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ABSTRACT

Background and study aims

Serrated polyps of the large intestine comprise a heterogeneous group of lesions with 
distinct histological and malignant features. The aim of the study was to estimate the 
prevalence of serrated polyp subtypes in a cohort of individuals undergoing screen-
ing colonoscopy, and to identify associations between the detection of serrated polyp 
subtypes and advanced neoplasia.

Patients and methods

Data on serrated polyps, adenomas and cancers were collected from participants of a 
randomized screening trial comparing colonoscopy with CT-colonography. Only data 
from participants in the colonoscopy arm were used. Logistic regression analyses were 
performed to identify associations between patients’ age, gender and prevalence of the 
different types of serrated polyps and to identify associations between the detection of 
these polyps and advanced neoplasia (defined as an adenoma ≥ 10 mm, villous compo-
nent, high grade dysplasia or CRC).

Results

A total of 1,426 screen-naïve individuals (51% male) with a median age of 60 years 
(IQR 55-65) were included. The prevalence of hyperplastic polyps (HPs), sessile serrated 
adenomas/polyps (SSA/Ps) and traditional serrated adenomas (TSAs) was 24%, 4.8% 
and 0.1%, respectively. SSA/Ps comprised 7% of all polyps. No differences based on age 
or gender were observed in the prevalence of SSA/Ps. Proximal and large (≥ 10 mm) 
HPs as well as proximal and large (≥ 10 mm) SSA/Ps were associated with synchronous 
advanced neoplasia.

Conclusions

Serrated polyps, including SSA/Ps, are frequently encountered in routine screening colo-
noscopies. Large and proximal HPs, as well large and proximal SSA/Ps, are associated 
with advanced neoplasia.
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INTRODuCTION

Recent studies have shown that screening colonoscopies are less effective in reducing 
the incidence of colorectal cancer (CRC) and related mortality in the proximal colon than 
in the distal colon.1-3 One possible explanation for this observation is that a proportion 
of post-colonoscopy cancers originate from missed serrated polyps or those that were 
detected but not removed. These polyps are easily overlooked because of their flat mor-
phology and unremarkable color and they can develop into CRC along an alternative 
pathway of colorectal carcinogenesis - the serrated neoplasia pathway.4,5 This pathway 
might be responsible for up to 20% of all sporadic CRCs.4-6

Serrated polyps comprise a heterogeneous group of lesions with distinct histological 
and malignant features. They can be further classified as hyperplastic polyps, sessile 
serrated adenomas/polyps or traditional serrated adenomas.7 The US Multi-Society Task 
Force on Colorectal Cancer recently emphasized the importance of these polyps and 
incorporated postpolypectomy surveillance recommendations for patients with sessile 
serrated adenomas/polyps and traditional serrated adenomas into their guidelines.8 
However, the prevalence and distribution of these lesions are not well known, mainly 
because most large population-based screening studies were conducted before the 
recognition of the different serrated polyp subtypes. Although some studies have 
reclassified the original pathological specimens to overcome this issue, accompanying 
polyp characteristics, such as size or colonic location, are often missing in these studies 
due to their retrospective design.9,10 Moreover, most studies were performed in a period 
in which serrated polyps were thought to be completely benign, hence it is rather likely 
that a significant number of these lesions were not diagnosed or removed by endosco-
pists, or sent for histopathology. All of these factors may have led to an underestimation 
of the true prevalence.11

Knowledge of true prevalence rates and specific polyp characteristics of the different 
serrated polyp subtypes provide guidance for detection standards and may also help 
to optimize treatment and surveillance strategies. The aim of the current study was to 
estimate the prevalence of the different serrated polyp subtypes in a large cohort of 
individuals undergoing primary screening colonoscopy, and to identify associations 
between the detection of the different serrated polyp subtypes and synchronous ad-
vanced neoplasia.
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PATIENTS AND METhODS

Study population

Data were collected from participants of a randomized, multicenter colonoscopy versus 
colonography (COCOS) screening trial. The design and main results (participation and 
diagnostic yield) of this population colorectal cancer screening program have been re-
ported in detail previously.12,13 Differences in proximal serrated polyp detection among 
endoscopists, as well as procedure-related and patient-related factors associated with 
proximal serrated polyp detection were described in detail elsewhere.14

In brief, between June 2009 and August 2010, 6,600 screen-naïve individuals, aged 
50-75 years, living in the regions of Amsterdam and Rotterdam were randomly selected 
and invited to undergo primary screening by colonoscopy. Eligible persons were not 
invited or excluded if they had undergone a full colonic examination in the previous 
5 years, were scheduled for surveillance colonoscopy because of a personal history of 
CRC, adenomas, inflammatory bowel disease, or had end stage disease, with a life ex-
pectancy less than 5 years. Ethical approval was obtained from the Dutch Health Council 
(2009/03WBO, The Hague, The Netherlands). The trial was registered in the Dutch Trial 
Register: NTR1888 (www.trialtregister.nl).

Colonoscopic procedure and equipment

Data from all screening participants allocated to the colonoscopy arm were included for 
this study. All colonoscopies were performed at two tertiary referral medical institutions 
by expert endoscopists (individual experience > 1000 colonoscopies) using forward 
viewing variable stiffness instruments (CF-Q160, CF-Q180 and PCF-Q180: Olympus 
Medical Systems, Tokyo, Japan). Procedures were performed under conscious seda-
tion using intravenous midazolam and/or fentanyl. Individuals were prepared with 2 
L of hypertonic polyethylene glycol solution (MOVIPREP; Norgine BV, Amsterdam, The 
Netherlands) with an additional 2 L of fluids and low fibre diet. A research nurse or fel-
low attended all procedures to enter variables on a standardized case record form. All 
colonoscopies were recorded on DVD.

Cecal intubation was confirmed by identification of appendiceal orifice, cecal valve 
and/or intubation of the ileum. During withdrawal all detected polyps were removed 
and retrieved for histological assessment. The size, as measured with an open biopsy for-
ceps, colonic location and Paris-classification of all polyps was recorded.15 The proximal 
colon was defined as proximal to the splenic flexure: transverse colon, ascending colon 
and caecum. Withdrawal time was recorded by a stopwatch and was demanded to be 
at least six minutes, after subtracting the time needed for polypectomies. The bowel 
preparation was scored using the validated Ottawa bowel preparation scale, ranging 
from excellent (score 0) to very poor (score 14).16
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Histopathology

Tissue specimens were evaluated by one of the two study expert gastrointestinal pa-
thologists, one in each center, according to the Vienna criteria.17 The histopathological 
diagnosis was based on the morphological features on haematoxylin and eosin stain-
ing. All polyps were classified into serrated, tubular, tubulovillous, villous or carcinoma. 
Serrated polyps included hyperplastic polyps, sessile serrated adenomas/polyps or 
traditional serrated adenomas. A sessile serrated adenoma/polyp was defined based on 
predominantly architectural distortion with irregular dilated crypts, including dilation 
of the base of the crypts that often have L or T shape.7 Traditional serrated adenomas 
were defined by a protuberant or pedunculated growth pattern with distorted villiform 
configurations with columnar cells having abundant eosinophilic cytoplasm or centrally 
located elongated nuclei.7 Dysplasia was defined as either low or high grade. Advanced 
adenoma was defined as an adenoma ≥ 10 mm, a villous component, or with high grade 
dysplasia. Advanced neoplasia comprised advanced adenoma and CRC altogether.

Statistical analysis

Descriptive statistics were used to describe the study population and polyp character-
istics. The prevalence rate was defined as the proportion of screen-naïve individuals in 
whom at least one serrated lesion was found. Multivariable logistic regression analyses 
were performed to identify associations between patients’ age and gender and serrated 
subtype detection rates. Logistic regression was also used to identify associations be-
tween the detection of the different subtypes of serrated polyps and advanced neopla-
sia. Two-sided p-values of less than 0.05 were considered as statistically significant. SPSS 
for Windows software (Chicago, IL, USA) version 19.0.1 was used for analysis.

RESuLTS

Patients and colonoscopy characteristics

A total of 1,426 screening-naïve subjects (51% male) with a median age of 60 years (IQR 
55-65) underwent a primary screening colonoscopy. Ninety-seven percent (1377/1426) 
of all colonoscopies were performed by 5 endoscopists with experience of more than 
1000 colonoscopies. Unadjusted cecal intubation rate was 98.7%, net median with-
drawal time was 10 minutes (IQR 8-15). The median Ottawa bowel preparation score 
was 5 (IQR 3-8). One or more adenomas were detected in 419 participants (29%). One or 
more advanced adenomas were detected in 125 participants (9%). Advanced neoplasia, 
including 8 subjects with CRC, was detected in 130 (9%) subjects.
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Serrated Polyps
Histology

A total of 1,782 specimens were collected and sent for pathology, of which 777 (44%) 
were adenomas and 744 (42%) serrated polyps. The remaining 261 lesions were clas-
sified as normal tissue, inflammatory polyp (pseudopolyps) or lipoma. Of the serrated 
polyps, 632 (85%) were classified as hyperplastic polyps, 111 (15%) as sessile serrated 
adenomas/polyps and one as a traditional serrated adenoma. The proportion sessile 
serrated adenomas/polyps relative to all histopathological diagnosed polyps (serrated 
or adenoma) was 7% (111/1521).

None of the patient fulfilled the WHO criteria for serrated polyposis syndrome (≥ 5 
serrated polyps proximal to the sigmoid of which 2 ≥ 10mm in diameter or ≥ 20 serrated 
polyps).

Polyp characteristics

Serrated polyp subtype characteristics are shown in Table 1. In Figure 1 the ratio between 
hyperplastic polyp and sessile serrated adenoma/polyp histology is displayed, stratified 
per size group and colonic location. Sessile serrated adenomas/polyps comprised 8% of 
all distal serrated polyps 1-5 mm versus 21% of all proximal serrated polyps 1-5 mm in 

Table 1. Summary of HPs, SSA/Ps and TSAs characteristics

HP (632) SSA/P (111) TSA (1)

Location (%)

Distal 474 (75) 45 (41) 1 (100)

Rectosigmoid 423 (67) 37 (33) 1 (100)

Descending 51 (8) 8 (7) 0

Proximal 158 (25) 66 (59) 0

Transverse 67 (11) 28 (25) 0

Ascending 64 (10) 25 (23) 0

Caecum 27 (4) 13 (12) 0

Paris classification (%)

Sessile (Is) 511 (81) 92 (83) 1 (100)

Flat (IIa and IIb) 75 (12) 14 (13) 0 (0)

Pedunculated (Ip) 17 (3) 2 (2) 0 (0)

Median size (mm, IQR)

Pan-colonic 3 (2-4) 5 (3-8) 5 (5-5)

Proximal 4 (2-5) 7 (4-8)

Dysplasia (%)

Any dysplasia 0 (0) 29 (26) 1 (100)

HP: hyperplastic polyp, SSA/P: sessile serrated adenoma/polyp, TSA: traditional serrated adenoma, IQR: in-
terquartile range
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size; 13% of all distal serrated polyps 6-9 mm versus 49% of all proximal serrated polyps 
6-9 mm in size; and 25% of all distal serrated polyps ≥ 10 mm versus 47% of all proximal 
serrated polyps ≥ 10 mm in size.

Prevalence of serrated polyps

The prevalence of the different serrated polyp subtypes is summarized in Table 2. In 
27% of individuals, one or more serrated polyps were detected. Al least one hyperplastic 
polyp, sessile serrated adenoma/polyp, or traditional serrated adenoma was detected in 
24%, 4.8% and 0.1% of individuals, respectively. Associations between patient age and 
gender and the detection of (proximal) hyperplastic polyps and (proximal) sessile ser-
rated adenomas/polyps are shown in Table 3. More hyperplastic polyps were detected 
in male, taking age into account. In contrast, neither age nor gender was significantly 
associated with the detection of sessile serrated adenomas/polyps or proximal sessile 
serrated adenomas/polyps.

Association of subtypes of serrated polyps and synchronous advanced neoplasia

Associations between the detection of the different subtypes of serrated polyps and 
synchronous advanced neoplasia are presented in Table 4. Proximal and large hyper-
plastic polyps, as well as proximal and large sessile serrated adenomas/polyps, were 
associated with synchronous advanced neoplasia.


 

 



 

 


  





 


 

 



 

 


  





 













 


 


 


 


 


 






  









Figure 1. Ratio between HP and SSA/P histology stratified per size group and colonic location
HP: hyperplastic polyp, SSA/P: sessile serrated adenoma/polyp
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Table 2. Prevalence of the different subtypes of serrated polyps

Prevalence

Total (1426) * Male (726) Female (700)

At least 1 serrated polyp (%) 388 (27.2) 216 (29.8) 172 (24.6)

HP 339 (23.8) 189 (26.0) 150 (21.4)

SSA/P 68 (4.8) 35 (4.8) 33 (4.7)

TSA 1 (.1) 1 (.1)

At least 1 proximal serrated polyp (%) 174 (12.2) 84 (11.6) 90 (12.9)

Proximal HP 127 (8.9) 62 (8.5) 65 (9.3)

Proximal SSA/P 51 (3.6) 24 (3.3) 27 (3.9)

Proximal TSA 0 (.0)

At least 1 serrated polyp ≥10 mm (%) 37 (2.7) 18 (2.5) 19 (2.7)

HP ≥ 10 mm 22 (1.5) 14 (1.9) 8 (1.1)

SSA/P ≥ 10 mm 16 (1.1) 4 (0.6) 12 (1.7)

TSA ≥ 10 mm 0. (.0)

At least 1 serrated polyp with dysplasia (%) 22 (1.5) 13 (1.8) 9 (1.3)

SSA/P with dysplasia 21 (1.5) 13 (1.8) 8 (1.1)

TSA with dysplasia 1 (.1) 1 (.1)

* In a proportion of individuals more than one serrated subtype was found. Therefore the cumulative preva-
lence of all serrated subcategories together does not exactly add up to the total prevalence of serrated 
polyps.
HP: hyperplastic polyp, SSA/P: sessile serrated adenoma/polyp, TSA: traditional serrated adenoma

Table 3. Association between age and gender and the detection of the different subtypes of serrated polyps

Age Gender

Subjects with at least one: n Median 
age (IQR)

Adjusted OR*
(95% CI)

P Male (%) Adjusted OR**
(95% CI)

P

Hyperplastic polyp

No 1087 60 (55-65) 1.00 537 (49) 1.00

Yes 339 61 (56-66) 1.01 (0.99-1.03) 0.23 189 (56) 1.31 (1.02-1.68) 0.03

Proximal hyperplastic polyp

No 1299 60 (55-65) 1.00 664 (51) 1.00

Yes 127 60 (55-66) 1.01 (0.98-1.04) 0.75 62 (49) 0.93 (0.64-1.35) 0.69

Sessile serrated adenoma/polyp

No 1358 60 (55-65) 1.00 691 (51) 1.00

Yes 68 60 (55-64) 0.99 (0.95-1.03) 0.45 35 (52) 1.07 (0.65-1.75) 0.79

Proximal sessile serrated adenoma/polyp

No 1375 60 (55-65) 1.00 702 (51) 1.00

Yes 51 60 (55-64) 1.00 (0.95-1.05) 0.84 24 (47) 0.85 (0.48-1.49) 0.56

* Odds ratios were calculated using multivariable logistic regression analysis including gender and quality 
of bowel preparation
** Odds ratios were calculated using multivariable logistic regression analysis including age and quality of 
bowel preparation
HP: hyperplastic polyp, SSA/P: sessile serrated adenoma/polyp, OR: odds ratio, CI: confidence interval
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DISCuSSION

In this study the prevalence and distribution of different serrated polyp subtypes were 
estimated in individuals undergoing primary screening colonoscopy. Hyperplastic pol-
yps, sessile serrated adenomas/polyps and traditional serrated adenomas were detected 
in 24%, 4.8% and 0.1% of individuals, respectively. Sessile serrated adenomas/polyps 
comprised 7% of all histopathological classified polyps. No differences based on age 
or sex were observed in the prevalence of sessile serrated adenomas/polyps. Proximal 
and large hyperplastic polyps, as well as proximal and large sessile serrated adenomas/
polyps, were associated with synchronous advanced neoplasia.

The prevalence and distribution of each subtype were evaluated within an invitational 
population based colonoscopy screening program. The study was conducted in a large 
homogenous screening-naïve population and the vast majority of procedures was 
performed by highly experienced endoscopists. Important quality indicators, such as 
cecal intubation rate, adenoma detection rate and net withdrawal time all met current 

Table 4. Association of serrated subtypes and synchronous advanced neoplasia

Subjects with at least one: N Subjects with advanced 
neoplasia (%)

Adjusted OR*
(95% CI)

p-value

Proximal serrated polyp

No 1254 99 (9) 1.00

Yes 174 31 (21) 2.44 (1.55-3.84) < .001

Proximal hyperplastic polyp **

No 1299 110 (8) 1.00

Yes 123 20 (15) 1.95 (1.13-3.36) .02

Proximal sessile serrated adenoma

No 1375 119 (9) 1.00

Yes 51 11 (22) 3.04 (1.50-6.15) .002

Large serrated polyp (≥ 10 mm)

No 1389 120 1.00

Yes 37 10 4.02 (1.87-8.62) < .001

Large hyperplastic polyp (≥ 10 mm) **

No 1405 125 (9) 1.00

Yes 21 5 (23) 3.18 (1.11-9.07) .03

Large sessile serrated adenoma (≥ 10 mm)

No 1410 125 (9) 1.00

Yes 16 5 (32) 5.02 (1.69-14.86) .004

* Odds ratios were calculated using multivariable logistic regression analysis including patients age, gender 
and quality of bowel preparation
** Subjects with both hyperplastic polyps and sessile serrated adenomas/polyps were classified as indi-
viduals with sessile serrated adenomas/polyps
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accepted standards, suggesting high performance colonoscopies.18 All colonoscopies 
were attended by a research nurse or fellow to ensure accurate prospective data collec-
tion for quality parameters and polyp characteristics. The current study does have some 
limitations, the most important of which is that detection of serrated polyps was not 
a primary objective. Although all endoscopists were instructed to detect and remove 
all colonic polyps irrespective of their endoscopic appearance or size, these lesions 
still may have been missed or misdiagnosed as unimportant. This could have led to an 
underestimation of the true prevalence. Previous studies have shown interobserver 
variability between pathologists in the diagnosis of serrated polyps.19,20 Although this 
risk was minimized in our study (all tissue specimens were evaluated by one of the two 
expert pathologists), observer variation could lead to distinct local differences in the 
diagnosis of the different serrated polyp subtypes.

Sessile serrated adenomas/polyps are the principal serrated precursor lesions of CRCs 
arising via the serrated neoplasia pathway and are thought to play a significant role in 
the occurrence of post-colonoscopy cancers. The prevalence of sessile serrated adeno-
mas/polyps has been described in previous studies ranging from 1% to 14%.9-11,21,22 Most 
of these studies, however, had a retrospective design, included symptomatic or high-
risk patients or used chromoendoscopy, making the generalizability of these findings 
to a primary screening setting hazardous. In our study, 4.8% of screening participants 
harboured at least one sessile serrated adenoma/polyp. This finding is comparable with 
a recent study demonstrating a prevalence of 2.3% in asymptomatic average-risk pa-
tients.23 Considering that the US Multi Society Task Force on Colorectal Cancer recently 
recommended to survey patients with these lesions, these data suggest that this advice 
will lead to a significant burden on surveillance programs, although the exact quantity 
is unknown.

Sessile serrated adenomas/polyps accounted in our series for 7% of all polyps, which 
illustrates that these lesions are rather frequently encountered in a routine screening 
colonoscopy. Various studies have shown a wide variability in serrated polyp detection 
rates between endoscopists, suggesting that a significant proportion of these lesions, 
including sessile serrated adenomas/polyps, are missed.11,14,24 This may in part be ex-
plained by the flat morphology and unremarkable colour of these lesions, but the pos-
sibility that some endoscopists still disregard these lesions, assuming they harbour no 
premalignant potential, cannot be excluded. Another important issue is the recent find-
ing that up to 31% of all sessile serrated adenomas/polyps are incompletely resected.25 
Each endoscopist should therefore be well aware of the clinical impact of these lesions 
and be sufficiently trained to detect and completely remove them.

Patient age was not associated with the detection of sessile serrated adenomas/pol-
yps in the current study, suggesting that the prevalence of sessile serrated adenomas 
is comparable across age groups. There were no differences in prevalence based on 
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sex. Previous studies have reported conflicting results with respect to the occurrence 
of sessile serrated adenomas/polyps in men and women. Hetzel et al., Higuchi et al. and 
Singh et al. also found no significant sex difference, whereas Lash et al. and Spring et al. 
demonstrated that these lesions were more often found in women.10,11,21,22,26

The likelihood of a serrated polyp being histologically classified as a hyperplastic 
polyp or as a sessile serrated adenoma/polyp depends on the size and colonic location 
of the lesion. In the current study, almost 50% of all proximal serrated lesions larger 
than 5 mm were classified as sessile serrated adenomas/polyps. In contrast, only 8% 
of all distal serrated polyps 1-5 mm in size were classified as sessile serrated adenoma/
polyp. These findings may provide guidance regarding the treatment of serrated polyps. 
An international expert panel consisting of endoscopists, pathologists and surgeons 
recently recommended complete removal of all detected serrated polyps with the 
exception of single diminutive (≤ 5 mm in size) serrated polyps located in the rectosig-
moid.27 They argued that these distal diminutive lesions are probably clinical irrelevant 
benign hyperplastic polyps that do not require treatment. Our findings support this 
proposal to a large extent; 92% of all diminutive distal serrated polyps in the current 
study were indeed hyperplastic polyps. One could also argue that our data suggest that 
all distal serrated polyps should be removed, given that 8% of lesions left in place would 
have been a sessile serrated adenoma/polyp. Yet this approach seems clinically unac-
ceptable, since it would further increase the workload of endoscopists, inflate pathol-
ogy costs, and probably also lead to avoidable complications. Moreover, these lesions 
probably have a very low risk of harbouring cancer or advanced histology.10 Rather 
than to remove all distal serrated polyps, we believe further research should focus on 
the endoscopic appearance of sessile serrated adenomas/polyps and assess whether 
it is possible to endoscopically differentiate these from hyperplastic polyps located in 
the rectosigmoid.28 The recommendation by the expert group to remove all proximal 
serrated polyps seems endorsed by our results, given that approximately one third are 
sessile serrated adenomas/polyps.

Previous studies have suggested that sessile serrated adenomas/polyps are predomi-
nantly located in the right-side of the colon.21,29 This predilection for the proximal colon 
and the difficult detection were two reasons to believe that sessile serrated adenomas/
polyps may have played an important role in the observed decreased protective value 
of colonoscopy for right-sided CRCs. Moreover, interval cancers are disproportionately 
BRAF-mutated and microsatellite instable, molecular features that are also commonly 
seen in sessile serrated adenomas/polyps.21,30,31 In the current study, a significant pro-
portion of sessile serrated adenomas/polyps (41%) were located distally to the splenic 
flexure. This finding is consistent with those of Buda et al. and suggests that these 
lesions do not exclusively develop in the right-side of the colon.23 This is remarkable 
since distal (interval) cancers with serrated molecular hallmarks are less frequently 
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observed than proximal ones.31 This favours the theory that proximal sessile serrated 
adenomas/polyps are more easily missed than distal ones, which is most likely caused 
by colonoscopy-related factors, such as an incomplete colonoscopy or a poor proximal 
bowel preparation. Another possible explanation is that the endoscopic appearance of 
proximal sessile serrated adenomas/polyps differs from distal ones. This rationale was 
recently supported by a study showing that large and dysplastic serrated polyps in 
the proximal colon were more often nonpolypoid than distal serrated polyps, making 
them more likely to be overlooked.32 Finally, the possibility that distal sessile serrated 
adenomas/polyps harbour a different molecular profile with less malignant potential 
cannot be excluded.

Previous studies have shown that proximal and large serrated polyps are associated 
with synchronous advanced neoplasia.33-35 As serrated polyps were not further distin-
guished in these studies, the precise association between each serrated polyp type and 
synchronous advanced neoplasia could not be determined. The current study demon-
strated that proximal and large hyperplastic polyps, as well as proximal and large sessile 
serrated adenomas/polyps, are associated with synchronous advanced neoplasia. This 
may suggest that both serrated subtypes share similar environmental and genetic risk 
factors with conventional adenomatous lesions, although this remains speculative. 
Future molecular and clinical studies are needed on this issue.

In conclusion, the current study demonstrated that serrated polyps, including sessile 
serrated adenomas/polyps, are frequently encountered in routine screening colonosco-
pies. Endoscopists should be fully aware of the clinical impact of these lesions and be 
sufficiently trained in order to detect and completely remove them.
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