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Abstract

Background The impact of serrated polyps on the advanced colorectal neoplasia (CRN) risk in inflammatory bowel disease
(IBD) patients is unknown. Serrated polyps are histologically categorized as hyperplastic polyps (HPs), sessile serrated
lesions (SSLs), and traditional serrated adenomas (TSAs).

Aims We aimed (1) to characterize the serrated polyps in IBD patients, (2) to identify factors associated with the presence
of serrated polyps in IBD, and (3) to assess the CRN risk in IBD patients with serrated polyps.

Methods We established a retrospective cohort of IBD patients with and without colonic serrated polyps. Cox-regression
analysis with time-dependent variables was used to compare advanced CRN risk in IBD patients with and without serrated
polyps.

Results Of the 621 enrolled IBD patients, 198 had a serrated polyp (92 HPs, 88 SSLs without dysplasia, 13 SSLs with dys-
plasia, and 5 TSAs). Independent factors associated with serrated polyps were ulcerative colitis (UC) (odds ratio (OR) 1.77,
95% confidence interval (CI) 1.19-2.62, p=0.005), male gender (OR 1.63, 95% CI 1.11-2.40, p=0.013), and older age
(per year increase, OR 1.06, 95%CI 1.05-1.08, p <0.001). TSAs and SSLs with dysplasia were risk factors for subsequent
advanced CRN (HR 13.51, 95% CI 3.11-58.68, p<0.001), while HPs (HR 1.98, 95% CI 0.46-8.60, p=0.36) and SSLs
without dysplasia (HR 0.87, 95% CI 0.11-6.88, p-0.89) did not impact the subsequent advanced CRN risk.

Conclusions UC, male gender and older age were associated with the presence of serrated polyps. The majority of serrated
polyps (91%) were HPs and SSL without dysplasia and did not affect the CRC risk. However TSAs and SSLs with dysplasia,
representing a small subgroup of serrated polyps (9%), were associated with subsequent advanced CRN.
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Introduction

Colorectal cancer (CRC) is one of the most detrimental
complications of colonic inflammatory bowel disease (IBD),
with an incidence that is estimated 1.5—twofold higher com-
pared to the general population [1]. Therefore, IBD patients
undergo regular surveillance colonoscopies to remove pre-
cancerous lesions and prevent CRC. According to interna-
tional guidelines, the interval between surveillance colonos-
copies depends on the individual risk profile [2-5]. One of
the most important risk factors for CRC is the presence of
colitis-associated low-grade dysplasia (LGD) or high-grade
dysplasia (HGD) [6]. However, it is unknown if the presence
of colorectal serrated polyps in IBD impacts the colorectal
neoplasia (CRN) risk and how it should impact surveillance
guidelines.

In the general population, approximately 25% of spo-
radic CRCs arise via serrated precursor lesions [7]. Ser-
rated polyps include hyperplastic polyps (HPs), sessile
serrated lesions (SSLs) and traditional serrated adenomas
(TSAs). They develop through a distinct molecular path-
way and have a distinct endoscopic appearance compared to
conventional adenomas. Before 2010 serrated polyps were
poorly recognized by endoscopists and most serrated pol-
yps were regarded as harmless HPs [7]. Since then, several
studies reported that patients with serrated polyps have a 2-
to 4- fold increased risk of synchronous and metachronous
advanced CRN (including HGD and CRC). [8, 9]

To date, only few small retrospective studies described the
risk of CRN in IBD patients with serrated polyps [10—-15].
These studies did not show an increased CRN risk in patients
with HPs, while one study including 78 patients reported
that IBD patients with serrated polyps with dysplasia had a
higher risk of advanced CRN [10]. However, these studies
were published before the renewed World Health Organisa-
tion (WHO) criteria from 2019 were adopted for subclassifi-
cation of serrated polyps [16]. Moreover, since most studies
included almost only HPs, the CRN risk of other types of
serrated polyps in IBD patients remains unclear.

To fill this knowledge gap, we established a large ret-
rospective IBD cohort undergoing endoscopic surveil-
lance. We aimed (1) to characterize serrated polyps in IBD
patients, (2) to identify factors associated with the presence
of serrated polyps in IBD, and (3) to assess the CRN risk in
IBD patients with serrated polyps.
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Materials and Methods
Study Design and Outcomes

We adopted a retrospective cohort study design to charac-
terize IBD patients with serrated polyps, and to assess the
(advanced) CRN risk in patients with and without serrated
polyps. Primary endpoints were CRN defined as either
LGD, HGD or CRC; and advanced CRN defined as HGD
and CRC.

Study Population

We established a cohort of IBD patients undergoing stand-
ardized CRC surveillance according to the British Society of
Gastroenterology guidelines [2] at the Radboud University
Medical Center, Nijmegen, The Netherlands. Patients were
identified using an electronic search in the local endoscopy
and histopathology databases. This search included key
terms for ‘surveillance’ and/or ‘colonoscopy’ in combina-
tion with key terms for IBD ( ‘ulcerative colitis’, ‘Crohn’s
disease’, ‘inflammatory bowel disease’). Subsequently, IBD
diagnoses were verified in the individual patients’ medical
charts.

Next, we identified all serrated polyps in the established
cohort (including histopathology slides for histopathologi-
cal review). To this end, we performed a search in the local
histopathology database from January 1996 to December
2017 using different terms for serrated polyps (metaplastic
polyp, hyperplastic polyp, sessile serrated lesion, traditional
serrated adenoma).

To assess whether the CRN risk of IBD patients with a
serrated polyp with dysplasia was comparable to the risk in
patients with colitis-associated LGD, we selected from the
study cohort a control group of IBD patients who developed
LGD but no serrated polyps. Only patients with colitis-asso-
ciated LGD, defined as LGD located in a colonic area with
(prior) inflammation, and at least one follow-up colonoscopy
were included in this group.

Inclusion and Exclusion Criteria

All patients with a diagnosis of IBD (ulcerative colitis (UC),
Crohn’s disease (CD) and IBD-unclassified (IBD-U)) who
received at least 1 complete surveillance colonoscopy were
eligible for inclusion. Exclusion criteria were defined as fol-
lows: HGD and/or CRC diagnosis before IBD development,
serrated polyps before IBD diagnosis, serrated polyps that
could not be confirmed after histopathology review, ser-
rated polyps before 1996 (histopathology slides are available
since 1996), patients with hereditary CRC syndromes such
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as Lynch syndrome and familial adenomatous polyposis,
patients with an IBD duration of less than 8 years or patients
with proctitis only (since these patients are not eligible for
surveillance [2, 17]), objection against the use of data, and
insufficient clinical data.

Data Collection

The following baseline characteristics were extracted from
the patients’ medical charts: gender, age, family history of
CRC, diagnosis of concomitant primary sclerosing cholan-
gitis (PSC), and smoking status. Regarding IBD, we col-
lected information on IBD type, age at IBD diagnosis, and
disease extent. Extensive disease was defined as inflam-
mation extending proximal of the splenic flexure in UC or
an estimated colonic involvement of >50% in CD. Non-
extended disease included left-sided UC or segmental CD
with 30-50% colonic involvement. To study the association
of inflammation and serrated polyps, a mean inflammation
score was calculated by averaging the inflammation scores
of all colonoscopies (no inflammation =0, non-extensive
inflammation = 1, extensive inflammation =2), reflecting
the average extent of inflammation at colonoscopies [18,
19]. Date and outcomes of all IBD colonoscopies were
extracted including the development of serrated polyps
and CRN. Synchronous CRN was defined as neoplasia that
was detected during the same colonoscopy as the serrated
polyp. Metachronous CRN was defined as neoplasia that
was detected at any follow-up colonoscopy or at subsequent
colectomy. Furthermore, we extracted the date and type of
colectomy. A colectomy was defined as either a subtotal (i.e.,
a colectomy only leaving the rectum in situ) or a total colec-
tomy. Follow-up data were collected until August 1, 2019.

Histopathology Review

Histopathology slides from all serrated polyps and lesions
with CRN were reviewed by an expert IBD pathologist (I.N.,
S.V., R.P.). This was performed in a blinded fashion. In case
of doubt, slides were discussed and re-assessed by the other
pathologists in order to obtain consensus. Slides with ser-
rated polyps were reviewed according to the renewed WHO
criteria [16]. Serrated polyps were classified into HP, SSL
without dysplasia, SSL with dysplasia, or TSA (always with
dysplasia) [16]. HPs are polyps with a normal architecture
with crypts that are evenly spaced, but the superficial epithe-
lium shows serration up to two-thirds of the crypts. Accord-
ing to the updated WHO criteria, the presence of a single
unequivocally distorted crypt is considered diagnostic for
an SSL. TSAs are the least common serrated polyps. The
cells of these villous polyps contain prominent eosinophilic
cytoplasm and have narrow slits. [7]

Grade of CRN was classified into LGD, HGD, or CRC
[20]. Revised results were used for further analyses.

IBD Surveillance Strategy

In the 1990’s, surveillance colonoscopies in IBD patients
were performed using standard-definition white light endos-
copy with targeted biopsies of abnormalities, in combination
with random biopsies. Between 2005 and 2010, high-defi-
nition white light endoscopy was adopted as the mainstay
endoscopic technique. Following updates in IBD surveil-
lance guidelines in 2008, chromoendoscopy was gradually
implemented in some patients. Chromoendoscopy involves
pan-colonic dye-spraying using either 0.3% indigo carmine
or 0.1% methylene blue, along with targeted biopsies of
abnormal areas. The interval between surveillance colonos-
copies is based on the guidelines of the British Society of
Gastroenterology. [2]

Statistics

Descriptive statistics were used to describe the baseline
characteristics. Continuous outcomes are reported as means
including standard deviation (SD) if normally distributed,
and as medians with interquartile range (IQR) if non-nor-
mally distributed. Logistic regression analysis was used to
compare baseline factors between patients with and without
serrated polyps. Factors with a p-value <0.1 in univariable
analysis were included in multivariable logistic regression
analysis.

Kaplan Meier curve and log-rank analysis were used
to compare cumulative incidences of CRN between HPs,
SSLs with dysplasia, SSLs without dysplasia, and TSAs.
All serrated polyps containing dysplasia (thus, SSLs with
dysplasia and TSAs) were pooled in analysis. Time to event
was calculated from the date of the first serrated polyp until
(advanced) CRN or censoring. The first serrated polyp was
regarded as the index polyp. Only CRN identified after index
serrated polyp detection was regarded as an event. Patients
who had an index lesion in their (sub) total colectomy speci-
men were excluded. Patients who had synchronous HGD
or CRC were excluded from all log-rank analyses. In addi-
tion, patients who had synchronous LGD were excluded as
well in a sensitivity analysis. Patients were censored at last
follow-up colonoscopy, or if performed, at the moment of
(sub) total colectomy given the impact on the subsequent
CRC risk. [21].

Finally, we compared the risk of metachronous CRN
between IBD patients with serrated polyps and IBD patients
with colitis-associated LGD (without serrated polyps).

Cox regression analysis was used to compare the risk of
advanced CRN between IBD patients with and without ser-
rated polyps. Here, time to event was calculated from the
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moment of IBD diagnosis until advanced CRN or censoring.
To limit the risk of immortal time bias, serrated polyps were
included in the Cox regression models as a time-changing
covariate. We subsequently corrected for the confounders
gender, concomitant diagnosis of PSC, history of smoking,
IBD type, family history of CRC and the mean inflamma-
tion score.

A 2-tailed p-value of <0.05 was considered to be statis-
tically significant. Data analysis was performed using the
SPSS statistical software (version 22, IBM, Chicago ILL).

Ethical Considerations

The study was approved by the medical ethical commit-
tee at the Radboud university medical center, Nijmegen
(2017-3645).

Results

Patient Selection

A total of 621 patients were eligible for inclusion, includ-
ing 198 patients who had at least one serrated polyp after

revision (Fig. 1). A total of 47 patients had LGD without a
serrated polyp. Baseline characteristics of patients with and

869 patients identified

248 patients

without serrated polyps are shown in Table 1. The index ser-
rated polyp was an HP in 91 patients, an SSL in 102 patients,
and a TSA in five patients. More detailed baseline charac-
teristics per subgroup of serrated polyp are provided in Sup-
plementary Table 1. Although we observed that the absolute
mean inflammation score was higher in patients with SSL
with dysplasia (0.67) and TSA (0.73) than in patients with
HP (0.58) and SSL without dysplasia (0.50), this difference
did not reach statistical significance (p =0.25).

The mean follow-up after IBD diagnosis was 22.2
(+13.6) and 21.3 (£ 10.6) years in patients with and without
a serrated polyp, respectively. The median follow-up time
after the index serrated polyp was 3.0 years. During follow-
up 14/92 patients (15%) with an HP developed an SSL and
25/101 patients (25%) with an SSL developed a second SSL.

Characteristics of Serrated Polyps in IBD

Table 2 illustrates the location of the detected serrated
polyps. Index HPs were located in the distal colon in 90%
(53% rectum and 37% left-sided colon), and rarely in the
transverse colon (6.0%) or ascending colon (4%). SSLs
without dysplasia and SSLs with dysplasia were located
in the proximal (transverse or ascending) colon in 32 and
38%, respectively. In addition, 60% of TSAs were located
in the proximal colon. The mean size of the serrated polyp
as reported in the pathology report was 5.3 mm in lesions

Excluded due to lack of IBD surveillance
(n):

No colonic IBD (112)

<8 yearIBD (53)

No surveillance performed (20)

Excluded due to dysplasia (n):
Dysplasia/CRC before diagnosis IBD (16)

y

excluded

y

621 1BD patients
included

l

A A 4

198 IBD patients with
serrated polyp

423 IBD patients without
serrated polyp

Serrated polyp before diagnosis IBD (5)
Serrated polyp not confirmed (3)
Serrated polyp before 1996 (17)

Other (n):

Incomplete medical record (13)
Objection against use of medical data (2)
Familial CRC syndrome (7)

A

Fig. 1 Flowchart of inclusion of patients. IBD =inflammatory bowel disease, CRC = colorectal cancer
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Table 1 Baseline characteristics of included patients with low-grade dysplasia

Characteristic IBD patients with serrated polyp IBD patients without
(n=198) serrated polyp
(n=423)
Male, n (%) 102 (51.5%) 177 (41.8)
Disease
Ulcerative colitis, n (%) 126 (63.6) 206 (49.2)
Crohn's disease, n (%) 65 (32.8) 208 (48.7)
IBD-unclassified, n (%) 7(3.5) 9(2.1)
Age at IBD diagnosis in years (+ SD) 37.0 (14.5) 26.9 (10.4)
Follow-up after IBD diagnosis in years, mean (+ SD) 22.2 (13.6) 21.3(10.6)
Years between consecutive colonoscopies, mean (+SD) 3.0(1.7) 3.3(2.0)
Mean inflammation score (+ SD) 0.56 (0.47) 0.50 (0.49)
Family history of CRC (%) 28 (14) 60 (14)
Serrated polyps -
Hyperplastic polyp 91
Sessile serrated lesion with dysplasia 13
Sessile serrated lesion without dysplasia 89
Traditional serrated adenoma 5
Age at serrated polyp, mean (+SD) 54.8 (12.0) -
Follow-up after index serrated polyp in years, median (IQR) 3.0 (0-5.8) -

IBD =inflammatory bowel disease, CRC =colorectal cancer, SD =standard deviation, IQR = interquartile range

with dysplasia versus 3.5 mm in serrated polyps without
dysplasia (p =0.06). The mean size of TSAs was 7.3 mm.
162/198 (82%) lesions were visible while 18/198 (9%)
resulted from random biopsies (the method was not speci-
fied in the report in 16 patients).

Factors Associated with the Presence of Serrated
Polyps in IBD

A diagnosis of UC, male gender, and age (per year
increase) were associated with the presence of serrated
polyps in IBD in the univariable logistic regression analy-
sis (Table 3). There was no difference in mean inflam-
mation score, smoking history, family history of CRC or
PSC diagnosis. In line, multivariable logistic regression
analysis identified UC (odds ratio (OR) 1.77, 95% con-
fidence interval (CI) 1.19-2.62, p =0.005), male gender
(OR 1.63, 95% CI 1.11-2.40, p=0.013), and age (1.06,
95%CI1 1.05-1.08, p <0.001) as independent factors asso-
ciated with the presence of serrated polyps. Excluding HPs
from this analysis, only UC (OR 2.31, 95% CI 1.35-3.95,
p=0.002) and older age (OR 1.08, 95% CI 1.06-1.10,
p <0.001) were associated with the presence of serrated
polyps, as shown in Supplementary Table 1. Male gen-
der was included in the multivariable analysis but did not
reach statistical significance (p =0.051).

Neoplasia Risk

Risk of Metachronous and Synchronous (Advanced) CRN
in IBD Patients with Serrated Polyps

Figure 2 illustrates the risk of synchronous and metachro-
nous neoplasia. Here, only the first lesion with metachro-
nous neoplasia is reported. Synchronous CRN was present
in 13.0, 14.6, 7.7, and 40% of patients with an HP, SSL
without dysplasia, SSL with dysplasia, and TSA with dys-
plasia, respectively. At follow-up, 6/18 patients (33.3%) with
serrated polyps with dysplasia (TSA and SSL) developed
metachronous CRN in the same colonic segment, while
only 10/180 (5.5%) of patients with serrated polyps without
dysplasia developed CRN in the same segment (p <0.001).
Although only two patients had CRC as first metachronous
lesion, an additional four patients developed CRC during
further follow-up (index lesion included SSL with LGD
(n=3), HP (n=2) and TSA with LGD (n=1)).

Figure 3 illustrates the cumulative incidence of CRN after
the index polyp. The 2-year cumulative incidence of CRN
was 7.4, 6.8, 44, and 50% after the detection of an HP, an
SSL without dysplasia, an SSL with dysplasia, and a TSA,
respectively. Patients with a TSA or SSL with dysplasia had
an increased incidence of metachronous CRN compared to
patients with HPs and an SSL without dysplasia (log-rank
test, p <0.001). This difference remained if patients with
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Table 2 Location of the serrated polyps

=5

TSAs n

SSLs with dysplasia n=13

=89

SSLs without dysplasia n

=91

HPs n

Location

8

Not specified

n=_82 n=13

n=383

Location speci-

fied

%

%

%

%

1 20
1 20
1 20
2 40

323
5 38
2 15
323

28 34
28 34

44 53
31 37

5
3

Rectum

Left colon

10
18 22

6
4

Transverse colon

Ascending colon

number

sessile serrated lesion, TSA =traditional serrated adenoma, n=

hyperplastic polyp, SSL=

HP=

synchronous colitis-associated LGD were excluded from the
analysis (sensitivity analysis, p <0.001). Patients with an
SSL without dysplasia had a similar CRN risk as patients
with HPs (p =0.78). Of note, 6/72 patients with one SSL
without dysplasia developed metachronous CRN (8.3%; 5
LGD and 1 advanced CRN) versus 2/17 patients who had
an SSL without dysplasia more than once (11.8%; 2 LGD;
p=0.65). Patients with a serrated polyp without dysplasia
with synchronous LGD had a higher cumulative advanced
CRN risk than those without synchronous LGD (p <0.001).

Cumulative Risk of Metachronous CRN in IBD Patients
with Serrated Polyps Versus Colitis-Associated LGD

We compared the metachronous CRN risk between IBD
patients with serrated polyps and IBD patients with colitis-
associated LGD without serrated polyps (n=47). The mean
size of the colitis-associated LGD was 4.2 mm. Baseline
characteristics of this control cohort are described in Sup-
plementary Table 2. Patients with LGD were younger at
IBD diagnosis, and had a lower mean inflammation score
than patients with serrated polyps. Patients with a TSA or
an SSL with dysplasia had a higher cumulative incidence
of metachronous CRN compared with patients with colitis-
associated LGD (p <0.001, Fig. 3). After correction for the
mean inflammation score, we still observed a higher risk
(HR 2.86, 95% confidence interval 1.03-7.99, p=0.04).
Adjusting for other covariates including gender, concomi-
tant diagnosis of PSC, (history of) smoking, IBD type, fam-
ily history of CRC and mean inflammation score yielded
similar results.

By contrast, patients with an HP (p =0.027) or an SSL
without dysplasia (p=0.017) had a lower cumulative inci-
dence of metachronous CRN compared with patients with
colitis-associated LGD.

We did not observe a higher cumulative CRN risk in ser-
rated polyps that developed within an area of (prior) inflam-
mation (p=0.19), and similarly not after excluding HPs
from the analysis (p =0.60).

Risk of Advanced CRN in IBD Patients with Versus Without
Serrated Polyps

In the Cox-regression analysis with the presence of serrated
polyps as a time-changing factor, serrated polyps with dys-
plasia (TSA and SSL) were associated with an increased sub-
sequent advanced CRN risk (HR 13.51, 95% CI 3.11-58.68,
p <0.001) compared to IBD patients without a serrated
polyp. This association remained after correcting for the
confounders gender, concomitant diagnosis of PSC, (his-
tory of) smoking, IBD type, family history of CRC and mean
inflammation score (adjusted HR 6.02, 95% CI 1.06-34.32).
Specifically assessing patients with SSLs with dysplasia
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Table 3 Factors associated with Baseline OR uni-variable 95% CI P-value OR multi- 95% CI P-value
the presence of serrated polyps variable (final
model)
Ulcerative colitis 1.95 1.37-2.78  <0.001 1.77 1.19-2.62 0.005
Male 1.51 1.07-2.12 0.02 1.63 1.11-2.40 0.013
PSC 1.68 0.72-3.90 023 - - -
Age at IBD diagnosis 1.07 1.05-1.08 <0.001 1.06 1.05-1.08 <0.001
(per year increase)
Mean inflammation score 1.25 0.87-1.81 023 - - -
Smoking 1.01 0.72-1.43 094 - - -
Family history of CRC 0.99 0.61-1.62 0.99

IBD=Inflammatory bowel disease; PSC=Primary sclerosing

OR = 0dds ratio, CRC =colorectal cancer
In bold factors with a p-value <0.05

Index lesion  Synchronous neoplasia

cholangitis; CI=Confidence interval,

Metachronous neoplasia

i . / Total = 15
| |  Median foillow-up
Hyperplastic polyp | . 2 HGD | A3 s Same segment | Other segment
N=92 I (1insamesegment) | 5 LGD 6 LGD
: 10 LGD ! . 1 CRC 1 SSL with LGD
I (5insame segment) | 1 TSAwith LGD
N ) 1 HGD
O T N Total=9
N
| | Median follow-up Same segment | Other segment
ssL without dysplasia | | | - 8
te il I 1316D | 3Syears 31LGD 416D
: (5 in same segment) : —— 1 HGD 1 CRC
! I
N )
N e e e 7 N\
ST N Total=4
N
1 | Median foliow-up
sSLwith dysplasia | | | 25yeors ST SAEAE | XIS
1 1 HGD | 2 1 TSA with HGD 1LGD
f=12 ' (1insame segment) | 1 HGD
(1HGD,121GD) | | gment}
| | 11GD
\ )
N e e e e 7 N\ w,
ST TTEE R \ Total=3
" \I Median follow-up
TsAwith dysplasia | | . I 0.5 yeors Same segment | Other segment
N=5 | unssmessann : T— 1 SSL with HGD
(1HGD, 4 LGD) ! g i 1 SSL with LGD
I
Q ) 1LGD
N e e s _ 5,

Fig.2 Serrated polyps and risk of synchronous and metachronous neoplasia. HP =hyperplastic polyp, SSL =sessile serrated lesion, TSA =tradi-

tional serrated adenoma, LGD =low-grade dysplasia, HGD =high-grade dysplasia
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100 — TSA had no increased risk of advanced CRN, and a lower risk
- * SSL with dysplasia of metachronous CRN than patients with colitis-associated

X 80 A +— Colitis associated LGD

o g -L. SSL without dysplasia LGD.
% 2 60 toHe We observed a higher CRN risk in patients with serrated
E § polyps with dysplasia compared to patients with colitis-
3£ 401 associated LGD. However, this result may be biased by the
g 20 4 L _gmmmEseee higher mean inflammation score in patients with serrated
| B are e < polyps. Similarly, several studies conducted in the general
L — T T T 1 population demonstrated that the CRC risk of serrated pol-
0 2 4 6 8 10

Years after index polyp

Fig.3 Kaplan—-Meier plot illustrating the risk of metachronous colo-
rectal neoplasia in IBD patients with serrated polyps or colitis-asso-
ciated LGD. Patients with synchronous advanced colorectal neoplasia
at index colonoscopy were excluded from this analysis. HP =hyper-
plastic polyp, SSL =sessile serrated lesion, TSA =traditional serrated
adenoma, LGD =low-grade dysplasia, CRN = colorectal neoplasia

resulted in an HR of 7.96 (95% CI 1.45-43.62, p=0.017). In
contrast, neither HPs (HR 1.98, 95% CI 0.46-8.60, p=0.36)
nor SSLs without dysplasia (HR 0.87, 95% CI 0.11-6.88,
p-0.89) were associated with an increased risk of advanced
CRN compared to IBD patients without a serrated polyp.

Discussion

In this cohort study including 621 patients with colonic IBD
undergoing CRC surveillance, we observed that TSAs and
SSLs with dysplasia were associated with an increased risk
of advanced CRN (HR 13.51) compared with IBD patients
without a serrated polyp. By contrast, HPs and SSLs without
dysplasia were not associated with an increased advanced
CRN risk. UC, male gender, and older age were associated
with the presence of serrated polyps.

We found an increased CRN and advanced CRN risk in
patients with serrated polyps with dysplasia. This is in line
with previous literature, although previous studies were
performed before the latest classification system for ser-
rated polyps was adopted [16]. One previous study (n="78
patients) reported a shorter advanced CRN-free survival
time in IBD patients with an index SSL with dysplasia
compared to serrated polyps without dysplasia (p=0.002)
[10]. A recent study reported that 4/30 IBD patients with a
TSA developed advanced CRN [14], while another study
including 25 IBD patients with an SSL reported a high rate
of synchronous CRN (36%) and metachronous CRN (8 of
13 patients who had follow-up), although this study did not
distinguish between SSLs with and without dysplasia [11].
In contrast, a retrospective cohort including 115 patients (of
whom 112 with an HP) reported a low metachronous CRN
risk in IBD patients with HPs [13]. In line, we observed
that IBD patients with serrated polyps without dysplasia
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yps is comparable or increased in comparison with conven-
tional adenomas [9, 22, 23]. One may speculate that this
finding is the result of easily missed and/or incompletely
removed serrated polyps given their subtle and flat endo-
scopic appearance.

In our cohort, HPs were rarely located in the proximal
(transverse or ascending) colon (9.6%), while SSLs were
located more frequently in the proximal colon (32% SSL
without dysplasia; 38% SSL with dysplasia). Likewise, a
previous study in IBD patients reported that serrated pol-
yps with dysplasia were proximally located in 20% [10]. In
contrast, in the general population 70-80% of all SSLs are
detected in the proximal colon [7, 11], although SSLs with
dysplasia might be located more throughout the colon [24].
We observed that serrated polyps with dysplasia (including
TSAs and SSLs) were generally larger than serrated pol-
yps without dysplasia, although this did not reach statistical
significance (mean size 5.3 vs 3.5 mm, p=0.06). In line,
previous studies reported that TSAs and SSLs are generally
larger than HPs. [25-27].

Serrated polyps were detected more often in UC than in
CD, which is in line with previous studies [10, 11]. How-
ever, we found no association between colonic inflammation
and the development of serrated polyps. Previous studies
reported that molecular alterations of serrated polyps are
similar between IBD and non-IBD patients and the impact
of inflammation on serrated polyps remains unclear [10, 28].
Furthermore, serrated polyps in IBD patients were found
more often with increasing age, similar to the general popu-
lation [7]. In addition, we found male gender to be associated
with the presence of serrated polyps. Although several other
studies reported a higher risk in men as well, it is assumed
that in general men and woman have an equivalent risk. [7]

Our findings may impact current surveillance guide-
lines. Given the increased advanced CRN risk in IBD
patients with serrated polyps with dysplasia, we propose
a surveillance strategy for these IBD patients similar to
that of IBD patients with colitis-associated LGD following
current European and American guidelines [2, 4, 17]. This
would result in initially yearly surveillance colonoscopy
following removal of a serrated polyp with dysplasia. The
high risk of metachronous CRN in the same colonic seg-
ment that harbored the serrated polyp with dysplasia may
suggest incomplete resection of these lesions, or segmental
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inflammatory changes increasing this CRN risk. Previous
studies that reported a higher risk of incomplete resection
of serrated polyps compared to conventional adenomas
in a non-IBD population [29, 30]. This indicates that this
colonic segment should be monitored closely with optimal
endoscopic visualization. Since we did not identify ser-
rated polyps without dysplasia as a risk factor for advanced
CRN in IBD, we argue that these lesions should not impact
surveillance intervals and do not result in yearly surveil-
lance colonoscopies.

Our study has several strengths, including the rigorous
collection of data, the histopathology review by expert
pathologists according to the renewed [2019] WHO cri-
teria, and the control group of IBD patients without ser-
rated polyps. The setting of an IBD population undergo-
ing CRC surveillance makes our cohort representative for
clinical practice. However, there are also some limitations.
It is known that serrated polyps may be difficult to detect,
especially in the past before high-definition colonoscopes
were used. Moreover, inter-observer variability exists
between pathologists in clinical practice’, which may have
resulted in a lower rate of serrated polyps. Second, although
the mean interval between surveillance colonoscopies was
similar between patients with and without serrated polyps,
the individual differences in surveillance intervals and visu-
alisation techniques may have resulted in different adenoma
detection rates. Third, although we established the largest
cohort of patients with serrated polyps to date, the number
of index serrated polyps with dysplasia was relatively small.
This might have resulted in a lack of power to detect other
significant differences such as the size of the dysplastic and
non-dysplastic serrated polyps. However, despite the small
number of index lesions with dysplasia we still observed a
significant higher cumulative risk of CRN.

In conclusion, in a relatively large cohort of IBD
patients undergoing surveillance, we observed that only
serrated polyps with dysplasia (including TSAs and SSLs
with dysplasia) were associated with an increased risk of
advanced CRN while HPs and SSLs without dysplasia
(91% of the cohort) were not. These findings suggest that
the detection of serrated polyps with dysplasia may war-
rant a similar surveillance strategy to that of IBD patients
with colitis-associated LGD, while serrated polyps without
dysplasia do not require this intensified surveillance.
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