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GENERAL INTRODUCTION 
 
Colorectal cancer causes 

Colorectal cancer (CRC) ranks as the second most common 

cause of cancer-related death in the western world.1 In general, CRC 

can be subdivided into sporadic and familial cases. The overall 

majority of individuals with CRC (~80%) are sporadic cases, lacking 

any indication of an underlying inherited disorder. Approximately 20% 

of cases are attributable to a familial (hereditary) disorder. However, in 

only 5% of these patients the causative genetic defect is identified 

such as in familial adenomatous polyposis syndrome (FAP), Lynch 

syndrome or other rare CRC syndromes such as MUTYH-associated 

polyposis (MAP), Peutz-Jeghers and  juvenile polyposis (figure 1). 

Recently a relatively new condition, called hyperplastic polyposis 

syndrome (HPS), has been identified which is characterised by the 

presence of multiple colorectal serrated polyps. This presumed 

hereditary condition, has been shown to harbour a significantly 

increased CRC risk.2-6  

Although rare, the above mentioned hereditary disorders have 

proven to be important models to study colorectal carcinogenesis in 

general and based on these models major advances have occurred 

regarding our understanding of the molecular events leading to CRC 

and which potential pathways involving different polyp types are 

implicated. 

 

 

C
h
a
p
te

r 
1
 



Chapter I 

 12 

 

Figure 1. Causes of colorectal cancer 

 

 

Histological polyp types 

Traditionally, colorectal polyps were divided in to two separate groups, 

the adenoma which can be divided into tubular, tubulovillous and 

villous subtypes7, and the hyperplastic polyp (HP), which displays 

serration in the upper one-half to one-third of the crypt.8 Adenomas 

have long been known to represent neoplastic precursor lesions of 

most CRCs, especially those adenomas harbouring a villous 

component. HPs on the other hand, which constitute the most common 

occurring serrated polyps, were regarded until recently as innocuous 

lesions lacking any premalignant potential. Untill very recently, clinical 

guidelines did not recommend surveillance colonoscopies for 

individuals with HPs because the associated CRC risk was not 

believed to be higher than the risk in individuals without polyps.9  
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Recent morphological reappraisals of polyps revealed however that 

serrated polyps can be further subdivided into different histological 

entities with possibly different premalignant potential.  

 

Hyperplastic polyps (HPs) 

Colorectal HPs are typically diminutive polyps (<5mm in diameter) 

which have a predilection for the sigmoid colon and rectum although 

larger sized HPs with a proximal localization have also been 

described.10 Besides being generally small these lesions are often flat 

or sessile in shape, unremarkable in colour and often covered with 

mucus.11, 12 Serration, which is caused by infolding of the crypt 

epithelium leading to a saw-toothed appearance in longitudinal section 

and a star-shaped appearance on cross-section, is limited to the upper 

half to one-third of the crypt. Crypts are generally narrow and straight, 

with a normal distribution of the proliferative zone in the base of the 

crypts.8 HPs can be further subdivided into microvesicular, goblet cell-

rich and mucin-poor subtypes on the basis of mucin content of the 

epithelial cells although the reproducibility hereof among pathologists 

is doubtful and the clinical relevance questionable. 

 

Sessile serrated lesion (SSL) 

Torlakovic and Snover identified a new hyperplastic polyp variant, 

formerly known as the sessile serrated adenoma.8, 13 These polyps are 

currently referred to as sessile serrated lesions.109 These authors 

showed that a subset of lesions that were originally diagnosed as HPs 

in patients with Hyperplastic polyposis syndrome demonstrated a 

different morphology with abnormal proliferation and concluded that 

these SSLs were distinct lesions which should be differentiated from 

HPs. SSLs are defined by predominantly architectural distortion with 
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irregular dilated crypts, including dilatation of the base of the crypts 

that often have a boot, L or inverted T shape. Serration can also be 

identified at the base of the crypts as well as abnormal proliferation 

and maturation with mature goblet or foveolar cells.14 Cytological 

dysplasia is not usually demonstrated. However, if an area of dysplasia 

is present, this should be specified. In contrast, HPs have narrow crypt 

bases and serration is restricted to the upper half of the crypt.  

Previous studies have shown that SSLs and HPs are 

histologically hard to distinguish, leading to confusion with regard to 

categorization of these serrated polyps. Indeed, it has recently been 

shown that at re-evaluation the interobserver agreement for the 

differentiation of serrated polyps remains only moderate.13, 15-17 

Molecular analysis for the differentiation of these serrated polyps has 

thus far shown that right-sided SSLs have increased MLH-1 and p16 

methylation compared to left-sided SSLs and HPs.18 Some studies 

have also shown that SSLs are more often BRAF mutated than HPs.11, 

19 Nevertheless, unambiguous molecular differentiation between these 

two lesions has as yet not been achieved.    

 

Traditional serrated adenoma (TSA) 

Longacre & Fenoglio Preiser, in a large polyp survey, re-evaluated a 

group of polyps displaying mixed histological features of both 

hyperplastic and adenomatous polyps. Rather than representing mixed 

tumors, these lesions were considered to be adenomas with a serrated 

configuration similar to HPs and were thus coined serrated adenomas 

(currently named traditional serrated adenomas).20 Criteria for TSAs 

include a pedunculated polyp shape with elongated villiform 

projections uniformly lined with atypical cells having elongated nuclei 

and eosinophilic cytoplasm.8, 21, 22 In the mentioned survey, TSAs 
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represented less than 1% of all colorectal polyps. Before re-evaluation, 

approximately one third of these TSAs were originally diagnosed as 

HP, one third as conventional adenoma and one third as intermediate 

lesions. This variability underlines the difficulty in diagnosing these rare 

lesions. TSAs are distinguishable from SSLs by their uniform 

population of abnormal epithelial cells as well as their pedunculated 

shape rather than sessile. 

 

Colorectal carcinogenesis 

CRC pathways  

Notwithstanding this re-classification of serrated polyps, 

conventional adenomas are considered to be the main lesions with an 

undisputable premalignant potential. Clear histological evidence that 

CRCs develop from adenomas was first established in 1975 by Muto 

et al. which was further genetically described by Vogelstein et al. who 

demonstrated in FAP patients that the adenoma-carcinoma sequence 

is caused by aberrant activation of the Wnt signalling pathway.23, 24 

This multi-step process of carcinogenesis is characterised by an initial, 

bi-allelic inactivation of the adenomatous polyposis coli gene (APC) 

followed by accumulation of genetic mutations in key oncogenes and 

tumor-suppressor genes including KRAS, DCC and p53. These 

events, in conjunction with associated chromosomal instability (CIN), 

result in adenoma initiation and progression to CRC.  

Subsequently, an alternative molecular pathway to CRC, the 

microsatellite instability pathway, was discovered in patients with 

Lynch syndrome.25 This pathway is initiated by deletion or inactivation 

of one of the mismatch repair genes (MLH-1, MSH-2, MSH-6 or PMS-

2). This causes defective repair of replication errors in repetitive DNA 

sequences which are most clearly demonstrated in so called 
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microsatellite regions throughout the genome.26 Microsatellite regions 

are abundant in non-encoding regions but are also present in encoding 

regions of growth regulatory genes like tumor suppressor genes such 

as TGFßRII, IGF2R and BAX. Alterations in such regions may then 

cause inactivation of these genes and subsequent CRC formation with 

microsatellite instability (MSI).27-29 MSI-CRCs can be the result of an 

inherited germline defect of a mismatch-repair gene, as a part of Lynch 

syndrome in 3% of all CRC cases, but can also be caused by a 

somatic deletion or inactivation of a mismatch repair gene in up to 15% 

of the sporadic CRCs (figure 1).30, 31  

 

Alternative pathway to MSI CRC? 

Both CRCs with CIN and CRCs with MSI from patients with Lynch 

syndrome have been shown to harbour predominantly APC, KRAS 

and P53 mutations.25, 32-36 In contrast, sporadic MSI CRCs infrequently 

harbour these mutations which are typically found in conventional 

adenomas.37-39 Instead, sporadic MSI CRCs are shown to have high 

levels of mutations in the BRAF oncogene and extensive CPG- island 

methylation of multiple genes (CIMP) including MLH-1, 40-44 which are 

rare findings in sporadic adenomas34, 41, 43, 45, 46 but are commonly seen 

in serrated polyps.11, 41, 45, 47 The association between serrated polyps 

and specifically sporadic MSI-H CRCs is further emphasised by the 

infrequent presence of BRAF mutations and CIMP in Lynch syndrome 

MSI-H CRCs.42, 48 These findings suggested that serrated polyps, 

instead of conventional adenomas, could represent precursor lesions 

of sporadic MSI CRCs. 

In parallel, clinicohistological evidence arose that serrated 

polyps may also play a role in colorectal carcinogenesis. These reports 

involve both sporadic HPs and HPs in the context of hyperplastic 
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polyposis syndrome and comprise CRCs in close vicinity of large 

hyperplastic polyps49, 50; CRCs identified in mixed hyperplastic and 

adenomatous polyps51;  increased incidence of HPs and serrated 

adenomas in patients with sporadic microsatellite-unstable CRCs52-54; 

and a high prevalence of CRC in HPS patients13, 50, 55-57. More recent 

cross-sectional association studies also showed a strong and 

independent association between large (>1cm) sporadic serrated 

polyps, i.e. HPs, SSLs and/or TSAs and synchronous advanced 

CRC.58, 59 In another study, 5.8% of CRCs were found to have an 

adjacent “serrated adenoma” which were more commonly MSI (38%) 

than in CRCs without an adjacent serrated adenoma (11%).53 

Currently however, proof of the existence of a serrated CRC pathway 

data on the natural history of serrated polyps are lacking. Therefore, 

the appropriate management of serrated polyps is unclear.  

 

Serrated neoplasia pathway: proposed sequence of molecular events 

  While a single activating point mutation in BRAF (V600E) is an 

oncogenetic hit in the mitogen-activated protein kinase (MAPK) 

pathway resulting in augmented cell proliferation, survival and 

inhibition of apoptosis, epigenetic alterations like CPG-island 

methylation, in which the DNA sequence remains unaltered, can cause 

inactivation of genes. CPG-islands are seen in approximately 50% of 

human genes and consist of dense clusters of cytosine-guanosine 

dinucleotides (CpG) that are susceptible to methylation of the cytosine 

base resulting in gene silencing. Within the context of CRC, CPG-

island methylation can cause transcriptional repression of tumor 

suppressor genes, like MLH1 in sporadic MSI CRCs.60-63  Despite their 

different mechanisms of tumor development, BRAF mutations and 

CIMP have been shown to be strongly associated in CRC, with an 
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odds ratio of 203.64 This strong association between BRAF and CIMP 

might be explained by the fact that mutations in the BRAF oncogene 

alone induce an initial burst of proliferation followed by cell 

senescence.64 Cell senescence is regulated by genes such as p16 and 

p53 which can restrain the initially induced cell proliferation.65, 66 

Further development to CRC may then be dependent on silencing of 

these regulatory genes so that a stable senescent state is overcome. It 

has thus been proposed that BRAF-mutant HPs may only progress to 

CRC, possibly via SSLs, after a second molecular change such as 

methylation-induced silencing of p16.67, 68 Interestingly, in a previous 

study, analyzing the molecular differences between HPs and SSLs, it 

was shown that p16 was significantly more methylated in SSLs than in 

HPs, supporting the supposition that SSLs represent more advanced 

lesions.18 Similarly, IGFBP7, a mediator of P53-induced senescence 

has been shown to be methylated and silenced in BRAF mutated 

CRCs.69, 70  Thus, it seems that the serrated pathway involves a 

necessary multi-step process of genetic and epigenetic changes to 

CRC. 

Polyposis syndromes such as FAP and MAP are valuable 

models for analyzing the molecular mechanisms of the adenoma-

carcinoma sequence due to the multitude of conventional adenomas 

and coincident CRC in these patients. Similarly, HPS patients who 

harbour multiple serrated polyps and have been shown to have 

concurrent CRC in up to 50% of cases at clinical presentation3, 5, 6, 26, 51, 

71-74, may provide a “scientific workbench” for further analysis of the 

genetic sequence of events in the serrated neoplasia pathway. 
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Hyperplastic polyposis syndrome (HPS) 

HPS is characterized by the presence of multiple serrated polyps 

spread throughout the colorectum and has been defined by the World 

Health Organization as the presence of at least five histologically 

diagnosed HPs proximal to the sigmoid colon, of which 2 larger than 

10mm in diameter, or more than 30 HPs distributed throughout the 

colon.2 However, besides multiple HPs, SSLs and traditional 

adenomas are common findings in this condition as well. HPs and 

SSLs, both displaying a serrated phenotype, have been shown to be 

histologically very similar and difficult to differentiate microscopically 

with only moderate concordance.16-18, 75 Consequently, originally 

diagnosed HPs may represent SSLs and vice versa. It was therefore 

recently decided to rename the condition ‘serrated polyposis 

syndrome’ or SPS, with inclusion of all serrated polyp subtypes.76 

From a practical perspective, considering that most articles in this 

thesis were published before this new definition was implemented, the 

term hyperplastic polyposis syndrome (HPS) will be used throughout 

this thesis. 

From a clinical viewpoint, a further reclassification of HPS may 

be beneficial to identify subtypes that have a higher risk of CRC 

development. For example, it is assumable that HPS patients with a 

higher number of polyps or larger polyps also have a higher CRC risk. 

Also from an etiological viewpoint reclassification of HPS seems 

prudent. The heterogeneous phenotype of HPS such as (i) the 

presence of different polyp histologies and (ii) difference in polyp 

localization and (iii) number of polyps, suggests that HPS represents 

separate genetic conditions. Also molecular differences are found 

between HPS phenotypes, such as more CPG-island methylation in 
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right-sided serrated polyps as compared to left-sided serrated polyps, 

however these differences are not distinctive.  

Concerning the prevalence of HPS in the general population, a 

previous screening sigmoidoscopy study in asymptomatic people aged 

55 to 64 years estimated the prevalence to be 1:3000.77 However, in 

this screening study only the rectosigmoid was investigated without 

visualization of the remaining proximal colon. In addition, considering 

that HPs are often diminutive in size, flat in shape and unremarkable in 

colour, it is also possible that polyps were left undetected. This 

suggests that the actual prevalence of HPS is probably higher than 

currently estimated and in any case more frequent in occurrence than 

other polyposis syndromes such as FAP (1:13.000).78 Concordantly, a 

recent large prospective colonoscopy screening study involving 50.148 

asymptomatic volunteers in Poland revealed 28 HPS patients leading 

to an estimated incidence of 1:1800.79 

 

HPS and CRC risk  

HPS is associated with an increased CRC-risk. Previously published 

case series report CRC at clinical presentation in up to 50% of HPS 

patients.3, 5, 6, 26, 51, 71-74 However, because these findings could also be 

interpreted as two-co-existent unrelated abnormalities, a causal 

relationship between HPS and the development of CRC can not by 

default be made but does seem presumable. Ideally, a large cohort of 

asymptomatic HPS patients, derived from a population based 

colonoscopy screening study, that is subsequently surveyed for 

multiple years would be useful to adequately determine the risk of 

CRC in these patients. Until such a study is performed, clinical 

evidence for an increased CRC risk after HPS diagnosis is thus far 

based on cohort studies with associated ascertainment bias. One such 
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study describes a case series of 13 HPS patients who were 

prospectively followed and who received regular endoscopies. Three 

of 13 (23%) patients developed CRC during follow-up, suggesting that 

patients with HPS have an increased risk of malignant progression of 

serrated polyps.5 Molecular supporting evidence include studies 

showing a higher number of BRAF mutations and CIMP in serrated 

polyps of HPS patients compared to sporadic serrated polyps.41, 80, 81 

Moreover, HPS patients have far more serrated polyps than people in 

the general population.  

Nevertheless, considering that conventional adenomas, which 

are traditionally considered premalignant polyps, are also common in 

HPS, these polyps and the associated Wnt-pathway can not be 

disregarded. Thus, based on the mixture of different precursor lesion 

types, HPS patients represent a unique model to evaluate which CRC 

pathways play a role in HPS and consequently which polyps are 

clinically relevant and to obtain new evidence supporting the existence 

of a serrated CRC pathway in humans.  

 

Endoscopic diagnostics of HPS 

Considering the presumed increased risk of malignant progression of 

polyps in HPS, detection and removal of polyps seems necessary to 

prevent CRC development in these patients. In HPS patients however, 

serrated polyps, which are the overall majority, are generally small, flat 

in shape and unremarkable in colour.82-84 These features are 

associated with polyp miss-rates of up to 26% using standard 

colonoscopy.85-87 Improved detection of these polyps seems therefore 

desirable which can be achieved by improving bowel preparation; 

clearing of fluid and debris; implementing a minimally accepted 

withdrawal time of 6 minutes; visualizing the proximal sides of folds, 
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flexures, and valves; and adequate colon distension.88-92 In addition, 

chromoendoscopy has been shown to improve the detection of small 

and flat lesions, specifically HPs, in patients undergoing surveillance 

colonoscopy.86, 87, 93-95  Novel advanced endoscopic techniques, such 

as narrow-band imaging (NBI) may also be an attractive alternative to 

improve the detection of polyps in HPS. In contrast with 

chromoendoscopy, which is a labour-intensive and time-consuming 

technique, NBI (‘electronic chromoendoscopy’) is an easier push-of-a-

button technique that enhances mucosal and vascular detail without 

the use of dyes. It has proven to be superior to high-resolution 

endoscopy (HRE) for the detection of sporadic HPs but has not been 

evaluated in HPS.96, 97  

In addition, although removal of all larger polyps seems 

necessary in any case, accurate differentiation of diminutive polyps 

may aid the endoscopist in only removing advanced lesions (e.g. 

conventional adenomas, SSLs and TSAs) and leaving ‘innocuous’ 

HPs, which display relatively lower levels of BRAF mutations and 

CIMP, in situ.11, 16, 18, 19 Since HPS patients have many diminutive 

polyps, this may save time and considerably prevent complications 

from unnecessary polypectomies of HPs.3 Whereas chromoendoscopy 

and NBI may also aid in the differentiation of HPs and adenomas, it is 

unknown whether differentiation between HPs and SSLs is possible as 

well.3, 98-101 Finally, autofluorescence imaging (AFI), which facilitates 

differentiation of adenomas from non-adenomatous polyps based on 

different fluorescence emission spectra102-104, may also be of value for 

the differentiation of polyps in HPS. 
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Treatment of HPS 

Due to this risk of malignant transformation of polyps, HPS patients are 

either advised to undergo endoscopic surveillance with removal of 

polyps or a surgical colonic resection. Recent expert opinions 

recommend surveillance intervals ranging from one to three years. 

Concerning the removal of polyps, advice varies from removal of only 

proximally located polyps to complete removal of all polyps >5mm.3, 105 

As a consequence, lack of clarity exists regarding the recommended 

surveillance interval and which polyps should be removed. Therefore it 

seems possible that a proportion of HPS patients may be insufficiently 

treated and consequently be at risk of developing CRC under 

surveillance (interval CRC). Conversely, over-treatment with 

unnecessary removal of possibly harmless lesions which may result in 

complications should also be avoided. 

 

Familial risk 

As opposed to FAP which has an autosomal dominant inheritance 

pattern, in HPS the mode of inheritance is yet unknown. However, 

although no genetic substrate has yet been identified, families have 

previously been reported from which both an autosomal recessive and 

autosomal dominant inheritance could be considered.3, 73, 106, 107 For 

this reason, screening colonoscopies of first-degree relatives is 

currently advised by some authorities.3, 108  

The possible increased risk of developing CRC for first-degree 

relatives is however unclear. In first-degree relatives CRC has been 

reported, ranging in frequency from 0 to 50%.3, 4 In one retrospective 

case series the incidence of polyps and CRC in first degree relatives 

was studied.107 Of 17 first degree relatives who underwent screening 

colonoscopy, 10/17 (59%) had polyps. In three patients HPs were 
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detected, predominantly in the rectum and one patient (6%) was 

diagnosed with HPS. This patient had multiple concomitant adenomas 

as well. In the other 6 patients adenomas were discovered proximal to 

the sigmoid colon. Of these patients, seven were under the age of 45 

and the youngest was 32 years of age. No carcinoma was found. 

However, these data were not prospectively acquired and instead of 

performing a screening colonoscopy on all first-degree relatives of 

patients with HPS, screening was primarily performed because of CRC 

occurrence in the index-patient or because of an established family 

history of CRC. To make an adequate estimate of the incidence of 

polyps and HPS in first-degree relatives and the CRC-risk in this group 

due to HPS, prospective screening of larger series of first-degree 

relatives should be performed.  
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OUTLINE OF THE THESIS 
 
 
The foundation of this research project was laid at the endoscopy unit 
and out-patient clinic of the Academic Medical Center where an 
increasing number of patients with hyperplastic polyposis syndrome 
(HPS) have been diagnosed. HPS is characterized by the presence of 
multiple colorectal hyperplastic polyps which are traditionally 
considered to be benign lesions. The surprisingly common occurrence 
of colorectal cancer (CRC) in these patients prompted further research 
in to the clinical and molecular characteristics of HPS patients and the 
associated endoscopic management. 
 
Part I: Clinical analyses – Colorectal cancer risk 
 
The first part of the thesis focuses on the clinicopathological features 
of HPS patients and their first-degree relatives. Previously published 
case series report CRC at clinical presentation in up to 50% of HPS 
patients. Chapter 2 evaluates the risk of developing CRC after HPS 
diagnosis and which variables are associated with CRC in a large 
multi-centre cohort of HPS patients undergoing endoscopic 
surveillance. In chapter 3 the prevalence of polyps and CRC in first-
degree relatives is described and compared with the background 
prevalence in the general population. 
 
Part II: Molecular analyses – Etiology and colorectal cancer 
pathways 
 
Although an underlying genetic disorder seems likely, thus far no 
genetic causes of HPS have been identified. However, previous case 
series of patients with a known genetic disorder have reported 
individuals with multiple serrated polyps. In chapter 4 and 5 we aimed 
to molecularly analyze whether serrated polyps identified in the setting 
of MYH-associated polyposis and Lynch syndrome are causally related 
to these respective disorders.  
 
Besides hyperplastic polyps (HPs), sessile serrated lesions (SSLs) and 
conventional adenomas are also common findings in HPS. Due to this 
heterogeneity, it is unknown which polyps eventually lead to CRC in 
HPS and thus are clinically relevant. In chapter 6 we aimed to analyze 
which polyps lead to CRC in HPS patients by performing combined 
immunohistological and molecular analyses. 
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Part III: Endoscopic imaging – Detection and differentiation of 
polyps 
 
Considering the presumed increased risk of malignant progression of 
polyps in HPS, detection and removal of polyps seems necessary to 
prevent CRC development in these patients. Besides following general 
quality guidelines of colonoscopy, novel advanced endoscopic 
techniques, such as narrow-band imaging (NBI) may improve the 
detection of polyps in HPS. Chapter 7 involves a randomized cross-
over study comparing NBI and high-resolution endoscopy with regard 
to their miss-rates of polyps. In addition to improved detection of 
polyps in HPS, accurate differentiation of HPs and SSLs, which appear 
endoscopically very similar, may aid the endoscopist in only removing 
SSLs and leaving HPs, which display comparatively lower levels of 
genetic mutations, in situ. In chapter 8 we evaluated high resolution 
white-light endoscopy, NBI and autofluorescence imaging for the 
endoscopic differentiation of polyps in HPS. 
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ABSTRACT 

 

Background and aims: Patients with hyperplastic polyposis syndrome 

(HPS) receive endoscopic surveillance to prevent malignant 

progression of polyps. However, the optimal treatment and 

surveillance protocol for these patients is unknown. The aim of this 

study was to describe the clinical and pathological features of a large 

HPS cohort during multiple years of endoscopic surveillance. Methods: 

Databases were searched for HPS patients who were retrospectively 

analysed. Endoscopy reports and histopathology reports were 

collected to evaluate frequency of endoscopic surveillance and to 

obtain information regarding polyp and CRC presence. Results: In 77 

HPS patients, 1984 polyps were identified during a mean follow-up 

period of 5.6 years (range:0.5-26.6). In 27(35%) patients CRC was 

detected of which 22(28.5%) at initial endoscopy. CRC was detected 

during surveillance in five patients (cumulative incidence: 6.5%) after a 

median follow-up time of 1.3 years and a median interval of 11 months. 

Of these interval CRCs, 4/5 were detected in diminutive serrated 

polyps (range: 4-16mm). The cumulative risk of CRC under 

surveillance was 7% at five years. At multivariate logistic regression, 

an increasing number of hyperplastic polyps (odds ratio:1.05, p=0.013) 

and serrated adenomas (odds ratio:1.09, p=0.048) was significantly 

associated with CRC presence. Conclusions: HPS patients undergoing 

endoscopic surveillance have an increased CRC risk. The number of 

serrated polyps is positively correlated with the presence of CRC in 

HPS, thus supporting a ‘serrated pathway’ to CRC. To prevent 

malignant progression, adequate detection and removal of all polyps 

seems advisable. If this is not feasible, surgical resection should be 

considered. 
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INTRODUCTION 

Colorectal cancer (CRC) ranks as the third most common 

cause of cancer related death in the western world.1 A well known 

mechanism describing CRC development is the adenoma-carcinoma 

sequence which in the majority of cases is initiated by activation of the 

Wnt signalling pathway.2, 3 Much information regarding this pathway 

has been derived from polyposis syndromes such as familial 

adenomatous polyposis (FAP) and MYH-associated polyposis (MAP). 

In addition to this classical adenoma-carcinoma sequence, a proposed 

“serrated neoplasia pathway”, describes the progression of serrated 

polyps (i.e. hyperplastic polyps, sessile serrated adenomas and 

traditional serrated adenomas) to CRC.4 It is proposed that this 

possible alternative pathway is also associated with hyperplastic 

polyposis syndrome (HPS). There are strong indications that mixed 

pathways also exist in which both conventional adenomas and 

serrated polyps are involved.5  

Clinically, the condition HPS is characterized by the presence 

of multiple hyperplastic polyps (HPs) spread throughout the colorectum 

and is associated with an increased CRC-risk. Indeed, numerous 

patients with CRC and concurrent HPS have been reported.6-12 While 

previously the indicated management of HPS patients was unknown, 

experts presently believe that these patients should undergo regular 

endoscopic surveillance to prevent malignant progression of polyps.7, 13 

However, the optimal treatment and surveillance protocol for HPS 

patients is largely speculative. Therefore it seems possible that a 

proportion of HPS patients may be insufficiently treated and 

consequently be at risk of developing CRC under surveillance (interval 

CRC). 
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 The aim of this study was to describe the clinical and 

pathological features of a large HPS cohort (n=77) during multiple 

years of endoscopic surveillance. Furthermore, we assessed the 

cumulative incidence and incidence rate of CRC during surveillance 

and its association with the interval and frequency of surveillance 

endoscopies. Finally, we analysed possible predictive variables that 

may be associated with the occurrence of CRC in HPS.  

 

 

PATIENTS AND METHODS 

Study population 

Databases of 7 medical centres in the Netherlands were searched for 

patients satisfying the diagnostic criteria of HPS (i.e. at least five 

histologically diagnosed HPs proximal to the sigmoid colon, of which 2 

greater than 10mm in diameter, or more than 20 HPs distributed 

throughout the colon) and undergoing endoscopic surveillance.8, 11 

Owing to the common presence of both HPs and (sessile) serrated 

adenomas (SAs) in HPS and the difficult histological differentiation 

between these two groups, both HPs and SAs were used to fulfil the 

criteria. 14-17 Of these patients, clinical data from May 1982 to June 

2008 were retrospectively analysed. Adherence to the described 

criteria was assessed by analysing endoscopy reports with 

corresponding histopathology reports as well as histopathology reports 

of colonic surgical resection specimens. This study was conducted in 

accordance with the research code of our institutional medical ethical 

committee on human experimentation, as well as in agreement with 

the Helsinki Declaration of 1975, as revised in 1983. Patients with a 

known germline APC mutation or bi-allelic MYH mutation were 

excluded from the study. 
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Clinical characteristics 

Demographic data of patients concerning age, sex and history 

of CRC were ascertained. Endoscopy reports with corresponding 

histopathology reports during follow-up were collected to evaluate the 

duration, interval and frequency of endoscopic surveillance and to 

derive information regarding the, number, size, distribution and 

histology of polyps. If applicable, histopathology reports of surgical 

colonic resection specimens were also used to obtain the above 

mentioned polyp characteristics. Also, if genetic mutation analysis was 

performed, these data were retrieved. 

Polyps were classified as HP, serrated adenoma (SA), mixed 

polyp (MP) or conventional adenoma. Because the distinction between 

sessile serrated adenoma and traditional serrated adenoma had not 

been made throughout the study period by each medical center and 

because they are both considered to be precursor lesions in the 

‘serrated pathway’, the category SAs comprised both types of 

lesions.16 Regarding the number of polyps detected in this study, all 

polyps were tallied once i.e. when a detected polyp was not removed 

during endoscopy this polyp was not re-tallied at subsequent 

endoscopies.  

Information concerning the nature and reason of performed 

colorectal surgery was obtained if applicable. Detailed information 

regarding co-existent CRC and CRC incidence during surveillance was 

examined by evaluating histopathology reports of colectomy resection 

specimens and/or endoscopy reports. An interval CRC was defined as 

a CRC detected after HPS diagnosis after at least two previous 

endoscopies.  
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Statistical analysis 

Statistical analyses were performed by using a statistical 

software package (Statistical Package for the Social Sciences 15.0.1; 

SPSS Inc, Chicago, Ill). The cumulative risk of developing CRC during 

follow-up was analyzed by Kaplan-Meier survival analysis. Observation 

time was measured from date of HPS diagnosis to the incidence of 

carcinoma or end of the study period. Univariate binary logistic 

regression was performed for chosen variables that may be associated 

with the presence of CRC. For multivariate regression analyses, only 

variables which showed an association (p<0.1) on univariate analysis 

were used in a final multivariate model. 

 

RESULTS 

Patients 

Data of 77 HPS patients from the period 1982-2008 were 

retrospectively analysed in this study. Clinical characteristics of 

patients are shown in table 1. The median age at diagnosis of HPS 

was 56 years (range: 40-74). There were 42 males and 35 females. 

Fifty-nine of 77 patients (77%) had >5 proximal HPs (of which 2 were 

larger than 10mm) or >20 HPs spread throughout the colon. The other 

17 patients had >5 proximal HPs/SAs (of which 2 were larger than 

10mm) or >20 HPs/SAs spread throughout the colon. In 52/77 (68%) 

patients, germline APC and MYH-mutation analysis was performed. In 

all cases mutation analysis was negative except for one patient with a 

mono-allelic MYH-mutation (Y165C) who had ≥ 15 adenomas. In all 

patients harbouring ≥ 15 adenomas (n=5) mutation analysis was 

performed. Main reasons for initial presentation were: colorectal polyps 

detected elsewhere (n=23), a positive family history for CRC or 

colorectal polyps (n=16), bloody stools/positive faecal occult blood test/ 
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iron-deficiency anaemia (n=15), altered defecation pattern (n=8), 

abdominal pain with or without altered bowel habits (n=5), polyps 

detected at sigmoidoscopy screening programme (n=4) and personal 

history of CRC (n=3).  

Cumulatively, a median number of 15 HPs per patient were 

found in this cohort. In 47 (61%) patients HPs ≥ 10mm were detected. 

SAs and adenomas were identified in 52% and 69% of patients, 

respectively. CRC was diagnosed in 27 (35%) patients: 22 (28.5%) at 

initial endoscopy and 5 (6.5%) during follow-up. 

A surgical colonic resection was performed in 33/77 (43%) 

patients: 2 total colectomies, 13 subtotal colectomies, 8 hemi-

colectomies (6 left-sided) and 10 (recto)sigmoidal resections. Seven 

patients underwent a surgical resection because of extensive 

polyposis or due to difficult advancement of the endoscope during 

examination resulting in incomplete visualization of the colon. The 

other 26 patients underwent a colonic resection due to CRC diagnosis. 

Consequently, during (a part of) follow-up 44 patients received 

endoscopic surveillance of the intact colon; 17 patients of the 

remaining segment proximal to the rectosigmoid colon; 15 patients of 

the remaining distal colon segment and 2 patients did not receive 

endoscopic surveillance after undergoing a proctocolectomy.  
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The mean follow-up period of patients was 5.6 years (range: 

0.5 – 26.6) and from the point HPS was diagnosed this was 4.0 years 

(range: 0.4 -21.0). During follow-up, the number of surveillance 

endoscopies varied among patients. In the observed time period, 207 

surveillance endoscopies were performed (median 3, range 0-11). One 

patient was diagnosed with HPS based on the surgical resection 

specimen and had not yet undergone surveillance endoscopies. The 

median interval between surveillance endoscopies was 10 months 

(range: 1-96).  

 

Polyps 

Polyp characteristics are outlined in table 1. In this study, 847/1407 

(60%) HPs, 197/302 (65%) SSAs and 165/273 (60%) adenomas were 

detected proximal to the sigmoid colon. The maximum size of HPs and 

SAs was 30mm which were located in the ascending and transverse 

colon, respectively. The largest adenoma detected in this cohort was 

75mm, which was located in the ascending colon. Polyps were 

detected during endoscopy with standard or high-resolution white-light 

endoscopy. Narrow-band imaging was used in 22/294 (7%) 

endoscopies in 22 patients. 

 

CRC 

Of the 77 HPS patients included in this study, 27 (35%) patients had 

CRC (median age 56 years; range 36-75). In 14/27 (52%) of these 

patients, CRC was located proximal to the sigmoid colon. One patient 

had two separate synchronous CRCs, one proximally and one distally 

located.  
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While CRC was diagnosed at initial colonoscopy in the majority 

(22/27) of HPS patients, in five patients (cumulative incidence: 6.5%) 

with a median age of 58 years (range 49-68) CRC was detected during 

surveillance after the diagnosis HPS was made (mean follow-up time 

5.6 yrs) without any prior history of CRC. The median follow-up time in 

this group was 1.3 years (range: 0.4-6.7) with a median of 3 

endoscopies (range: 2-4). Clinical and histological data of these 

patients are summarized in table 2. During a total of 294.6 person 

years of follow-up, this corresponds with a CRC- incidence rate during 

surveillance of 17 per 1000 person-years. In four of the five (80%) 

patients, CRC was detected during a planned endoscopy and was 

located within a HP (3/4) or a SA (1/4) without causing clinical 

symptoms. The median size of these polyps was 10mm (range: 4-

16mm). One patient (patient 2) presented with weight loss and fatigue 

after a surveillance interval of more than 3 years. At endoscopy a large 

CRC was detected. In four of five patients, CRC was located 

proximally to the sigmoid colon. The median interval between 

surveillance endoscopies in patients with an interval CRC was 11 

months (range: 3-43) compared to 10 months (range: 1-96) in HPS 

patients without an interval CRC (ns). The median interval between the 

last surveillance endoscopy and CRC detection in patients with interval 

carcinomas was also 11 months (range: 4-43). The calculated 

cumulative risk of CRC in HPS during surveillance was 7% at five 

years (figure 1). When analysing the cumulative risk separately for 

patients with an intact colon and for patients with a surgical colonic 

resection, the 5-year cumulative risk was 6% and 4% respectively. 
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To analyse an association with CRC in HPS, univariate logistic 

regression was performed for 8 independent variables: age; sex; 

number of HPs; number of SAs; number of adenomas; largest HP; 

largest SA and largest adenoma (table 3). At univariate logistic 

regression, the number of HPs and the number of SAs were 

associated with CRC (p<0.1). At subsequent multivariate logistic 

regression the number of HPs (p=0.013) and the number of SAs 

(p=0.048) were significantly associated with CRC with corresponding 

odds ratios of 1.05 (95%-CI: 1.01-1.10) and 1.09 (95%-CI: 1.00-1.19) 

respectively. 

 

Prognostic variables  
(univariate analysis) 

Odds ratio 95%-CI p-value 

Age (per year) 1.04 0.98-1.11 0.162 

Male sex 0.67 0.26-1.72 0.408 

Number of HPs (per polyp) 1.05 1.01-1.09 0.018* 

Number of SAs ( per polyp) 1.08 0.99-1.17 0.076* 

Number of adenomas (per polyp) 1.01 0.92-1.11 0.870 

Largest HP (per mm) 0.98 0.91-1.06 0.611 

Largest SA (per mm) 1.03 0.97-1.10 0.302 

Largest adenoma (per mm) 0.99 0.96-1.04 0.887 

Prognostic variables 
(multivariate analysis) 

Odds ratio 95%-CI p-value 

Number of HPs (per polyp) 1.05 1.01-1.10 0.013* 

Number of SAs ( per polyp) 1.09 1.00-1.19 0.048* 

 
Table 3. Results of univariate and multivariate logistic regression analysis: 
independent prognostic variables and corresponding odds ratios for the presence of 
colorectal cancer in hyperplastic polyposis syndrome. 
* Statistically significant p-value for univariate analysis: p< 0.1 and for multivariate 
analysis: p< 0.05 
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Figure 1. Cumulative proportion of HPS patients with colorectal cancer during 
surveillance 

 
 

DISCUSSION  

This multicentre cohort study showed that in a total of 27/77 (35%) 

HPS patients, CRC was detected. Interestingly, CRC was detected in 

5/77 (6.5%) patients during surveillance of which four CRCs within a 

diminutive serrated polyp (HP or SA) resulting in a cumulative risk of 

CRC under endoscopic surveillance of 7% in 5 years. This is 

substantial considering that the lifetime risk of developing CRC in the 

general population is estimated to be 6%.18 Of these patients with 

interval CRCs, two CRCs were detected within a year (table 2: 11.4 

and 4.3 months) after the diagnosis HPS was made and after two 

previous endoscopies. The high frequency of endoscopies in a short 

time period suggest that these patients were probably still in an 
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orientating treatment phase when CRC was detected. If surveillance 

was defined as endoscopies performed after HPS diagnosis after at 

least one year follow-up, the cumulative risk under surveillance would 

be 4% at five years.  

Although different management protocols have recently been 

advised, thus far no uniform and adequately substantiated 

management protocol exists for the endoscopic management of HPS 

patients. Consequently, lack of clarity exists regarding the 

recommended surveillance interval and which polyps to remove. 

Recent studies recommend surveillance intervals ranging from one to 

three years and concerning the removal of polyps, advice varies from 

removal of only proximally located polyps to complete removal of all 

polyps >5mm.7, 13 

This absence of a standardized treatment protocol may also be 

associated with the incidence of interval CRCs in this retrospective 

multicentre study dating back to 1982. Possible explanations for the 

incidence of interval CRCs could be that previously an association 

between HPS and CRC was not made or that only proximal and/or 

larger lesions were considered clinically significant, resulting in 

incomplete removal of polyps. Also when considering the relatively 

short median interval between endoscopies (median interval: 

11months), it is likely that the interval CRCs were also present at prior 

surveillance endoscopies but were not removed. This was indeed the 

case for two of five of these patients who underwent incomplete 

removal of all detected polyps during the last surveillance endoscopy 

before CRC diagnosis (table 2: patient 2 and 4), underlining the 

importance of comprehensive polyp removal during surveillance  

Conversely, in three of five patients (patients 1, 3 and 5) all 

detected polyps were biopsied or removed at previous endoscopy. A 
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possible explanation for this contrary finding could be that these CRCs 

originating in serrated polyps were simply missed. This could possibly 

be due to the multiplicity of polyps seen in HPS patients resulting in a 

sub-optimal overview of all colorectal polyps. Alternatively, typical HPs 

and (sessile) serrated adenomas seldom exceed 10mm in size, 

suggesting that most polyps in HPS are diminutive.19-25 It has been 

shown that the miss-rate of polyps <10mm can be as high as 23%.26 

This could explain why these relatively small CRCs originating in 

diminutive serrated polyps were not detected at previous endoscopy.  

Nevertheless, considering their small size and the unknown 

progression rate in HPS, it can not be excluded that these CRCs, 

originating in serrated polyps (4/5) developed since the last 

endoscopy. A previous retrospective polyp study of consecutive 

patients with an average risk for CRC showed that the estimated 

growth rates of HPs and SAs (both sessile- and tradional) compared to 

conventional adenomas were similar or significantly higher.27 

Moreover, a recent case report described the progression of a sessile 

serrated adenoma to carcinoma within 8 months.28 In this respect, it is 

conceivable that in HPS a subset of serrated polyps have an increased 

progression rate leading to CRC. This is an interesting point 

considering that the risk of high grade dysplasia or even invasive 

cancer in diminutive lesions (<10mm) has been shown to be <2%. 29-31 

The finding of CRC within a small serrated polyp in 4/5 (80%) interval 

carcinomas suggests that in HPS small polyps have a greater 

malignant potential than in the general population.  

When considering the management of HPS patients, this study 

suggests that the absence of a clear treatment protocol plays a role in 

the presence of CRCs during surveillance. Considering that CRCs 

detected in this study were as small as 4mm (detected in a HP: patient 
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3), removal of all polyps seems advisable but needs to be 

prospectively assessed. Although these recommendations seem of 

importance in preventing malignant progression in HPS, practical 

difficulties may present when trying to comply with these guidelines in 

a clinical setting. Firstly, besides being small, detection of HPs and 

SAs is also complicated by their predominantly flat shape, 

unremarkable colour and mucus coating which possibly increases 

polyp miss rates.19, 32 Secondly, removal of all detected polyps during 

endoscopic surveillance sessions in HPS patients with a large quantity 

of polyps can be time-consuming and unfeasible, especially when 

endoscopic mucosal resection (EMR) is indicated for predominantly 

flat shaped serrated polyps.  

With regard to polyp detection, previous randomized controlled 

trials demonstrated that chromoendoscopy and narrow-band imaging 

(NBI) increased the detection of HPs.33-38 Although not formally 

investigated, these techniques could in this respect also be of value for 

the detection of serrated polyps in HPS. Concerning polyp removal, 

the multiplicity of polyps and the use of EMR can indeed lead to 

increased duration of endoscopic procedures in HPS patients. In this 

respect, it is important that these endoscopies are performed by 

endoscopists experienced in EMR for complete, prompt and safe polyp 

removal and that allowances are made for sufficient procedure time. 

Annual surveillance by an experienced endoscopist specialized in 

HPS, having advanced imaging techniques available such as 

chromoendoscopy and NBI seems therefore advisable. Alternatively, 

when complete endoscopic removal of all polyps is not feasible, 

surgical colonic resection should seriously be considered since these 

patients have an increased risk of malignant progression of polyps. 
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In this study, at multivariate logistic regression, an increasing 

number of HPs and SAs was significantly associated with CRC 

presence (OR of 1.05 and 1.09 respectively per polyp). In other words, 

the CRC risk will increase by 5% and 9% respectively with each 

additional HP or SA. Concordantly, results from previous literature 

reports strongly suggest that SAs in particular play a role in a ‘serrated 

pathway’ leading to CRC in HPS.19, 39-41 A possible explanation for the 

significant association between HPs and CRC in this study could be 

that HPs and SAs (primarily sessile serrated adenomas) are 

histologically hard to distinguish, leading to incorrect differentiation and 

misdiagnosis of these serrated polyps. Indeed, it has recently been 

shown that even at re-evaluation the interobserver agreement for the 

differentiation of serrated polyps remains only moderate (к=0.55).14, 15, 

42 Nevertheless, the significant association between serrated polyps 

and CRC in this study supports the hypothesis of a ‘serrated pathway’ 

leading to CRC in HPS (figure 2).  

 

 

 

 

 

 
 
 
Figure 2. Endoscopic image of a serrated adenoma (10mm, ascending colon) 
detected in a patient with hyperplastic polyposis syndrome (A). At microscopy a focus 
of adenocarcinoma was seen within the serrated adenoma (B and C). 

 

In conclusion, HPS is associated with an increased personal 

CRC risk, even under endoscopic surveillance. Considering that these 

advanced lesions were detected in polyps as small as 4mm (median: 
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10mm), which were not recognized as such, all polyps in HPS seem at 

risk of representing advanced lesions warranting removal of all polyps. 

However, the miss rate of polyps <10mm (which represents the 

majority of polyps in HPS) has been shown to be as high as 23% with 

standard white-light endoscopy suggesting that a considerable number 

of polyps in HPS are missed. 26 Advanced endoscopic imaging 

techniques such as chromoendoscopy and NBI may in this respect be 

of additional value for the detection of polyps in HPS. Alternatively, if 

endoscopically unfeasible, preventive colonic resection should be 

considered. An increasing number of serrated polyps are associated 

with the presence of CRC in HPS, supporting the theory of a ‘serrated 

pathway’ leading to CRC. Future prospective data from large HPS 

cohorts, undergoing a standardized treatment protocol are required to 

further enhance our knowledge with regard to the rate of polyp 

progression in these patients and to determine the optimal treatment 

and surveillance protocol for these patients. 
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ABSTRACT 
 
Introduction 
Hyperplastic polyposis syndrome (HPS) is characterized by the 
presence of multiple colorectal hyperplastic polyps and is associated 
with an increased colorectal cancer (CRC) risk. For first-degree 
relatives of HPS patients (FDRs) this has not been adequately 
quantified. Reliable evidence concerning the magnitude of a possible 
excess risk is necessary to determine whether preventive measures, 
like screening colonoscopies, in FDRs are justified. 
 
Aims and methods 
We analyzed the incidence rate of CRC in FDRs and compared this 
with the general population through person-year analysis after 
adjustment for demographic characteristics. Population-based 
incidence data from the Eindhoven Cancer Registry during the period 
1970-2006 were used to compare observed numbers of CRC cases in 
FDRs with expected numbers based on the incidence in the general 
population. 
  
Results 
A total of 347 FDRs (41% male) from 57 pedigrees were included, 
contributing 11.053 person-years of follow-up. During the study period, 
a total of 27 CRC cases occurred among FDRs compared to 5 
expected CRC cases (p<0.001). The relative risk of CRC in FDRs 
compared to the general population was 5.4 (95%-CI: 3.7-7.8). Four 
FDRs satisfied the criteria for HPS. Based on the estimated HPS 
prevalence of 1:3000 in the general population the projected relative 
risk of HPS in FDRs was 39 (95%-CI: 13-121).  
 
Conclusions 
FDRs of HPS patients have an increased risk for both CRC and HPS 
compared to the general population. Hence, as long as no genetic 
substrate has been identified, screening colonoscopies for FDRs seem 
justified but this needs to be prospectively evaluated. 
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Introduction 

 

Hyperplastic polyposis syndrome (HPS) is a condition characterized by 

the presence of multiple hyperplastic polyps (HPs) spread throughout 

the colon and is associated with an increased colorectal cancer risk. 1-5 

Because of this increased risk of malignant progression, HPS patients 

undergo endoscopic surveillance with removal of polyps or surgical 

colonic resection. Although an increased CRC risk for these patients 

has been established, it is uncertain whether an increased risk of CRC 

and/or HPS for first-degree relatives (FDRs) exists and consequently 

whether preventive measures, like screening colonoscopies, should be 

performed in this group.  

Although HPS was initially considered to be non-familial, 

previously published case series report that up to 50% of HPS patients 

have a FDR with CRC. 2, 6 In addition, HPS presence has been 

described in multiple family members.2, 3, 7-9 Based on these reports, a 

yet unidentified underlying genetic defect seems to play a role in at 

least some HPS cases.  

Concordantly, previous studies have shown that HPS is caused in a 

small proportion of patients by a germline mutation in the MUTYH 

gene resulting in a phenotype of multiple conventional adenomas and 

serrated polyps.2, 10 However, in the overall majority it is unclear what 

proportion of FDRs are at risk of developing CRC and/or HPS. 

Furthermore, the possible mode of inheritance is unknown. Families 

have been reported previously from which both an autosomal 

recessive and autosomal dominant inheritance could be considered. 

2, 6, 8, 9 Thus, to adequately inform FDRs regarding their risk of CRC 

and/or HPS, reliable evidence concerning the magnitude of this excess 
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risk is necessary. The aim of this study was to estimate the incidence 

rate of CRC and HPS in FDRs of HPS patients and to compare this 

with the general population so as to determine whether preventive 

measures such as screening colonoscopies in this group are justified. 

 

Methods 

Besides HPs, HPS patients often have multiple sessile serrated 

adenomas (SSAs), traditional serrated adenomas and conventional 

adenomas. HPs and SSAs have been shown to be histologically very 

similar and difficult to differentiate microscopically with only moderate 

concordance.11-14 For this reason HPS was defined as at least five 

histologically diagnosed HPs and/or SSAs proximal to the sigmoid 

colon, of which 2 greater than 10mm in diameter, or more than 20 HPs 

and/or SSAs distributed throughout the colon. HPS patients (probands) 

from 4 medical centres in the Netherlands were included when 

satisfying the above mentioned diagnostic criteria for HPS. Of these 

patients, family history data were obtained through face to face- and 

telephone interviews or by examining data from the departments of 

Clinical Genetics. Patients with a known germline APC mutation or bi-

allelic MUTYH mutation were excluded from the study. This study was 

conducted in accordance with the research code of our institutional 

medical ethical committee on human experimentation, as well as in 

agreement with the Helsinki Declaration of 1975, as revised in 1983. 

Risk assessment for CRC was performed by including person-

years at risk for CRC from 1 January 1970 until 1 January 2009 

(censory date). FDRs were considered at risk from birth until date of 

CRC diagnosis, date of death or the censory date. It was presumed 

that from the time the proband developed CRC FDRs would have a 
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higher chance of receiving endoscopic screening for CRC which could 

cause a bias when comparing with the general population. For this 

reason, person-years at risk also ended at the date of CRC diagnosis 

in the proband if applicable.  

Person-years at risk were stratified according to 5-year age 

group, gender and calendar year using SAS software, version 9.1 

(SAS Institute Inc, Cary, NC). Similarly stratified population-based data 

from the Eindhoven Cancer Registry were used to compare the 

incidence of CRC in FDRs with that of the general population.15 The 

expected CRC incidence in FDRs was calculated by applying the age-, 

gender- and calendar-specific incidence rates of the general 

population to the composition and follow-up years of the FDR cohort. 

The observed versus expected number of CRC cases were formally 

compared by calculating a relative risk and 95% confidence interval 

(CI). This relative risk is calculated by taking the ratio of observed to 

expected number of cases and its confidence interval by assuming a 

Poisson distribution of cases. Two-sided P-values <0.05 were 

considered statistically significant. 

 

RESULTS 

First-degree relatives (FDRs) 

In this study a total of 347 FDRs (142 male) from 57 pedigrees were 

included, contributing 11.053 person-years of follow-up (figure 1). The 

median age at end of follow-up was 60 years (interquartile range: 44-

71). These FDRs consisted of 165 (48%) siblings, 100 (35%) parents 

and 82 (17%) children. In total, 27 FDRs, consisting of 14 parents, 12 

siblings and 1 child were excluded because (i) they died before 1 

January 1970 (n=17) or (ii) information regarding that individual was 

unknown (n=10). 
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Figure 1. Flow diagram  

 

Colorectal cancer  

During the study period, a total of 27 (8%) CRC cases occurred among 

FDRs. The median age of CRC occurrence was 62 years (interquartile 

range: 57-78) and 15 (56%) were of the male gender (table 1). The 

relative risk of CRC in FDRs compared to the general population was 

5.4 (95%-CI: 3.7-7.8). One additional CRC case occurred outside the 

study period (before 1970) and was therefore not included. There were 

no excluded CRC cases in FDRs which developed after CRC 

diagnosis in the proband. Of the 27 FDRs with CRC, 4 probands 

developed CRC at a later stage. In total, 16/57 (28%) probands were 

diagnosed with CRC during the study period. 
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    Table 1. Risk analysis of colorectal cancer (CRC) in first-degree relatives 

of HPS patients compared with population-based data from the Eindhoven Cancer 

Registry 

Group Person-

years 

Observed 

CRCs 

Expected  

CRCs 

RR 

(observed/e

xpected) 

95%-CI 

Males 4736 15 2.3 6.5 3.9 -10.8 

Females 6317 12 2.6 4.6 2.6 - 8.0 

Combined 11053 27 5.0 5.4 3.7 -7.8 

 

The difference in CRC risk between men and women within the FDR 

group was not statistically different (RR: 1.9, 95%-CI: 0.9-4.1, Pearson 

Chi-Square test: p=0.089). Also when comparing this between siblings 

(brothers and sisters) and non-siblings (parents and children) within 

the FDR group, no significant difference was seen (RR: 1.0, 95%-CI: 

0.4-2.5, Pearson Chi-Square test: p=0.96). Other malignancies 

recorded in the study period included breast cancer (n=10), gastric 

cancer (n=2), ovarian cancer (n=2) and others (n=12). 

 

Polyps 

Endoscopies were performed in 65/347 (19%) of FDRs. Reasons for 

endoscopy were not recorded. In this group, 35/65 (54%) individuals 

had colorectal lesions from whom 24 the histology was known. In 7 

FDRs multiple histologically confirmed HPs (≥ 5) were identified at a 

median age of 58 years (range: 50-75) of which 6 had HPs proximal to 

the rectosigmoid colon (table 2). Four of these FDRs from 4 different 

pedigrees satisfied the criteria for HPS. Based on the estimated HPS 

prevalence of 1:3000 in the general population, the projected relative 

risk of HPS in FDRs would be 39 (95%-CI: 13-121). In FDRs with 

CRC, 3/27 (11%) of cases had multiple HPs (two had HPS) compared 
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to 4/320 (1%) non-CRC cases (Fisher’s Exact Test: p=0.012). In 3 

other FDRs, multiple polyps were detected of which the histology was 

unknown. The difference in risk of having multiple HPs between men 

and women within the FDR group was not statistically different (RR: 

1.6, 95%-CI: 0.4-7.4, Fisher’s exact test: p=0.71). Also when 

comparing this between siblings and non-siblings within the FDR group 

no significant difference was seen (RR: 3.1, 95%-CI: 0.6-16.1, Fisher’s 

exact test: p=0.252). 

 

Table 2. First degree relatives (FDR) of HPS patients with multiple (≥ 5) 

hyperplastic polyps (HPs). 

* Patients satisfying the criteria for HPS. 

FDR Relation Age at  

endoscopy 

Number of  

HPs 

Location Colorectal 

cancer 

(location) 

1 mother 75 6 Distal colon No 

2 sister 59 6 Pancolonic Yes (right) 

3 brother 50 9 Rectosigmoid No 

4 father 66 >10* Pancolonic Yes (right) 

5 sister 56 >40* Pancolonic Yes (right) 

6 brother 58 >10* Pancolonic No 

7 brother 58 23* Distal colon No 
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Discussion 

This retrospective study describes the largest series of FDRs of HPS 

patients in which the presence of CRC and polyps was assessed and 

is, to our knowledge, the first to quantify the relative risk of CRC and/or 

HPS in FDRs. Our results showed that FDRs of HPS patients have an 

increased risk for both CRC and HPS compared to the general 

population warranting screening colonoscopies for this group.  

A limitation of this study is that study data were collected in a 

retrospective manner and based on medical charts and self-reported 

information about family history. An important question therefore is 

whether our approach could have lead to an over- or underestimation 

of the incidence of CRC in FDRs. An overestimation of CRC risk may 

cause stress16, unneeded referrals for genetic counseling and possible 

unnecessary endoscopic procedures or surgery.17, 18 However, 

previous studies evaluating the accuracy of patient reporting of familial 

CRC by comparing patient family history reports with cancer registries, 

showed that the specificity (i.e. the proportion of CRC-negatives which 

are correctly identified as not having CRC) was 92-99%. These 

findings imply that patients seldom incorrectly report CRC-negative 

FDRs as having CRC, which would lead to an overestimation of CRC-

incidence in FDRs. Moreover, the sensitivity (i.e. the proportion of 

CRC-positives which are correctly identified as having CRC) was 53-

86%. In other words, patients tend to under-report the incidence of 

CRC in FDRs, leading to underestimation of CRC-incidence in 

FDRs.19-21 Furthermore, the majority of probands included in this study 

were symptomatic patients and thus represent a selected patient 

population. These patients may have a more aggressive form of HPS 

and also a higher risk of (familial) CRC than other unidentified 

asymptomatic HPS cases. Therefore, our findings concerning their 
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FDRs can not by default be extrapolated to all (including unidentified) 

HPS cases. However, considering that the aim of our study was to 

analyze the risk of CRC and polyps in FDRs of all identified HPS 

patients, we believe our findings are relevant for the management of 

HPS patients and their relatives in a clinical setting. Finally, in this 

study, 19% of FDRs received an endoscopy during follow-up for which 

the reason was unknown. It was unknown at what rate endoscopies 

were performed in the general population during the study period. 

However, considering that FDR follow-up time ended at the date of 

CRC diagnosis (if applicable) in the proband, we believe that the 

amount of performed screening endoscopies for familial CRC in FDRs 

will be comparable to the general population. Similarly, screening 

endoscopies for HPS in FDRs have only recently been proposed by 

some authorities and is to this date not standard practice of care.2, 6, 22 

For this reason it is also unlikely that FDRs in this study received more 

screening endoscopies for HPS than the general population.  

In probands (i.e. HPS patients) a higher CRC incidence was 

observed (16/57: 28%) during the study period compared to FDRs 

(27/347: 8%). This finding was expected considering that not all FDRs 

also had HPS. However, of the 4 FDRs with HPS, 2 (50%) had CRC 

suggesting that the presence of multiple serrated polyps is associated 

with CRC. These findings are concordant with a previous large HPS 

cohort study which showed that the number of serrated polyps was 

positively correlated with the risk of CRC.23  

In a previous flexible sigmoidoscopy screening study performed 

in a large cohort of asymptomatic individuals (n=40.673), the true 

prevalence of HPS was estimated to be 1:3000 after subsequent 

colonoscopies.24 Colorectal polyps, particularly HPs, do not 

necessarily cause symptoms and thus could be left undiagnosed in 
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individuals if an endoscopy is not performed. In this study only 19% of 

FDRs received an endoscopy. Consequently, although our study 

concluded that FDRs have an increased risk of having HPS, an 

underestimation of the true prevalence of HPS in FDRs seems likely. 

In addition, of the FDRs with colorectal polyps the histology was 

unknown in 11/35 cases. Of these individuals five were reported to 

have multiple polyps of unknown histology. It seems possible that 

these individuals could potentially have HPS too but this could not be 

verified.  

Alternatively, because the HPS prevalence in the general population 

was based on a previous screening sigmoidoscopy study, a degree of 

uncertainty exists regarding this estimation. This uncertainty decreases 

the validity of our projected relative risk of HPS in FDRs. 

With regard to the mode of inheritance, our study did not show 

a significant difference in CRC incidence between siblings and non-

siblings (RR: 1.0, 95%-CI: 0.4-2.5, Pearson Chi-Square test: p=0.96). 

These findings make it difficult to postulate a preference for either a 

vertical or a horizontal transmission. Also concerning polyp incidence 

in FDRs, although 3/4 (75%) of FDRs with HPS were siblings, these 

numbers are too few to make any conclusions about the mode of 

inheritance. These results are in concordance with previously reported 

FDRs with HPS (table 3: 6 siblings vs 7 non-siblings). Alternatively, the 

presence of FDRs with an intermediate phenotype of <10 HPs, 

suggest that a co-dominant mode of inheritance, involvement of 

several low penetrance genes, high risk genes with reduced 

penetrance or even environmental factors may play a role. 

 

 

 

C
h
a
p
te

r 
3
 



Chapter  3 

 76 

 

Author 

 

Family 

member 

(age yrs) 

Histology 

(detected/biopsied) 
Location HPS Comments 

Chow et al.
2
 

(2 families) 
Sister

1
 (78) 

HPs                      (70/33) 

Adenomas              (8/8)     
Prox. colon Yes <10mm 

 
Son

1
  

(not stated) 

Adenomas              (4/4) 

HP                          (1/1) 
Pancolonic No  

 Son
2
 (53) HPs                      (21/21) Dist. colon Yes <10mm  

 Son
2
 (51) 

HPs               (50-100/30) 

Adenoma               (1/1) 
Pancolonic Yes <10mm  

Lage et al.
6
 

(3 families) 
Brother

1
 (67) HPs/SAs              (19/19) Dist. colon Yes 3-25mm, CRC 

 Brother
1
 (69) Adenomas             (12/4) Prox. colon No 3-7mm 

 Daughter
2 
(26) HPs                      (63/63) Distal colon Yes 2-5mm  

 Son
3
 (42) 

HPs                        (50/4) 

Adenoma                (1/1) 
Distal colon Yes 2-3mm  

Rashid et 

al.
9
 

(I family) 

Brother
1
 (67) HPs                  (>20/>20) Not stated Yes  

 Son
1
 (42) 

HPs                  (>20/>20) 

Adenoma                (1/1) 
Not stated Yes  

Jeevaratnam  

et al. 
8
 (1 

family) 

Sister
1
 (73) 

HPs                  (multiple/3) 

SAs                  (multiple/5) 
Pancolonic Yes 

Largest 40mm, 

CRC 

 Brother
1
 (55) HPs                         (4/4) Not stated No 

3 HPs > 1cm,  

CRC 

 Son
1
 (43) 

HPs                         (9/9) 

Mixed polyp             (1/1) 
Pancolonic No <10mm  

 

Table 3. Previous literature data concerning first-degree relatives with multiple 
colorectal polyps of known histology (>3 polyps). HP: hyperplastic polyp. SA: serrated 
adenoma. HPS: hyperplastic polyposis syndrome. CRC: colorectal cancer. 

 

 Regarding the management of FDRs, as long as no underlying 

genetic cause has been identified, screening colonoscopies seem 

justified for this group. Interestingly, of the 27 FDRs with CRC, only 4 

probands had CRC, suggesting that screening colonoscopies should 
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be performed in all FDRs, independent of CRC presence in the 

proband. The appropriate age at which screening colonoscopies 

should be commenced is somewhat speculative. We advise 

commencement at the age of 35 years or 5 years younger than the 

lowest incidence age of HPS reported in the family. Subsequent 

surveillance colonoscopies are advised at 6 year intervals with shorter 

intervals when polyps are detected. However, future large prospective 

screening studies in FDRs are required to further evaluate the 

incidence of CRC and HPS and the optimal screening programme in 

this group. 
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ABSTRACT 

Background and aims: MYH-associated polyposis (MAP) is a disorder 

caused by a bi-allelic germline MYH mutation, characterised by 

multiple colorectal adenomas. These adenomas typically harbour 

G:C→T:A transversions in the APC and K-ras genes caused by MYH 

deficiency. Occasional hyperplastic polyps (HPs) have been described 

in MAP patients but a causal relationship has never been investigated. 

We examined the presence of HPs and sessile serrated adenomas 

(SSAs) in 17 MAP patients and studied the occurrence of G:C→T:A 

transversions in the APC and K-ras gene in these polyps. Methods: 

MAP patients were analysed for the presence of HPs/SSAs. APC-

mutation cluster region and K-ras codon 12 mutation analysis was 

performed in adenomas(n=22), HPs(n=63) and SSAs(n=10) from 

these patients and from a control group of sporadic adenomas(n=17), 

HPs(n=24) and SSAs(n=17). Results: HPs/SSAs were detected in 

8/17(47%) of MAP patients of which 3(18%) met the criteria for 

hyperplastic polyposis syndrome (HPS). APC mutations were only 

detected in adenomas and comprised exclusively G:C→T:A 

transversions. K-ras mutations were detected in 51/73(70%) 

HPs/SSAs in MAP patients, compared to 7/41(17%) in sporadic 

HPs/SSAs in the control group (p<0.0001). In HPs/SSAs, 48/51(94%) 

of K-ras mutations exhibited G:C→T:A transversions, compared to 

2/7(29%) of sporadic HPs/SSAs in the control group (p<0.0001). 

Conclusions: HPs and SSAs are a common finding in MAP patients. 

The detection of almost exclusively G:C→T:A transversions in the K-

ras gene of HPs/SSAs strongly suggests that these polyps are 

causally related to MYH deficiency. This implies that distinct pathways, 

i.e. APC-gene related in adenomas and non-related in HPS/SSAs, 

appear to be operational in MAP.  
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Background and aims 

Familial adenomatous polyposis (FAP) is an autosomal dominant 

disorder characterised by the development of hundreds of colorectal 

adenomas and eventually colorectal cancer (CRC) at young age. FAP 

is caused by a germline mutation in the APC tumor suppressor gene. 

A milder form of FAP, known as attenuated FAP (AFAP), is caused by 

mutations in the extreme distal or proximal portion of the APC gene 

resulting in fewer adenomas and an older age of onset. 1, 2 

Recently, an autosomal recessive polyposis syndrome caused 

by bi-allelic germline mutations in the mutY human homologue (MYH) 

gene has been identified, known as MYH associated polyposis (MAP). 

MYH is a DNA glycosylase that plays a key role in base excision repair 

(BER) of 8-oxoG:A  mismatches caused by reactive oxygen species.3 

Deficiency of this pathway results in somatic G:C→T:A transversions 

that are indeed found in the APC and K-ras genes in adenomas of 

these patients.4-6 Clinically, MAP resembles AFAP with an average age 

of onset around the mid 50’s and often fewer than 100 adenomas, 

predominantly in the proximal colon. Polyps have been reported to be 

mainly tubular adenomas, some tubulo-villous adenomas and 

occasional hyperplastic polyps (HPs). 6-9 

Chow et al reported one patient with a bi-allelic MYH mutation 

and multiple HPs in addition to adenomatous polyposis.10 Here we 

describe 17 MAP patients of which 8 (47%) harboured HPs and sessile 

serrated adenomas (SSAs) in addition to conventional adenomas. We 

provide evidence that the HPs and SSAs in MAP patients are not rare 

and are causally associated with the MYH deficiency, reflected by 

G:C→ T:A transversions in K-ras mutated genes of these polyps.  
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Materials and Methods 

Patients and specimens 

For this study, our cohort of 17 patients with a bi-allelic MYH mutation, 

receiving treatment at the endoscopy department of the Academic 

Medical Center (Amsterdam) from 21-7-1988 to  

12-3-2008, was analysed for the presence of HPs or SSAs. MAP 

patients with HPs/SSAs were arbitrarily classified in to two groups: 

patients with multiple HPs and SSAs (≥10); or patients with occasional 

HPs and SSAs (<10).  

Polyp characteristics were recorded retrospectively from 

previous colonoscopy reports or the gross description of the resection 

specimens. All polyps were blindly re-evaluated and diagnosed 

separately by two experienced pathologists as HP, SSA or adenoma. 

SSA was defined by irregular crypts with architectural distortion, 

serration and dilation extending to the base of the crypts that often 

display boot- or T-shaped branching, and abnormal proliferation and 

maturation with mature goblet or foveolar cells at the base of the 

crypts.11 In case of disagreement, consensus was reached during a 

multi-headed microscope session. This study was conducted in 

accordance with the research code of our institutional medical ethical 

committee on human experimentation, as well as in agreement with 

the Helsinki Declaration of 1975, as revised in 1983. 

  

Somatic mutation analysis 

Epithelial cells from HPs (n=63), SSAs (n=10) and adenomas (n=22) 

were microdissected and DNA was isolated as described previously.12 

In addition, DNA was isolated from sporadic HPs (n=24) and SSAs 

(n=17) of similar average size (median 3mm, range: 2-12mm), from a 

randomly selected group of patients without a polyposis syndrome 
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(control group). Using previously described primers and assays, DNA 

was analysed for mutations in the APC-mutation cluster region (codon 

1250-1550), K-ras codon 12.13, 14 Detected mutations were confirmed 

in a second experiment. 

 

Statistics 

Statistical analyses were performed by using a statistical software 

package (Statistical Package for the Social Sciences 12.0.2; SPSS 

Inc, Chicago, Ill). Somatic K-ras codon 12 and APC-mutation cluster 

region (APC-MCR) configurations were compared with those of a 

control panel using a two-sided Fisher exact test. A p-value of < 0.05 

was considered statistically significant. 

 

Results  

From 17 patients with MAP, 8 (47%) unrelated patients were identified 

having at least 1 HP and/or SSA. Of these 8 patients, 3 had >10 HPs 

and/or SSAs (table 1). The median age was 50 (range 34-67) years. 

Besides multiple adenomas (median 25, range: 3-39), a total of 145 

HPs and 19 SSAs were identified from biopsies and polypectomy 

specimens (figure 1). The median size of detected HPs and SSAs was 

3mm (range: 2-9 mm). 
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Table 1. Histologically confirmed hyperplastic polyps and sessile serrated adenomas 
in 8 patients with a bi-allelic MYH mutation. HP: hyperplastic polyp; SSA: sessile 
serrated adenoma; TC: total colectomy; STC: subtotal colectomy; RC: right colectomy 
1
Biopsied polyps 

 

A (hemi)colectomy was performed in 6/8 patients, due to concerns that 

their polyps were too numerous to guarantee adequate colonoscopic 

surveillance, resulting in the detection of most polyps in the remaining 

distal colon or rectum. In all 3 patients with multiple HPs and/or SSAs, 

more polyps (>30) were seen than biopsied (figure 2).  

 

 

 

 

Patient 
Age 

(yrs) 
Sex Resection 

HPs
1 

analyzed/total 

SSAs
1
 

analyzed/total 

Median size HPs/SSAs 

(range mm) 

MAP patients with multiple (≥10) hyperplastic polyps/sessile serrated 

adenomas 

1 67 F TC 24/106 8/17 4(2-6)/4(2-6) 

2 46 M None 13/13 1/1 2 (2-3)/3 

3 67 F RC 14/14 0/0 2(2-3) 

MAP patients with occasional (<10) hyperplastic polyps/sessile serrated 

adenomas 

4 50 M None 2/2 1/1 4(2-5)/4 

5 49 F STC 3/3 0/0 2(2-8) 

6 47 M STC 4/4 0/0 5(2-9) 

7 79 F STC 1/1 0/0 3 

8 34 F TC 2/2 0/0 2 

Total 50   63/145 10/19 3 (2-9) 
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Somatic APC and K-ras mutations 

From the patients with MAP, 22 adenomas, 63 HPs and 10 SSAs were 

analysed for APC-MCR and K-ras codon 12 mutations. In adenomas, 

APC mutations were found in 9/22 (41%) of polyps, and comprised 

exclusively G:C →T:A transversions, whereas no G:C →T:A 

transversions were found in APC mutated adenomas in the control 

group (p<0.0001). K-ras mutations were found in 5/22 (23%) of 

adenomas, also comprising exclusively G:C →T:A transversions.  

In HPs and SSAs of MAP patients and of the control group, no 

APC mutations were detected (table 2). K-ras mutations were detected 

in 51/73 (70%) of HPs/SSAs in MAP patients, which was significantly 

more than the frequency in sporadic HPs/SSAs (7/41:17%) in the 

control group (p<0.0001). Furthermore, in K-ras mutated HPs/SSAs 

from our patients with MAP 48/51(94%) of mutations comprised a G: 

C→T: A transversion (figure 3), compared to 2/7 (29%) of mutations in 

sporadic HPs/SSAs in the control group (p<0.0001). 
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Figure 1. Examples of the spectrum of lesions found in the colon: hyperplastic polyp 
(top panel), sessile serrated adenoma (middle panel) and tubular adenoma (bottom 
panel). 
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Table 2. Detected APC-mutation cluster region and K-ras codon 12 mutations in 
hyperplastic polyps (HP), sessile serrated adenomas (SSA) and adenomas (AD) and 
distribution of G:C→T:A transversions compared to a control panel. 
*Statistically significant p-value for adenomas in patients with MYH-associated 
polyposis (MAP) compared to adenomas in the control group  
**Statistically significant p-value for HPs/SSAs in patients with MAP compared to 
HPs/SSAs in the control group. 

 

Discussion 

MAP is an autosomal recessive polyposis syndrome, caused by a bi-

allelic germline MYH gene mutation. Similar to FAP, MAP is 

characterised by the presence of multiple adenomas in the colorectum 

and a high cancer risk.4, 5 Here, we show that HPs and SSAs can also 

be considered a phenotypic expression of MAP, reflected by the 

detection of HPs/SSAs in 8/17 (47%) of patients of which 3 (18%) also 

met the criteria for hyperplastic polyposis syndrome (HPS).6, 9 

Interestingly, in previous large series of patients with MAP, only 

‘occasional’ HPs and no SSAs were described. The presence of 

HPs/SSAs in combination with adenomas may thus be more common 

than previously thought. A possible cause for this discrepancy may lie 

 

 

Somatic 

mutation 

spectrum 

 

 

Patients with MYH-associated 

polyposis (n=8) 

 

Control group P-value 

Polyps 
AD 

(n=22) 

HP 

(n=63) 

SSA 

(n=10) 

AD 

(n=17) 

HP 

(n=24) 

SSA 

(n=17) 
 

APC mutation 9 0 0 7 0 0  

G:C→T:A 9(100%) 0 0 0 0 0 <0.0001* 

K-ras 

mutation 
5 45 6 4 5 2 <0.0001** 

G:C→T:A 5(100%) 42(93%) 6(100%) 3(75%) 1 (20%) 1 (50%) <0.0001** C
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in the fact that HPs/SSAs are more difficult to detect endoscopically 

due to their often diminutive size and flat or sessile shape. 

Furthermore, in patients with multiple adenomatous polyps like in 

MAP, the finding of small hyperplastic-looking polyps at colonoscopy 

may seem of little clinical interest and are consequentially not biopsied, 

preventing documentation of HPs/SSAs as a phenotypic feature of 

MAP.  

 

 

 

Figure 2. Endoscopic picture of multiple hyperplastic polyps in a patient with MYH-
associated polyposis. 

 

HPS is a recently recognised condition, frequently linked with 

CRC and defined as at least five HPs proximal to the sigmoid colon, of 

which two are greater than 10mm in diameter, or more than 20 HPs 

distributed throughout the colon.15-18 Besides multiple HPs, the 

presence of SSAs, traditional serrated adenomas and conventional 

adenomas are common findings in this condition.10, 19 The combination 
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of BRAF mutations and CPG-island methylation (CIMP), evolving in 

SSAs, are considered to be the key mechanism in the ‘serrated 

neoplasia pathway’ leading to CRC in these patients.20-23 In our cohort 

of MAP patients, 3 unrelated patients also met the criteria for HPS. 

Two of these bi-allelic MYH mutations carriers were compound 

heterozygote (Y176C and P402L; Y165C and G382D) and one was 

monozygote (G382D). Most HPs/SSAs from these patients were 

detected in the distal colon and rectum and not proximally. This could 

partly be due to the fact that 2/3 of patients had received a 

(hemi)colectomy so that only the distal colon and rectum remained. It 

has been suggested that proximal HPs/SSAs have more BRAF 

mutations than distal HPs/SSAs and are more likely to develop CRC 

and thus more clinically relevant than distal HPs/SSAs.17, 20 Other 

studies however, have shown that distal HPs/SSAs have a similar 

frequency of BRAF mutations as proximal HPs/SSAs.19, 22 In addition, 

in the largest case series describing HPS patients, 6/10 of patients had 

a left-sided CRC, indicating that distal HPs/SSAs are also of clinical 

significance in HPS.10 
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Figure 3. Somatic G:C →T:A transversion in codon 12 of K-ras in a hyperplastic polyp 
of a patient with MAP (above) compared to a hyperplastic polyp in the control group 
(below).    

 

Including our 3 cases, 4 patients with MAP also meeting the 

criteria for HPS have now been described.10 In these patients, 

coincident multiple adenomas (median number 37, range: 25-40) were 

also present. However, bi-allelic MYH gene mutation with HPs in the 

absence of adenomas has never been reported. Alternatively, reported 

analysis on the germline MYH gene in HPS patients (n=38) revealed a 

bi-allelic MYH mutation in only one (3%) patient with 40 adenomas 

compared to a median adenoma count of only 2 (range 0-22) in the 

other HPS patients.10 These collective data suggest that in HPS 

patients MYH mutation analysis should only be considered when 

multiple (for example: ≥25) adenomas are also present. Additional 

studies are however required to further understand to what extent 

MYH testing should be performed in patients with HPS. 

The adenomas in our series of MAP patients contained APC-

MCR and K-ras codon 12 mutations. In HPs/SSAs of MAP patients, no 
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APC mutations were detected. However, in these patients we found 

significantly higher rates of K-ras mutations in HPs (70%) and SSAs 

(60%) as compared to those found in sporadic HPs (21%) and SSAs 

(12%) of the control group as well as to reported K-ras mutation 

frequencies in sporadic HPs (4-47%) 19, 23-31 and SSAs (0-8%). 20, 22, 23, 

26  

MYH deficiency characteristically results in somatic G:C→T:A 

transversions in the APC and K-ras genes of adenomas.4-6 Indeed, all 

APC-MCR mutations detected in adenomas of our MAP patients were 

G:C→ T:A transversions, compared to none in the control group. 

Accordingly, in K-ras codon 12 mutated HPs/SSAs of these patients 

with MYH deficiency, significantly more G:C→T:A transversions (94%) 

were found compared to only 29% in control group polyps. This latter 

percentage is concordant with previous reports of K-ras mutations in 

HPs from patients without a polyposis syndrome showing G:C→T:A 

transversions in only 0-33% of polyps.24, 30, 32 Similarly, in previous 

large case series of pancreatic carcinomas, having no known 

association with MYH deficiency, G:C→T:A transversions were 

observed in 6-29% of K-ras mutated carcinomas.33-35 This frequency 

range seems to reflect a random statistical chance, considering that 

there are 9 different single mutations possible in codon 12 of K-ras 

leading to amino acid replacement, of which 2 (22%) result in a 

G:C→T:A transversion (i.e. GGT→TGT or GTT) .  

In conclusion, our findings suggest that HPs and SSAs are 

causally related to bi-allelic MYH mutations. Distinct colonic polyposis 

pathways thus seem to prevail in at least a proportion of patients with 

MYH deficiency, i.e. a pathway leading to conventional adenomas with 

APC and/or K-ras mutations and a separate, non APC-route leading to 

HPs/SSAs with K-ras mutations.  
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ABSTRACT 
 

Background and aims: Adenomas and colorectal cancers (CRCs) of 

Lynch syndrome patients display defective mismatch repair (MMR) 

associated with microsatellite instability (MSI). Serrated polyps have 

also been described, but previous studies investigating a causal 

relationship with Lynch syndrome by MMR testing have not been 

conclusive. Presence of a BRAF mutation is an alternative method to 

distinguish Lynch-associated CRCs from sporadic CRCs and may thus 

be of value to investigate Lynch association in serrated polyps. We 

studied the occurrence of defective MMR and BRAF mutations in 

serrated polyps occurring in 101 Lynch patients. Methods: Lynch 

patients with >1 serrated polyp were included. In all polyps of these 

patients, MLH1, MSH2, MSH6 and PMS2 protein expression was 

evaluated. In addition, APC-mutation cluster region, KRAS (exon 2) 

and BRAF (exon 15) mutation analysis was performed in adenomas 

and serrated polyps from these patients and from a control group of 

sporadic adenomas (n=17) and serrated polyps (n=42). Results: We 

identified 10/101 Lynch patients with >1 serrated polyp of whom 2/10 

had multiple (≥10) and 8/10 occasional (<10) serrated polyps. A total of 

69 polyps were available for analysis: 32 conventional adenomas and 

37 serrated polyps. In 13/32 (40%) conventional adenomas and 0/37 

serrated polyps, loss of MMR protein expression was observed. 

Overall, BRAF mutations were identified in 16/37 (43%) serrated 

polyps in Lynch compared to 20/42 (48%) serrated polyps in the 

control group (NS). In Lynch patients with occasional serrated polyps, 

BRAF mutations were significantly lower (23%) than control group 

serrated polyps (49%: p=0.04) Conclusions: Overall, serrated polyps 

do not seem to be a product of the MSI pathway in Lynch syndrome 

reflected by the absence of defective MMR in these polyps and a 

similarly high frequency of BRAF mutations as in sporadic serrated 

polyps. For occasional serrated polyps a causal relationship with 

Lynch syndrome can not be excluded. 
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INTRODUCTION 

 

It is generally accepted that conventional adenomas of the 

colorectum are the main lesions with an undisputable malignant 

potential. The classical model describing colorectal cancer (CRC) 

development is the adenoma-carcinoma sequence associated with 

activation of the Wnt signalling pathway and chromosomal 

instability.(1;2) An alternative route to CRC, the microsatellite instability 

(MSI) pathway, was discovered in patients with Lynch syndrome.(3) 

Lynch syndrome is an autosomal dominant disorder associated with an 

increased risk (25-70%) of developing CRC.(4-6) Precursors of CRC in 

these patients are also conventional adenomas which are assumed to 

progress more rapidly to CRC than their sporadic counterparts.(7) The 

MSI pathway in these patients is initiated by a bi-allelic deletion or 

inactivation of one of the mismatch repair genes (MLH1, MSH2, MSH6 

or PMS2). The hallmark of Lynch-associated tumors is microsatellite 

instability (MSI) and loss of immunostaining of the affected mismatch 

repair protein. MSI is found in more than 95% of Lynch associated 

CRCs as opposed to only 15% of sporadic CRCs.6, 7 CRCs from Lynch 

patients harbour predominantly APC, KRAS and P53 mutations and 

virtually never a BRAF mutation.(3;8-13) BRAF testing has therefore 

been shown to be an ideal method to exclude Lynch associated 

tumors from sporadic tumors.(14;15) Recently, a newly proposed 

‘serrated neoplasia pathway’ has been described involving the 

progression of serrated polyps to CRC through accumulation of 

genetic mutations, namely BRAF mutations and CPG-island 

methylation. Supporting clinicohistological and molecular evidence for 

such a pathway has been derived primarily from patients with serrated 

polyposis syndrome (SPS).(13;16-21) 
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In Lynch syndrome, serrated polyps (i.e. hyperplastic polyps, 

HPs; sessile serrated adenomas, SSAs; and traditional serrated 

adenomas, TSAs) have also been described.(7;22-27) In a number of 

previous studies, an attempt was made to verify whether these 

serrated polyps are causally related to Lynch syndrome, reflected by 

the presence of defective mismatch repair (MSI) and/or loss of 

immunostaining. These studies have thus far been inconclusive. Both 

conventional adenomas (24-93%)(23;28-37) and HPs/hyperplastic 

abberant crypt foci (0-100%)(26;29;35;38;39) express defective 

mismatch repair in highly variable frequencies. To analyze whether 

serrated polyps are causally related to Lynch syndrome, BRAF 

mutation analysis may be a valuable adjunct to mismatch repair gene 

testing. Sporadic serrated polyps have been shown to display high (70-

78%) levels of BRAF mutations.33 It seems presumable that, like CRCs 

in Lynch, serrated polyps when causally related to Lynch syndrome, 

will display BRAF mutations at a far lower frequency than their 

sporadic counterparts.  

In this study, we describe the frequency of serrated polyps 

(HPs/SSAs/TSAs) in 101 patients with a genetically confirmed 

diagnosis of Lynch syndrome. We show that, overall, serrated polyps 

in Lynch syndrome lack defective mismatch repair (MSI and/or loss of 

immunostaining) and harbour a similarly high frequency of BRAF 

mutations as their sporadic counterparts, strongly suggesting that they 

are not associated with the MSI-pathway. At sub-analysis, we show 

that occasional serrated polyps in Lynch patients have significantly 

lower levels of BRAF mutations than their sporadic counterparts. 

Therefore, a causal relationship with the MSI-pathway can not be 

excluded in these polyps. 
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MATERIALS AND METHODS 

Patients and specimens 

For this study, 102 patients known at our centre with Lynch syndrome 

and an identified germline mutation in one of the MMR genes was 

analysed for the presence of serrated polyps. Patients were included if 

>1 serrated polyp was identified. These patients were then arbitrarily 

classified in to two groups: patients with multiple serrated polyps (≥10); 

or patients with occasional serrated polyps (2-10).  

Polyp characteristics were recorded retrospectively from 

previous colonoscopy reports or the gross description of the resection 

specimens at histopathology. All polyps were blindly re-evaluated and 

diagnosed by a single experienced pathologist (CvN) as HP, SSA, 

TSA or adenoma based on the histological features on H&E 

staining.(40-42) Lesions proximal from the caecum, ascending colon, 

transverse colon and descending colon were regarded as proximal and 

polyps from the sigmoid colon and rectum were regarded as distal. For 

the purpose of comparison, a previously selected control group 

consisting of sporadic HPs (n=24), SSAs (n=18) and conventional 

adenomas (n=17) from patients without a suspicion for Lynch 

syndrome was used to compare somatic mutations.This study was 

conducted in accordance with the research code of our institutional 

medical ethical committee on human experimentation, as well as in 

agreement with the Helsinki Declaration of 1975, as revised in 1983. 

 

Molecular analysis 

Mutation analysis 

Using previously described primers and assays, DNA was analysed for 

mutations in the APC-mutation cluster region (APC-MCR), KRAS 

(exon 2) and BRAF (exon 15) of all polyps.37, 38 Previously performed 
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mutation analysis of these genes in a randomly selected sporadic 

polyps served as a control group. Detected mutations were confirmed 

in a second experiment. 

 

Immunohistochemistry 

Immunohistochemistry was performed on all polyps of the included 

Lynch patients. Unstained 5-µm sections were cut from paraffin blocks 

and the slides were deparaffinized. Primary monoclonal antibodies 

used were specific for MLH1(1:50 BD Pharmingen, San Diego, USA); 

MSH2(1:100 Oncogene Research Prod., San Diego, USA); 

MSH6(1:200 BD Transduction Lab., San Jose, USA); PMS2(1:250 BD 

Transduction Lab., San Jose, USA). Slides were immersed in 0.3% 

hydrogen peroxide in methanol for 20 minutes. Subsequently, antigen 

retrieval was carried out by 10 minutes of boiling in 10mM Tris/1mM 

EDTA (pH 9) followed by incubation with above mentioned diluted 

primary antibodies during 1 hour at room temperature. Post-antibody 

block (Immunologic) in PBS was performed followed by 

implementation of an antipolyvalent HRP detection system 

(Immunologic) to visualize antibody binding sites with 3.3’-

diaminobenzidine as a chromogen. Sections were counterstained with 

haematoxylin. Stains for MLH1, MSH2, MSH6 and PMS2 were 

considered negative when there was complete absence of nuclear 

expression in all neoplastic cells. Negative staining in a part of a lesion 

or in a single crypt was registered separately. 

 

Microsatellite analysis 

In a subset of Lynch patients, harbouring many serrated polyps and 

conventional adenomas (>20), MSI analysis was performed. 

Microsatellite status was determined using an international standard 
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panel of 5 microsatellite markers (D17S250, D2S123, D5S346, BAT25 

and BAT26) using standard techniques. A high degree of microsatellite 

instability (MSI-high) was defined as two (40%) or more unstable 

markers, MSI-Low as one unstable marker, and microsatellite stable 

(MSS) as no unstable markers. 

 

Statistics 

Statistical analyses were performed by using a statistical software 

package (Statistical Package for the Social Sciences 12.0.2; SPSS 

Inc, Chicago, Ill). Somatic mutations in polyps of Lynch patients were 

compared with those of the control group using a two-sided Fisher 

exact test. A p-value of < 0.05 was considered statistically significant. 

 

RESULTS 

From 101 Lynch syndrome patients with a known germline mutation, 

10 (10%) patients were identified with >1 serrated polyp. Of these 

patients, 2 had ≥10 serrated polyps (table 1). The median age was 62 

years (range: 44-75) with a male: female ratio of 3:7. In 10 patients, a 

total of 89 polyps were identified of which 69 were available for 

analysis: 32 conventional adenomas (21 tubular adenomas and 11 

tubulovillous adenomas) and 37 serrated polyps (32 HPs and 5 SSAs). 

The median size of serrated polyps was 2mm (range: 1-10mm) and 

4mm (range: 2-30mm) for conventional adenomas. Of 34/37 serrated 

polyps location could be ascertained. Nineteen of 34 (51%) serrated 

polyps were located proximal to the sigmoid colon. In 8/10 (80%) 

patients, serrated polyps were identified proximal to the sigmoid colon. 

In 1/11 tubulovillous adenomas (20mm) an adenocarcinoma was 

identified (at surgery: T2N0M0). The other 10 tubulovillous adenomas 

displayed low-grade dysplasia. In 6/22 tubular adenomas, features of 
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high-grade dysplasia were seen. In 1/10 patients a subtotal colectomy 

had been performed previously because of an adenocarcinoma 

(T3N0M0, tissue not available for analysis). Previously performed 

germline mutation analysis in patient 2 due to the high number of 

adenomas showed a mono-allelic mutation of the MUTYH gene. 

 

 

Table 1: Number of histologically verified polyps and total number of detected polyps in 
Lynch patients. 

 

 

 

 

 

Patient 

 

Age 

(yrs) 

 

Germline

mutation 

 

Sex 

 

Adenomas 

Analyzed/total 

 

HPs
 

Analyzed/total 

 

SSAs 

analyzed/total 

 

Location 

serrated 

polyps 

Lynch patients with multiple (≥10) serrated polyps (=SPS) 

1 44 MSH6 F 2/2 12/>30 0/0 Pancolonic 

2 69 MSH6 M 14/14 1/10 2/2 Pancolonic 

Lynch patients with occasional (<10) serrated polyps (≠SPS) 

3 60 MLH1 M 5/5 2/2 0/0 Pancolonic 

4 62 MSH6 M 1/1 2/2 1/1 Pancolonic 

5 50 PMS2 F 0/0 2/2 0/0 Rectosigmoid 

6 68 MLH1 F 5/5 4/4 0/0 Pancolonic 

7 62 MLH1 F 1/1 2/2 1/1 Right-side 

8 62 MSH2 M 2/2 3/3 0/0 Rectosigmoid 

9 75 MSH2 F 1/1 3/3 0/0 Left-side 

10 65 MSH2 F 1/1 1/1 2/2 Right-side 

Total   12 32/32 32/>59 5/5  
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Somatic APC, KRAS and BRAF mutation analysis 

A total of 32 adenomas, 32 HPs and 5 SSAs were analysed for 

APC-MCR, KRAS exon 2 and BRAF exon 15 mutations. In adenomas, 

APC mutations were found in 6/32 (19%) of polyps. No KRAS 

mutations or BRAF mutations were detected in adenomas. No 

significant differences were seen compared to the control group 

regarding APC and BRAF mutations (table 2). More KRAS mutations 

were identified in sporadic adenomas (4/17) of the control group 

compared to Lynch adenomas (0/32: p=0.01). The adenocarcinoma 

identified in a tubulovillous adenoma displayed an APC mutation. In 

serrated polyps, no APC mutations were identified. KRAS mutations 

were identified 6/37 (16%) serrated polyps vs 7/42 (17%) in the control 

group. BRAF mutations were detected in 16/37 (43%) serrated polyps 

in Lynch patients compared to 20/42 (48%) in the control group (n.s.). 

There was no significant difference between proximal and distal 

serrated polyp location regarding BRAF mutation status. 

When comparing patients with multiple serrated polyps and 

satisfying the criteria for SPS (n=2) to patients with occasional serrated 

polyps (n=8), we identified significantly (p=0.002) more BRAF 

mutations in SPS serrated polyps (11/15 =73%) than in occasional 

serrated polyps (5/22=23%). After subdivision, comparison of BRAF 

mutations showed that occasional serrated polyps in Lynch patients 

harboured a significantly lower BRAF frequency (23%) than the control 

group (49%: p=0.04). Comparison of SPS serrated polyps with control 

group serrated polyps showed no significant differences regarding 

mutations.  
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Table 2. Detected APC, KRAS and BRAF mutations in serrated polyps (HPs, SSAs) 
and adenomas (AD) compared to a control group. 
* significantly more KRAS mutations in sporadic adenomas than Lynch adenomas 

 

Immunohistochemistry and microsatellite analysis 

Loss of expression of one of the MMR proteins was observed in 13/33 

(39%) conventional adenomas in Lynch patients which correlated in all 

cases with the germline MMR mutation. There was no correlation 

between histology (10 tubular adenomas and 3 tubulovillous 

adenomas) and loss of MMR expression (p=0.259). Also when grade 

of dyspasia was analyzed, no association was observed with MMR 

expression (p=0.672). The adenocarcinoma identified within a 

tubulovillous adenoma in a Lynch patient did not demonstrate loss of 

MMR expression. None of the serrated polyps showed loss of 

expression of one of the MMR proteins. MMR protein expression in the 

crypts of the serrated polyps was comparable to that of crypts in 

normal epithelium of the colorectum. Expression of all four MMR 

proteins was observed in most nuclei in the base of the crypts whereas 

few to none of the luminal nuclei expressed any of the MMR proteins. 

 

Somatic mutation Patients with Lynch Control group P-value 

 
Serrated polyps 

(n=37) 

AD 

(n=32) 

Serrated polyps 

(n=42) 

AD 

(n=17) 
 

APC mutation 0 
6 

(19%) 
0 

7 

(41%) 
ns 

BRAF mutation 16 (43%) 0 20 (49%) 0 ns 

KRAS mutation 6 (16%) 0 7 (17%) 
4 

(24%) 
0.01* 
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Microsatellite analysis was performed in 30 polyps of Lynch 

patients 1 and 2, both with a germline mutation in MSH6 and ≥10 

serrated polyps, also satisfying the clinical diagnosis of SPS. Fifteen 

adenomas, 13 HPs and 2 SSAs were analyzed. In patient 1, both 

adenomas (2/2) were MSI-high and showed corresponding loss of the 

MSH6 protein at immunohistochemistry. All serrated polyps were MSS 

in this patient. In patient 2, 0/14 adenomas (including the 

adenocarcinoma) was MSI-H and none showed immunohistochemical 

loss of the MSH-6 protein. All serrated polyps were microsatellite 

stable in this patient.  

 

DISCUSSION 

In this comprehensive cohort study of Lynch syndrome patients with a 

proven germline MMR gene mutation, we demonstrated that a small 

proportion (2%) of patients harbor multiple serrated polyps in addition 

to conventional adenomas, two of whom also satifying the criteria for 

SPS. Using conventional immunohistochemistry and MSI analysis, 

previous studies have been performed to analyze whether serrated 

polyps are causally related to Lynch syndrome. Results from these 

studies have however been inconclusive. Based on the principle that 

BRAF mutation testing is a highly sensitive method to distinguish 

sporadic CRCs (high frequency of mtuations) from Lynch-associated 

CRCs (low frequency of mutations)(14;15;43), we demonstrated that 

serrated polyps most likely are not associated with Lynch syndrome, 

reflected by both a similarly high frequency of BRAF mutations as 

sporadic serrated polyps and an absence of MMR deficiency in all of 

these polyps. 

 Our study is the first to utilize an alternative molecular approach 

involving mutation analysis (APC, KRAS and BRAF) in adjunct to 
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defective MMR testing to evaluate whether serrated polyps are 

causally related to Lynch syndrome. In addition, our study 

encompasses the largest analysis of serrated polyps (including SSAs) 

from Lynch patients who have been unambiguously defined by a 

germline mutation thus representing true Lynch syndrome patients. 

Prior reports evaluating solely defective MMR in serrated polyps 

defined Lynch syndrome in a broader sense: fulfilment of either genetic 

or clinical (Amsterdam) criteria. However, correlation between the 

Amsterdam criteria and a germline mutation are imperfect. Indeed, it 

has been shown that families satisfying the Amsterdam criteria may 

carry an alternative diagnosis such as Syndrome X or serrated 

polyposis syndrome (SPS).(19;44)  

 In Lynch syndrome, carcinogenesis is traditionally considered 

to proceed through an accelerated adenoma-carcinoma sequence 

driven by MMR deficiency. However, in the literature not all 

conventional adenomas in these patients have been shown to express 

defective MMR (24-93%). We also found loss of expression of one of 

the MMR proteins in only 13/33 (39%) conventional adenomas. It is 

conceivable that the remaining adenomas without loss of expression of 

one of the MMR proteins represent co-existing sporadic conventional 

adenomas. Concordantly, sporadic conventional adenomas show 

defective mismatch repair in far lower percentages: 0-3% of 

adenomas.(30;45) Nevertheless, independent of Lynch-associaton, 

removal of all conventional adenomas reduces the incidence of CRC 

and is therefore standard practice of care in these patients.(46;47)  

Serrated polyps, which were traditionally considered to be 

benign lesions, have recently also been considered to be lesions with 

malignant potential through a serrated CRC pathway. The early 

genetic events of this route, as yet identified, are predominantly BRAF 
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mutations and a generally enhanced CPG-island methylation status of 

multiple genes.(20;29;48-53) Additional combined clinicohistological 

and molecular evidence supporting a serrated CRC pathway include 

right-sided carcinomas identified within serrated polyps harboring 

identical BRAF mutations as the serrated polyp component(17) and 

increased incidence of serrated polyps in patients with sporadic 

microsatellite-unstable CRCs.(20;48;54) Removal of these lesions, in 

particular large, right-sided serrated polyps, is therefore clinically 

important.(13;17) However, serrated polyps associated with the 

accelerated MSI-pathway may represent present precursor lesions of 

MSI-CRC which evolve even faster than in the serrated CRC pathway 

alone. Investigation of an association between serrated polyps and 

Lynch is therefore clinically relevant. Three previous studies reported 

defective MMR in serrated polyps. In two studies, MSI was observed in 

hyperplastic aberrant crypt foci (4/4:100%)(39) and HPs 

(2/17:11%)(23). Finally, in one case report a Lynch patient was 

described with a mixed HP/adenoma in contiguity with a CRC.(55)  We 

found no defective MMR in serrated polyps which is in concordance 

with a number of prior studies also showing an absence of defective 

MMR in serrated polyps.(22;26;38;56) In addition, the similarly high 

frequency of BRAF mutations in serrated polyps as their sporadic 

counterparts in this study further supports the notion that serrated 

polyps are not causally related to the MSI carcinogenesis pathway in 

Lynch syndrome.  

It is possible that two oncogenic pathways, a MSI-pathway and 

a serrated CRC pathway, co-exist within Lynch syndrome patients with 

serrated polyps. However, considering that a large proportion of 

serrated polyps in our study were BRAF-mutated and thus far no 

CRCs with a BRAF mutation have been identified in Lynch patients, it 
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seems that the MSI pathway predominates over the serrated CRC 

pathway because of a relatively higher frequency of conventional 

adenomas in Lynch patients, favouring a stochastic process of 

carcinogenesis. Alternatively, the serrated CRC pathway may 

represent a slower route of carcinogenesis than the MSI pathway. 

BRAF mutations are more commonly associated with serrated polyps 

and the serrated CRC pathway than KRAS mutations. Nevertheless, a 

serrated CRC pathway, skewed towards initial KRAS mutations in a 

minority of serrated polyps can not be excluded.  

Interestingly, after subdividing Lynch patients in SPS Lynch 

patients with multiple serrated polyps and non-SPS Lynch patients with 

occasional serrated polyps, we found that BRAF mutations were more 

common in serrated polyps of Lynch-SPS patients: 11/15 (73%) 

compared to 5/22 (23%) in non-SPS patients (p=0.002). Based on 

these findings we conclude that serrated polyps in SPS Lynch patients 

in particular are an expression of a serrated-CRC pathway. 

Alternatively, only 23% of serrated polyps in non-SPS patients were 

BRAF mutated. This proportion is significantly lower than control group 

serrated polyps (49%: p=0.04). Considering this low frequency of 

BRAF mutations in serrated polyps of non-SPS Lynch patients, a 

causal relationship with the MSI-pathway can not be excluded despite 

lack of defective MMR. Thus, these occasional serrated polyps, lacking 

BRAF mutations, may follow an accelerated route to CRC via the MSI-

pathway. 

SPS is a condition characterized by the presence of multiple 

serrated polyps spread throughout the colon and is associated with an 

increased CRC risk.(57-60) However, the heterogeneous phenotype of 

SPS such as the presence of different polyp histologies, differences in 

polyp localization and number of polyps, suggest that SPS can be 



Association between serrated polyps and MYH-associated polyposis 

 115 

subdivided into separate (genetic) conditions. Two Lynch patients 

(patients 1 and 2) harboured ≥10 colorectal serrated polyps. While 

patient 1 satisfied the classical criteria for SPS with few classical 

adenomas(16), patient 2 had less serrated polyps and more 

conventional adenomas thus representing an intermediate SPS with a 

mixed phenotype. MSI analysis in adenomas of patient 1 showed high 

degree of MSI in all (2/2) adenomas as well as concordant lack of 

MSH-6 expression, indicating that these adenomas are a manifestation 

of Lynch syndrome. Interestingly, 0/14 adenomas of patient 2, 

including the adenocarcinoma, were MSI-H. The lack of MSI in all 

adenomas of this Lynch patient with a mixed SPS phenotype suggests 

that these adenomas are not associated with Lynch syndrome. To 

substantiate this, we selected a control group of conventional 

adenomas (n=15) which were matched for size, location, histology and 

grade of dysplasia from Lynch patients without serrated polyps to 

compare MSI status and found MSI-H in 9/15 adenomas (p=0.016, 

data not shown). Although less common, it is possible that the 

adenomas in patient 2 are an expression of mono-allelic MUTYH 

deficiency.(61) However, only 2/6 APC-mutated adenomas displayed 

G:C→T:A transversions, which are typical for MUTYH-deficiency. No 

KRAS mutations were identified in these adenomas. In the literature, a 

subset of serrated polyps has also been described to be causally 

related to bi-allelic MUTYH-deficiency.(62) This seems unlikely in 

patient 2 considering that of the mutated serrated polyps, 2 were 

BRAF mutated and only one KRAS mutated (although it did have a 

G:C→ T:A conversion). Another explanation could be that these 

adenomas are in fact part of a mixed subtype of SPS. It remains 

however difficult to verify this hypothesis considering that no hallmark 

genetic characteristics of SPS have been identified. Alternatively, 
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these adenomas could simply be sporadic adenomas. However, 

considering the multitude of adenomas, this seems unlikely. 

Based on our observations, we conclude that, overall, serrated 

polyps play an insignificant role in the MSI carcinogenesis pathway in 

Lynch syndrome. A causal relationship between occasional serrated 

polyps and the MSI-pathway can not be excluded. BRAF-mutated 

serrated polyps may represent components of a co-existent serrated 

CRC pathway. The MSI pathway of carcinogenesis seems however to 

predominate over the serrated CRC pathway in these patients 

reflected by the described absence of BRAF mutations in Lynch-

associated CRCs. 
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ABSTRACT 

Background and aims: 
Hyperplastic polyposis syndrome (HPS) is characterized by the 
presence of multiple colorectal serrated polyps and is associated with 
an increased colorectal cancer (CRC) risk. The mixture of distinct 
precursor lesion types and malignancies in HPS provides a unique 
model to study the canonical pathway and a proposed serrated CRC-
pathway in humans. 
 
Methods: 
To establish which CRC-pathways play a role in HPS and particularly 
to obtain new support for the serrated CRC pathway, we assessed the 
molecular characteristics of polyps(n=84) and CRCs(n=19) in 17 HPS 
patients as compared to control groups of various sporadic 
polyps(n=59) and sporadic, microsatellite-stable CRCs(n=16). 
  
Results: 
In both HPS and sporadic polyps, APC mutations were exclusively 
identified in adenomas whereas BRAF mutations were confined to 
serrated polyps. Six of 19(32%) HPS CRCs were identified within a 
serrated polyp. Mutation analysis performed in both the CRC and the 
serrated component of these lesions showed identical BRAF 
mutations. One HPS CRC was located within an adenoma, both 
components harboring an identical APC mutation. Overall, 10/19(53%) 
HPS CRCs carried a BRAF mutation, compared to none in control 
group CRCs (p=0.001). Six (60%) of the BRAF-mutated HPS CRCs 
were microsatellite-unstable (MSI-high) due to MLH1 methylation. 
 
Conclusion:  
Our findings provide novel supporting evidence for the existence of a 
predominant serrated CRC pathway in HPS, generating both 
microsatellite-stable and microsatellite-instable CRCs. 
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INTRODUCTION 

Colorectal cancer (CRC) ranks as the second most common 

cause of cancer-related death in the western world.1 The classical 

model which describes CRC development is the adenoma-carcinoma 

sequence associated with activation of the WNT signalling pathway.2, 3 

This pathway is characterised by an initial, bi-allelic inactivation of the 

adenomatous polyposis coli gene (APC) followed by mutations in key 

oncogenes and tumor-suppressor genes, including KRAS, DCC and 

TP53, resulting in adenoma initiation and progression to CRC. This 

multi-step process of carcinogenesis has been elaborately studied and 

much information has been derived from the familial adenomatous 

polyposis (FAP) and MUTYH-associated polyposis (MAP) syndromes.  

In addition to the adenoma-carcinoma sequence, an 

alternative, microsatellite instability (MSI) pathway exists which is 

characterized by deletion or inactivation of mismatch repair (MMR) 

genes. Loss of one of the MMR genes occurs in 10-15 % of the 

sporadic CRC, whereas 1-2% of CRCs with MMR gene loss is due to a 

hereditary predisposition, i.e. in Lynch syndrome patients carrying a 

mono-allelic MMR gene defect in the germline.  

Recently a, “serrated neoplasia pathway”, has been proposed 

which involves the progression of serrated polyps, i.e. hyperplastic 

polyps (HPs), sessile serrated adenomas (SSAs) and/or traditional 

serrated adenomas (TSAs), to CRC. The early genetic events of this 

route, as yet identified, are BRAF or KRAS mutations and an 

enhanced CPG-island methylation status of multiple genes.4-11 There is 

evidence to suggest that a proportion of sporadic MSI CRCs originate 

from serrated polyps as both these lesions commonly harbour 

hypermethylated MLH1 in combination with BRAF mutations.12-16 In 

addition, clinicohistological reports supporting a serrated CRC pathway 
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include CRCs in close vicinity of large hyperplastic polyps17, 18; CRCs 

identified in mixed hyperplastic and adenomatous polyps19;  and 

increased incidence of serrated polyps in patients with sporadic 

microsatellite-unstable CRCs.4, 10, 20 Currently however, proof of the 

existence of a serrated CRC pathway, demonstrated by the combined 

histological finding of a serrated polyp directly adjacent to a CRC and 

concurrent molecular evidence for a sequential relationship has not 

been delivered. 

Hyperplastic Polyposis Syndrome (HPS) is a condition 

characterized by the presence of multiple colorectal serrated polyps. 

The genetic cause(s) of HPS is/are largely unknown. We recently 

demonstrated that HPS can occur in the context of MAP21, but MUTYH 

mutations seem to occur in only a small proportion of HPS patients.22 

HPS is associated with an increased CRC-risk.5, 7, 19, 22-27 Previously 

published case series report CRC at clinical presentation in up to 50% 

of HPS patients and interval carcinomas, i.e. carcinomas occurring 

after HPS diagnosis and during endoscopic surveillance, in up to 25% 

of patients.24, 28 However, since HPS is a heterogeneous condition, 

comprising serrated polyps of different categories i.e. HPs and SSAs 

but also co-existent conventional adenomas22, 23, 28-30, it is uncertain 

which polyps eventually lead to CRC in these patients and thus are 

clinically relevant. In the case that the CRCs do originate from the 

serrated polyps, HPS may prove to be a valuable model for studying 

the serrated CRC pathway. 

Within a cohort of 56 HPS patients, we identified 17 patients 

with CRC. By combined histopathological and molecular analyses of 

the polyps and CRCs in these patients, we obtained novel evidence for 

a serrated CRC pathway in HPS which predominates over the 

classical WNT pathway of carcinogenesis.  
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MATERIALS AND METHODS 

Subjects  

From a cohort of 56 HPS patients undergoing endoscopic 

treatment/surveillance at the Academic Medical Centre in the 

Netherlands, 21 HPS patients had CRC. From 17 of these patients 

tissue was available (n=19) which was included in this study. HPS was 

defined as at least five histologically diagnosed HPs and/or SSAs 

proximal to the sigmoid colon, of which 2 greater than 10mm in 

diameter, or more than 20 HPs and/or SSAs distributed throughout the 

colon.28 Because both HPs and SSAs are common findings in HPS 

and have been shown to be difficult to differentiate microscopically, all 

serrated polyps were included in our criteria. 31-34 Patients with a 

known germline APC mutation or a bi-allelic MUTYH mutation were 

excluded from the study. The study was conducted in accordance with 

the research code of our institutional medical ethical committee on 

human experimentation, as well as in agreement with the Helsinki 

Declaration of 1975, as revised in 1983. 

 

Specimens 

All retrieved CRCs (n=19) were formalin-fixed and paraffin-embedded. 

H&E stained tissue sections were re-evaluated by two pathologists 

(CvN, SvE). In addition, all CRCs were re-evaluated for the presence 

of an adjacent serrated component and for features of a serrated 

adenocarcinoma as claimed by others.10 A control group was selected 

consisting of sporadic, microsatellite stable (MSS) CRCs (n=14) from 

non-polyposis patients, matched for age, gender and CRC-location. 

These CRCs were re-evaluated as described above. 

In the case of a mutation identified in a CRC, ≥ 5 polyps in the closest 

proximity of the CRC were selected and reviewed by a single 
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pathologist (CvN) who was blinded for patient characteristics and 

original histological diagnosis. Polyps were classified as HP, SSA, 

TSA, mixed polyp or conventional adenoma based on the histological 

features on H&E staining.35-37 Polyps with a serrated morphology i.e. 

HPs, SSAs, TSAs and mixed polyps were collectively designated as 

‘serrated polyps’. A polyp control group was also selected consisting of 

sporadic HPs (n=24), SSAs (n=18) and conventional adenomas (n=17) 

from non-polyposis patients. For the purpose of analysis, lesions from 

the caecum, ascending colon, transverse colon and descending colon 

were regarded as proximal and those from the sigmoid colon and 

rectum were regarded as distal.  

 

Somatic mutation analysis 

Epithelial cells from polyps and CRCs were microdissected and DNA 

was isolated as described previously.38, 39 Using previously described 

primers and assays, DNA was analysed for mutations in the APC-

mutation cluster region (APC-MCR), KRAS (exon 2), BRAF (exon 15) 

and NRAS (exons 1 and 2).38, 39 In the case of a CRC in a polyp, 

mutation analysis of TP53 (exons 4-10) was performed in an attempt 

to assess whether these two components were clonally related. In 

case of an identified genetic mutation in a CRC, mutation analysis of 

surrounding polyps (≥5) was performed as described above. Detected 

mutations were confirmed in a second independent experiment. 

 

Microsatellite instability analysis 

Microsatellite status of the CRCs of HPS patients was determined 

using an international standard panel of 5 microsatellite markers 

(D17S250, D2S123, D5S346, BAT25 and BAT26) using standard 

techniques. A high degree of microsatellite instability (MSI-high) was 
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defined as two (40%) or more unstable markers, MSI-Low as one 

unstable marker, and microsatellite stable (MSS) as no unstable 

markers. 

 

Immunohistochemistry 

Immunohistochemistry was performed on CRCs and polyps of the 

HPS patients. Unstained 5-µm sections were cut from paraffin blocks 

and the slides were deparaffinized. Primary monoclonal antibodies 

used were specific for MLH1(1:50 BD Pharmingen, San Diego, USA); 

MSH2(1:100 Oncogene Research Prod., San Diego, USA); 

MSH6(1:200 BD Transduction Lab., San Jose, USA); PMS2(1:250 BD 

Transduction Lab., San Jose, USA); SMAD4(1:200 Santa Cruz, USA); 

CTNNB1(1:10.000 BD Biosciences, San Diego, USA) and 

TP53(1:2000 Neomarkers, Fremont, USA). Slides were immersed in 

0.3% hydrogen peroxide in methanol for 20 minutes. Subsequently, 

antigen retrieval was carried out by 10 minutes of boiling in 10mM 

Tris/1mM EDTA (pH 9) followed by incubation with above mentioned 

diluted primary antibodies during 1 hour at room temperature. Post-

antibody block (Immunologic) in PBS was performed followed by 

implementation of an antipolyvalent HRP detection system 

(Immunologic) to visualize antibody binding sites with 3.3’-

diaminobenzidine as a chromogen. Sections were counterstained with 

haematoxylin.  

 Immunoreactivity for CTNNB1 (β-catenin) was regarded as 

positive when strong nuclear staining was observed in >25% of the 

cells. Stains for TP53 were regarded to be indicative of TP53 

dysfunction or deletion when >75% of the lesional nuclei were 

strongly positive or completely negative (absent staining). Stains for 
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SMAD4, MLH1, MSH2, MSH6 and PMS2 were considered negative 

when there was complete absence of nuclear expression in all lesional 

cells. Negative staining in a part of a lesion or in a single crypt was 

registered separately. 

 

Statistics 

Statistical analyses were performed by using a statistical software 

package (Statistical Package for the Social Sciences 12.0.2; SPSS 

Inc, Chicago, Ill). Somatic mutations in CRCs and polyps of HPS 

patients were compared with those of a control panel using a two-

sided Fisher exact test. A p-value of < 0.05 was considered statistically 

significant. 

 

RESULTS 

Patients 

The clinico-pathological features of the HPS patients are summarized 

in table 1. The median age of this cohort of 17 HPS patients at CRC 

diagnosis was 58 years (range: 41-75) with a male: female ratio of 8:9. 

In all patients, germline APC and MUTYH-mutation analyses were 

previously performed and found negative. A surgical colonic resection 

was performed in 14/17 (82%) patients: 6 subtotal colectomies, 4 

hemi-colectomies (2 right-sided) and 4 (recto)sigmoidal resections. 

Histological evaluation of biopsies and surgical resection specimens of 

these patients revealed a median of 16 HPs, 7 SSAs and 2 

conventional adenomas per patient. All patients satisfied the criteria for 

HPS defined by the World Health Organization (WHO).30  
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Mutation analysis in HPS polyps and control-group polyps 

A total of 84 polyps, originating from 17 HPS patients with CRC, were 

analysed for pathogenic mutations in the APC-mutation cluster region 

(APC-MCR), KRAS (codons 12 and 13), BRAF (codon 600) and NRAS 

(exons 1 and 2). The 84 HPS polyps consisted of 21 HPs, 38 SSAs, 3 

TSAs, 2 mixed polyps (64 serrated polyps) and 20 conventional 

adenomas. The control group of sporadic lesions (n=59) consisted of 

24 HPs, 18 SSAs (42 serrated polyps) and 17 conventional adenomas 

(table 2).  

Molecular analysis, of both the HPS polyps and control group 

polyps, showed APC-MCR mutations exclusively in the conventional 

adenomas and BRAF mutations exclusively in the serrated polyps: 

BRAF mutations were detected in 48/64 (75%) HPS serrated polyps, 

whereas 20/42 (48%) of the control group serrated polyps harbored a 

BRAF mutation (p=0.007). Also when evaluating HPS patients 

individually, each patient harbored predominantly BRAF mutations in 

their serrated polyps. In four patients, beside BRAF mutations a single 

KRAS mutation was identified in a distal serrated polyp. No significant 

difference in frequency of KRAS mutations in serrated polyps was 

seen between groups (6% vs 17%; p=0.1), but in conventional 

adenomas of HPS patients no KRAS mutations were detected, 

compared to 4/17 (24%) conventional adenomas in the control group 

(p=0.029). In none of the polyps KRAS and BRAF mutations were 

found together. 
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Table 1. Clinico-pathological features of HPS patients with colorectal cancer 
G= gender, Location=location of carcinoma, AC=ascending colon, TC= transverse 
colon DC=descending colon 

 

 When location in the colon was analyzed, no association was 

seen between the presence of a BRAF mutation and polyp location in 

both HPS and in the control group (table 3). BRAF mutations were 

observed in 36/46 (82%) proximal HPS serrated polyps and in 12/18 

(67%) distal HPS serrated polyps. In HPS, KRAS mutated serrated 

 

Case no. Age G CRC Location CRC Size (TNM) Adjacent polyps 

1 59 F Caecum 56 mm (T3N0M0) - 

2 41 F Rectosigmoid 25 mm (T2N0M0) - 

3 75 M AC 50 mm (T3N0M0) - 

4 58 M Rectosigmoid 4 mm (TisN0M0) HP 

5 59 M AC < 20 mm (T1N0M0) SSA 

6 68 F AC 95mm (T3N0M0) - 

7 43 F DC 40mm (T4N1M0) - 

8 49 F DC Not stated(TisN0M0) HP 

9 54 M DC 50mm (T3N0M0) - 

9   Rectosigmoid 20mm (T1N0M0) - 

10 54 F AC 16mm (T1N0M0) SSA 

11 56 F Rectosigmoid 65mm (T2N0M0) Adenoma 

12 
61 F Rectosigmoid 

20mm (T1N0M0) - 

13 
52 M Rectosigmoid 

40mm (T3N1M0) - 

14 66 M AC 8 mm (T1N0M0) SSA 

15 63 M AC 6 mm (T1N0M0) SSA 

16 69 M TC 120mm (T3N1M1) - 

17 68 F AC 12mm (TisNoM0) - 

17 68 F Rectosigmoid 29mm (T2N0M0) - 
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polyps (4/15: 27%) were exclusively detected in the distal colon 

(p=0.005).  

 

Immunohistochemistry in polyps  

In none of the 84 HPS polyps, loss of expression of the mismatch 

repair genes (MLH1, MSH2, MSH6 and PMS2) or SMAD4 was 

observed (not shown). In addition, none of these polyps showed 

abnormal TP53 staining (either strong nuclear TP53 staining or 

complete TP53 loss, not shown). In 9 conventional HPS adenomas, 

we detected strong nuclear CTNNB1 staining (i.e. in >25% of lesional 

cells, not shown). In 5 of these adenomas, an APC-MCR mutation was 

identified. In four other APC-MCR mutated adenomas no abnormal 

nuclear β-catenin staining was detected. Nuclear CTNNB1 was not 

found in any of the serrated polyps of either group. 

 

 
Table 2. Detected APC, KRAS and BRAF mutations in serrated polyps (HPs, SSAs, 
TSAs and mixed polyps) and adenomas (AD) compared to a control panel. 
*Statistically significant p-value for BRAF mutation frequency in serrated polyps of 
HPS patients compared to serrated polyps in the control group  
**Statistically significant p-value KRAS mutation frequency in adenomas of HPS 
patients compared to adenomas in the control group. 

 

 

 

 

Somatic mutation Patients with HPS Control group P-value 

 
Serrated polyps 

(n=64) 
AD 

(n=20) 
Serrated polyps 

(n=42) 
AD 

(n=17) 
 

APC mutation 0 
9 

(45%) 
0 7 (41%) Ns 

BRAF mutation 48 (75%) 0 20 (48%) 0 0.007* 

KRAS mutation 4 (6%) 0 7 (17%) 4 (24%) 0.029** 
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Histological characteristics of the colorectal carcinomas 

Upon histological re-evaluation of CRCs, 6/19 (32%) HPS CRCs were 

identified within/directly adjacent to a serrated polyp. In 1/19 (5%) 

cases, the HPS CRC was identified within a conventional adenoma 

(Fig.1). One patient had two synchronous CRCs. Although 6 CRCs 

were identified within serrated polyps, no HPS CRCs displayed a 

distinguishing morphology justifying the diagnosis serrated 

adenocarcinoma.10  

 

Mutation: BRAF mutation KRAS mutation 

Group: HPS Control group HPS Control group 

Location: Proximal Distal Proximal Distal Proximal Distal Proximal Distal 

HP 8/13 (62) 5/8 (63) 1/2 (50) 9/22 (41) 0/13 (0) 3/8 (38) 0/2 (0) 5/22 (23) 

SSA 25/30 (83) 5/8 (63) 10/18 (56) 0/1 (0) 0/30 (0) 1/8 (13) 2/17 (12) 0/1 (0) 

TSA 1/1 (100) 2/2 (100) 0/0 0/0 0/1 (0) 0/2 (0) 0/0 0/0 

MP 2/2 (100) 0/0 0/0 0/0 0/2 0/0 0/0 0/0 

 
Table 3. Serrated polyp location and BRAF and KRAS mutation. MP=mixed polyp 
NOTE. All values are expressed as n (%). 
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Figure 1. Two colorectal carcinomas, one located within a serrated polyp (A and B, 
magnification 50x) and one within a villous adenoma (C, magnification 50x) of two 
HPS patients. 

 

Mutation analysis in HPS CRCs and control-group CRCs 

BRAF mutations were detected in 10/19 (53%) HPS CRCs, whereas 

no BRAF mutations were detected in the CRCs of the control group 

(p=0.001, table 4 and figure 2). All BRAF mutations involved the same 

thymine to adenine transversion at nucleotide 1796, resulting in a 

valine to glutamine substitution at codon 600 (V600E). We found no 
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NRAS mutations in the CRCs of either group. Of the 6 CRCs identified 

within a serrated polyp, 5/6 (83%) carried the same BRAF mutation 

(GTG → GAG) in both the polypous and tumor components (Table 5). 

However, considering that these are hotspot mutations, these findings 

do not prove a clonal relationship between these lesions. TP53 (exons 

4-10) sequence analysis, performed on these 6 CRCs in order to 

further explore the clonal relationship between the carcinomas and 

precursor lesions, yielded no mutations.  

 

 

 

 

Mutation 

 

HPS carcinomas (n=19) 

 

Carcinomas control group (n=14) 

 

P-value 

APC 2 (11%) 4 (29%) Ns 

KRAS 1 (5%) 5 (36%) Ns 

BRAF 10 (53%) 0 0.001* 

NRAS 0 0 Ns 

MSS 12 (63%) 14 NA 

MSI-L 1 (5%) 0 NA 

MSI-H 6 (32%) 0 NA 

Table 4. Mutation spectrum of colorectal cancers in HPS patients compared to control-
group CRCs. ns: not significant; NA: not applicable. *statistically significant p-value 
compared to control group CRC 
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Figure 2. Mutation profiles of HPS polyps/CRCs compared to sporadic control group 
polyps/CRCs. SPs = serrated polyps, Ads = conventional adenomas, CRCs = 
colorectal cancers 

 

APC-MCR mutations were identified in 2/19 (11%) HPS CRCs 

compared to 4/14 (29%) in the control group CRCs (not significant) 

and 1/19 (5%) KRAS mutations were detected in HPS CRCs 

compared to 5 (36%) in the control group (not significant). In one HPS 

CRC (patient 6), both a BRAF mutation and an APC-MCR mutation 

were detected. Interestingly, one of the HPS CRCs (patient 11), 

harbouring an APC-MCR mutation (insertion 1364), was the single 

HPS CRC found within a villous adenoma (Fig.1C). Subsequent APC-

MCR sequence analysis of the adenoma revealed the same mutation 

(insertion 1364), establishing a clonal relationship between these 
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lesions. Accordingly, both the adenomatous and malignant 

components displayed evident nuclear CTNNB1 staining (Fig.3).  

 When location in the colon was analysed, all BRAF-mutated 

HPS CRCs were exclusively detected in the proximal colon (p=0.007). 

No association was seen between location and KRAS mutations in the 

control group or APC-mutations in both groups. The entire list of 

molecular analyses on a per-carcinoma basis can be found as a 

supplementary table online (http://ajp.amjpathol.org). 

 

 

 
Table 5. Mutations in CRCs and adjacent polyps. 
 
 
 
 
 
 
 
 

 

 

 

Carcinoma 

 

Adjacent polyp 

 

Mutation in CRC 

 

Mutation in adjacent polyp 

4 HP None None 

5 SSA 
BRAF (GTG→GAG) 

BRAF (GTG→GAG) 

8 HP 
BRAF (GTG→GAG) BRAF (GTG→GAG) 

10 SSA 
BRAF (GTG→GAG) BRAF (GTG→GAG) 

11 Adenoma APC (insertion G 1354) APC (insertion G 1354) 

15 SSA 
BRAF (GTG→GAG) BRAF (GTG→GAG) 
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Figure 3. Nuclear CTNNB1 expression in the adenocarcinoma and the adjacent 
adenoma of patient 11, both harbouring the same APC gene mutation (magnification 
200x). 
 
 

Genetic events detected immunohistochemically and by 

microsatellite analysis in CRCs  

In 6/19 (32%) HPS CRCs, loss of expression was seen of at least 1 

mismatch repair (MMR) protein. In 6 CRCs, there was complete loss of 

expression of both MLH1 and PMS2. All these 6 HPS CRCs were 

microsatellite-unstable (MSI-high), were proximally located and 

harboured a BRAF mutation. Two of the 6 MSI-high CRCs involved 

combined serrated polyp-CRC lesions. In these lesions, the serrated 

polyp components were microsatellite stable (MSS).  

Strong nuclear β-catenin staining (>25%) was observed in 5/19 

(26%) HPS CRCs. In one of these CRCs, an APC-MCR mutation was 

identified and none of these was BRAF mutated. In all 5 of these HPS 

CRCs, abnormal TP53 staining was observed (>75% nuclear staining 

or complete absence), indicative of loss of functional TP53. Three 

additional HPS CRCs displayed a perturbed TP53 status. In 2/19 

(11%) CRCs loss of SMAD4, either focal or complete, was detected.  
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DISCUSSION 

In this first comprehensive cohort study of HPS patients with 

both CRCs and polyps, we demonstrated that the serrated polyps and 

conventional adenomas of HPS patients not only morphologically 

resemble their respective sporadic counterparts but also have similar 

molecular profiles (table 3, figure 2). Interestingly, we identified a high 

number of combined serrated polyp-CRC lesions which showed 

identical BRAF mutations in both components, supporting the 

existence of a serrated CRC pathway. Overall, we demonstrated that 

both microsatellite-stable and –unstable CRCs in HPS predominantly 

originate from the serrated polyps thus confirming that HPS patients 

provide a valuable model to analyze the molecular characteristics of 

the serrated CRC pathway. 

In accordance with previous reports 13, 40, 41, the HPS serrated 

polyps harboured significantly more BRAF mutations than those of the 

control group (80 vs. 48%: p=0.001). The slight difference in the KRAS 

mutation frequencies between both groups (7 vs. 17%) was not 

statistically significant. Thus in HPS patients, BRAF mutations 

correlate even stronger with serrated polyps than in non-HPS patients. 

This contrasts with serrated polyps in MAP patients with a germline 

MUTYH gene mutation, which contain significantly more KRAS 

mutations (70%) than BRAF mutations (4%).21 Both BRAF and KRAS 

have been identified as early or instigating events in the serrated 

pathway. It has to be determined however, whether serrated lesions 

with these mutually exclusive mutations are biologically equivalent and 

have the same risk of developing to CRC.  

The mutation profiles of the HPS CRCs were clearly more 

similar to those found in the serrated polyps than in the conventional 

adenomas (table 3 and figure 2). The profiles of the control group MSS 
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CRCs, as expected, were comparable to the profiles of the 

conventional adenomas. As many as 10 of the included 19 HPS CRCs 

were BRAF-mutated compared to none of the 14 control group CRCs 

(p=0.001). Interestingly, all these BRAF-mutated CRCs were 

proximally located. Previous molecular studies in HPS CRCs 

encompassed small non-controlled series of selected cases.23, 42-44 and 

a comparison between our results and these studies is not 

straightforward owing to variation in patient selection criteria and 

analysis of different or single genes. Overall however, BRAF mutations 

were identified in 6/15 (40%) HPS-related CRC-cases described in the 

assembled literature until now. We identified no BRAF mutations in the 

control group of age-and sex-matched, MSS CRCs from non-polyposis 

patients. Concordantly, BRAF mutations have been reported in only 5-

10% of sporadic MSS CRCs of non-polyposis patients (n>100).45-48 

Considering that in the literature serrated polyps are suggested to be 

precursor lesions of particularly MSI CRCs, we chose MSS 

carcinomas in our control group in order to exclude MSI-CRCs from 

potentially unrecognized HPS patients. However, this strategy is 

arbitrary and eliminates sporadic MSI CRCs from non-HPS patients. 

Hence, our statistically significant difference in BRAF mutation 

frequency between HPS CRCs and control group CRCs is higher 

compared to an unselected cohort of CRCs. We detected only one 

KRAS mutation in a distally located HPS CRC, which corroborates two 

previously published studies together analyzing a total of 15 HPS 

CRCs.40, 41 To our knowledge, only one other study has described the 

presence of a KRAS mutation in a single distally located HPS CRC, 

supporting the notion that KRAS plays a minor role in the 

carcinogenesis of HPS and is confined to the distal colon.23 
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In our study, 2 patients had synchronous CRCs. Theoretically, 

a field effect may account for the development of synchronous 

polyps/CRCs.49 In one patient (patient 9), no mutations were identified 

in both CRCs. The other patient (patient 17) harboured one KRAS 

mutation and one BRAF mutation respectively in each of the CRCs. 

Hence, although a field effect associated with a serrated CRC pathway 

may cause simultaneous CRCs with identical mutations, we were not 

able to demonstrate this in patient 9 due to the lack of any mutations 

and seems excluded in patient 17. Of note, clonal markers are 

necessary to be able to demonstrate a true field effect. Such clonal 

markers associated with the serrated pathway are currently not 

available.  

The histological characteristics of the HPS CRCs as a group, 

either or not BRAF-mutated, were inconspicuous and not obviously 

different from the control group CRCs. In particular, a serrated growth 

pattern, as has been reported, 50, 51 was not apparent in our series of 

HPS CRCs. We found a remarkable number of HPS CRCs (6/19: 

32%) to be located within or directly adjacent to a serrated polyp (Fig. 

1). In 5/6 of these combined lesions an identical hotspot mutation at 

codon 600 (GTG→GAG) of BRAF was detected in both components. 

These combined histological and molecular data are strongly 

suggestive for a sequential relationship between serrated polyps and 

CRC. A clonal relationship between the carcinomas and their assumed 

precursor lesions could not be further substantiated due to lack of 

appropriate clonal markers. 

In the literature it has been shown that 90% of sporadic MSI-H 

CRCs are caused by loss of MLH1 function as a result of methylation 

of this mismatch repair gene. In these lesions, BRAF mutations, which 

are associated with serrated polyps, are also a common finding 
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suggesting that the serrated pathway can generate MSI-H CRCs.13, 15 

Interestingly, 6/19 HPS CRCs were MSI-H due to loss of MLH1 and 

PMS2 and all 6 carried BRAF mutations. Additional analysis in these 

CRCs also showed hypermethylation of MLH1 in all cases (data not 

shown). These findings suggest a causal relationship between this 

novel carcinogenic route and microsatellite-unstable CRCs. On the 

other hand, our findings demonstrate that the serrated pathway, at 

least in HPS, also generates MSS-CRCs. 

Previous large cohort studies (>30 patients) have reported the 

presence of at least one conventional adenoma in 69- 85% of HPS 

patients and >5 conventional adenomas in 21-32% of cases.22, 23, 28-30 

Concordantly, in our study APC-MCR mutations were detected in two 

(13%) HPS CRCs. The identification of an HPS CRC (patient 11) 

located within a conventional adenoma of the same clonal origin, 

reflected by the identical APC-MCR mutation in both components, is 

significant since this proves that the classical adenoma-carcinoma 

pathway52 is also operational in HPS patients.  

The apparent dominance of the serrated over the non-serrated 

CRC pathway in HPS may either be due to a greater intrinsic risk of 

tumour progression of the serrated polyps, or be simply a reflection of 

the numerical prevalence of serrated polyps over adenomas. To our 

knowledge, the only study that has addressed this issue in 2 HPS CRC 

cases, reported no APC mutations.23 In that study however, patients 

with >10 conventional adenomas were excluded. In our study, all 

cases satisfied the WHO criteria for HPS in which the presence or 

number of conventional adenomas is not an issue. Interestingly, in 

HPS patient 11 with the classical CRC, a relative abundance of 

conventional adenomas was observed (12 adenomas versus 17 

serrated polyps), suggesting a stochastic rather than an intrinsically 
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biased process of carcinogenesis. Interestingly, in the other APC-

MCR-mutated HPS CRC (patient 6) also a BRAF mutation was 

identified. Assuming that this CRC is of monoclonal origin, it may be 

the outcome of an elusive ‘fusion’ pathway which combines 

mechanisms associated with both conventional adenomas and 

serrated polyps, as proposed previously.36 

 We observed 4 HPS CRCs with nuclear CTNNB1 staining, 

associated with the WNT-pathway. Although in these CRCs, no APC-

MCR mutations or CTNNB1 exon 4-10 hotspot mutations were 

identified, alternative mechanisms may be operational to activate the 

WNT -pathway, e.g. methylation of the APC promotor regions and 

MSI-related frameshift mutations in WNT pathway regulators like 

AXIN2.53 In these HPS patients, a median of only 1 adenoma (range: 

0-5) was identified, suggesting that the WNT-pathway indeed may be 

involved at some stage of carcinogenesis via the serrated pathway. 

Considering that no BRAF mutations or directly adjacent serrated 

polyps were found, it seems unlikely that these CRCs are the outcome 

of a proposed fusion pathway, but formally this can not be excluded. 

Based on these observations, we conclude that distinct, APC- 

and non-APC mediated CRC pathways are functional in HPS. A 

serrated pathway, skewed towards initial BRAF mutations and 

proximal localization, however seems to predominate, most likely due 

to the numerical prevalence of serrated polyps in these patients. From 

this it is inferred that all polyp types in HPS, should be considered 

clinically relevant and be removed.  
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SUMMARY 

Background and study aims: Hyperplastic polyposis syndrome 

(HPS) is associated with colorectal cancer and is characterized by 

multiple hyperplastic polyps (HPs), sessile serrated adenomas (SSAs) 

and adenomas. Narrow-band imaging (NBI) may improve the detection 

of polyps in HPS. We aimed to compare polyp miss-rates of NBI 

compared to high-resolution endoscopy (HRE).  

 

Patients and Methods: This was a single center, randomized cross-

over study in which consecutive HPS patients underwent tandem 

colonoscopy with HRE and NBI, in randomized order with removal of 

all detected polyps.  

 

Results: In 22 patients with HPS, 209 polyps were detected: 27 

normal histology, 116 HPs, 42 SSAs and 24 adenomas. Within 

patients assigned to HRE first (n=11) a total of 78 polyps was 

detected; subsequent NBI added 44 polyps. In patients examined with 

NBI first, 78 polyps were detected and subsequent HRE added 9. 

Polyp miss-rates of HRE and NBI were 36% and 10% (OR 0.21; 0.09-

0.45). Flat polyp shape was independently associated with increased 

miss-rate.  

 

Conclusion: NBI significantly reduces polyp miss-rates in HPS 

patients. We recommend using either NBI or chromoendoscopy for 

colonoscopic surveillance of HPS patients with removal of all detected 

polyps. 
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INTRODUCTION 

Hyperplastic polyposis syndrome (HPS) is characterized by the 

presence of multiple hyperplastic polyps (HPs) spread throughout the 

colon and is associated with an increased colorectal cancer (CRC) 

risk.[1-4] Besides HPs, sessile serrated adenomas (SSAs) and 

conventional adenomas are common findings in this condition as well. 

The presence of SSAs is even considered typical for HPS.[5-7]  

Whereas sporadic HPs are traditionally considered to be low-

risk lesions, a novel serrated neoplasia pathway has been suggested 

which describes the progression of serrated polyps (i.e. HPs, SSAs 

and traditional serrated adenomas) to CRC through accumulation of 

genetic mutations.[8-15] Molecular research strongly suggest that 

serrated polyps are lesions which may lead to CRC with BRAF and 

CPG-island methylator phenotype (CIMP).[16-20]  In addition, 

clinicohistological reports supporting a serrated neoplasia pathway 

include CRCs in close vicinity of large hyperplastic polyps [21,22] and 

CRCs identified in serrated polyps [23-25]. Therefore, serrated polyps 

seem to represent direct premalignant lesions. SSAs have even been 

recommended to be managed as conventional adenomas.[26] 

Serrated polyps in HPS however, have been shown to have even 

higher numbers of BRAF mutations and CIMP compared to sporadic 

serrated polyps.[20,27] Moreover, HPS patients have far more 

serrated polyps than people in the general population. This may (in 

part) explain the increased risk of CRC in HPS patients. Numerous 

HPS patients with CRC arising in a serrated polyp have been 

reported.[23] Thus, detection and removal of serrated polyps seems 

necessary to prevent CRC in patients with HPS.  
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In HPS patients however, SSAs and HPs are generally small 

and flat.[28-30] These features are associated with polyp miss-rates of 

up to 26% using standard colonoscopy.[31-33] Improved detection of 

these polyps by using advanced endoscopic techniques seems 

therefore desirable. Chromoendoscopy has previously been shown to 

improve the detection of small and flat lesions, specifically HPs, in 

patients undergoing surveillance colonoscopy.[32-36] However, 

chromoendoscopy is a labour-intensive and time-consuming 

technique. Narrow-band imaging (NBI) is an easier push-on-a-button 

technique that enhances mucosal and vascular detail without the use 

of dyes, and has proven to be superior to high-resolution endoscopy 

(HRE) for the detection of sporadic HPs.[37,38] The aim of this 

randomized trial was to compare NBI and HRE for the detection of 

polyps in patients with HPS. 

 

PATIENTS AND METHODS 

 

Patients 

Between October 2007 and October 2008, consecutive HPS 

patients were recruited for this study at the Academic Medical Center 

in Amsterdam. A diagnosis of HPS is based on the following criteria: 1) 

≥20 HPs found during previous colonoscopies; 2) ≥5 HPs proximal to 

the sigmoid colon of which 2 were larger than 1cm; or 3) any HP 

occurring proximal to sigmoid colon in an individual who has a first-

degree relative with HPS.[1,4] However, owing to the common 

presence of both HPs and SSAs in HPS and the difficult histological 

differentiation between these two groups, both HPs and SSAs were 

used to fulfil the criteria. [26,39-41] Patients were excluded in case of 

inflammatory bowel disease, severe coagulopathy, <18 years of age, 
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insufficient bowel preparation (<90% of colonic mucosa visible) and a 

known germline APC mutation or bi-allelic MYH mutation. From 

included patients informed consent was obtained and the study was 

approved by our institutional review board. 

 

Endoscopic equipment 

For this study the Evis Lucera system (CV-260, Olympus Inc., 

Tokyo, Japan) and a high-resolution video colonoscope (CF-H260Z) 

were used integrating HRE, NBI and optical magnification (100×). The 

endoscopist could easily switch between the imaging modes by 

pressing a button on the shaft of the endoscope. As only high-

resolution monitors were used, the high-definition signal of the system 

was not utilized. 

 

Study design and randomization 

We used a cross-over study design with randomized order. 

Consecutive patients underwent tandem colonoscopy with HRE and 

NBI by the same endoscopist and the order of these techniques was 

randomized (figure 1). After informed consent,  block randomization 

was performed by a single investigator by opening sealed opaque 

envelopes (containing notes with ‘HRE’ or ‘NBI’ in a 1:1 ratio) once the 

cecum was reached.  
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Figure 1. Flow diagram  

 

 

Colonoscopic procedure  

Patients were prepared with 4 liters polyethylene glycol solution 

(Kleanprep, Norgine Inc., Amsterdam, Netherlands) and underwent 

colonoscopy under conscious sedation with midazolam and fentanyl. 

All procedures were performed by the same endoscopist (ED) who 

was highly trained in NBI (>500 NBI colonoscopies). 

The colonoscope was advanced to the cecum in the HRE mode 

of the endoscope. No attention was paid to polyps during the insertion 

phase. Cecal intubation was confirmed by identification of the 

appendiceal orifice and ileocecal valve. After extensive rinsing and 

suctioning of remaining stools, the level of bowel preparation was 

determined as excellent (100% of colonic mucosa visible), good (90-
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99%) or poor (<90%). Patients with poor bowel preparation were 

excluded from this study. 

Hereafter, each colonic segment (ascending, transverse, 

descending and recto sigmoid colon) was examined twice, once with 

HRE and once with NBI. The order of the two techniques was 

determined by randomization. During withdrawal with the first 

technique, each segment of the colon was meticulously inspected for 

the presence of polyps. Of all detected polyps the size (estimated by 

an opened biopsy forceps), location (colonic segment and distance 

from the anus) and Paris classification were noted.[42] Hereafter, each 

polyp was immediately removed by endoscopic mucosal resection or 

biopsy removal (if <5mm) and sent for pathology in separate jars.  

After first inspection and polyp clearance of each colonic 

segment, the colonoscope was advanced again to the beginning of the 

segment. The other imaging technique was then used for the second 

inspection of the same segment. In case of indistinctive hepatic or 

splenic flexures, a random biopsy was taken for reference of each 

colonic segment. If additional polyps were detected during the second 

examination, their size, location and Paris classification were noted 

before removal. 

Withdrawal times during the HRE and NBI examinations were 

measured by using a stopwatch. Time for performing polypectomy was 

not included in these withdrawal times. A maximum colonoscopy time 

of 2 hours was set for the entire endoscopic procedure; otherwise the 

procedure was too long and inconvenient for the patient. It was not 

possible to blind the endoscopist to the imaging intervention, and, 

logistically, it was not possible to have a different endoscopist perform 

the second examination. 
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Histopathology 

Resection specimens were evaluated by an expert GI 

pathologist (SvE) who was blinded for endoscopic technique. Lesions 

were classified as normal mucosa, HP, SSA, traditional serrated 

adenoma, mixed polyp or conventional adenoma based on the 

morphological features on H&E staining.[19,26,43] As previously 

described by Torlakovic et al, SSAs were defined by architectural 

distortion with irregular dilated crypts, including dilatation of the base of 

the crypts that often have a boot, L or inverted T shape, serration 

including at the base of the crypts and abnormal proliferation and 

maturation with mature goblet or foveolar cells at the base of the 

crypts.[44]   

 

Outcome measures 

Primary outcome measure was the polyp miss-rate of each technique, 

defined as the number of polyps detected during the second inspection 

divided by the total number of polyps detected during both 

examinations. Additional exploratory sub-analyses were performed 

regarding polyp location, -size and -shape.  

 
Statistical analysis and sample size 

Polyp miss-rates of NBI and HRE were compared by Chi-square 

testing. Logistic regression analysis was used to evaluate associations 

between polyp characteristics and polyp miss-rate (i.e. dependent 

variable), using odds ratios (OR) plus 95%-conficence interval to 

represent the strength of the association. Histopathology of each polyp 

served as reference standard. The STARD statements were used for 

reporting diagnostic test accuracy.[45] In addition the CONSORT 

statements were used for reporting this randomized controlled trial.[46]  
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Previous research comparing NBI and HRE for adenoma 

detection showed a 3.3-fold increase in detection of HPs with NBI.[47] 

As the general polyp miss-rate is 22%, we hypothesized a 3.3-fold 

decrease in miss-rate with NBI resulting in a polyp miss-rate of 

6.7%.[31] To detect this difference in polyp miss-rate with a power of 

80% and significance level of 5%, a total of 188 polyps were required. 

In a previous analysis of HPS patients undergoing surveillance 

endoscopies at our department we found a mean number of 9 polyps 

per HPS patient, resulting in (188/9=) 22 patients for inclusion in this 

trial.[48] 

 

RESULTS 

 A total of 22 patients with HPS were randomized to tandem 

colonoscopy with either HRE first (n=11) or NBI first (n=11). Patient 

characteristics are demonstrated in table 1 and were comparable 

between the randomization groups.  
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Demographics Randomization 

 HRE (n=11) NBI (n=11) P 

Mean age, yrs (range) 58 (33-73) 62 (43-76) .331 

Male 8 (73%) 4 (36%) .198 

Personal history of high-grade neoplasia or CRC 6 (55%) 4 (36%) .670 

Partial colectomy 5 (45%) 3 (27%) .659 

Number of previous polyps (mean number per patient)    

Hyperplastic polyps 18.1 11.3 .121 

Sessile serrated adenomas 4.4 7.6 .183 

Adenomas 2.9 4.2 .508 

Bowel preparation    

Excellent 10 (91%) 6 (55%) .149 

Good 1 (9%) 5 (45%)  

Examination time (minutes), mean (±SD)    

First inspection 15.0 (3.7) 13.9 (3.8) .485 

Second inspection 11.2 (3.6) 8.9 (2.3) .115 

 

Table 1: demographics of patients randomized to HRE and NBI as first inspection 

technique 

 

Polyp miss-rates 

High-resolution endoscopy: During HRE as first examination 

technique, a total number of 78 polyps (mean size 6.0mm; range 2-15) 

were detected. Histology demonstrated normal tissue in 8 polyps, HP 

in 58, SSA in 5 and conventional adenoma in 7. Subsequent 

inspection with NBI added 44 polyps (mean 6.1mm; 2-20) of which 4 

with normal histology, 29 HPs, 8 SSAs and 3 conventional adenomas. 

The corresponding overall polyp miss-rate of HRE hence was 36% 

(95%-CI: 28-45). 
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 Narrow-band imaging: During NBI as first examination 

technique, a total number of 78 polyps (mean size 5.4mm; range 2-20) 

were found (13 normal, 26 HP, 25 SSA, 14 adenomas). Subsequent 

inspection with HRE added 9 polyps (mean 4.7mm; 2-10) of which 2 

had normal histology, 3 were HP and 4 SSA. The corresponding 

overall polyp miss-rate of NBI was 10% (95%-CI: 5.5-19).  

The overall polyp miss-rate for NBI was significantly lower than 

for HRE (OR 0.21; 95%-CI: 0.094-0.45; p<0.001). Table 2 

demonstrates the polyp miss-rates for HPs, SSAs and adenomas 

separately. Table 3 shows the polyp miss-rates for flat (Paris 0-IIa, 0-

IIb, 0-IIa+c) and protruded (Paris 0-Is, 0-Ip) lesions and for proximal 

and distal colonic locations of polyps.  

On multivariable logistic regression analysis, the use of NBI 

was independently associated with a reduction in polyp miss-rate (OR 

0.17; 95%-CI: 0.08-0.39), whereas flat macroscopic appearance was 

associated with an increased miss-rate (OR 3.73; 1.72-8.05). Polyp 

size, colonic location and histology were not associated with the miss-

rate. 
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 HRE NBI P 

Overall polyps     

First inspection, n 78 78 .741 

Second inspection, n 44 9 - 

Miss-rate, % (95%-CI) 36 (28-45) 10 (5.5-19) <.001 

Hyperplastic polyps    

First inspection, n 58 26 .181 

Second inspection, n 29 3 - 

Miss-rate, % (95%-CI) 33 (24-44) 10 (3.6-26) .017 

Sessile serrated adenomas     

First inspection, n 5 25 .081 

Second inspection, n 8 4 - 

Miss-rate, % (95%-CI) 62 (36-82) 14 (5.5-31) .003 

Adenomas     

First inspection, n 7 14 .271 

Second inspection, n 3 0 - 

Miss-rate, % (95%-CI) 30 (11-60) 0 (0-22) .059 

 
Table 2: polyp detection during the first and second inspection and polyp miss-rates 
among patients randomized to either HRE or NBI as first inspection technique, 
subdivided for histopathological outcome of polyps. 
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 HRE NBI P 

Flat polyps    

First inspection, n 37 50 .665 

Second inspection, n 35 7 - 

Miss-rate, % (95%-CI) 49 (37-60) 12 (6.1-23) <.001 

Protruded polyps    

First inspection, n 41 28 .595 

Second inspection, n 9 2 - 

Miss-rate, % (95%-CI) 18 (9.8-31) 6.7 (1.9-21) .195 

Proximal location    

First inspection, n 31  45 .349 

Second inspection, n 19 5 - 

Miss-rate, % (95%-CI) 38 (26-52) 10 (4.4-21) .001 

Distal location    

First inspection, n 47  33 .302 

Second inspection, n 25 4 - 

Miss-rate, % (95%-CI) 35 (25-46) 11 (4.3-25) .011 

 
Table 3: polyp detection during the first and second inspection and polyp miss-rates 
among patients randomized to either HRE or NBI as first inspection technique, 
subdivided for macroscopic appearance and colonic location of polyps. 

 

DISCUSSION 

Previous large prospective randomized trials comparing NBI with HRE 

for adenoma detection showed that NBI was associated with an 

increased sporadic HP detection rate, although adenoma detection 

rates were equal.[47,49] Table 4 lists all randomized clinical trials 

comparing NBI with standard white-light endoscopy for the detection of 

HPs and non-adenomatous polyps. These studies showed that NBI 

was particularly of value for the detection of HPs. 
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Hyperplastic polyp detection 

Author Study design N WLE NBI p-value 

Adler 2008[47] RCT: NBI vs WLE 401 Detected: 23 Detected: 56 <0.001 

Adler 2009[49] RCT: NBI vs WLE 1256 Detected: 116 Detected: 146 0.03 

Non-adenomatous polyp detection 

Author Study design N WLE NBI p-value 

Inoue 2008[50] RCT: NBI vs WLE 109 Detected: 12 Detected: 24 n.a. 

Kaltenbach 

2009[51] 

Tandem design: 

WLE-NBI 
276 

Miss rate: 

12.6% 

Miss rate: 

10.1% 
n.s. 

 

Table 4: Randomized clinical trials comparing the detection of hyperplastic polyps 
between narrow-band imaging (NBI) and white light endoscopy (WLE). N, number of 
patients; RCT, Randomized controlled trial; n.a., not analyzed; n.s., not significant.  

 

This study demonstrated that NBI had a significantly lower 

polyp miss-rate than HRE (10% versus 36%; OR 0.21; p<0.001) in 

HPS patients harboring multiple serrated polyps. As in previous 

studies, NBI did not prove of additional value for the detection of 

adenomas. These findings could be regarded as disappointing. 

However, whereas serrated polyps traditionally are considered to be 

harmless lesions, especially when they are small, recent molecular 

research in serrated polyps in HPS suggests these are high-risk 

lesions leading to CRC. [11,16,52,53] Furthermore, a previous large 

cohort study showed that 5/77 (7%) HPS patients developed CRC 

despite endoscopic surveillance of which 4/5 were detected within 

relatively small serrated polyps (range: 4-16mm).[54] This supports our 

opinion that the increased detection of serrated polyps with NBI in HPS 

is of clinical relevance.  

Our study additionally showed that NBI is of particular value for the 

detection of serrated polyps which are flat in shape (HRE miss-rate 

49% vs. NBI miss-rate 12%; p<0.001). Previous studies demonstrated 
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that NBI did not detect more flat adenomas than HRE.[47,49,51,55] A 

possible reason for this incongruence could be the fact that flat 

adenomas are generally red in colour and therefore easier visible than 

flat HPs and SSAs, which have the same colour as their surroundings 

and are often covered by a layer of mucus. During NBI, serrated 

polyps appear whiter in colour, thereby increasing the contrast 

between the polyps and surrounding colonic tissue (figure 2). 

Particularly these features may explain the higher miss-rate of serrated 

polyps by HRE.  

 

 

Figure 2. Examples of detected flat sessile serrated adenomas imaged with high-
resolution endoscopy (A + C) and corresponding images with narrow-band imaging 
(B+D) 

 

Several remarks regarding this study must be made before 

making any firm recommendations based on our results. Adler et al 
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previously postulated that the level of experience with NBI may induce 

a learning effect for improved recognition of polyps with HRE as well, 

causing the difference in polyp detection between NBI and HRE to be 

larger at the beginning of the learning curve.[56] However, in our study 

the endoscopist had already performed more than 500 colonoscopies 

with NBI, making a learning effect with regard to HRE unlikely. 

Secondly, there was an unequal total number of detected polyps within 

the randomization groups (a total of 122 polyps for HRE randomization 

vs. 87 for NBI). These numbers approximate the true (detected and 

undetected) number of baseline polyps in each group. This difference 

was difficult to overcome considering the fact that both a patient with 

>5 proximal HPs as well as a patient with more than 30 HPs satisfied 

the criteria for HPS. The large variance of the number of polyps 

between HPS patients will easily lead to unequal numbers of polyps 

after randomization of only 22 patients. Due to this expected unequal 

distribution of baseline polyp numbers, we chose a cross-over study 

design which compares the percentage of missed polyps (i.e. polyp 

miss rates) with each modality independent of the total number of 

baseline polyps in each group instead of comparing the total number of 

detected polyps (i.e. detection rates). Contrary to polyp miss-rates, 

polyp detection rates are also dependent on the total number of 

baseline polyps present in each group. Detection rate analysis is 

therefore only possible when baseline polyp numbers are equal 

between groups. For this reason detection rate analysis in the setting 

of our study would have been unsuitable. If we would have compared 

polyp detection rates at first inspection, one would expect a bias in 

favour of the group with more baseline polyps. In our study that would 

have resulted in a bias in favour of HRE (n=122) and against NBI 

(n=87). This bias also explains the equal number of detected polyps at 
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first inspection with HRE and NBI while after second inspection polyp 

miss-rates with HRE were higher. Finally, this pilot study was 

performed by a single experienced endoscopist who was unblinded to 

the imaging intervention. Although comparison of investigation times 

between randomization groups (both >6 minutes per inspection) 

showed no significant differences at first and second inspection, a bias 

by the endoscopist in favour of NBI can not be excluded. Nevertheless, 

the significantly large difference in miss-rates between NBI and HRE 

for the detection of polyps in HPS warrants confirmation in a 

subsequent multi-centre study involving more patients and different 

endoscopists. 

With regard to the management of HPS patients, considering 

that in these patients CRCs as small as 4mm have been described, 

removal of all polyps ≥3mm seems indicated in any case, but this 

surveillance strategy needs to be prospectively assessed. Concerning 

polyps <3mm, a previous study analyzing the differentiation of polyps 

in HPS showed that 20/35 polyps <3mm were high-risk sessile 

serrated adenomas (9/35) and conventional adenomas (11/35).[48] 

Differentiating these diminutive premalignant polyps from HPs with NBI 

by means of polyp colour differentiation (lighter than the surrounding 

mucosa is unsuspicious; darker than or the same as the surrounding 

mucosa is suspicious) rendered a sensitivity of 95% for sessile 

serrated adenomas and conventional adenomas (diagnostic accuracy: 

78%). For this reason removal of polyps darker than or the same as 

the surrounding mucosa may be sufficient for polyps of this size. 

 

Previous randomized studies have shown that 

chromoendoscopy increases the detection of sporadic HPs in non-

HPS patients compared to standard white-light endoscopy.[57-60] Our 

C
h
a
p
te

r 
7
 



Chapter  7 

 170 

study with NBI (“electronic chromoendoscopy”), which allows the 

endoscopist to switch between modalities at a switch of the button, 

showed similar results for the detection of serrated polyps in HPS 

patients. Although the value of chromoendoscopy in HPS has not 

formally been investigated, this cheap and readily available technique 

seems to be a valid alternative for the endoscopic surveillance of HPS 

patients.  

In summary, this pilot study demonstrated that NBI is 

associated with a reduced polyp miss-rate when compared to HRE in 

patients with HPS. These findings suggest that all polyps in patients 

with HPS need to be resected during colonoscopic surveillance, which 

should be done using either NBI or chromoendoscopy. 
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ABSTRACT 

Background: Endoscopic differentiation and removal of potentially 

premalignant sessile serrated adenomas (SSAs) may be an important 

step in preventing colorectal cancer (CRC) development in 

hyperplastic polyposis syndrome (HPS). 

Objective: To assess the value of high resolution endoscopy (HRE), 

autofluorescence imaging (AFI) and narrow-band imaging (NBI) for 

differentiating polyps in HPS.  

Design: A prospective polyp series. 

Setting:  Single tertiary referral center. 

Patients and Interventions: 7 patients with HPS underwent 

colonoscopy using endoscopic trimodal imaging (ETMI), which 

incorporates HRE, AFI and NBI in one system. All detected polyps 

were analysed with AFI for colour and with NBI for Kudo pit pattern 

and vascular pattern intensity (VPI).  

Main outcome measurements: The accuracy, sensitivity and 

specificity of AFI and NBI in differentiating detected polyps were 

determined by using histology as a gold standard.  

Results: A total of 19 hyperplastic polyps (HPs), 32 SSAs and 15 

adenomas were detected. For differentiating SSAs from HPs, AFI-

colour, Kudo pit pattern and VPI resulted in a diagnostic accuracy of 

55%, 55% and 52% respectively. For differentiating adenomas from 

HPs, this was 65%, 94% and 90% respectively. Macroscopically, the 

combination of size ≥3mm and proximal location resulted in the highest 

accuracy (76%) for differentiating SSAs from HPs.  

Limitations: Small sample size. 

Conclusion: Endoscopic differentiation between HPs and SSAs using 

ETMI proved unsatisfactory. Differentiation of adenomas from HPs 

was well possible with NBI but not with AFI.  
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INTRODUCTION 

Hyperplastic polyposis syndrome (HPS) is a recently 

recognised condition characterised by the presence of multiple (>30) 

hyperplastic polyps (HPs) spread throughout the colon and has 

frequently been linked with colorectal cancer (CRC).1-4 Besides 

multiple HPs, serrated adenomas are frequently seen in HPS as well. 

1-8 In fact, the co-existence of sessile serrated adenomas (SSAs)  has 

been considered by some as a characterizing feature of this condition.9  

Molecular research in SSAs strongly suggests that these 

polyps are precursor lesions which may lead to CRC.10-13 Accordingly, 

authorities recommend that SSAs should be endoscopically managed 

like conventional adenomas.14 In this respect, endoscopic 

differentiation of SSAs from HPs and removal of SSAs may be an 

important step in preventing cancer development in HPS. However, 

HPs and SSAs, being both often small in size and sessile/flat in shape, 

are similar in appearance and therefore difficult  to distinguish from 

each other when using standard endoscopy (figure 1).15-18 

Novel endoscopic imaging techniques may aid in the 

differentiation of conventional adenomas and HPs with high 

accuracy.19-22 Autofluorescence imaging (AFI) facilitates differentiation 

of adenomas from non-adenomatous polyps based on different 

fluorescence emission spectra.23-25 The use of AFI in differentiating 

polyps in HPS patients has not been described before. Narrow band 

imaging (NBI) utilizes short wavelength visible light to provide 

improved details of the mucosal pit pattern and microvasculature. Pit 

pattern analysis by applying the Kudo classification has shown to be a 

reliable approach for distinguishing adenomas from non-adenomatous 

polyps and has also been used to describe serrated adenomas.26-31 C
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Figure 1: Similar endoscopic appearance of a hyperplastic polyp (left) and a sessile 
serrated adenoma (right) using conventional white light endoscopy with corresponding 
haemotoxylin and eosin stains below  

 

However, at the times of these studies the diagnosis SSA was 

not yet in practice and Kudo pit patterns for serrated adenomas varied 

considerably from II to as high as IV.27, 28 In addition, the assessment 

of microvasculature and vascular pattern intensity (VPI) with NBI is 

believed to be a relatively easy method for differentiating adenomas 

from non-adenomatous polyps, but has not been evaluated in HPS.20, 

29, 30, 32-34     

The aim of this study was to assess the diagnostic accuracy of 

high resolution endoscopy (HRE), AFI and NBI for the differentiation of 

polyps in patients with HPS. 
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PATIENTS AND METHODS 

Study population 

This study was conducted at the Academic Medical Center 

Amsterdam and was approved by the local medical ethics committee. 

Consecutive patients with HPS were invited to participate when 

fulfilling the criteria for HPS in accordance with the World Health 

Organisation (WHO): (1) at least five histologically confirmed HPs 

proximal to the sigmoid colon, of which two are greater than 10mm in 

diameter, or (2) more than 30 HPs distributed throughout the colon.35 

Patients <18 years or patients with severe coagulopathy or insufficient 

bowel cleansing were excluded from this study. 

 

Endoscopic equipment 

All procedures were performed with the endoscopic tri-modal 

imaging (ETMI) system, which integrates HRE, AFI and NBI into one 

unit (XCV-260 HP, Olympus Inc., Tokyo, Japan). The endoscope 

(XCF-H240FZL) is equipped with a movable lens for optical 

magnification (up to 100×) and two high-quality charge coupled 

devices: one for HRE/NBI and one for AFI. The light source used in 

this system (XCLV-260HP) was of the type “sequential RGB-

illumination”. The ETMI specifications have previously been described 

in detail.36, 37 During colonoscopy, the endoscopist could easily switch 

between the three imaging modalities by pressing a button on the shaft 

of the endoscope. A high resolution monitor was used for all 

procedures. 
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Colonoscopy procedure 

Patients were prepared with 4-6 L polyethylene glycol solution 

(Kleanprep; Norgine GmbH, Marburg, Germany) and underwent 

colonoscopy under conscious sedation with midazolam and/or 

fentanyl. The colonoscope was advanced until cecal intubation was 

confirmed by identification of the appendiceal orifice and ileocecal 

valve. Upon reaching the cecum, the level of bowel preparation was 

determined as good (100% of the mucosa visible), moderate (90-

100%) or poor (<90%) after rinsing and suctioning.  

During withdrawal of the endoscope, HRE was used to detect 

colonic polyps. All detected polyps were assessed for size (open 

biopsy forceps: 8mm), shape (Paris classification) and location.38 

Subsequently, each polyp was assessed with AFI for polyp colour: 

green, ambiguous or purple. Purple and ambiguous colours were 

considered suspicious for adenoma and green was considered non-

suspicious for adenoma. Hereafter, the Kudo pit pattern (I-V) was 

assessed with NBI.31 Kudo pit pattern III-V were considered suspicious 

for adenoma, while pit pattern I-II were non-suspicious. Still images 

(BMP-format) with all modalities were acquired after which the polyp 

was resected and harvested for histopathology. All procedures and 

instant assessments with AFI and NBI were performed by one 

experienced endoscopist (ED), who has performed >2,500 

colonoscopies and >50 ETMI colonoscopies. 

In addition, representative NBI images of all detected lesions 

were later assessed for vascular pattern intensity (VPI) as described 

by East et al.20 For this purpose, all sharp high-quality images were 

displayed in a random order to the same endoscopist who was blinded 

for final histopathology. Images were directly displayed on a personal 
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computer in standard format (3.2 × 2.4 inch; 200 pixels/inch) without 

any post-processing. The VPI was scored as lighter (weak), the same 

(normal) or darker than (strong) the surrounding mucosa. Strong VPI 

was considered suspicious for adenoma, whereas weak/normal VPI 

was considered non-suspicious.   

 

Reference standard 

All polyp specimens were blindly evaluated by a gastrointestinal 

pathologist (SvE). Lesions were classified as HP, SSA, traditional 

serrated adenoma (TSA), mixed polyp or conventional adenoma based 

on the morphological features on H&E staining which was used as 

reference standard.13, 14, 39  

 

Statistical analysis 

SSAs were regarded as adenomatous polyps, owing to their 

premalignant potential.10-14 Consequently, it was examined whether 

these polyps were suspicious on AFI (ambiguous/purple) and/or NBI-

VPI (strong). In addition, NBI pit patterns of SSAs were expected to be 

comparable to HPs (Kudo II) as these polyps are described to be 

microscopically difficult to distinguish from each other.14, 18, 40, 40 TSAs, 

mixed polyps and conventional adenomas were expected to be 

suspicious on AFI and NBI as these polyps harbour neoplastic 

changes of the epithelium. 

The sensitivity, specificity, and diagnostic accuracy plus 95%-

confidence interval (95%-CI, using the Wilson procedure without 

correction for continuity) for differentiating SSAs, TSAs, mixed polyps 

and conventional adenomas (i.e. adenomatous group) from HPs were 

determined for each modality by comparing the endoscopic diagnosis C
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to final histopathology, which served as reference standard. Lesions 

histologically diagnosed as normal mucosa were excluded from the 

analysis. The size, location and shape of all lesions were summarized 

and compared between the different polyps using the Chi-Square test, 

Fisher’s exact test, Kruskal-Wallis test or Mann-Whitney U test when 

appropriate. To make statistical comparisons and to calculate the 95%-

CI, it is necessary to assume that results for individual polyps 

constitute statistically independent observations, even when there may 

have been more than one polyp assessed in individual patients. A p-

value less than 0.05 from a single test was considered statistically 

significant, but it is recognized that there was multiple testing of 

outcome data arising from individual polyps. Examining the nominal p-

values in light of correction for multiple testing using the method of 

correction of Bonferroni, it is suggested that only those nominal p-

values less than 0.01 will retain significance after correction. The 

uncorrected p-values are presented with the warning that p-values 

between 0.01 and 0.05 should be considered as provisional. For 

reporting the results of this study, the STARD guidelines were used.41 

 

Results 

From January 2005 to July 2006, 7 patients (5 male) who met 

the criteria for HPS, underwent colonoscopy with ETMI. The median 

age of all patients was 55.8 (range 54-71) years. At colonoscopy all 

patients had good to moderate bowel preparation. A total of 66 polyps 

(19 HPs, 32 SSAs and 15 tubular adenomas) were detected as well as 

10 additional lesions displaying normal mucosa on histology (excluded 

from the analysis). Macroscopic polyp characteristics are summarized 

in table 1. Overall, SSAs were larger than HPs (p<0.001, Mann-
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Whitney U test) and adenomas (p<0.001, Mann-Whitney U test). There 

was no significant difference in size between HPs and adenomas.  

Concerning the differentiation of SSAs from HPs, the odds ratio 

for predicting a polyp to be SSA was 2.3 (95%-CI: 1.2-4.4) for size (per 

mm increase), 4.9 (1.3-18.0) for flat shape and 3.9 (1.1-14.7) for 

proximal location. The combination of size ≥3mm and proximal location 

yielded the largest differential value (p<0.0001) between SSAs (21/32: 

66%) and HPs (1/19: 5%) with a corresponding odds ratio of 34.4 (4.0-

292). The sensitivity and specificity of this combination for 

differentiating SSAs from HPs would be 66% (95%-CI: 48-80%) and 

95% (75-99%) respectively. The overall diagnostic accuracy would be 

76% (62-87%). 

 

Autofluorescence imaging 

With AFI, 10/19 (53%) HPs displayed a green colour versus 

14/32 (44%) SSAs and 3/15 (20%) adenomas (p=0.142). The 

sensitivity, specificity and diagnostic accuracy of AFI for discriminating 

SSAs from HPs based on colour were 56% (95%-CI: 39-72%), 53% 

(32-73%) and 55% (41-68%) respectively. Differentiation with AFI 

between adenomas and HPs had a sensitivity, specificity and accuracy 

of 80% (55-93%), 53% (32-73%) and 65% (48-79%).   
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Polyp 

characteristics 

All polyps 

(n=66) 

HP 

(n=19) 

SSA 

(n=32) 

Adenoma 

(n=15) 

P-

value 

Median size mm 

(interquartile range) 
2 (2-5) 2 (1-2) 3 (2-8) 2 (1-3) 0.001* 

Location     0.013** 

Proximal colon 51 (77%) 11 (58%) 27 (84%) 13 (87%)  

Distal colon 6 (9%) 1 (5%) 3 (9%) 2 (13%)  

Rectum 9 (14%) 7 (37%) 2 (7%) 0 (0%)  

Shape     0.048** 

0-Ip 0 0 0 0  

0-Is 18 (38%) 9 (47%) 5 (16%) 4 (27%)  

0-II 48 (62%) 10 (53%) 27 (84%) 11 (73%)  

 
Table 1: Clinicopathological characteristics of all detected polyps in 7 patients with 
hyperplastic polyposis syndrome. Proximal colon = cecum, ascending and transverse 
colon; distal colon = descending colon and sigmoid colon. *Kruskal-Wallis test (only 
SSAs differed significantly from HPs and adenomas on additional testing with the 
Mann-Whitney U test). **Pearson Chi-Square test. Note that Bonferroni correction for 
multiple testing removes statistical significance except where p<0.01 in this table. 

 

Narrow band imaging 

The sensitivity, specificity and diagnostic accuracy of the Kudo 

classification with NBI for differentiation of SSAs from HPs were 28% 

(95%-CI: 16-33%), 100% (83-100%) and 55% (41-68%). For 

differentiating adenomas from HPs, the obtained sensitivity, specificity 

and diagnostic accuracy were 87% (81-98%), 100% (83-100%) and 

94% (62-96%) (table 2). During the subsequent NBI image evaluation, 

the VPI was assessed for 14 HPs, 28 SSAs and 15 adenomas. Images 

of the other detected polyps could not be included for analysis 

because VPI assessment was not possible (e.g. blurry images). The 

sensitivity, specificity and diagnostic accuracy of VPI for differentiating 

SSAs from HPs, were 36% (21-54%), 86% (6-96%) and 52% (38-67%) 

respectively. When adenomas were compared with HPs the sensitivity, 
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specificity and diagnostic accuracy were 93% (74-96%), 86% (60-96%) 

and 90% (70-98%). 

 

NBI HP (n=19) SSA (n=32) Adenoma (n=15) P-value 

Pit pattern    <0.0001* 

Kudo I-II 19 (100%) 23 (72%) 2 (13%)  

Kudo III-V 0 9 (28%) 13 (87%)  

NBI HP (n=14) SSA (n=28) Adenoma (n=15) P-value 

VPI    <0.0001* 

Weak/normal 12 (86%) 18(64%) 1 (7%)  

Strong 2 (14%) 10 (36%) 14 (93%)  

 
Table 2: Kudo pit pattern classification and vascular pattern intensity (VPI) assessment 
of all detected polyps with NBI. *p-value for adenomas compared to HPs and SSAs. 

 

Table 3 lists the sensitivities, specificities and diagnostic accuracies of 

the different endoscopic modalities for the grouped differentiation of 

both high-risk SSAs and conventional adenomas from low-risk HPs.  

 

 
Table 3: Sensitivity, specificity and diagnostic accuracy of all endoscopic modalities for 
differentiating sessile serrated adenomas and conventional adenomas (high risk) from 
hyperplastic polyps (low risk) in patients with hyperplastic polyposis syndrome. 

 SSA/adenoma  vs. HP 

Modality AFI NBI-pit pattern NBI-VPI 

Sensitivity 

(95%-CI) 

30/47: 64% 

(50-76%) 

22/47: 47% 

(33-61%) 

24/43: 56% 

(41-70%) 

Specificity 

(95%-CI) 

10/19: 53% 

(32-73%) 

19/19: 100% 

(83-100%) 

12/14: 86% 

(60-96%) 

Diagnostic accuracy 

(95%-CI) 

40/66: 61% 

(49-72%) 

41/66:62% 

(50-73%) 

36/57: 63% 

(50-74%) 
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DISCUSSION 

In the present study, SSAs were significantly larger and more 

often proximally located than HPs but the latter finding has its nominal 

significance removed by Bonferroni correction for multiple testing of 

data. This is in concordance with recent comparative studies, in which 

sporadic SSAs were also found to be larger than sporadic HPs and 

preferentially located in the right colon whereas HPs were more often 

found distally.12, 18, 42  Interestingly, in our study the combination of size 

≥3mm (median size of SSAs) and proximal location, showed a highly 

significant difference between SSAs and HPs but with a corresponding 

diagnostic accuracy of only 76%.  

This pilot study demonstrated that the diagnostic accuracy of 

AFI was unsatisfactory for differentiating SSAs from HPs (accuracy 

55%). The presence of epithelial dysplasia and hypervascularisation 

within adenomatous polyps are considered to be responsible for their 

different fluorescence emission spectra when compared to non-

adenomatous polyps and hence lead to a different colour on AFI.24, 43 

Although epithelial dysplasia has occasionally been described in 

advanced SSAs progressing to carcinomas 44, SSAs generally lack 

these histopathological features as confirmed by the present study 

(figure 2).  
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Figure 2 (left column). Green (A), ambiguous (B) and purple (C) coloured sessile 
serrated adenomas using autofluorescence imaging (AFI). 
 
Figure 3 (right column). Variation of pit-pattern characteristics in sessile serrated 
adenomas using narrow-band imaging (NBI): Kudo I (A), Kudo II (B), Kudo IIIL (C)   

 

Therefore, as expected a-priori, AFI appeared insufficient to 

distinguish HPs from SSAs. Furthermore, the diagnostic accuracy of 

AFI for differentiating adenomas from HPs was also insufficient (65%). 
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This is in accordance with a previous study evaluating AFI for 

differentiation of neoplastic and non-neoplastic lesions in the colon, in 

which a similar diagnostic accuracy (68%) was obtained.45  

Kudo pit pattern analysis with NBI demonstrated an equally 

insufficient diagnostic accuracy for differentiation of SSAs from HPs as 

AFI (55%). SSAs are microscopically defined as polyps with irregular 

crypts displaying dilatation, branching and exaggerated serration, 

especially at the base of the crypts. However, despite these defined 

crypt characteristics, microscopic differentiation of SSAs from HPs 

remains difficult.14, 18, 40, 42 NBI pit pattern analysis, which describes the 

orifices of crypts, showed similar (Kudo II) phenotypes in HPs and 

SSAs, confirming that crypt characteristics of these polyps are not only 

microscopically but also endoscopically difficult to use for 

differentiation purposes (figure 3).  

As HPs and SSAs mainly differ in histological anatomy at the 

base of the crypts, it was therefore expected a-priori that the pit pattern 

of these polyps, which is assessed at the luminal site of the crypts, 

was comparable. Differentiation of adenomas from HPs however was 

very well possible with NBI (accuracy 94%). This corresponds with 

previous studies in which the diagnostic accuracy of NBI for 

differentiation of adenomas from non-neoplastic polyps ranged from 

77-99%.19-21, 29, 30, 32, 33, 46  

Previous use of VPI in sporadic polyps suggested that this 

method has a comparable diagnostic accuracy in differentiating 

adenomas from non-adenomatous polyps as pit pattern analysis.20, 29, 

46 Based on the principle of increased vascularization, adenomatous 

polyps would have a stronger VPI and thus have a darker colour when 

viewed with NBI. 19, 20, 29, 30, 32-34, 46 Owing to the presumed premalignant 

potential of SSAs, we examined whether a darker colour due to 
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hypervascularization could be observed in these polyps. Overall only 

10/28 (36%) of SSAs displayed a darker colour than the surrounding 

mucosa, resulting consequently in a low diagnostic accuracy and 

insufficient differential value (figure 4).  

 

 

Figure 4: Weak (A), normal (B) and strong (C) vascular pattern intensity (VPI) 
displayed in three different sessile serrated adenomas using narrow-band imaging 
(NBI). 

NBI-VPI analysis did however show a similarly high diagnostic 

accuracy as NBI-pit pattern for differentiating adenomas from HPs. 

These high diagnostic accuracies observed with NBI (pit-pattern and 
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VPI) are interesting considering that the median size of all polyps in 

this study was only 2mm. This corresponds with results from previous 

studies evaluating NBI for differentiating diminutive (<10mm) polyps. 20, 

47-49  

This study was performed in HPS patients in a tertiary referral 

center by a single endoscopist specialized in HPS. This could explain 

the diminutive size of polyps detected in these patients as they 

undergo annual surveillance endoscopies with removal of most polyps, 

leaving only small ones in situ. However, typical HPs seldom exceed 

5mm in size and in a recent prospective study of unselected 

consecutive patients undergoing colonoscopy, 83% of detected SSAs 

were ≤10mm and 36% were ≤5mm.12, 50-55 These findings suggest that 

the predominant polyps in HPS, i.e. HPs and SSAs, are typically small. 

Nevertheless, HPS is associated with a significantly increased risk of 

developing CRC.5 Also in our personal (unpublished) experience of 

annual HPS surveillance, intra-mucosal carcinomas have been 

detected in serrated polyps as small as 4mm. Therefore, unlike in the 

general population, diminutive polyps should be considered clinically 

relevant in HPS.  

A possible limitation of this study is that only HPS patients were 

selected for endoscopic differentiation of polyps using ETMI. Thus, our 

results for differentiating polyps can not by default be extrapolated to 

polyps in non-HPS patients, as these are not necessarily identical. 

Furthermore, one may question the generalizability of this pilot study 

since the sample size of SSAs was relatively small. However, as the 

accuracies of AFI, NBI-pit pattern and NBI-VPI were all far from 

acceptable (52-55%) in differentiating SSAs from HPs, and the upper 

limit of the 95%-confidence interval of these accuracies was 68% at 

best, a larger sample size is unlikely to alter the conclusion of this pilot 
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study. Moreover, during real-time polyp assessment, AFI was used 

first after which an assessment with NBI was performed. This may 

cause AFI-colour to influence the subsequent NBI assessment and 

thus cause bias. However, when differentiating adenomas from HPs, 

NBI results were markedly better than prior AFI results, suggesting that 

bias due to the order of assessment was minimal. Finally, in this study 

diminutive lesions displaying normal mucosa on histology (n=10) were 

excluded from analysis. When these lesions were grouped with HPs at 

additional analysis, diagnostic accuracies for the different endoscopic 

modalities remained largely unchanged with a maximum difference of 

5% (range: 1-5%). 

In summary, the diagnostic accuracy of AFI, NBI-pit pattern and 

NBI-VPI proved unsatisfactory for differentiating SSAs from HPs in 

patients with HPS. Differentiation of conventional adenomas from HPs 

was well possible using both NBI-pit pattern and NBI-VPI. Proximal 

colonic location combined with a size ≥ 3mm proved to be the most 

valuable for differentiating SSAs from HPs. Nevertheless, the 

diagnostic accuracy of this combination appears still too low for clinical 

use (76%).  
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SUMMARY 

Colorectal cancer (CRC) is a condition associated with a high mortality 

rate. Previous molecular research performed in patients with FAP and 

Lynch syndrome has revealed that conventional adenomas are pre-

malignant lesions that can progress to CRC. It has been shown that 

cancer development in these adenomas can follow different molecular 

pathways involving seperate oncogenes and tumor-suppressor genes. 

Recently, a novel CRC pathway has been suggested involving 

histologically different polyps namely serrated polyps. In these serrated 

polyps, alternative molecular processes are suggested to lead to CRC. 

In this thesis we investigated a proposed ‘serrated neoplasia pathway’. 

To this aim, patients with hyperplastic polyposis syndrome (HPS) 

harboring multiple serrated polyps but also conventional adenomas 

represented a unique demographic opportunity for clinical and 

molecular analysis of serrated polyps and their association with CRC. 

 

Clinical analyses – Colorectal cancer risk 

 

In chapter 2 of this thesis we describe the clinical and pathological 

features of a large multi-centre HPS cohort during multiple years of 

unprotocollized endoscopic surveillance. We showed that one third of 

HPS patients presented with co-existent CRC and in an additional 7% 

of patients CRCs were identified despite endoscopic surveillance 

(interval-CRCs). These findings are substantial considering that the 

lifetime risk of developing CRC in the general population is estimated 

to be only 6%. Interestingly, at multivariate logistic regression, serrated 

polyps (i.e. HPs and SSLs) and not conventional adenomas were 

significantly associated with CRC presence thus supporting the 

existence of a predominant ‘serrated pathway’ to CRC in these 
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patients. Considering that CRCs were detected in polyps as small as 

4mm during endoscopic surveillance, all polyps in HPS seem at risk of 

representing advanced lesions warranting removal of all polyps (at 

least polyps ≥3mm) at annual surveillance endoscopies. If this is not 

feasible, surgical resection should be considered. 

  Although an increased CRC risk for HPS patients has been 

established based on previous cohort studies, it was yet unknown 

whether first-degree relatives (FDRs) have an increased risk of CRC 

and/or HPS. Consequently, the need for preventive measures, like 

screening colonoscopies, in this group was doubtful. In chapter 3 we 

performed a retrospective study involving, at the time, the largest 

described cohort of FDRs in which we analyzed the incidence rate of 

CRC and HPS. This incidence we subsequently compared with the 

general population through person-year analysis. This way we were 

able to quantify the suggested increased CRC incidence in the 

literature by means of a relative risk. Our results showed that FDRs of 

HPS patients have an increased risk for both CRC (RR: 3.7-7.8) and 

HPS (RR: 13-121) compared to the general population warranting 

screening colonoscopies for this whole group as long as no genetic 

substrate is identified which can help us indentify FDRs with a high 

risk. 

 

Molecular analyses – Etiology and colorectal cancer pathways 

Although an underlying genetic disorder seems likely, thus far no 

genetic causes of HPS have been identified. However, previous case 

series of patients with a known genetic disorder have reported 

individuals with multiple serrated polyps. In chapter 4 we investigated 

the presence of serrated polyps in MYH-associated polyposis (MAP) 

and analysed whether these polyps were causally related to MAP. 
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Phenotypically, MAP polyps encompass conventional adenomas and 

very rarely serrated polyps. Conversely, at re-evaluation of all polyps in 

our cohort of MAP patients we found that almost half of all patients had 

at least one serrated polyp and 18% had ≥ 10 serrated polyps. At 

subsequent molecular analysis, we found serrated polyps to be 

causally related to MYH-deficiency, reflected by the presence of 

almost exclusively G:C→T:A transversions in the KRAS gene of these 

lesions. This implies that distinct pathways, i.e. APC-gene related in 

adenomas and non-related in serrated polyps, appear to be 

operational in MAP.  

 Similar to patients with MAP, detected polyps in patients with 

Lynch syndrome, who have a germline defect in one of the MMR 

genes, invariably represent conventional adenomas. However, recent 

studies have also described serrated polyps in Lynch patients. 

Subsequent molecular studies evaluating whether these polyps are 

causally related to Lynch syndrome by means of 

immunohistochemistry have however been inconclusive. In chapter 5 

the presence of serrated polyps in a large cohort of genetically proven 

Lynch patients was analysed. To examine whether serrated polyps are 

causally related to Lynch we utilized an alternative molecular approach 

involving mutation analysis (APC, KRAS and BRAF) in adjunct to 

defective MMR testing. The possible finding of an association between 

Lynch and serrated polyps could imply that these lesions follow an 

accelerated route to CRC. Based on the principle that Lynch CRCs are 

not BRAF mutated, BRAF analysis is method to distinguish Lynch-

associated CRCs from sporadic CRCs. We hypothesised that a high 

frequency of BRAF mutations in serrated polyps, comparable to 

sporadic control group serrated polyps, would indicate that these 

polyps are not Lynch-associated. In this study, we demonstrated that 
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serrated polyps in Lynch-HPS patients (>10 serrated polyps) are not 

associated with Lynch due to the high frequency of BRAF mutations in 

these polyps. Alternatively, in Lynch patients with occasional serrated 

polyps (<10), serrated polyps had significantly lower levels of BRAF 

mutations than control group polyps. It can be surmised that 

considering this low frequency of BRAF mutations in serrated polyps of 

non-HPS Lynch patients, a causal relationship with the MSI-pathway 

can not be excluded despite lack of defective MMR. These polyps 

associated with the accelerated MSI-pathway may represent precursor 

lesions of MSI-CRC which evolve even faster than in the serrated CRC 

pathway alone.  

Because of the unique mixture of different precursor lesion 

types in HPS, it was yet unknown which polyps lead to CRC in HPS 

and thus which polyps are clinically relevant. In chapter 6 we 

evaluated which pathways are operational in HPS by studying the 

histological and molecular characteristics of all available CRCs in a 

large cohort of HPS patients. We found in this comprehensive cohort 

study of HPS patients a high number of combined serrated polyp-CRC 

lesions which showed identical BRAF mutations in both components, 

supporting the existence of a serrated CRC pathway. Overall, we 

demonstrated that both microsatellite-stable and –unstable CRCs in 

HPS predominantly originate from serrated polyps, reflected by a high 

percentage of BRAF mutations in these CRCs, but also from 

conventional adenomas. The predominance of a serrated CRC 

pathway over the classical Wnt-pathway seems due to the numerical 

prevalence of serrated polyps in HPS patients. From this it is inferred 

that all polyp types in HPS, should be considered clinically relevant. 

Furthermore, we showed at molecular analysis of lesions in the same 

cohort that CRCs evolving through the serrated CRC pathway were 
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predominantly right-sided. Considering that CRC in HPS can be as 

small as 4mm, it seems advisable to remove at least all polyps ≥3mm 

and especially proximally located serrated polyps. 

 

Endoscopic imaging – Detection and differentiation of polyps 

Due to the increased risk of malignant progression of HPS polyps, 

optimal endoscopic detection, differentiation and removal of in 

particular high-risk polyps is necessary to prevent CRC development in 

these patients. Chapter 7 showed that NBI significantly reduces polyp 

miss-rates in HPS. To evaluate for which polyps NBI was particularly 

of value, we compared miss-rates for different polyp histologies and 

shapes. NBI was especially of value for the detection of flat serrated 

polyps as opposed to conventional adenomas. Considering the 

predominance of a serrated CRC pathway in HPS, our findings are 

clinically relevant and support the implementation of NBI for the 

endoscopic surveillance of HPS patients.  

Chapter 8 evaluates the value of ETMI (high-resolution 

endoscopy, NBI and autofluorescence imaging) for the real-time 

endoscopic differentiation of polyps in HPS. None of the three 

modalities rendered a sufficient diagnostic accuracy for the 

differentiation of SSLs from HPs. Differentiation of adenomas from 

HPs however was well possible with NBI but not with AFI. Based on 

these findings, we conclude that ETMI offers insufficient diagnostic 

tools to differentiate between high-risk SSLs from relatively ‘innocuous’ 

HPs but is of value for the differentiation of conventional adenomas 

from HPs.  
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FUTURE PERSPECTIVES 

Research in this thesis provides additional supporting evidence for a 

serrated CRC pathway in humans. This pathway is particularly 

predominant in patients with HPS who have a high-risk of malignant 

progression, even under unprotocollized endoscopic surveillance. 

Currently, no uniform and adequately substantiated management 

protocol exists for these patients. Prospective management studies, 

based on previous clinical and molecular research, will hopefully 

provide us with data with which we can construct a safe and effective 

management protocol for these patients. In this light, adequate 

endoscopic detection as well as real-time differentiation and removal of 

only high-risk polyps in HPS would strongly increase management 

efficiency. Regarding polyp detection, future multi-centre studies need 

to be performed to evaluate whether NBI indeed increases polyp 

detection in HPS. Concerning real-time differentiation, results from 

recent studies analyzing polyp differentiation using NBI, AFI and even 

endomicroscopy have been disappointing, especially regarding SSAs. 

Future endoscopic techniques with which molecular characteristics 

such as mutation- and methylation status (“molecular imaging”) can be 

evaluated real-time during endoscopy may be of value in this respect.  

 Thus far, HPS patients have been mostly identified when 

symptomatic (the reason for the endoscopy), and a large proportion of 

them have a co-incident CRC at the time of diagnosis. With the recent 

development of whole-genome sequencing, genome-wide association 

studies are currently being performed in order to unravel the genetic 

make-up and inheritance pattern of HPS patients. Based on these 

findings a reclassification of HPS may be possible so as to identify 

subtypes that have a higher risk of CRC development (e.g. patients 

with a higher number of polyps or larger polyps) or a more dominant 
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inheritance pattern. Based on these findings we will hopefully be able 

to recognize which individuals need to receive (more frequent) 

screening colonoscopies. In addition, causative target genes may be 

identified which in turn can be treated with specific gene-inhibitors. 

Until then, prospective screening studies should be performed in first-

degree relatives of HPS patients to adequately assess the risk of HPS 

in these individuals. 
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Colorectaal carcinoom (CRC) is een aandoening die geassocieerd is 

met een hoge mortaliteit. Voorgaande moleculaire studies bij patiënten 

met FAP en Lynch syndroom toonden aan dat conventionele 

adenomen pre-maligne lesies zijn die zich kunnen ontwikkelen tot 

CRC. Progressie tot kanker in deze adenomen kan volgens 

verschillende moleculaire routes verlopen waarbij verschillende 

oncogenen en tumor-suppresor genen een rol spelen. Recentelijk is 

een nieuwe CRC route voorgesteld waarbij niet adenomen maar  

serrated poliepen een rol spelen. In deze serrated poliepen treden 

alternatieve moleculaire veranderingen plaats welke leiden tot CRC. In 

dit proefschrift onderzochten wij de voorgestelde “serrated neoplasia 

pathway”. Hiervoor maakten wij gebruik van patiënten met 

hyperplastische polyposis syndroom (HPS). HPS patiënten hebben 

multipele serrated poliepen maar ook conventionele adenomen en 

vormen hierom een unieke groep voor klinische en moleculaire 

analyse van serrated poliepen en hun relatie met CRC. 

 

Klinisch onderzoek – Colorectaal kanker risico 

 

In hoofdstuk 2 van dit proefschrift beschreven wij de klinische en 

pathologische eigenschappen van een groot multi-center HPS cohort 

na meerdere jaren ongeprotocoliseerd endoscopische surveillance. Wij 

toonden aan dat een derde van de HPS patiënten zich al presenteerde 

met gelijktijdig CRC. Daarnaast werd er bij nog 7% van de HPS 

patiënten CRC ontdekt, ondanks endoscopische surveillance (interval-

CRCs). Deze bevindingen zijn substantieel aangezien het geschatte 

levensrisico op CRC in de algehele bevolking slechts 6% is. Bij 

multivariaat logistische regressie bleken serrated poliepen en niet 

adenomen significant geassocieerd te zijn met de aanwezigheid van 
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CRC. Deze bevindingen ondersteunen de aanwezigheid van een 

overheersend ‘serrated CRC pathway’ in HPS patiënten. Aangezien 

carcinomen tijdens endoscopische surveillance ook werden ontdekt in 

poliepen van slechts 4mm, lijken alle poliepen pre-maligne lesies te 

kunnen zijn waardoor verwijdering van deze poliepen (in ieder geval 

poliepen ≥3mm) tijdens jaarlijke endoscopische surveillance 

geïndiceerd lijkt. Indien dit niet mogelijk is, dient chirurgische resectie 

overwogen te worden.  

In hoofdstuk 3 hebben wij een retrospectieve studie verricht, 

betreffende het grootste cohort eerste-graads familieleden van HPS 

patiënten waarbij we de incidentie van CRC en HPS onderzochten. 

Deze incidenties werden vervolgens vergeleken met de algemene 

bevolking door middel van persoonsjaar analyse. Zo konden wij het 

gesuggereerde verhoogd familiair risico kwantificeren met een relatief 

risico. Onze resultaten toonden een verhoogd relatief risico voor zowel 

CRC (RR: 3.7-7.8) als HPS (RR: 13-121) in vergelijking met de 

algemene bevolking. Hierom zijn screening coloscopieën voor deze 

hele groep geïndiceerd zolang er geen genetische markers bekend 

zijn die ons kunnen helpen hoog-risico individuen te identificeren.  

 

Moleculaire analyses – etiologie en colorectaal kanker routes 

Hoewel een onderliggend genetische aandoening aannemelijk is, is er 

tot nog toe geen genetische oorzaak voor HPS ontdekt. Er zijn echter 

studies beschreven waarbij patiënten met een bekende genetische 

aandoening multipele serrated poliepen hadden.  

In hoofdstuk 4 onderzochten wij de aanwezigheid van serrated 

poliepen in MYH-associated polyposis (MAP) en of deze poliepen 

causaal gerelateerd zijn met MAP. Poliepen in MAP bestaan 

voornamelijk uit conventionele adenomen en zeer zelden uit serrated 



Samenvatting & toekomstperspectief 

 

 215 

poliepen. Bij herevaluatie van alle poliepen in ons cohort MAP 

patiënten vonden wij echter dat bijna de helft van de patiënten 

minstens 1 serrated poliep had en dat 18% ≥ 10 serrated poliepen 

had. Bij moleculair onderzoek zagen wij dat serrated poliepen causaal 

gerelateerd waren met MYH-deficiëntie doordat gevonden mutaties in 

deze poliepen bijna exclusief uit specifieke G:C→T:A transversies in 

het KRAS gen bestonden. Dit suggereert dat verschillende pathways 

operatief zijn in MAP, namelijk APC-gen gerelateerd in adenomen en 

niet-APC gerelateerd in serrated poliepen. 

 Vergelijkbaar met MAP bestaan poliepen in patiënten met 

Lynch syndroom die een kiembaan mutatie hebben in een van deze 

MMR genen voornamelijk uit conventionele adenomen. In voorgaande 

studies zijn er echter ook serrated poliepen beschreven bij deze 

patiënten. Hierop volgende moleculaire studies, die met behulp van 

immunohistochemie onderzochten of serrated poliepen causaal 

gerelateerd zijn met Lynch syndroom, waren niet conclusief.  

In hoofdstuk 5 werd de aanwezigheid van serrated poliepen in het 

grootste cohort genetisch bewezen Lynch syndroom patiënten 

beschreven. Om een causaal verband te onderzoeken maakten wij 

naast immunohistochemie gebruik van mutatie analyse (APC, KRAS 

en BRAF). Een associatie tussen Lynch en serrated poliepen zou 

kunnen wijzen op een versnelde CRC route in deze poliepen. 

Aangezien Lynch-geassocieerde CRCs zelden BRAF gemuteerd zijn, 

is BRAF analyse een manier om onderscheid te maken tussen Lynch-

geassocieerde CRCs en sporadische CRCs. Wij veronderstelden dat 

een hoge frequentie BRAF mutaties in serrated poliepen, vergelijkbaar 

met die van een controle groep sporadische serrated poliepen, erop 

zou wijzen dat deze poliepen niet geassocieerd zijn met Lynch. Wij 

toonden aan dat serrated poliepen in patiënten met Lynch-HPS (≥10 
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serrated poliepen) niet geassocieerd zijn met Lynch vanwege de hoge 

frequentie BRAF mutaties in deze poliepen. In tegenstelling, serrated 

poliepen van Lynch patiënten met <10 serrated poliepen hadden 

signicant lagere frequenties BRAF mutaties dan in de controle groep. 

Gezien deze lage frequentie BRAF mutaties in patiënten met weinig 

serrated poliepen, kan een causaal verband tussen deze poliepen en 

de MSI-pathway niet worden uitgesloten. MSI-pathway geassocieerde 

serrated poliepen zouden precursor lesies kunnen zijn die zich nog 

sneller ontwikkelen tot CRC dan serrated poliepen die alleen 

geassocieerd zijn met de serrated CRC pathway. Vanwege de unieke 

diversiteit aan precursor lesies in HPS was het tot nog toe onduidelijk 

welke poliepen zich tot CRC ontwikkelen in HPS en welke poliepen 

derhalve klinisch significant zijn. In hoofdstuk 6 onderzochten wij 

welke pathways operationeel zijn in HPS. Hiervoor onderzochten wij 

de histologische en moleculaire eigenschappen van alle beschikbare 

CRCs in een groot cohort HPS patiënten. Wij leverden nieuw 

ondersteunend bewijs voor een serrated CRC pathway door in 

combinatie (serrated poliep–CRC) lesies, identieke BRAF mutaties 

aan te tonen in beide componenten. Tevens toonden wij aan dat 

microsatteliet stabiele en –instabiele CRCs in HPS zich voornamelijk 

ontwikkelen via een serrated CRC pathway en in mindere mate via de 

Wnt-pathway aangezien de meerderheid van de CRCs een BRAF 

mutatie hadden. De overheersing van een serrated CRC pathway ten 

opzichte van de klassieke Wnt-pathway lijkt te verklaren door een 

numerieke meerderheid aan serrated poliepen in HPS. Hierom lijken 

alle histologische subtypes klinisch relevant te zijn. CRCs die zich 

ontwikkelden via de  serrated CRC pathway waren voornamelijk 

rechtszijdig. Aangezien CRCs in HPS tot 4mm klein zijn beschreven 
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lijkt resectie van alle poliepen ≥3mm en voornamelijk proximaal 

gelocaliseerde serrated poliepen geïndiceerd. 

 

Endoscopische imaging – Detectie en differentiatie van poliepen 

Gezien het verhoogde risico op maligne progressie van HPS poliepen 

is endoscopische detectie, differentiatie en resectie van in het 

bijzonder hoog-risico poliepen noodzakelijk om CRC ontwikkeling te 

voorkomen. Hoofdstuk 7 demonstreerde dat NBI het percentage 

gemiste poliepen significant vermindert in HPS in vergelijking met 

high-resolution endoscopie (wit-licht). Om te evalueren welke poliepen 

minder gemist werden met NBI, vergeleken wij miss-rates voor 

verschillende histologieën en vormen. NBI was vooral van 

toegevoegde waarde voor de detectie van vlakke serrated poliepen en 

niet voor de detectie van adenomen. Aangezien de serrated CRC 

pathway domineert in HPS patiënten, zijn deze bevindingen van 

klinisch belang en ondersteunen zij het gebruik van NBI voor de 

endscopische surveillance van HPS patiënten. In hoofdstuk 8 

beschreven we het gebruik van ETMI (high-resolution endoscopie, NBI 

en autofluorescentie imaging) voor ‘real-time’ endoscopische 

differentiatie van poliepen in HPS. Geen van de modaliteiten toonden  

voldoende diagnostische accuratesse om hoog risico sessile serrated 

lesions van relatief ‘onschuldige’ HPs te onderscheiden. NBI (en niet 

AFI) was echter wel waardevol voor de differentiatie tussen 

hyperplastische poliepen en adenomen.  
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