding IBD is challenging. The 

mucosa of these patients is often disturbed by the result of inflammation (e.g. 

scarring, pseudopolyps, and chronic inflammation). Moreover, dysplastic lesions 

in those patients with IBD are often subtle and flat, and therefore more difficult to 

detect, especially against a background of chronic inflammation.16

Therefore, there has been much effort expended in discovering the optimal 

detection of dysplastic lesions in surveillance colonoscopies for patients with IBD. 

Until recently, white light colonoscopy was accompanied by quadrant-biopsies 
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every 10cm in the colon in order to detect ‘invisible’ lesions.8 However, studies have 

shown that the yield of these random biopsies are negligible.17 By taking these 

random biopsies the patient is unnecessarily exposed to potential complications 

(e.g. bleed, perforation). 

Chromoendoscopy (CE), accompanied by targeted biopsies only, has been 

shown to improve detection rates of dysplastic lesions significantly, compared 

to white-light endoscopy with targeted biopsies, and is therefore now the 

preferred surveillance technique for patients with longstanding IBD.9,10,18,19 During 

chromoendoscopy a blue dye (indigo-carmine or methylene blue) is sprayed 

onto the colonic wall in order to improve the mucosal contrast. However, this 

technique is labour-intensive and requires a perfectly clean colon, because 

otherwise the dye blurs the vision by attaching to residual faeces. At present no 

other technique has been proven to perform better than CE.

A variety of lesions can be encountered during IBD surveillance colonoscopy,  

from benign lesions (hyperplastic polyps, pseudopolyps) to potentially malignant 

lesions (adenomatous and serrated lesions). The latter can be subdivided in 

sporadic lesions and lesions associated with the longstanding IBD, so called IBD-

associated dysplasia. It is especially important to differentiate between sporadic 

adenomas and IBD-associated dysplasia, as IBD-associated lesions are believed 

to harbour a higher risk of transforming into cancer than sporadic dysplasia.13,20 

Additionally, the presence of IBD-associated dysplasia is generally seen as an 

indication of a field defect, which means that the mucosa throughout the colon 

carries a high risk of developing into cancer.21 

At present, little is known about the biology of IBD-associated lesions, and no 

reliable diagnostic markers to differentiate between sporadic and IBD-associated 

dysplasia are available. The decision on a dysplastic lesion being IBD-associated is 

mainly based on the endoscopic appearance of the lesion, the general mucosal 

impression and medical history of the patient.8-10

Because the biology of IBD-associated dysplasia remains unresolved, and reliable 

differentiation between sporadic dysplasia and IBD-associated dysplasia is 

currently not possible, the optimal management strategy for dysplasia in patients 

with IBD is not unambiguous. Especially about flat adenomas there is a great 
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debate, because there is assumed to be a significant risk for synchronous and/or 

metachronous CRC when a flat low-grade dysplastic lesion is detected in a patient 

with longstanding IBD. Some guidelines recommend performing a colectomy for 

patients diagnosed with flat IBD-associated dysplasia.9 Although colectomy is an 

effective method for removing these lesions and prevent the development in the 

future, resecting the entire colon is of a tremendous burden for the patient. For 

polypoid dysplasia, whether or not IBD-associated, most guidelines state that they 

can be resected endoscopically. However, the synchronous and/or metachronous 

cancer risk after endoscopic resection remains unclear.8-10

In conclusion, patients with longstanding IBD have an increased risk for CRC and 

that colonoscopic surveillance strategies in those patients can be optimized. 

Besides, little is known about the biology of IBD-related dysplasia, and an optimal 

management-algorithm of premalignant lesions is not yet available. 
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OUTLINE OF THIS THESIS

This thesis aims to give an overview of the existing advanced imaging techniques for 

the detection and differentiation of lesions in the average risk population. Further, 

this thesis addresses the approach (detection, differentiation and management) to 

dysplasia in patients with longstanding IBD. 

 
PART I  Advances in colonoscopic imaging

Good-quality colonoscopy relies on both the colonoscopist and the colonoscopic 

equipment. The first chapter in this thesis (Chapter 1) gives an overview of 

all established quality parameters for good-quality colonoscopy as well as 

different quality improving interventions to optimize colonoscopy. Additionally, 

commercially available advanced imaging techniques and their ability to detect 
lesions will be discussed in this chapter. 

Besides finding as many lesions as possible, it is equally important to differentiate 

the potentially harmful lesions. Chapter 2 gives an up-to-date overview of the 

diagnostic performance of commercially available imaging techniques (Narrow 

Band Imaging (NBI), iSCAN, FICE, CLE and AFI) for optical diagnosis of colonic 

polyps in reference to the PIVI guidelines.7 

 
PART II  Approach to dysplasia in patients with IBD

Differentiating lesions in IBD is challenging and, because there is no reliable 

marker, relies predominantly on the assessment of the colonoscopist. In  

Chapter 3 the ability of both expert and non-expert colonoscopists to  

differentiate dysplastic from non-dysplastic lesions during surveillance 

colonoscopy for inflammatory bowel disease colitis is analysed. Also, the 

inter-observer variation between different colonoscopists is assessed when 

differentiating between sporadic adenomas and IBD-associated adenomas. 

The increased risk of CRC is well established for ulcerative colitis, but less so for 

Crohn’s disease.11,12 
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Chapter 4 is a prospective cohort study, which aims to determine the number of 

patients with dysplasia undergoing surveillance colonoscopy due to longstanding 

extensive Crohn’s colitis. The study also addresses the additional value of confocal 

laser endomicroscopy (CLE) to help colonoscopists to differentiate in-vivo 

between the lesions found during chromo-endoscopic surveillance colonoscopy 

for patients with longstanding Crohn’s disease. 

An important difficulty encountered with surveillance in IBD patients is that 

dysplastic lesions can be either sporadic or IBD-associated. IBD-associated 

dysplasia are associated with an increased risk of CRC.16 So far, little is known 

about the biology of IBD-associated dysplasia and no reliable marker  

exists to distinguish between these two types of dysplastic lesions. Therefore,  

Chapter 5 investigates DNA copy number alterations in IBD-associated  

dysplasia and evaluates to what extent these alterations differ from sporadic 

adenomas. 

There is still a significant incidence of cancer after the detection and endoscopic 

resection of flat low-grade dysplasia.22 However, the risk caused by polypoid 

dysplasia has not been determined with precision. Chapter 6 investigates the risk 

of cancer after the endoscopic resection of polypoid dysplasia in patients with 

longstanding colitis.
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