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Abstract: Sessile serrated adenomas (SSA) and traditional serrated adenomas (TSA) are considered as precursors
of colorectal cancer, and are often diagnostic challenges. Their true prevalence is masked by significant inter-
observer variations. To investigate the true prevalence and synchronous colorectal carcinoma (sCRC) of colorectal
serrated polyps (CSP) and their associated factors, we first retrospectively identified all colorectal polyps collected
at our institution between June 1995 and May 2013. After centrally reclassifying all CSP to reduce inter-observer
variations, Chi-square tests and logistic regression analyses were used to analyze the potential factors. Among the
included 5501 colorectal polyps, 499 CSP of 428 patients were identified and studied, including 353 hyperplastic
polyps (HP, 70.7%), 80 SSA (16.0%), 61 TSA (12.2%) and 5 mixed polyp (1.0%). Diagnostic disagreements were
found in 68 CSP (13.63% of CSP). SSA and TSA were more often larger than 5 mm and in proximal colon than HP.
SSA were also more likely associated with older age (p=0.005), size =5 mm (p<0.001) and >3 polyps (p=0.004)
than HP in distal colon, but only more likely associated with older age (p=0.006) in proximal colon. Multivariate
regression analysis demonstrated that CSP with sCRC, compared with CSP without sCRC, were linked to CSP size
>1 cm (vs <1 cm, odds ratio [OR] 4.412, 95% confidence interval [Cl] 1.684-11.556, P=0.003) and a diagnosis
of SSA or TSA (vs HP, OR 6.194, 95% Cl 1.870-20.513, P=0.003 and OR 6.754, 95% ClI 1.981-23.028, P=0.002,
respectively), but not age, gender, polyp number and polyp shape. SSA and TSA are similarly often associated with
sCRC (P=0.460). In conclusion, histology subtypes and polyp size may serve as markers for sCRC of CSP. SSA and
TSA may warrant careful endoscopic examinations and similar follow-up intervals.
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Introduction that approximately 30% of CRC develop through

a serrated pathway [9-11], sessile serrated

Colorectal cancer (CRC) is the third most com-
mon cancer and the third deadliest cancer in
the United States [1]. Studies have shown that
screening colonoscopy and sigmoidoscopy with
polypectomy reduced colon cancer mortality
[2-4]. The current U.S., European and U.K.
guidelines on post-colonoscopy follow-up are
primarily based on polyp size, polyp number
and villous histology (not in the U.K. guidelines),
despite some minor differences [5-8]. Given

adenoma (SSA) and traditional serrated adeno-
ma (TSA) have been recognized by the U.S. and
European guidelines as distinct histology sub-
types of colorectal serrated polyp (CSP) that
warrant shorter follow-up intervals [6, 7]. Spe-
cifically, the European Society of Gastrointesti-
nal Endoscopy and the U.S. multi-society task
force both consider SSA <10 mm without dys-
plasia as low risk group/adenoma, and SSA
with dysplasia, SSA >10 mm, or TSA as high risk
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group/adenoma, respectively [6, 7]. The updat-
ed U.K. guidelines published in 2010, however,
have not yet specified management recommen-
dations for CSP [8]. Before the guidelines agree
on the best management of CSP much work is
still needed to further define the true preva-
lence and biological behaviors of the various
subtypes of CSP.

Several questions seem particularly critical.
First, what are the factors associated with syn-
chronous colorectal carcinoma (sCRC) of CSP?
SCRC of all CSP subtypes, to our knowledge,
have not been characterized, although several
groups demonstrated various factors associat-
ed with synchronous advanced neoplasia (SAN)
[12-16]. SCRC carries a worse prognosis than
sAN. Investigation on the factors associated
with sCRC of CSP therefore may help better
identify CRC related to CSP. It is noteworthy
that Mohammadi et al. studied sCRC of hyper-
plastic polyp (HP) and SSA excluding that of TSA
[17], and Lash et al. studied only CRC arising in
SSA excluding that of HP or TSA [18]. Another
study by Hu et al. defined sCRC as presence of
2 or more primary invasive adenocarcinomas of
the same patient at the time of diagnosis [19],
which is different than this study and others
[12-16].

Second, what is the true prevalence of CSP?
Studies have shown significant diagnostic vari-
ations of CSP among both pathologists and
endoscopists [20-24]. Those variations may be
in part attributed to the lack of diagnostic crite-
ria. In fact, the pathologic diagnostic criteria of
SSA were not proposed till in 2010 by German
Society of Pathology and in 2012 by an
American expert panel [10, 25]. The studies
published before then may have significant
inter-observer bias. Thus true prevalence of
CSP remains to be examined.

Last, are the current studies on CSP of high-
quality? The moderate to modest sample sizes
of recent, well-designed studies have reduced
their statistical power. The studies on sAN of
CSP included 248 to 744 CSP, 28 to 2416 SSA
and/or 1-9 TSA [12, 14-18, 26-29]. The time
interval of the collected CSP was also often
less than a year. Moreover, some of them did
not specify the subtypes of CSP or only includ-
ed SSA [16, 18, 27]. Furthermore, TSA has
often been omitted or included in the CSP
group, and is less characterized. Therefore,
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there is a need for large-scale study on sAN and
sCRC of all subtypes of CSP.

To address the aforementioned questions, all
CSP collected at our institution in the past 18
years were re-classified by using the latest
diagnostic criteria [10, 25] to reduce diagnostic
variations and to define the true prevalence of
the CSP subtypes. The primary outcome of this
study was to explore the factors associated
with sCRC of CSP. Those factors may be used to
stratify patients with sCRC of CSP in clinical
practice, and to study the molecular and cellu-
lar mechanisms of sCRC of CSP in the future.
Identification of the factors associated with
CSP prevalence and its location is the second-
ary outcomes.

Materials and methods
Study design

This retrospective, cross-sectional study was
approved by the Ethics Committee Review of
Shanghai Tongji Hospital, Tongji University
School of Medicine, Shanghai, China. All cases
were obtained from the Department of
Pathology archives of Shanghai Tongji Hospital
Affiliated to Tongji University School of
Medicine, Shanghai, China. We included all
colorectal polyps detected by colonoscopy
between June 1995 and May 2013. They
included conventional adenomas (AD) (includ-
ing tubular adenomas [TA], tubulovillous adeno-
mas [TVA]; villous adenomas [VA]), HP, SSA,
TSA and other types of polyps (OP) including
inflammatory polyp (IP), juvenile polyp and oth-
ers. To re-classify CSP, all the pathological sec-
tions of the colorectal polyps were divided into
two groups and examined by two groups of
pathologists (3 in each group) who were blind-
ed to the clinical, pathologic and demographic
data. The two groups of pathologists then
exchanged the pathological sections with the
other group, and performed a second round of
examination for re-classification. Subsequently,
a consensus conference was conducted to
review the discordant cases. After the consen-
sus conference, the cases with a final diagnosis
of CSP were selected and further grouped into
CSP with sCRC and without sCRC depending on
whether a carcinoma was detected during the
same procedure or within 1 month before and
after the index procedure. In addition, we ran-
domly selected 192 AD of 146 patients from
the same cohort of polyps as control AD.
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Figure 1. Representative photomicrographs of CSP: A. HP (x40); B. SSA (x40); C. TA and HP (mixed polyp) (x40); D.
TSA (x40); E. Polyp with indeterminate features between SSA and HP (x40); F. An sCRC (bold arrow) and residual
SSA with cytological dysplasia (thin arrow) (x40). CSP, colorectal serrated polyp; HP, hyperplastic polyp; SSA, sessile
serrated adenoma; TSA, traditional serrated adenoma; TA, tubular adenoma; sCRC, synchronous colorectal cancer.

Morphological reclassification

CSP were reclassified as HP, SA, TSA, and
mixed polyp (MP) by using the recommenda-
tions by Rex et al. [10] and the diagnostic crite-
ria by German Society of Pathology, the latter of
which was adopted by the European Society of
Gastrointestinal Endoscopy [6, 25]. Briefly, HP
are defined as the lesions with elongated crypts
and serrated architecture in the upper half of
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the crypts, while their cells show small oval or
slightly elongated, uniform, and basally placed
nuclei. SSA are characterized by the presence
of exaggerated serration, distorted crypt includ-
ing crypt dilatation and horizontally extended
crypt (such as “boot”, “L” or “anchor” -shaped
crypts) bases, increased mucin production
(both intracellular and intraluminal), and mild
nuclear changes falling short of dysplasia. TSA
microscopically shows prominent serration, dif-
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Figure 2. The discordant diagnoses between the two groups of patholo-
gists. HP, hyperplastic polyp; SSA, sessile serrated adenoma; TSA, tra-
ditional serrated adenoma; TA, tubular adenoma; MP, mixed polyp; IP,

inflammatory polyp.

OP, 490, 8.9%_ HP, 353, 6.4%

IP, 176, 3.2% '
VA, 41, 0.7%

TVA, 1078,
19.6%.

Figure 3. Prevalence of different colorectal polyps in our study. HP, hyper-
plastic polyp; SSA, sessile serrated adenoma; TSA, traditional serrated
adenoma; TA, tubular adenoma; MP, mixed polyp; IP, inflammatory polyp;
OP, other types of polyps including polypoid hyperplasia, adenomatoid hy-
perplasia, juvenile polyp, hamartomatous polyp and mixed polyp.

fuse cytoplasmic eosinophilia, cytological atyp-
ia, “pencil-like” nuclei and ectopic crypt forma-
tion. More important is that TSA must be
unequivocally dysplastic or adenomatous. MP
comprised non-dysplastic HP or SSA and had a
dysplastic component that resembled either
TSA or AD (TA, tubular adenomas; TVA, tubulo-
villous adenomas; VA, villous adenomas). The
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The demographic and clinico-
pathological data of all CSP were
collected, including patient age
and gender, lesion size, shape
and location described in the
endoscopic reports, and polyp
number detected in the same
endoscopic procedure. The miss-
ing demographic and clinical data
were obtained by searching in the
medical records or by telephone
follow-ups. Unfortunately, the
majority of the endoscopic
reports did not include CSP endo-
scopic findings. The CSP were
also divided into two groups
according to their locations: proxi-
mal (cecum, ascending colon,
and transverse colon including
the splenic flexure) and distal
(descending colon, sigmoid colon
and rectum). The size and shape
of CSP were determined on the
basis of endoscopic measure-
ments, or microscopic measure-
ments if the endoscopic mea-
surements were not unavailable
in the endoscopic report. It is
noteworthy that the endoscopic
and microscopic measures of TSA
and SSA were found similar, but

that of HP and AD were not [30].
The polyp shape was classified into peduncu-

lated and sessile (flat) according the endoscop-
ic reports.

Statistical analysis

All statistical analyses were performed by using
SPSS 17.0 (SPSS Inc, Chicago, IL). Continuous
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Table 1. Clinicopathological characteristics of the CSP

CSP (n=499) P value
Variable AD (n=192) HP SSA TSA
(n=353, 70.7%) (n=80, 16.0%) (n=61, 12.2%)

HPvs.SSA  HPvs. TSA SSAvs.TSA

Gender

Male 123 (64.1) 247 (70.0) 51 (63.8) 38 (62.3)

Female 69 (35.9) 106 (30.0) 29 (36.2) 23 (37.7) 0.278 0.232 0.859
Age (years)

Mean (SD) 65.2 (10.0) 57.0 (12.5)° 63.4 (13.1) 61.7 (16.6)° <0.001 0.010 0.482
Size (mm)

<5 82 (42.7) 263 (74.5) 36 (45.0) 11 (18.0)

>5 110 (57.3) 90 (25.5)° 44 (55.0) 50 (82.0)° <0.001 <0.001 0.001
Location

Distal 122 (63.5) 289 (81.9) 56 (70.0) 42 (68.9)

Proximal 70 (36.5) 64 (18.1)° 24 (30.0) 19 (31.1) 0.017 0.019 0.883
Shape

Pedunculated 31 (43.7) 11 (21.6) 5 (22.7) 14 (43.8)

Flat-type 40 (56.3) 40 (78.4)° 17 (77.3) 18 (56.3) 1.000 0.990 0.112

Unknown? 121 302 58 29
Number of polyps

0~2 130 (67.7) 305 (86.4) 59 (73.8) 56 (91.8)

>3 62 (32.3) 48 (13.6)° 21 (26.3) 5 (8.2)° 0.005 0.244 0.006

Note: All values are expressed as n (%) unless otherwise indicated; Those polyps were excluded in the analysis due to a lack of CSP shapes data
in the endoscopic report; °P value <0.001 or °P value <0.05, both compared with control AD. CSP, colorectal serrated polyp; HP, hyperplastic

polyp; SSA, sessile serrated adenoma; TSA, traditional serrated adenoma; AD, conventional adenoma.

variables were shown as mean ( standard devi-
ation) (mean (SD)) and analyzed by Student
t-test. We used x? test (N>5) or Fisher’s exact
test (N<5) to analyze possible associations
between categorical variables. Two sided P val-
ues were calculated. The logistic regression
analyses (LRA), both univariate and multivari-
ate, were used to identify the associated fac-
tors of sCRC. The multivariate LRA was per-
formed by using the variables with a P value
<0.05 in the univariate analysis. Both odds
ratio (OR) and 95% confidence interval (Cl) were
displayed for potential factors associated with
sCRC. A P value was considered to be statisti-
cally significant when less than 0.05.

Results

Prevalence and clinicopathological character-
istics of CSP

Figure 2 shows the diagnostic disagreements
between the two groups of pathologists in vari-
ous CSP. The prevalence of different types of
colorectal polyps is shown in Figure 3. A total of
5501 colorectal polyps were identified, and
included 3222 (58.6%) TA, 1078 (19.6%) TVA,
41 (0.7%) VA, 353 (6.4%) HP, 80 (1.5%) SSA, 61
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(1.1%) TSA and 176 (3.2%) IP. Among them
(Table 1), 499 polyps of 428 patients were
classified as CSP with 340 in males (68.1%)
and 159 in females (31.9%). The mean age was
57.0 (12.9) years in males and 65.2 (13.7)
years in females (P<0.001). For the 499 CSP,
there were 353 (70.7%) HP, 80 (16.0%) SSA, 61
(12.2%) TSA, and 5 (1.0%) MP. Because of the
small number of MP (n=5), they were excluded
in the LRA analysis. There were no significant
differences in the gender distribution for AD,
HP, SSA and TSA (Table 1). For the patients with
HP, the average age was 57.0 (12.5) years and
younger than patients with AD, SSA or TSA. In
addition, the patients with AD were older than
the patients with TSA or HP. There was no sig-
nificant age difference between SSA and AD, or
SSA and TSA.

We also found diagnostic disagreements of
CSP in 68 polyps (13.63% of all CSP) by the two
groups of pathologists with 3 in each group
(Figure 2). Among the 68 discordant cases,
there were 43 (63.24%) cases disagreed
between HP and SSA, 10 (14.71%) between HP
and TSA, 7 (10.29%) between SSA and TSA, 4
(5.88%) between TA and HP, 2 (2.94%) between
TA and TSA, 1 (1.47%) between MP and HP and
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Table 2. Factors associated with the location of HP and SSA

Location Any part of the colon Proximal colon Distal colon
Variable (nS=Sng) (n:%i)?,) P value (nS=S2A4) (n:|24) P value (nS=S5A6) (n=HQP89) P value
Gender

Male 51(63.8) 247 (70.0) 14 (58.3) 31 (48.4) 37 (66.1) 216 (74.7)

Female 29(36.2) 106(30.0) 0.278 10(41.7) 33(51.6) 0.408 19(33.9) 73(25.3) 0.179
Age (years)

Mean (SD) 63.4(13.1) 57.0(12.5) <0.001 67.5(13.6) 58.8(12.4) 0.006 61.7(12.6) 56.5(12.5) 0.005
Size (mm)

<5 36 (45.0) 263 (74.5) 8(33.3) 30 (46.9) 28 (50.0) 234 (81.0)

>5 44 (55.0) 90(25.5) <0.001 16(66.7) 34(53.1) 0.253 28(50.0) 55(19.0) <0.001
Shape

Protruded 14 (43.8) 11 (21.6) 0(0.0) 1(14.3) 5(31.3) 10 (22.7)

Flat-type 18 (56.3) 40(78.4) 1.000 6(100.0) 6 (85.7) 1.000 11(78.6) 34(77.3) 0.736

Unknown? 29 302 18 57 40 245
Number of polyps

0~2 56 (91.8) 305 (86.4) 16 (66.7) 45(70.3) 43 (76.8) 261 (90.3)

>3 5(8.2) 48 (13.6) 0.005 8(33.3) 19(29.7) 0.741 13 (23.2) 28 (9.7)  0.004

Note: All values are expressed as n (%) unless otherwise indicated; *Those polyps were excluded in the analysis due to a lack of CSP shapes data
in the endoscopic report. HP, hyperplastic polyp; SSA, sessile serrated adenoma.

1 (1.47%) between IP and HP. In the consensus were significant difference between them in the
conference, majority of the discordant cases likelihood of having a polyp size >5 mm.
(52 of 68, 76.5%) involved a differential diagno-
sis of SSA. In particular, 30 (69.8%) of the 43 Factors associated with the location of CSP
CSPs with disagreement between HP and SSA
were reclassified as HP by all 6 observers, and Location is a factor associated with distinct
the remaining 13 (30.2%) were reclassified as CSP molecular profiles and biological behaviors
SSA by the same observers. Figure 1E shown a [12, 15, 31-35]. Therefore, we examined the
polyp with indeterminate features between SSA potential factors associated with CSP loca-
and HP. tions. As shown in Table 2, regardless of CSP
location, the SSA patients were older than the
Although SSA, TSA and AD were more likely to HP patients. Compared with HPs, SSAs in distal
be located in the proximal colon than HP colon were more likely to be larger than 5 mm
(P=0.017, P=0.019, P<0.001, respectively), (50.0% vs 19.0%, P<0.001) and to have more
there were 122 (63.5%) AD, 289 (81.9%) HP, 56 than 2 (=3) polyps in one colonoscopy proce-
(70.0%) SSA and 42 (68.9%) TSA located in dis- dure (23.2% vs 9.7%, P=0.004), while such a
tal colon. Therefore, the above four types of difference was not found between the HPs and
colorectal polyps were more often in distal SSAs in proximal colon. Interestingly, the male:
colon. Excluding those polyps whose shape female ratio and endoscopic polyp shape were
were unknown, HP was more likely to be sessile not associated with either HP or SSA, regard-
than AD (P=0.011). There were no significant less of CSP location.
endoscopic shape differences between other
types of colorectal polyps. In addition, SSA Factors associated with the synchronous
were more likely associated with >3 polyps colorectal carcinoma of CSP
than HP and TSA (P=0.005 and P=0.006,
respectively). There was no significant differ- Between June 1995 and May 2013, there were
ence in the number of polyp number >3 414 CSP identified at our institution including
between SSA and AD (P=0.324). Compared 25 (6%) cases with sCRC (Table 3). Sixteen of
with AD, TSA was more likely larger than 5 mm the patients with sCRC were male and the
in size, while HP less likely (P<0.05 for both). remaining 9 were female. Five SCRC were syn-
Moreover, except SSA and AD (P=0.728), there chronous of HP (20%), 11 sCRC of TSA (44%)
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Table 3. The factors associated with CSP with sCRC

CSP without CSP with Univariate analysis Multivariate analysis

Variable SCRC(n=389) SCRC(N=25)  OR(95%Cl) _ Pualie  OR(95%C)  Puvalue
Gender

Male 280 264 (94.3) 16 (5.7) 1.00

Female 134  125(93.3) 9(6.7) 1.188 (0.511-2.763)  0.689

Age (years)

Mean (SD) 57.8 (13.5) 65.0 (13.7) 1.041 (1.008-1.076)  0.014 1.016 (0.985-1.048) 0.318
Size (mm)

<10 366 354 (96.7) 12 (3.3) 1.00 1.00

>10 48 35(72.9) 13(27.1) 10.957 (4.646-25.843) <0.001 4.412(1.684-11.556) 0.003
Location

Distal 328 310(94.5) 18 (5.5) 1.00

Proximal 86 79 (91.9) 7(8.1) 1.526 (0.616-3.781)  0.361

Shape

Pedunculated 24 22 (91.7) 2(8.3) 1.00

Flat-type 64 57 (89.1) 7 (10.9) 1.351 (0.260-7.011)  0.720

Unknown? 310 16

Number of polyps

0~2 380 357(93.9) 23(6.1) 1.00

>3 34 32(94.1) 2(5.9) 0.970(0.219-4.302) 0.779

Polyp type

HP 296 291 (98.3) 5(1.7) 1.00 1.00

SSA* 62 53 (85.5) 9(14.5) 9.883 (3.187-30.647) <0.001 6.194(1.870-20.513) 0.003

TSA* 56 45 (80.4) 11 (19.6) 14.227 (4.723-42.857) <0.001 6.754 (1.981-23.028) 0.002
Note: All values are expressed as n (%) unless otherwise indicated; *Those polyps were excluded in the analysis due to a lack of CSP shape
data in the endoscopic report. CSP, colorectal serrated polyp; HP, hyperplastic polyp; SSA, sessile serrated adenoma; TSA, traditional serrated
adenoma; sCRC, synchronous colorectal cancer. *SSA and TSA had a similar likelihood of correlating to a sSCRC (OR 0.695, 95% Cl 0.264-1.826,

P=0.460).

and 9 sCRC of SSA (36%). Moreover, 14 (56%)
sCRC were located the distal colon and 11
(44%) sCRC in the proximal colon. Fourteen
CSP, including 6 SSA and 8 TSA, were adjacent
to the sCRC. Figure 1F shows an SSA with cyto-
logical dysplasia and adjacent sCRC.

LRA was then used to identify the potential fac-
tors associated with sCRC, including gender,
age, and the size, location, shape, number and
type of CSP. Our univariate LRA showed sCRC of
CSP was associated with older age (OR 1.041,
95% CI 1.008-1.076, P=0.014), polyps 210 mm
(OR 10.975, 95% Cl 4.646-25.843, P<0.001),
and a pathologic diagnosis of SSA (OR 9.883,
95% Cl 3.187-30.647; P<0.001) or TSA (OR
14.227, 95% Cl 4.723-42.857, P<0.001), but
not associated with gender, polyp number (<2
vs >3), polyp location or polyp shape. However,
the multivariate analysis demonstrated that
only polyp size 210 mm (OR 4.412, 95% CI
1.684-11.556, P=0.003), and presence of SSA
(OR 6.194, 95% CI 1.870-20.513, P=0.003) or
TSA(OR6.754,95% C1 1.981-23.028, P=0.002)
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were significantly associated with sCRC. Older
age was no longer associated with sCRC of CSP
in the multivariate LRA. In addition, SSA and
TSA had a similar likelihood of correlating to a
sCRC (OR 0.695, 95% Cl 0.264-1.826, P=
0.460).

Discussion

This study of 499 CSP, to our knowledge, for the
first time showed that SSA and TSA, compared
with HP, had similarly high likelihoods (OR >6)
of associating with sCRC. Our MRA also found
that sCRC of CSP was linked to size >10 mm,
but not age, sex, polyp number or location. We
also reclassified and characterized the 499
CSP identified among the 5501 colorectal pol-
yps incurred between 1995 and 2013. The SSA
and HP in our series differed in patient age,
CSP size and number of polyp in the distal
colon, but only in patient age in the proximal
colon, suggesting different clinicopathologic
features of SSAs in the proximal and distal
colons.
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SSA has been found associated with sAN,
namely the polyps with a size larger than 1 cm,
villous component, high-grade dysplasia or
cancer. We for the first time revealed that SSA
is more likely associated with sCRC than HP,
indicating a strong association between SSA
and CRC. Given such an association, thorough
examination of the remaining colon is warrant-
ed if a SSA is identified. In fact, Vu et al. also
showed that sCRC were exclusively associated
with SSA, despite a lack of statistical signifi-
cance between SSA and AD (P=0.06) [28]. Our
finding, that SSA had a similar likelihood of link-
ing to sCRC as TSA, also suggests similar fol-
low-up intervals for SSA and TSA. However, cur-
rent U.S. Multi-Society Task Force on Colorectal
Cancer recommends different intervals for SSA
(without atypia) and TSA, 5 years and 3 years,
respectively [7]. The U.K. and European guide-
lines did not even specify follow-up intervals for
CSPs. Our data here provide additional evi-
dence in support of a strong link between histo-
pathology of SSA or TSA and sCRC. The histopa-
thology diagnosis of SSA or TSA hence may be
used as one of the criteria for determining sCRC
likelihood, and follow-up intervals. Future ran-
domized, prospective studies are needed to
confirm the potential use of histopathology.

The sAN of TSA is poorly characterized, in part
due to its rarity. Almost all studies characteriz-
ing sAN of CSP were focused on SSA or lumped
TSA, HP and SSA together as a group [12-17,
26]. Little is known regarding the association
between sCRC and TSA. In fact, the European
and U.K. guidelines did not specify follow-up
intervals for TSA [6, 8]. In contrast, the U.S.
Multi-Society Task Force on Colorectal Cancer
recommends TSA, SSA with dysplasia and SSA
>10 mm to be followed up within 3 years, and
TSA <10 mm without dysplasia followed up
within 5 years [7], while a U.S. expert panel
added TSA or SSA with more than 3 polyps as
an additional criterion for a followed up within 3
years [10]. Similar disagreement on the use of
histopathology between the U.S. and U.K.
guidelines also exists on the use of intestinal
metaplasia for diagnosing Barrett’s esophagus
[36-38], although the most recent British
Society of Gastroenterology guidelines took
presence of intestinal metaplasia into the con-
sideration of follow-up, but still not considering
it as a diagnostic criterion for Barrett’'s esopha-
gus [39]. Our data indicate TSA and SSA are
more likely (similarly higher likelihood between
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the two) linked to sCRC than HP, implying their
role as a marker for sCRC. Our data also sup-
port a potential role of CSP histology in deter-
mining follow-up intervals as the U.S. guidelines
or experts recommended.

This study is the first to demonstrate CSP size
>1 cm as a factor associated with sCRC of CSP.
Our evidence is consistent with that of prior
studies on sAN of CSP or SSA [12, 15, 16].
Indeed, polyps larger than 1 cm are known to
associate with CRC and warrant a closer follow-
up [6-8, 10], further supporting our findings.
Interestingly, TSA had the highest frequency of
size larger than 5 mm in our series, SSA had
second highest and HP had the lowest. Such a
size frequency difference was no longer pres-
ent in the proximal colon when the SSA and HP
were sub-grouped in to the proximal and distal
colon groups. This partial dependency of polyp
size on CSP location may be in part caused by
our perceived SSA features, which include both
size >5 mm and location of proximal colon. To
be clear, the German criteria include those two
factors as important features of SSA, but not as
diagnostic criteria [25]. Pathologists including
us, however, still very much tended to use those
two factors for diagnosing SSA. As our experi-
ences showed, one would tend to give more
weights to the size criterion for distal colon CSP
than the proximal colon CSP, since some of the
clinical features of proximal location are not
valid in the distal colon. This potential bias also
raises a significant question of whether the
CSP size should be considered for diagnosing a
SSA at all. Rex et al. instead recommend only
presence of qualified crypt(s) as the criterion,
without mentioning of the size or location [10].
More work is needed to validate the proposed
criteria sets [10, 25], while it is clear that the
patients with SSA larger than 1 cm should be
carefully examined for sCRC.

The polyp location may be an important factor
for CSP associated sCRC. Two groups have
demonstrated that sAN was associated with
proximal location, in addition to larger size [12,
15]. In contrast, Li at el. found no such an asso-
ciation [16]. In support of Li’s findings, neither
did we identify an association between sCRC
and CSP location. It is noteworthy that location
is a part of the important clinical features or
recommendations of SSA [10, 25]. Therefore,
polyp location could be a confounding factor in
analyzing CSP. Our sub-group analysis revealed
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SSA and HP only differed in patient age in proxi-
mal colon, while they differed in polyps number,
frequency of size >5 mm and age in distal
colon, suggesting the location of CSP corre-
lates with different clinicopathologic factors.
None of those factors, however, was associat-
ed with sCRC of CSP, except that size >5 mm
may have some association with size >1 cm.
These factors’ clinical significance remains to
be defined. In order to exclude a possibility of
confounding factor, one needs to perform sub-
group analysis on the polyps from the 2 studies
supporting the link between polyp location and
sAN [12, 15]. Nonetheless, more data are
needed to further clarify the association
between polyp location and sCRC or sAN.

Inter-observer variation and lack of diagnostic
criteria on SSA are the major challenges in
investigating the true prevalence of CSP, which
are significantly different among the studies
and countries. The major strength of our study
is our centralized reclassification of large num-
ber of colorectal polyps spanning 18 years. The
prevalence of AD and TSA in our Chinese cohort
was higher than that reported by two Australian
studies [40, 41], and consequently that of HP
and SSA was lower than theirs. On the other
hand, the HP prevalence of 6.4% and SSA prev-
alence of 1.5% in our 5501 polyps were compa-
rable to that in Americans [20], Italians [14] and
Koreans [42]. The SSA prevalence in our cohort
is also similar to that in the Chinese in Australia
[43] and the Chinese in China [44], but slightly
lower than the 4.3% reported in the U.S. [26]
and the 4.8% in the Netherlands [12]. Hence, it
seems that HP and SSA are less prevalent in
Asians than Australian Caucasians [43]. Race,
climate and dietary customs may contribute to
the prevalence difference.

Several factors were associated with inter-
observer variation in diagnosing CSP. The
reported inter-observer agreement, as the
kappa values indicated, ranged from 0.16 to
0.66 [22, 45], and were better between paired
pathologists and in a recent study with fewer
observers [22, 26]. In addition, an international
study published prior to the German and U.S.
SSA diagnostic criteria showed that patholo-
gists with Gl fellowship training performed
much better than pathologists without [24].
Theyalso found reading related article improved
the performance of the pathologists without Gl
pathology fellowship training, which was still
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worse than the ones with Gl fellowship training
[24]. Therefore, our pathologists went through
several sessions of training with the Gl fellow-
ship trained pathologist (LZ), and should have
an improved performance. However, our discor-
dance rate of 13.6% among the CSP was still
significantly higher than the 6% shown by
Sandmeier et al [23]. The difference may be
attributable to our larger study size (499 versus
102 CSP) and longer sample inclusion times
(June 1995-May 2013 versus Nov. 2005-Jan.
2006). Indeed, our study to our knowledge is
the first to re-classify the CSP cases of past 18
years. Recent cases may have higher agree-
ment rates than older ones, because of better
awareness of SSA among the pathologists and
publication of diagnostic criteria.

The strength of this study includes the large
case number of all subtypes of CSP including
HP, SSA and TSA, sub-grouping analysis on the
polyp locations, and centralized reclassification
of CSP. This study also has several limitations.
First, the nature of retrospective study may
lead to selection and observer biases (i.e.
observers might tend to reclassify a HP to a
SSA). In addition, a retrospective study could
only demonstrate the association between fac-
tors and entities. Prospective, ideally random-
ized, studies are needed to reduce those bias-
es and to better define the factors associated
with sCRC and SSA. Second, inter-observer
variation may still exist among our group mem-
bers, and between us and other pathology
groups. We were aware of such a variation and
attempted to reduce it by multiple consensus
meetings within our group and several training
sessions with the U.S. gastrointestinal fellow-
ship trained pathologist (LZ). Last, patient sur-
vival data were not included in this study, but
may be used for identifying the factors associ-
ated with the deaths caused by sCRC of CSP.
Unfortunately, those data were not included in
our original IRB application. One of the reasons
for excluding survival analysis was that Chinese
patients are often lost to follow-up. Another
consideration of excluding survival analysis is a
lack of standardized chemotherapy treatments
in most cancer patients. Nonetheless, all-
cause deaths/survival is still possible and
should be carried out in the future.

In conclusion, this large-scale study showed
that sCRC of CSP were linked to CSP >10 mm
and a histology of TSA or SSA, as compared
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with CSP <10 mm and HP, respectively. Those
two factors may be used as markers for sCRC
of CSP. We also found that in the distal colon,
but not in the proximal colon, SSAs were asso-
ciated with >5 mm and =3 polyps when com-
pared with HP. These lines of evidence suggest
a careful examination of the remaining colon
when the index CSP is a TSA, a SSA, located in
the distal colon or larger than 10 mm. Shorter
post-polypectomy follow-up intervals may also
be indicated for those patients.
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