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INTRODuCTION

Colorectal cancer and serrated polyps

Colorectal cancer (CRC) is one of most commonly diagnosed cancers in the Netherlands, 
with over 13.000 new cases and more than 5000 cancer-related deaths in 2011.1 It is 
assumed that almost all CRCs arise from premalignant precursor lesions, called polyps. 
Until recently, colorectal polyps were divided into two separate groups, conventional 
adenomas and hyperplastic polyps. Traditionally, adenomas were considered to be the 
only lesions with an undisputable malignant potential. These adenomas progress into 
CRC through a sequence of genetic alterations involving key oncogenes and tumor-
suppressor genes such as APC, KRAS and P53.2 Hyperplastic polyps, on the other hand, 
were regarded as one homogenous group of benign lesions without any potential 
for malignant progression. However, morphological reappraisals of these previously-
labeled hyperplastic polyps revealed that these lesions can be further subdivided into 
different histological entities with different malignant potential.3,4 This redefined group 
of polyps is characterized by a saw-toothed (serrated) infolding the crypt epithelium 
and are now collectively known as serrated polyps.

The family of serrated polyps includes hyperplastic polyps, sessile serrated adenomas/
polyps and traditional serrated adenomas. Hyperplastic polyps are typically diminutive 
polyps (<6 mm in diameter) that are predominantly located in rectosigmoid. Besides 
being generally small, these lesions are often flat or sessile in shape. Serration, which is 
caused by infolding of the crypt epithelium leading to a saw-toothed appearance in lon-
gitudinal section and a star-shaped appearance on cross-section, is limited to the upper 
half to one-third of the crypt. The deep portion of the crypts are generally narrow and 
straight, with a normal distribution of the proliferative zone in the base of the crypts.3,4 
Sessile serrated adenoma/polyps are typically larger than hyperplastic polyps and tend 
to have a predilection for the proximal colon. They are defined based on predominantly 
architectural distortion with irregular dilated crypts, including dilation of the base of 
the crypts that often have L or T shape.3,4 Traditional serrated adenomas are most often 
located in the distal colon and are relatively rare. The architecture is characterized by a 
protuberant growth pattern with elongated villiform projections uniformly lined with 
columnar cells having elongated or pencillate nuclei and eosinophilic cytoplasm.3,4 Also 
ectopic crypts, defined as premature crypt formation perpendicular to the longitudinal 
axis of the villi were pointed out as typical feature of these polyps.5

Serrated polyps may progress into cancer through a sequence of molecular events. 
Based on molecular as well as histological data, a “serrated neoplasia pathway” or “ser-
rated CRC pathway” has been proposed involving the progression of serrated polyps 
to CRC.6-16 Molecular evidence supporting the serrated pathway includes the finding of 
BRAF mutations, which down-regulates apoptosis, and extensive CPG-island methyla-
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tion of multiple genes (CIMP) in a subset of CRCs.17-20 These molecular alterations are 
also commonly observed in serrated polyps but are rarely found in sporadic adeno-
mas.18,20,21,23,24,25 This suggests that serrated polyps, instead of conventional adenomas, 
may represent precursor lesions of sporadic CIMP-high CRCs. In addition, histological 
evidence supporting the serrated pathway includes the finding of CRC in close vicinity 
of large serrated polyps, cases of serrated polyps with areas of dysplasia/cancer and 
adenocarcinomas with a so called serrated morphology.26-30 More recent cross-sectional 
association studies also showed a strong and independent association between large 
(>1 cm) serrated polyps and synchronous advanced CRC.31,32

Growing evidence suggests that a significance proportion of CRCs arise via the ser-
rated neoplasia pathway.3,4 Since sessile serrated adenomas/polyps are considered to be 
the major precursor lesions of this pathway, adequate detection and removal of these 
lesions seems of utmost importance to further increase the effectiveness of colonos-
copy. However, despite their increasingly recognized importance, little is known about 
their endoscopic appearance. Studies systematically describing the appearance of these 
lesions are scarce, and the role of advanced imaging techniques, like narrow-band imag-
ing, in the real time recognition of these lesions is not well studied. In addition, little is 
known about the epidemiology. The first part of this thesis focusses on the epidemiol-
ogy and endoscopic appearance of sessile serrated adenomas/polyps.

Serrated polyposis syndrome

Patients with serrated polyposis syndrome (SPS) harbour multiple serrated polyps af-
fecting the entire large intestine. In contrast with most other polyposis syndromes, the 
underlying genetic defect of the disease is unknown. The diagnosis of SPS is therefore 
based on endoscopic findings in combination with histopathologic assessment. In 2010, 
the syndrome has been defined by the World Health Organization as the presence of 
1) at least 5 histologically diagnosed serrated lesions proximal to the sigmoid colon, of 
which 2 larger than 10 mm in diameter, or 2) any number of serrated polyps proximal 
to the sigmoid colon in an individual who has a first-degree relative with SPS or 3) more 
than 20 serrated polyps distributed throughout the colorectum.33 Prior to this revised 
definition in 2010, only hyperplastic polyps were included in the criteria, and the condi-
tion was therefore called hyperplastic polyposis syndrome (HPS).

Besides serrated polyps, conventional adenomas are a common finding in this condi-
tion as well.34,35 The mean age of presentation is in the fifth or sixth decade of life and 
men and women are equally affected.34-36 The prevalence of SPS was recently estimated 
to be 0.3-0.7% among patients undergoing screening colonoscopy based on faecal 
immunochemical testing (FIT).37,38 It should be noted that these reported prevalence fig-
ures are likely underestimates considering that the syndrome is often underdiagnosed 
by endoscopist due to the subtle endoscopic appearance of serrated polyps.39 Even so, 
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the condition is more prevalent than other well-known polyposis syndromes such as 
familial adenomatous polyposis (FAP) and Peutz-Jeghers syndrome.40

Patients with SPS are believed to be at increased for CRC.35,36 Previously published 
case series and cohort studies report CRC at first clinical presentation in up to 50% of 
SPS patients.41-45 Moreover, several retrospective studies showed that these patients 
may develop advanced neoplasia under endoscopic surveillance (interval cancers).35,36 
Therefore, in lack of prospective studies, several expert groups advise close endoscopic 
surveillance for early detection of polyps and prevention of CRC. Amongst them, the US 
Multi-Society Task Force on Colorectal Cancer and the European Society of Gastrointes-
tinal Endoscopy (ESGE) recently recommended a 1-year surveillance interval for these 
patients with removal of all polyps ≥ 5 mm.46,47

Although most SPS cases seem non-familial, presence of the disease in multiple 
family members has been described in previous reports.48,49 In addition, first-degree 
relatives of patients diagnosed with the syndrome have an increased risk of developing 
CRC. Case series report that up to 50% of patients with SPS have a first-degree relative 
with CRC.42,44,50 Moreover, cohort studies have demonstrated an approximately fivefold 
increased incidence of colorectal cancer in first-degree family members of patients with 
SPS compared with the general population.51,52 For this reason, most authorities advise 
surveillance colonoscopies every 5 or 6 years for all first-degree relatives starting at age 
35-50 years. The second part of this thesis focuses on the endoscopic treatment and 
surveillance of patients with SPS and screening of their first-degree relatives.

OuTLINE OF ThIS ThESIS

Part I serrated polyps

Chapter 2 describes the prevalence of the different serrated polyp subtypes in individu-
als who undergo a single screening colonoscopy. Although postpolypectomy serrated 
polyp surveillance recommendations were recently incorporated into formal guidelines, 
the epidemiology of these lesions is poorly understood. Insight into accurate preva-
lence rates, as provided in this chapter, is of utmost importance for the development of 
evidence based guidelines and detection standards. In chapter 3 we aimed to describe 
novel endoscopic features of sessile serrated adenomas/polyps. These lesions are easily 
missed because of their flat shape and unremarkable colour. A detailed description of 
the endoscopic appearance of these lesions, as provided in this chapter, may improve 
the recognition and detection of these lesions.
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Part II serrated polyposis syndrome

Patients with SPS are advised to undergo regular endoscopic surveillance for early 
detection of polyps and prevention of CRC. However, the optimal treatment approach 
with regard to surveillance intervals and polypectomy protocol is still largely unknown. 
In chapter 4 we prospectively evaluated a standardized endoscopic surveillance and 
polypectomy protocol in a consecutive cohort of SPS patient undergoing annual endo-
scopic surveillance performed by dedicated and experienced endoscopists. The results 
of this study add substantially to our understanding of the longitudinal CRC risk of 
patients with SPS who undergo strict endoscopic surveillance. In chapter 5 we assessed 
the use of narrow-band imaging for the detection of polyps in patients with SPS. Data 
suggest that some patients with SPS, even if they undergo endoscopic surveillance, 
still develop advanced neoplasia. These so-called interval cancers may originate from 
lesions that are not detected with conventional colonoscopy techniques. Narrow-band 
imaging is an advanced imaging technique. By use of light of a shorter wavelength the 
mucosal pit pattern and microvasculature of lesions are highlighted which may improve 
visualization of polyps. Chapter 6 evaluates the yield of single screening colonoscopy 
in first degree relatives of patients with SPS. In chapter 7 we compared the prevalence 
of extracolonic cancers in patients with SPS and their first-degree with the background 
prevalence of these cancers in the general population.
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