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Abstract
Background and aim Sessile serrated adenoma/polyps
(SSAPs) are suspected to have a high malignant potential,
although few reports have evaluated the incidence of carcino-
mas derived from SSAPs using the new classification for ser-
rated polyps (SPs). The aim of study was to compare the
frequency of cancer coexisting with the various SP subtypes
including mixed polyps (MIXs) and conventional adenomas
(CADs).
Methods A total of 18,667 CADs were identified between
April 2005 and December 2011, and 1858 SPs (re-classified
as SSAP, hyperplastic polyp (HP), traditional serrated adeno-
ma (TSA), or MIX) were removed via snare polypectomy,
endoscopic mucosal resection, or endoscopic sub-mucosal
dissection.
Results Among 1160 HP lesions, 1 (0.1 %) coexisting sub-
mucosal invasive carcinoma (T1) was detected. Among 430
SSAP lesions, 3 (0.7 %) high-grade dysplasia (HGD/Tis) and
1 (0.2 %) T1 were detected. All of the lesions were detected in
the proximal colon, with a mean tumor diameter of 18 mm
(SD 9 mm). Among 212 TSA lesions, 3 (1 %) HGD/Tis were
detected but no T1 cancer. Among 56 MIX lesions, 9 (16 %)
HGD/Tis and 1 (2 %) T1 cancers were detected, and among
18,677 CAD lesions, 964 (5 %) HGD/Tis and 166 (1 %) T1
cancers were identified.

Conclusions Among the resected lesions that were detected
during endoscopic examination, a smaller proportion (1 %) of
SSAPs harbored HGD or coexisting cancer, compared to
CAD or MIX lesions. Therefore, more attention should be
paid to accurately identifying lesions endoscopically for inten-
tional resection and the surveillance of each SP subtype.
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Introduction

Based on the findings of previous studies, the World Health
Organization developed and published new classifications for
serrated polyps (SPs), which include sessile serrated adenoma/
polyps (SSAPs), traditional serrated adenomas (TSAs), and
hyperplastic polyps (HPs) [1]. However, it has been reported
that the majority of colorectal cancers develop from conven-
tional adenomas (CADs) such as tubular-adenomas and
tubulovillous-adenomas, which are derived from the
Badenoma-carcinoma sequence^ [2]. In contrast, 15–20 % of
cancers are thought to develop via the Bserrated polyp pathway^
[3–5]. HPs including metaplastic polyps were previously classi-
fied as non-neoplastic polyps, although reports published after
1994 recommended intentional resection is recommended for
large HPs in the proximal colon, as atypical HPs or high-
grade dysplasia (HGD) indicates carcinogenesis from hyper-
plastic polyposis [6–10]. A report by Torlakovic et al. in 2003
was the first to suggest that neoplastic lesions lead to SSAPs,
as well as various other precancerous lesions that originate
from the serrated polyp pathways with variations in hMLH1
and hMSH2 [11]. Later molecular biological assessments of
SSAP showed that they carried BRAF variants and allowed
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other SPs and CADs to be distinguished from SSAP [12]. In
addition, SSAP is involved in tumor growth and carcinogen-
esis and shows various genetic changes including CpG-island
methylation, DNA-methylation, and microsatellite instability
(MSI) [13, 14]. Given the relationship between SSAPs and the
precancerous lesions of sporadic MSI-high colorectal cancer,
the malignant potential of SSAPs has recently been revised to
high [9, 15], although there is little data on other SSAPs es-
pecially mixed polyps (MIXs). Moreover, it is unclear when it
is appropriate to completely remove SP lesions, and thus multi-
disciplinary strategies for surveillance should consider the
malignancy grade for each sub-classification. With respect to
SP surveillance, a meta-analysis of studies involving SP with
synchronous colorectal advanced neoplasia (adenoma ≧10 mm,
villous component, high-grade dysplasia, or colorectal cancer)
reported associated the high-risk group of SPs. In the high-risk
SP, lesions were reported that those were large (≧10 mm) and
located proximally to the splenic flex [16–18].

In screening colonoscopy, the detection rate of early cancer
with SSAPs is thought to be extremely low, compared to that
of early cancer with CADs. In addition, there are few reports
regarding the frequency of early cancer in a large population
sample. This may be because previous studies had a signifi-
cant selection bias, resulting in the frequency of SP-derived
colorectal cancer being overestimated. It is also difficult to
uniformly collect all pathological examination data [19], and
no consensus has been reached regarding standardized SSAP
diagnostic criteria. Therefore, this study was designed to com-
pare the frequencies with which cancer arises from each SP
subtype, as well as CAD, in a large population sample.

Materials and methods

Between April 2005 and December 2011, our institution indi-
cated endoscopic treatment for colorectal tumors with a
>5 mm neoplastic lesion, regardless of whether it was diag-
nosed as classical HP via endoscopy as well as possible.
Therefore, we searched our histopathologic specimen data-
base for patients who underwent endoscopic treatment during
the study period for the findings of key word which were BSP,
^ BHP,^ Batypical HP,^ Bmetaplastic polyp,^ Batypical meta-
plastic polyp,^ Bserrated adenoma,^ BSSAP,^ or Bmixed
polyps.^ Of the cases that were returned by this search, we
only included those in which Bsnare polypectomy,^
Bendoscopic mucosal resection (EMR),^ or Bendoscopic
sub-mucosal dissection (ESD)^ were performed. Lesions that
were extracted via Bcold biopsy^ or Bhot biopsy^were excluded,
as the biopsy material was unsatisfactory (it only included the
mucosal surface) and might be not suitable for a pathological
diagnosis of SSAP, HP, or MIX [20]. To eliminate any bias
due to the diagnostic pathologists, a single specialized

gastroenterology pathologist re-classified all of the relevant
lesions in 2012 (Fig. 2).

Because it is rare for the case of remaining non-cancerous
portions in advanced colorectal cancer, it is difficult to identify
serrated carcinoma via pathology. Thus, derived cancers were
those in which the cancerous and non-cancerous parts
coexisted, and all target lesions in this study were extracted
as early colorectal cancers that were sub-mucosal invasive
carcinoma (T1) and including HGDs which were often diag-
nosed the intra-mucosal carcinoma (Tis) in Japanese patholog-
ical criteria.

All non-serrated CADs that were excised during the same
period (and using the same methods) were also extracted from
our hospital database and selected as the comparators for this
study. In HGD and early cancer with CADs were all diag-
nosed by the same specialized pathologist, who distinguished
early cancer with non-serrated CAD from Mixed SPs. All de
novo cancers were excluded from the present study.

Analysis 1 During the study period (in which there was no
standardized national pathology criteria), 1858 SP lesions
were removed at our hospital and were diagnosed by multiple
pathologists. These lesions were subsequently re-assessed by
a single specialized gastroenterology pathologist, using the
new pathological classifications, and the number of re-
classified SPs and lesions were examined.

Analysis 2 The clinical characteristics and background factors
associated with each sub-classified SP found in a whole lesion
were reviewed, as were the non-serrated CAD lesions as ap-
propriate comparators with SP.

Analysis 3 We compared the frequency and clinical charac-
teristics of the HGD/Tis and T1 that were excised with each
SP subtype or CAD.

Pathological classification of CAD and SP subtypes

CADs included tubular-adenoma, tubulovillous-adenoma, or
villous adenoma with low-grade dysplasia. All serrated le-
sions were reviewed and re-classified as HP, SSAP, or TSA.
Mixed polyps (MIX; previously known asmixed type serrated
[21]) were defined as lesions with mixed characteristics, in-
cluding SSAP and TSA; SSAP and CAD; TSA and CAD; or
SSAP, TSA, and CAD (if they contained some serrated parts)
[21]. Figure 1 shows 2 representative views of HP and SSAP.
Typical pathological features of HPs include elongated
straight crypts, epithelial serration limited to the upper half
of the crypts, and basally located small nuclei without atypia
(Fig. 1a), while those of SSAP are distorted crypts with dilated
bases that result in an L-shape or inverted T-shape (Fig. 1b)
[3]. Adding to noticed all of the findings crypt dilatation and
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irregular branching crypts. Typical pathological features of
TSA are a villiform configuration with multiple ectopic crypts
(villo-microglandular appearance) (Fig. 2).

Statistical analysis

Fisher’s exact test was used in order to compare the frequen-
cies of cancer types coexisting with MIX vs SSAP or with
MIX vs CAD. Two-sided p values of less than 0.05 were
considered to be statistically significant.

Results

After the re-classification after the pathological review, 19 %
(273/1430) of the HP lesions were re-classified as SSAPs, and
25 % (86/339) of the serrated adenomas were re-classified as
SSAPs. However, 81 % (1156/1430) of the HP lesions and
73 % (249/339) of the serrated adenomas were not re-
classified (Fig. 3).

Table 1 summarized the prevalence and clinical back-
ground factors of each SP subtype. The least common
subtype was MIX (0.3 %). SP subtypes and CAD lesions
were typically observed more frequently in male and in
patients who were >60 years old. Table 2 lists the clinical
data regarding the location, form, and size for each
resected lesion. SSAPs and CADs were observed more

frequently in the proximal colon (oral site from splenic
flex), while HP, TSA, and MIX lesions were observed
more frequently in the distal colon (sigmoid colon and
rectum). Regarding their gross appearance, most SSAP
and MIX lesions were flat, while most HP, TSA, and
CAD lesions were protruding. MIXs were frequently larg-
er than any other polyp subtype.

The frequency of early colorectal cancer with each SP sub-
type is shown in Tables 3 and 4. HGDs and early cancer were
rarely found in HP and TSA (0.1 % for both). The frequency
of T1 cancer with SSAP was 0.2 % (1/430), and 3 (0.7 %)
were found in SSAP with HGD/Tis. All lesions were flat and
located in the proximal colon, and 75 % of lesions were large
(sized ≧10 mm). The mean of diameter was 18 mm (SD
9 mm). Among MIX lesions, 2 % (1/56) contained sub-
mucosal invasive carcinoma and 16 % (9/56) contained
intra-mucosal carcinoma (HGD); 60 % of the MIX lesions
were distal, and they had a mean diameter of 18 mm (SD
14 mm). In contrast, the frequency of HGD or early cancer
with CAD was 6 % (1131/18,667). CAD with HGD/Tis was
found in 5 % of lesions (964/18,667) and CAD with sub-
mucosal invasive cancer was found in 1 % of lesions (166/
18,667). When the frequency of early cancer including HGD
was compared between SP subtypes using Fisher’s exact test,
it was found that a significantly higher proportion of MIXs
contained cancer than CADs (p=0.0002), while cancer was
significantly rarer in SSAP than in CAD (Table 3).

Fig. 1 Typical pathological
features of a hyperplastic polyp
(a) and a sessile serrated adenoma
polyp (b)
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Discussion

There are two methods to evaluate malignant potential. One of
these involves the analysis of genetic changes (e.g., MSI) and
their relationship with the cancer’s speed of progression. The
second involves the assessment of the cancerous rate, based
on the frequency of cancer arising from SSAP.

The former method takes into consideration the serrated
pathway with BRAF or KRAS. BRAF is implicated in the first
stage of cytological dysplasia in SSAP, while CpG-island
methylation phenotypes are implicated in the intermediate
stages. Unfortunately, the cancers that develop from these
pathways are reported to have a high likelihood of being
MSI-high cancers. In contrast, TSA cancers associated with
KRAS are reported to have low levels of methylation and MSI

[4, 5, 22]. SSAP can appear as a large HP when examined
endoscopically, although serrated adenoma with HGD or
atypical and classical HPs can be distinguished pathologically.
However, the gross appearance of large HPs is similar to that
of SSAP and classical HPs [20], and there has been little
awareness of the need to distinguish between these lesions
in order to guide appropriate clinical treatment. It has now
been reported though that SSAPs are precursor lesions of spo-
radic MSI-high cancer [7, 11, 13, 14], and SSAPs are now
considered highly malignant precursor lesions. Therefore, it is
necessary to discriminate between SSAPs and large HPs dur-
ing endoscopic examination.

In addition to direct observation, the rate of cancer
coexisting with each SP subtype might assist in endoscopic
diagnosis, for developing an appropriate treatment strategy,

Fig. 3 Re-assessment of the
lesions. The proportion of lesions
re-assigned after being assessed
by a single specialized
gastroenterology pathologist,
using the new pathological
classifications. The number of
re-classified SPs and lesions is
also shown

Fig. 2 The flow chart for our
analysis of 1858 lesions during
the study period (April 2005 to
December 2011)
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and as a method of surveillance. There is high reported fre-
quency of cancer derived from SP, although the inter-facility
differences are large [15, 23, 24]. A likely explanation for this
is that it is difficult to obtain a unified consensus regarding the
frequency of cancer development, given the changing patho-
logic diagnostic criteria for SSAPs and the small study popu-
lations that may have introduced selection bias. In addition,
several reports did not classify SPs into the four subtypes, and
a number of previous studies reported a high frequency of
serrated adenoma, including large HP, HGD, SSAP, MIX,
and occasionally TSA.

Regarding the re-classification of lesions after pathologic
diagnosis, the reported rates of HP revision to SSAP range
from 8 to 18 % [11, 12]. In the present study, we also found
that 19 % of lesions were revised from HP to SSAP. Further-
more, 25 % of lesions that were originally diagnosed as ser-
rated adenomas were later re-classified as SSAPs. Thus, close
attention should be paid to the pathologic evaluation criteria,
the frequency of the lesions, and the development of cancer,
when considering the four new SP subtypes.

Regarding the prevalence of non-cancerous lesions, among
1479 patients who were evaluated using the SSAP diagnostic
criteria, Carr et al. reported that 65 % of lesions were CAD,

30%were HP, 3.9 % were SSAP, 0.7 % were TSA, and 0.7 %
were MIX [25]. With the exception of HP, their findings are
similar to those of the present study. Regarding the clinical
characteristics of the SP subtypes, distal lesions were common
in cases with HP, TSA, and MIX lesions, although proximal
flat lesions were common for SSAPs; similar findings have
been reported previously [12, 26]. However, with respect to
tumor diameter, histopathology revealed that many lesions
sized <10 mmwere re-classified as SSAPs. In the study, prev-
alence of SPs was described risk factors with analysis syn-
chronous lesions [16, 17, 27, 28]; accordingly, large
(≥10 mm) SP lesions or those located in the proximal colon
were considered to be risk factors for the development of
colorectal cancer, and these cases therefore require more fre-
quent surveillance. The HGDs and early cancers with SSAP in
this study were found most commonly in large and proximal
SPs.

Regarding the frequency of concurrent cancer, only a few
previous studies had a large sample size, although a 2010
study by Richard et al. [29] revealed that 2.1 % of 2416 sessile
serrated adenoma specimens contained HGD, and 1.0 % were
adenocarcinomas arising from within a sessile serrated adeno-
ma. Our findings were similar, although not all lesions that we

Table 1 Clinical background
factors of serrated polyps and
conventional adenomas

HP SSAP TSA MIX CAD

Associated whole lesions (rate) 1160 (6 %) 430 (2 %) 212 (1 %) 56 (0.3 %) 18,667 (91 %)

Gender [ratio; M/F] [2.2] [1.1] [2.1] [1.3] [2.0]

Male 792 278 145 31 13,704

Female 368 152 67 25 4963

Age [mean; years] [62] [62] [62] [63] [65]

<60 years 413 153 80 20 5202

≧60 years 747 277 132 36 13,465

HP hyperplastic polyp, SSAP sessile serrated adenoma/polyp, TSA traditional serrated adenoma, MIX mixed
serrated polyp, CAD conventional adenoma

Table 2 Clinical characteristics
of serrated polyps and
conventional adenomas

HP SSAP TSA MIX CAD

Associated lesions 1160 430 212 56 18,667

Location

Proximal (rate) 498 (43 %) 249 (60 %) 62 (30 %) 24 (43 %) 9841 (53 %)

Distal 662 181 150 36 8826

Form

Flat (rate) 572 (50 %) 234 (54 %) 40 (20 %) 33 (60 %) 8034 (43 %)

Protrusion 588 196 172 27 10,633

Diameter (standard deviation) 6 (2) mm 8 (5) mm 8 (4) mm 14 (8) mm 7 (5) mm

<10 mm 1080 297 146 16 15,506

≧10 mm (rate) 80 (7 %) 133 (31 %) 66 (31 %) 33 (79 %) 3161 (17 %)

HP hyperplastic polyp, SSAP sessile serrated adenoma/polyp, TSA traditional serrated adenoma, MIX mixed
serrated polyp, CAD conventional adenoma
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detected were excised. Therefore, it is impossible for us to
calculate the exact frequency of concurrent cancer, and this
is a possible limitation of the present study. However, during
the study period, the treatment guidelines at our hospital gave
priority to excising as much of the lesion as possible, except in
cases with multiple small lesions in the sigmoid colon or rec-
tum. Thus, snare polypectomy was performed in cases with
lesions <10mm, while EMRwas performed for larger lesions,
rather than forceps biopsy alone. Therefore, it is possible that
our estimation is close to the actual number of cases. A pro-
spective study, in which all detected colorectal polyps are
resected, might reveal a lower frequency of lesions with
coexisting cancer. We also found that HGDs and early cancer
with HP and TSAwere rare, and this needs to be confirmed in
a future study. It was also notable that the frequency of HGD
and invasive carcinoma with SSAP (1 %) was significantly
lower than that of CAD (6 %) or MIX (18 %). Furthermore,
the frequency of intra-mucosal cancer (HGD) with MIX was
higher than that of other SPs and CAD. Almost all HGD and
invasive carcinoma with SPs were of a large size (≧10 mm),
and all carcinoma with SSAP were found in the proximal
colon, while most carcinomas with MIX were found in the
distal colon. Holme et al. made the interesting observation that
large SPs located on the left side of the colon frequently do not
progress to colorectal cancer [16], and these lesions may

actually have been large HPs. We also found some large SPs
in the left colon, especially malignant MIX variants, but those
were sometimes incorrectly identified during endoscopy as
other neoplasms including adenoma. Genomic analysis will
be needed to distinguish between MIX and SSAP with cyto-
logical dysplasia. Based on our findings and those of previous
studies, we hypothesize that the cancerous rate from SSAP is
lower than from CAD or MIX, but the former tumors grow
more quickly. We suggest that MIX should be subdivided
based on whether it includes CAD, as MIX lesions with
CAD may behave more like pure CAD, except that they fol-
low a more complex malignant pathway, especially MIX with
not including CAD in proximal colon may be having malig-
nant potential like SSAP such as having cytological dysplasia.

Several studies have suggested that interval cancer may
actually be SSAP-derived carcinoma, because sporadic MSI-
high precancerous lesions quickly progress to progressive
cancer [28, 30]. Unfortunately, it remains difficult to patho-
logically determine whether an advanced cancer is of the
serrated type, and we are therefore not able to clearly describe
the malignant potential of SSAPs, given the low frequency of
cancers coexisting with this lesion.

Our findings suggest that clinical data obtained via endo-
scopic examination that we suggest can be used to more clear-
ly discriminate between SSAP, MIX lesions, and classical

Table 3 The frequency of intra-mucosal and sub-mucosal invasive carcinoma in serrated polyps and conventional adenomas

HP SSAP TSA MIX CAD

Associated lesions 1160 430 212 56 18,667

HGD intra-mucosal carcinoma Tis (frequency) 0 3 (0.7 %) 3 (1 %) 9 (16 %) 964 (5 %)

Sub-mucosal invasive carcinoma T1 (frequency) 1 (0.1 %) 1 (0.2 %) 0 1 (2 %) 166 (1 %)

HGD and early cancer (frequency) 1 (0.1 %) 4 (1 %) 3 (1 %) 10 (18 %) 1131 (6 %)

HP hyperplastic polyp, SSAP sessile serrated adenoma/polyp, TSA traditional serrated adenoma,MIXmixed serrated polyp,CAD conventional adenoma,
HGD high-grade dysplasia

Table 4 Clinical characteristics
and background factors of each
lesion

HP SSAP TSA MIX CAD

HGD and early cancer 1 4 3 10 1131

Gender (rate) Men 1 2 2 7 (70.1 %) 712

Female 0 2 (50 %) 1 3 419

Age (mean; years) 65 67 67 64 65

Location (rate) Proximal 0 4 (100 %) 1 4 381

Distal 1 0 2 (67 %) 6 (60 %) 750 (66 %)

Form (rate) Flat 1 4 (100 %) 1 4 435

Protrusion 0 0 2 (67 %) 6 (60 %) 696 (62 %)

Diameter (standard deviation) 15 mm 18 (9) mm 28 (9) mm 18 (14) mm 17 (11) mm

≧10 mm 1 3 (75 %) 3 (100 %) 8 (80 %) 923 (82 %)

HP hyperplastic polyp, SSAP sessile adenoma/polyp, TSA traditional serrated adenoma, MIX mixed serrated
polyp, CAD conventional adenoma, HGD high-grade dysplasia
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HPs. Furthermore, it is necessary to establish endoscopic
treatment and surveillance strategies for both early stage co-
lorectal cancer from SP subtypes and high-grade atypical neo-
plastic lesions. Our findings could help establish indications
for the intentional treatment of each SP subtype.
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