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Introduction
!

Colorectal polyps are histologically classified as
neoplastic or nonneoplastic. Most colorectal can-
cers (CRCs) arise from neoplastic adenomatous
polyps, and serrated polyps have recently been
shown to have a different potential than tradi-
tional adenomatous polyps to develop into malig-
nant CRC [1–3]. Serrated polyps are pathological-
ly classified into three groups by theWorld Health
Organization: hyperplastic polyps (HPs), sessile
serrated adenoma/polyps (SSA/Ps), and tradition-
al serrated adenomas (TSAs). Of these three types,
SSA/Ps are considered the main premalignant le-
sions in the serrated neoplastic pathway to CRC,
which represents 20 to 30 percent of all sporadic
CRC cases [4]. SSA/Ps generally lack classic dyspla-
sia. Foci of cytological dysplasia in SSA/Ps should
be noted by the pathologist as a SSA/P with cyto-
logical dysplasia. These lesions are thought to be

an important step toward carcinogenesis. In con-
trast, TSAs have diffuse but typically mild cytolo-
gical dysplasia, and the classification systems for
these polyps are still under development. There-
fore, histological interpretation of these serrated
polyp types differs among pathologists, which
has led to a lack of knowledge regarding their
true frequency.
Recently, it has been reported that polyps have
the potential to develop into sporadic CRC via a
series of molecular alterations, including BRAF
mutation and CpG island methylation with epige-
netic inactivation of the MLH1 mismatch repair
gene, resulting in microsatellite instability (MSI)
[5,6]. Many studies have suggested that TSAs and
SSA/Ps have significant malignant potential and
are associated with subsequent development of
metachronous polyps [7–11].
Clinically, SSA/Ps are considered to be strongly
associated with interval cancers after colonosco-
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Background and study aims: Sessile serrated ade-
noma/polyps (SSA/Ps) have a different potential
than traditional adenomatous polyps for develop-
ing into malignant colorectal cancer. However, lit-
tle is known about the coexistent cancer rate.
Here, we evaluate the frequency of carcinoma in
serrated polyps removed by endoscopic resection
(ER).
Patients and methods: This was a retrospective
single-center cohort study of consecutive patients
with colorectal polyps who underwent ER from
March 2003 to October 2014.We determined the
frequency of serrated polyps among all resected
colorectal polyps and analyzed the clinicopatho-
logical findings as well as the frequency and char-
acteristics of coexistent carcinoma in the serrated
polyps resected by ER based on pathology re-
ports.
Results: A total of 21,048 polyps from 15,326 pa-
tients were identified, including 15,984 tradition-
al adenomatouspolyps (75.9%), 621 SSA/Ps (3.0%),

136 traditional serrated adenomas (TSAs) (0.6%),
1,121hyperplastic polyps (5.3%), and3,186polyps
of other types (15.1%). The clinical and endoscopic
findings of SSA/Ps revealed a male predominance
(68.6%), with 61.7% of the polyps located in the
proximal colon. Males accounted for 77.2% of all
patients with TSAs, and 77.2% of these polyps
were located in the distal colon. The mean sizes of
the SSA/Ps and TSAs were 8.8 and 10.7mm,
respectively. Among the SSA/Ps, 8 (1.3%) cases
had coexistent carcinoma, and 1 (0.7%) patient
with TSA showed coexistent carcinoma. In the
patients with SSA/Ps, female sex and a tumor size
≥10mmwere predictive factors for coexistent car-
cinoma.
Conclusions: The frequency of SSA/Ps with carci-
noma was lower than that for traditional adeno-
ma. Female sex and tumor size ≥10mmwere sig-
nificant predictive factors for coexistent carcino-
ma.
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py, which can originate from a rapidly progressing precursor le-
sion that evades detection. Failed attempts at endoscopic resec-
tion (ER) allow for the continued growth of these lesions. How-
ever, relatively little is known about the epidemiology of SSA/Ps
and TSAs, particularly the coexistent cancer rates. This study
was performed to determine the adenocarcinoma rates associat-
edwith SSA/Ps and TSAs based on the epidemiology of a large co-
hort. The rates were compared with those for other colorectal
polyps resected during the same observation period. This report
specifically describes the frequency of carcinoma in serrated
polyps resected by ER.

Patients and methods
!

This was a retrospective single-center cohort study of consecu-
tive patients with colorectal polyps who underwent ER from
March 2003 to October 2014 at Toyonaka Municipal Hospital.
First, we evaluated the frequency of serrated polyps among all re-
sected colorectal polyps. Next, we analyzed the clinicopathologi-
cal findings, complete en bloc resection rate, and frequency and
characteristics of coexistent carcinoma in serrated polyps resect-
ed by ER based on the pathology reports. This study was ap-
proved by the Institutional Review Board of Toyonaka Municipal
Hospital.

Indications for ER of colorectal polyps
The typical indication for ER of a colorectal polyp is size >5mm.
However, the final decision to perform ER is made by each physi-
cian based on the patient’s condition and bowel preparation. At
our institution, diminutive polyps were allowed to be followed
upwithout resection based on the judgment of each endoscopist.
However, flat and depressed lesions that were difficult to distin-
guish from adenoma or carcinoma were generally resected. Pa-
tients who did not achieve a clean colon on initial colonoscopy
underwent repeat ER to attain a clean colon, except in the case
of diminutive polyps.

Colonoscopy findings
Locations of resected colorectal polyps were classified into two
groups: “proximal,” defined as the cecum, ascending colon, and
transverse colon; and “distal,” defined as the descending colon,
sigmoid colon and rectum. Polyp size was endoscopically meas-
ured using standard clinical practices, such as by visual estima-
tion, the open biopsy forceps method or use of a polypectomy
snare. The macroscopic appearance of the polyp was classified
according to the Paris endoscopic classification [12], and the
data were annotated as follows: protruded or pedunculated (Ip)
and intermediate or broad-based forms (semi-pedunculated
[Isp], sessile [Is], and superficially elevated [IIa]). All colonoscopy
findings were retrospectively collected from the endoscopy re-
ports.

Pathology findings
Resected polyps were evaluated by experienced pathologists
whoworked full time at our hospital during the observation peri-
od. Basically, the histopathologic diagnosis was based on the
morphologic features observed in hematoxylin- and eosin-
stained sections. SSA/Ps were diagnosed based on the following
findings: crypt dilation, irregularly branching crypts, and hori-
zontally arranged basal crypts (inverted T- and/or L-shaped
crypts) [13]. TSAs were diagnosed based on the following find-

ings: villiform growth, serrated epithelium associated with nu-
clear and cytological atypia, ectopic crypt formation, and eosino-
philic cytoplasm. HPs were diagnosed based on findings of a ser-
rated epithelial architecture in the upper part of the crypts, pro-
liferative zones limited to the lower part of the crypts, and the ab-
sence of cytologic dysplasia. All data were collected from pathol-
ogy reports.

Statistical analysis
All continuous variables are presented as the mean ± standard
deviation (SD), except for nonparametric variables, which are
presented as the median and range. Categorical variables are
presented as the number in each category or the frequency. Cate-
gorical variables were compared using the chi-squared test or
Fisher’s exact test, as appropriate. A receiver operating character-
istic (ROC) curve analysis was used to determine the cutoff value
for polyp size for coexisting adenocarcinoma. A value of P<0.05
was considered statistically significant. Statistical analyses were
performed using JMP software (ver. 11.1.1, SAS Institute, Inc.,
Cary, NC).

Results
!

A total of 21,048 resected polyps from 15,326 patients (70.0%
men) were identified based on pathology reports from March
2003 to October 2014at Toyonaka Municipal Hospital. There
were 15,984 traditional adenomatous polyps (75.9%; 95% confi-
dence interval [CI]: 75.4–76.5), 621 SSA/Ps (3.0%; 95% CI: 2.7–
3.2), 136 TSAs (0.6%; 95% CI: 0.6–0.8), 1122 HPs (5.3%; 95% CI:
5.0–5.6), and 3,186 other polyps, including nonneoplastic le-
sions, inflammatory polyps, carcinoid tumors, lipomas, juvenile
polyps and unclassified polyps (data not shown) (●" Table1,
●" Fig.1).
The clinical and endoscopic findings of SSA/Ps revealed a male
sex (68.6%) and sessile type (73.1%) predominance, with 61.7%
of the polyps located in the proximal colon (●" Table2). The clini-
cal and endoscopic findings of TSAs also revealed a male (77.2%)
and sessile type (65.4%) predominance, with 77.2% of the polyps
located in the distal colon (●" Table3). The mean sizes of the SSA/
Ps and TSAs were 8.8 and 10.7mm, respectively. The complete en

Table 1 Characteristics of patients who underwent ER for colorectal polyps.

Patient characteristics n

Total no. of patients 15,326

Age, mean, years 69 ±10

Sex, male (%) 10,728, 70.0%

Lesion characteristics

Total no. of polyps 21,048

Traditional adenomatous polyps, n, %
[95% CI]

15,984, 75.9% [75.4–76.5]

With adenocarcinoma, N, % 1,318, 8.2%

SSA/Ps, n, % [95% CI] 621, 3.0% [2.7–3.2]

With cytological atypia/adenocarcinoma,
n, %

25/8, 4.0%/1.3%

TSAs, n, % [95% CI] 136, 0.7% [0.6–0.8]

With adenocarcinoma, n, % 1, 0.7%

Hyperplastic polyps, n, % [95% CI] 1,121, 5.3% [5.0–5.6]

With adenocarcinoma, n, % 0, 0%

Other polyps, n, % [95% CI] 3,186, 15.1% [14.7 –15.6]

SSA/Ps: sessile serrated adenoma/polyps; TSAs: traditional serrated adenomas;
HPs: hyperplastic polyps; CI: confidence interval
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bloc resection rates of SSA/Ps and TSAs were 65.2% and 62.4%,
respectively (●" Table2 and●" Table3).
Among the SSA/Ps, 25 (4.0%) showed cytological atypia (●" Table
2). Of these, 8 had coexistent adenocarcinoma. Among the TSAs, 1
(0.7%) showed coexistent adenocarcinoma (●" Table4, ●" Fig.1,
and●" Supplementary Table1).●" Table4 and●" Supplementary
Table1 provide the details of the SSA/Ps and TSAs with adenocar-
cinoma, and●" Fig.2 shows typical pathology images of SSA/Ps
and TSAs with adenocarcinoma. Supplementary●" Fig.1 shows

the endoscopic findings for each type of polyp.The optimal tu-
mor size cut-off value for coexisting adenocarcinoma was 10
mm (AUC: 0.84) (●" Fig.3).
Adenocarcinoma was found in 8.2% of the traditional adenoma-
tous polyps (1,318/15,984) (●" Fig.1). Therefore, the coexisting
adenocarcinoma rate was significantly lower in SSA/Ps (P<
0.0001) and TSAs (1 polyp; P=0.0014) than in traditional adeno-
matous polyps.●" Fig.4 shows the distribution of the resected
polyps according to size range. Most of the resected serrated

Resected polyps 21,048

Adenomatous 
polyps

15,984 (76.0%)

SSA/Ps
621 (3.0%)

TSAs
136 (0.6%)

adenocarcinoma
1,318 (8.2%)

SSA-CA
8 (1.3%)

TSA-CA
1 (0.7%)

HPs
1,122 (5.3%)

Others
3,186 (15.1%)

Fig.1 Flowchart showing patients with resected
colorectal polyps. SSA/Ps: sessile serrated adeno-
ma/polyps; TSAs: traditional serrated adenomas;
HPs: hyperplastic polyps; CA: carcinoma.

Fig.2 Typical pathologic images of SSA/P (A) and
TSA (B) with adenocarcinoma.

Table 2 Characteristics
of SSA/Ps.

SSA/Ps With cytological dysplasia

n 621 25, 4.0%

Sex, n (%)
Male
Female

426, 68.6%
195, 31.4%

20, 80.0%
5, 20.0%

Age, mean [range], years 65.7 (24–90) 68.3 (43–88)

Location, n (%)
Proximal (C/A/T)
Distal (D/S/R)

62 /180 /141 (383, 61.7%)
31 /139 /68 (237, 38.2%)

0 /5 /7 (12, 48.0%)
3 /7 /3 (13, 52.0%)

Tumor size, mean (range), mm 8.8 (3–33) 9.8 (5–33)

Macroscopic type
0– Is
0– Isp
0– Ip
0– IIa

387 (62.3%)
67 (10.8%)
12 (1.9%)
155 (25.0%)

11(44.0%)
6 (24.0%)
1 (4.0%)
7 (28.0%)

Complete en bloc resection
Cut end unclear or positive
Not described

352 (65.2%)
188 (34.8%)
81

18 (72.0%)
7 (28.0%)
0

SSA/Ps: sessile serrated adenoma/polyps; C: cecum; A: ascending colon; T: transverse colon; D: descending colon; S: sigmoid colon; R: rectum
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polyps were between 6 and 20mm, while all the serrated polyps
with adenocarcinoma were at least 10mm.

Discussion
!

Serrated lesions of the colorectum are histologically character-
ized by a serrated appearance of the crypt epithelium. A few dec-
ades ago, serrated lesions were termed “hyperplastic polyps” and
were considered benign lesions [14]. Therefore, until recently,
serrated polyps were not differentiated from hyperplastic polyps
and were not thought to require polypectomy or surveillance. In
the 1980s, autopsy studies demonstrated that the percentage of
Caucasian adults who had at least one serrated lesion ranged
from 25% to 50% [15–18]; these studies were conducted before
specific serrated lesion subtypes were recognized. In 1990, the

term “serrated polyps” was first used by Longacre and Fenoglio-
Preiser [19]. In 1996, Torlakovic and Snover identified undiffer-
entiated serrated polyps characterized by their large size and
proximal location and histologically classified them based on
their architectural distortion [20]. Since then, serrated polyps
have become a recognized and established separate entity, but
an understanding of the different subtypes did not becomewide-
spread until approximately a decade ago.
Recent studies have reported prevalence rates for SSA/Ps ranging
from 0.6% to 13.8% based on detection by colonoscopy [21–23],
and most studies have reported rates between 1% and 5%. How-
ever, SSA/Ps are more difficult to detect than traditional adeno-
matous polyps by endoscopy because they are flat, covered with
a mucus cap, and similar in color to the surrounding mucosa.
Therefore, the frequency of serrated polyps varies depending on
study design and the endoscopist, and consequently, there has

Table 4 Serrated polyps with carcinoma.

SSA/Ps with

carcinoma

TSAs with

carcinoma

n 8 (1.3%) 1 (0.7%)

Sex, n, %
Male
Female

2 (20.0%)
6 (80.0%)

0 (0%)
1 (100%)

Age,mean (range), years 65.7 (48–75) 87

Location, N, %
C/A/T
D/S/R

1/2/1 (50.0%)
0 /3 /1 (50.0%)

0/0/0 (0%)
0/1/0 (100%)

Tumor size,mean (range),
mm

15.5 (10–30) 10

Histological depth, M/SM 6/2 1/0

Macroscopic type
0– Is
0– Isp
0– Ip
0– IIa

0 (0%)
4 (50.0%)
1 (1.3%)
3 (37.5%)

0 (0%)
1 (100%)
0 (0%)
0 (0%)

Complete en bloc
resection

8 (100%) 1 (100%)

SSA/Ps: sessile serrated adenoma/polyps; TSAs: traditional serrated adenomas;
C: cecum; A: ascending colon; T: transverse colon; D: descending colon; S: sigmoid
colon; R: rectum; M: mucosa; SM: submucosa.

Table 3 Characteristics of TSAs.

TSAs

n 136

Sex, n (%)
Male
Female

105 (77.2%)
31 (22.8%)

Age, mean (range), years 66.7 (35–92)

Location, n (%)
Proximal (C/A/T)
Distal (D/S/R)

2/10/19 (31, 22.8%)
6/54/45 (105, 77.2%)

Tumor size,mean (range), mm 10.7 (3–30)

Macroscopic type
0– Is
0– Isp
0– Ip
0– IIa

29 (21.3%)
60 (44.1%)
40 (29.4%)
7 (5.2%)

Complete en bloc resection
Cut end unclear or positive
Not described

63 (62.4%)
38 (37.6%)
35

TSAs: traditional serrated adenomas; C: cecum; A: ascending colon; T: transverse
colon; D: descending colon; S: sigmoid colon; R: rectum
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Fig.3 Receiver operating characteristic (ROC) curves used to predict
coexisting adenocarcinoma in patients with serrated polyps.
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Resected serrated polyps size
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3.1 4.4

58.8

40.9

33

48.9

5.2 5.8

SSA/P N, (%)
TSA N, (%)

Fig.4 Distribution of serrated polyps according to size based on initial
pathology.
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been a tendency to underreport the number and malignant po-
tential of serrated polyps. The lack of standardization is another
reason for the low rate; the diagnosis varies depending on the in-
dividual pathologist’s definition of SSA/Ps. Unfortunately, other
than the report by Lash et al. [21], there have been few reports
of large samples of endoscopically resected colorectal polyps.
Lash et al. reported that 1.7% of a population of 179,111 patients
with 290,810 mucosal polyps had SSA/Ps (with and without dys-
plasia), which were more commonly detected in women and pri-
marily in the right colon. They also reported that 0.9% (21/2416
lesions) of the patients with SSA/Ps had adenocarcinoma. In the
current study, the overall frequency of SSA/Ps was 3.0% of
21,048 total resected polyps. TSAs are much less common than
SSA/Ps, accounting for only 0.6% of polyps. Compared with the
data reported by Lash et al., the frequency of SSA/Ps in our study
was slightly higher, but the adenocarcinoma coexistence rate (1.3
%) was similar. They speculated that the low frequency likely re-
flected the conservative criteria they used for the inclusion of
polyps as SSA/Ps. We hypothesize that the different frequencies
of SSA/Ps are due to different diagnostic criteria and treatment
strategies used by each endoscopist or pathologist, which have
impeded an accurate estimation of the prevalence of SSA/Ps;
this remains a major problem regarding SSA/Ps that must be
solved in many institutions, including high-volume centers.
Kim et al. recently reported that 21 (18.8%) of 112 TSAs exam-
ined contained an admixture of serrated and traditional adeno-
matous dysplasia, and 9 (8.0%) of these TSAs showed intra-
mucosal adenocarcinoma [24]. The frequency of coexisting ade-
nocarcinoma in the TSAs in the present study was lower than
that reported by Kim et al. However, they analyzed samples
from surgical pathology files, and the polyps were relatively lar-
ger (3–63mm) than ours; both factors likely contributed to the
difference in the coexisting adenocarcinoma incidence in TSAs.
In addition, the total number of TSAs evaluated in the present
study was relatively small; therefore, we believe further studies
are needed to determine the risk of malignancy in TSAs.
We performed ROC analysis to predict risk factors for coexistent
carcinoma in serrated polyps. A tumor size of 10mm was found
to be the optimal cut-off value for coexisting adenocarcinoma. In
addition, males accounted for a large proportion of the patients
with SSA/Ps (68.6%), but conversely, females accounted for 80.0
% of those with coexisting adenocarcinoma. In female patients
with serrated polyps larger than 10mm, the coexisting adenocar-
cinoma rate was 6.1% (●" Fig.5). Thus, the coexisting adenocarci-
noma rate of SSA/Ps in the high-risk group was similar to that
among patients with traditional adenomatous polyps. Therefore,
endoscopically detected and resected polypswith a serrated phe-
notype are not always at high risk of becoming malignant. How-
ever, the rate of progression from a serrated lesion to CRC is un-
known and may depend on MSI-H or BRAF mutation status.
There has been one report of a patient who developed CRC from
SSA/Ps in only 8 months [25]. However, another report indicated
that it took 15 years for CRC to develop from SSA/Ps [21]. There-
fore, it is difficult to predict which serrated polyps have the po-
tential to become malignant. Moreover, Schreiner et al. reported
that large serrated polyps were associated with an increased risk
for synchronous advanced neoplasia [7]. However, there is insuf-
ficient information available regarding the natural history and
epidemiology of SSA/Ps and TSAs.
Furthermore, there is no surveillance strategy for serrated lesions
after polypectomy. In the current study, the complete en bloc re-
section rates for SSA/Ps and TSAs were 65.2 and 62.4%, respec-

tively. Pohl et al. reported that the predictors of incomplete re-
section included the endoscopist, increased polyp size, and SSA/
P rather than traditional adenoma [26]. In this study, the overall
rate of complete resection of sessile serrated lesions was 69.0%,
which is similar to our data presented here. The rate of incom-
plete resection was higher for these polyps than for traditional
adenomatous polyps (7.2%) [26]. We experienced one case of lo-
cal SSA/Ps recurrence due to positive findings at the cut end (data
not shown). It is difficult to perform a complete en bloc resection
because SSA/Ps are flat, similar in color to the surrounding nor-
mal mucosa, and contain unclear edges. Rex et al. recently report-
ed that the rate of recurrence after ER was similar for SSA/Ps and
traditional adenomas [27]. These findings suggest that the best
surveillance strategy after ER for serrated polyps might be the
same as that for traditional adenomatous polyps.
There are several limitations of this retrospective study. First, we
did not have strict indications for ER of colorectal polyps. Gener-
ally, most colorectal polyps <5mm were not resected in this
study; resecting all of the small polyps would have been time
consuming, and we previously thought that such small lesions
developed slowly and required a long period of time to become
invasive cancers. We believed that hyperplastic polyps were
harmless, and we thus tended to ignore them, even when they
were larger than 5mm. Unfortunately, it was difficult to stratify
the patients based on initial colonoscopy or initial ER, but if we
did not achieve a clean colon in the initial colonoscopy, the pa-
tients underwent a repeat ER to attain a clean colon, except in
cases of small polyps. Therefore, the current findings may not re-
flect the precise frequency of serrated polyps among patients
with colorectal polyps, but the data are valid regarding the fre-
quency of clinically resected colon polyps. Second, there was an
endoscopic diagnostic bias in our study. We did not evaluate in-
terobserver variation in assessments of macroscopic appearance,
polyp size or SSA/P versus hyperplastic polyp differentiation.
Third, there was a pathology diagnostic bias in our study.●" Sup-
plementary Fig.2 shows the trends in the percentages of resected
hyperplastic polyps and serrated polyps among all resected colo-
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rectal polyps in the current study.We first considered that SSA/Ps
diagnosed in the early periodmay have beenmisdiagnosed as hy-
perplastic polyps, but the percentage of hyperplastic polyps re-
mained constant at approximately 5% during the observation
period. In contrast, the percentage of serrated polyps rapidly in-
creased after 2009, but since then, the percentages of hyperplas-
tic polyps and serrated polyps have been similar. A new patholo-
gist (Dr. Adachi) replaced the previous pathologist in 2009, per-
haps suggesting that the frequency of polyps diagnosed as SSA/
Ps greatly depends on the pathologist. In addition, our hospital
introduced narrow-band imaging endoscopy in 2007; therefore,
use of advanced endoscopy and the change in pathologist may
have been themain reasons for the higher rate of resection of ser-
rated polyps in the latter period.
In conclusion, the overall frequency of SSA/Ps was 3.0% among all
resected polyps in the present study; the frequency of serrated
polyps varied in previous studies depending on study design.
TSAs were much less common than SSA/Ps, accounting for only
0.6% of the polyps in this study. Among the resected colorectal
polyps, the rate of coexisting adenocarcinoma in serrated polyps
was significantly lower than that in traditional adenomatous
polyps, but resection perhaps should be recommended to fe-
males with serrated polyps ≥10mm because of the increased
risk of coexistent carcinoma.
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Supplementary Fig.1 Endoscopic images of patients with serrated polyps with adenocarcinoma (Cases a– i, Supplementary Table1, h: after injection of
saline into the submucosa).

Supplementary Table 1 Patient details and characteristics of serrated polyps with adenocarcinoma

Case Sex Age Location Tumor size (mm) Macroscopic type Histologic depth SSA/P or TSA derived

a F 55 R 10 Isp M SSA/P

b F 87 A 12 Isp M TSA

c F 48 S 12 Isp M SSA/P

d F 66 A 12 IIa SM, 1000 μm SSA/P

e M 65 C 15 Isp M SSA/P

f M 57 S 15 Ip SM, 2000 μm SSA/P

g F 62 S 20 Isp M SSA/P

h F 67 A 20 IIa M SSA/P

i F 75 T 30 IIa M SSA/P

F: female; M (sex): male; C: cecum; A: ascending colon; T: transverse colon; S: sigmoid colon; R: rectum; M (histological depth): mucosa; SM: submucosa; TSA: traditional serrated
adenoma; SSA/P: sessile serrated adenoma/polyp
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Supplementary Fig.2 Trends in percentages of
resected hyperplastic polyps and serrated polyps
among all resected colorectal polyps in the current
study.
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