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SuMMARY

Colorectal cancer (CRC) is heterogeneous disease arising via multiple distinct pathways. 
One of these pathways is the serrated neoplasia pathway, which encompasses the ma-
lignant transformation of serrated polyps into CRC. It is now increasingly recognized that 
a substantial proportion of CRCs arises via this pathway and there are reasons to believe 
that the serrated neoplasia pathway may be responsible for a disproportional number 
of interval cancers. The research reported in this thesis focuses on the epidemiology and 
endoscopic appearance of serrated polyps, as well as, on the treatment and surveillance 
of patients with serrated polyposis syndrome and their relatives.

Part I serrated polyps

Despite the increasingly recognized importance of serrated polyps, little is known about 
their epidemiology. Chapter 2 describes the estimated prevalence rates and clinical 
characteristics of the different serrated polyp subtypes in a large cohort of individuals, 
aged 50-75 years, undergoing primary screening colonoscopy. The prevalence of hy-
perplastic polyps, sessile serrated adenomas/polyps and traditional serrated adenomas 
in this group was 24%, 4.8% and 0.1%, respectively. Sessile serrated adenomas/polyps 
comprised 7% of all polyps. These findings suggest that sessile serrated adenomas/
polyps are frequently encountered in routine screening colonoscopies. Endoscopists 
should therefore be well aware of the clinical impact of these lesions and sufficiently 
trained to detect and completely remove them.

Sessile serrated adenomas/polyps are considered to be the most important type of 
precursor lesions of the serrated neoplasia pathway. These lesions are susceptible for 
being easily overlooked due to their flat morphology and unremarkable color. More-
over, given the morphological similarity with hyperplastic polyps, it seems likely that 
a proportion of sessile serrated adenomas/polyps are left in situ because they are mis-
interpreted by endoscopists as being clinical irrelevant hyperplastic polyps. The study 
described in chapter 3 aimed to identify novel endoscopic features of sessile serrated 
adenomas/polyps. Images of white light endoscopy and narrow-band imaging of a total 
of 150 polyps, including 50 sessile serrated adenomas/polyps, were systematically as-
sessed by 5 international experts using various endoscopic descriptors. We concluded 
that sessile serrated adenomas/polyps possess specific endoscopic features compared 
to hyperplastic polyps. The presence of a cloud-like surface, indistinctive borders, irregular 
shape and dark spots inside the crypts all appeared independent endoscopic features 
associated with sessile serrated adenomas/polyps and these features might aid endos-
copists in recognizing and differentiating these lesions from innocuous hyperplastic 
polyps.
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Part II serrated polyposis syndrome

Serrated polyposis syndrome (SPS) is associated with an increased CRC risk. Studies have 
shown a that subset of patients with SPS develop CRC under endoscopic surveillance 
(interval cancers). Close endoscopic surveillance to prevent malignant progression of 
polyps has therefore been advised by several expert groups. However, due to a lack of 
prospective data, the optimal treatment approach with regard to surveillance intervals 
and removal of polyps is still largely unknown. As a consequence, patients with SPS 
may still be inadequately treated and consequently be at risk for developing CRC under 
surveillance. Conversely, over-treatment with unnecessary short surveillance intervals 
and removal of possible harmless lesions, which may result in complications, should 
also be avoided. In chapter 4 we prospectively evaluated a standardized endoscopic 
surveillance and polypectomy protocol. We followed a cohort of patients with SPS 
who received annual endoscopic surveillance from January 2007 through December 
2012. All patients underwent clearing colonoscopy with removal of all polyps ≥3 mm. 
After clearance, subsequent follow-up colonoscopies were scheduled annually. Dur-
ing surveillance with a median follow-up time of 3.1 years, CRC was not detected. The 
cumulative risks of detecting CRC, advanced adenomas, or large (≥ 10 mm) serrated 
polyps after 3 surveillance colonoscopies were 0%, 9%, 34%, respectively. A total of 24% 
of patients were referred for preventive surgery because endoscopic treatment was not 
considered feasible. Based on these results we concluded that annual surveillance with 
complete removal of all polyps ≥3 mm with timely referral of selected high-risk patients 
for prophylactic surgery prevents the development of CRC in SPS patients without 
significantly increasing morbidity. Considering the substantial risk of polyp recurrence, 
close endoscopic surveillance seems warranted.

As mentioned before, previous studies have demonstrated that some patients with 
SPS do develop cancer under endoscopic surveillance. These so-called interval cancers 
may originate from lesions that are not detected with conventional colonoscopy tech-
niques. Narrow-band imaging (NBI) is a technique that has been developed to enhance 
the detection of gastrointestinal lesions. By the use of light of a shorter wavelength the 
mucosal pit pattern and microvasculature of lesions are highlighted which may improve 
visualization. The study described in chapter 5 aimed to compare the polyp miss-rates 
of standard white light endoscopy with polyp-miss rates of narrow-band imaging in pa-
tients with SPS. Results of this study indicate that narrow-band imaging has no additional 
value in the detection of polyps compared with the standard technique of white light. We 
therefore do not support the routine use of NBI for polyp detection during endoscopic 
surveillance in patients with SPS. Whether other advanced imaging techniques may 
improve polyp detection is unknown and remains to be determined in future studies.

Although most SPS cases seem non-familial, presence of the disease in multiple fam-
ily members has been described in previous reports. In addition, retrospective cohort 
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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. For this reason, most authorities advise surveillance colonoscopies for first-
degree relatives of patients with SPS. Chapter 6 evaluates the diagnostic yield of single 
screening colonoscopy in first-degree relatives of patients with SPS. Significant polyps 
(defined as an adenoma, traditional serrated adenoma, sessile serrated adenoma/polyp 
or proximal hyperplastic polyp) were found in more than 40% of first-degree relatives. 
Multiple polyps were detected in almost 10% of first-degree relatives. Based on these re-
sults we believe that screening should be offered to all first-degree relatives of patients 
with SPS. Considering the observed early onset of polyps in our series, we advise to start 
surveillance at the age of 35 years or 5 years younger than the lowest age at time of 
diagnosis of SPS reported in the family.

Polyposis syndromes, such as familial adenomatous polyposis, are often associated 
with an expanded extracolonic tumor spectrum. Chapter 7 evaluates the extracolonic 
cancer risks for patients with SPS and their first-degree relatives. Our results show that 
the overall incidence of extracolonic malignancies in SPS patients and their FDRs is not 
increased compared with the general population. Hence, preventive measures, like 
surveillance for extracolonic cancer, are not indicated.

FuTuRE PROSPECTIvES

Part I serrated polyps

Serrated polyps were once thought to have no clinical implications as they were 
regarded as innocuous lesions lacking any malignant potential. A growing body of evi-
dence published over the past several years have challenged this traditional dogma and 
it is now widely recognized that serrated polyps may progress to CRC via the serrated 
neoplasia pathway.

Because of the potential neoplastic progression risk of serrated polyps, current guide-
lines recommend complete removal of all serrated polyps, except for diminutive ser-
rated lesions in the rectosigmoid. Despite these recommendations studies have shown 
that serrated polyp detection rates vary greatly between endoscopists. This difference 
in serrated polyp detection rate might be caused by endoscopists who are not aware 
of the neoplastic progression risk of serrated polyps and therefore do not resect these 
lesions. Increasing the awareness of the malignant potential of serrated polyps among 
endoscopists is therefore a cornerstone for an improved detection of serrated polyps 
that might ultimately help to reduce the occurrence of interval cancers. In addition, 
improved endoscopic recognition of these lesions is also essential. Due to their flat 
morphology and unremarkable color, serrated polyps are easily overlooked. Knowledge 
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and recognition of specific endoscopic characteristics of serrated polyps could attract 
the attention of the endoscopist which may improve their detection rates. The research 
in this thesis demonstrated that sessile serrated adenomas/polyps harbor specific en-
doscopic features. Nonetheless, this concerned an image evaluation study performed 
by experts in the field. To assess whether these features can be used for recognition of 
sessile serrated polyps/adenomas and whether this will improve their detection remains 
to be determined in further validation studies. Also the value of advanced imaging 
techniques, such as chromoendoscopy and autofluorescence imaging, in specifically 
improving the detection of serrated polyps should be investigated in future studies.

Sessile serrated adenomas/polyps are considered to be the principal high risk serrated 
precursor lesion of CRCs arsing via the serrated neoplasia pathway. Adequate recogni-
tion of these high-risk serrated lesions may have several potential advantages. First, 
although one could argue that complete resection is needed for all detected serrated 
polyps, it seems likely that in general practice endoscopists compromise for time, costs 
and risks. Recognition of sessile serrated adenomas/polyps might aid endoscopists in 
selecting a polypectomy technique which more likely results in a complete resection 
(e.g. endoscopic mucosal resection), while a hyperplastic polyp appearing lesion can 
be removed with relatively lower risk techniques (e.g. cold snare polypectomy). Second, 
as mentioned above, current guidelines recommend to leave distal diminutive serrated 
polyps in situ as these polyps are considered as clinically irrelevant hyperplastic lesions 
that do not require treatment. However, the research in this thesis demonstrated that 
almost 10% of all distal diminutive lesions are actually sessile serrated adenomas/polyps 
which would be left in place with this treatment approach. Therefore, an endoscopist 
who opts to leave a distal diminutive serrated appearing lesion in situ should be able to 
adequately differentiate between a hyperplastic polyp and sessile serrated adenoma/
polyp to make a correct decision. Future research should therefore evaluate whether it 
is possible to differentiate between hyperplastic polyps and sessile serrated adenomas/
polyps during real time colonoscopy and should focus on the potential benefits in daily 
clinical practice.

Post-polypectomy surveillance guidelines for adenomas are based on observational 
studies that associate baseline colonoscopy findings to the risk of an advanced adenoma 
at follow up colonoscopy. Until recently, clinical guidelines did not recommend surveil-
lance colonoscopies for individuals with serrated polyps. Several international societies 
have now incorporated postpolypectomy surveillance recommendation for serrated 
polyps into their guidelines. Also the recently updated Dutch post-polypectomy surveil-
lance guideline has incorporated surveillance recommendations for individuals with 
large (≥10mm) serrated polyps. These recommendations are based on the hypothesis 
that patients with serrated polyps, likewise patients with adenomas, have an increased 
metachronous risk for developing colonic neoplasia at follow-up compared with individ-
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uals without polyps. Although these guidelines are recognizing the clinical importance 
of these lesions, it should be noted that these surveillance recommendation are largely 
based on expert opinions without any clear evidence. Currently, a large multinational 
prospective trial (EPOS trial) is designed which will compare different surveillance inter-
vals for patients with adenomas as well as patients with serrated polyps. The long-term 
results of this trial will be of imminent importance to our understanding of the natural 
history of serrated polyps and their potential metachronous cancer risk. Consequently 
this information should be used to establish an evidence based surveillance guideline 
for serrated polyps.

Serrated polyps provide not only challenges for gastroenterologists, also patholo-
gists struggle to differentiate between the several different serrated polyp subtypes. In 
particular the hyperplastic polyp and sessile serrated adenomas/polyp are histologically 
hard to distinguish from each other and the interobserver agreement for the differentia-
tion of serrated polyps among pathologists is only moderate. This may result in incorrect 
surveillance recommendations that could potentially lead to interval cancers. For this 
reason, any intervention that would improve the histological diagnosis of serrated polyp 
subtypes should be fully embraced. An interesting approach would be to use molecular 
markers for the differentiation of serrated polyps. Instead of relying on the interpreta-
tion of pathologists, this would provide a histological diagnosis without a human factor. 
To date, however, a reliable molecular marker has not been identified yet.

Part II serrated polyposis syndrome

SPS is a condition with an increased CRC risk for individuals, which is extended to their 
first-degree relatives. In contrast with most other polyposis syndromes, the underlying 
genetic defect of the disease is still unknown. What we do know is that SPS presents 
with a substantial phenotypic diversity and most experts believe that the syndrome, 
as currently defined by the WHO, represents a group of sub-conditions that are not yet 
further subcategorized. This makes it very difficult to assign a personal CRC risk to indi-
vidual patients and their relatives. The research described in this thesis has shown that a 
subset of patients develop multiple recurrent serrated polyps and advanced adenomas 
while other patients may only develop a few small polyps during their subsequent 
surveillance colonoscopies. It is a future challenge to investigate whether it is possible 
to separate this high-risk subset of SPS patients from the ones with a minimal future risk 
of colonic neoplasia. For this reason, we believe it is important to centralize the manage-
ment of patients with SPS in institutions with experience in this field to ensure optimal 
treatment, follow up and scientific research. Ultimately, it would be ideal to identify the 
genetic basis and penetrance of the disease. We would then hopefully be able to assign 
individual advanced neoplasia risks for patients with different phenotypes of SPS, allow-
ing for a more tailored endoscopic management with regard to surveillance intervals, 
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polyp removal and consideration of preventive surgery. Until then, prospective screen-
ing studies should be performed to provide us with data to establish a safe and efficient 
surveillance protocol. The research in this thesis has shown that all patients with SPS 
undergoing annual surveillance with removal of polyps ≥3 mm have a very low risk of 
developing CRC. The next step will be to investigate whether we can safely extend the 
surveillance interval in certain subgroups to 2 years. In addition, future studies should 
evaluate the safety of leaving polyps smaller than 6mm in situ as this would certainly 
decrease the workload of the endoscopists and also avoid over-treatment.


