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Abstract. Serrated lesions, including hyperplastic polyps (HPs), 
traditional serrated adenomas (TSAs) and sessile serrated 
adenomas/polyps (SSA/Ps), are important contributors to 
colorectal carcinogenesis. The aim of the present study was to 
analyze the potential of conventional endoscopy and advanced 
endoscopic imaging techniques to delineate the characteristic 
features of serrated lesions with cancer. The present study was a 
retrospective analysis of the data of 168 patients who had under-
gone colonoscopy, and a total of 228 serrated lesions (77 HPs, 
58 TSAs, 84 SSA/Ps, 9 SSA/P plus TSAs) have been identified 
in these patients. A cancer component was identified in 2.6% of 
HPs, 13.8% of TSAs and 10.7% of SSA/Ps, but none of SSA/P 
plus TSAs. Compared with the lesions without cancer, the 
lesions with cancer exhibited a larger size (HP, TSA and SSA/P), 
a reddish appearance (SSA/P), a two‑tier raised appearance 
(HP and SSA/P), a central depression (HP, TSA and SSA/P), 
the type V pit pattern (HP, TSA and SSA/P), and/or the type III 
capillary pattern (TSA and SSA/P). Deep invasion was identi-
fied in 50.0% of HPs, 12.5% of TSAs and 55.6% of SSA/Ps with 
cancer. The Ki‑67 proliferative zone was distributed diffusely 
within the area of the cancer, but partially within the non‑cancer 
area of HPs, TSAs and SSA/Ps. The lesion types were also 
analyzed on the basis of mucin phenotype. The present study 
suggested that a detailed endoscopic analysis of serrated lesions 
with cancer is useful for delineating characteristic features, and 
the analysis aids treatment selection.

Introduction

The majority of colorectal cancer cases are considered 
to arise from conventional adenomas, on the basis of the 

concept of the adenoma‑carcinoma sequence  (1,2). By 
contrast, serrated lesions, including hyperplastic polyps (HPs), 
traditional serrated adenomas (TSAs), and sessile serrated 
polyp/adenomas (SSA/Ps) (3‑6), may be morphologically and 
genetically distinct. Additionally, HPs, TSAs and SSA/Ps 
may be linked to microsatellite unstable colorectal cancer. 
Therefore, the concept of a HP‑serrated adenoma‑carcinoma 
pathway has been suggested (7‑9).

Colonoscopy is the only technique available for the reliable 
detection and removal of colorectal lesions. A number of advanced 
endoscopic imaging techniques, including chromoendoscopy 
(CE) and narrow‑band imaging (NBI), which enhance the detec-
tion and discrimination of mucosal lesions, have been developed 
to improve the accuracy of conventional endoscopy (10,11). 
Using CE and NBI, the present authors and others have exten-
sively investigated the endoscopic characteristics of colorectal 
serrated lesions, particularly lesions without a coexisting cancer 
component (12‑14).

There is growing evidence to show that serrated lesions, 
particularly TSAs and SSA/Ps, demonstrated a significant risk of 
developing colorectal cancer (15). Therefore, reliable discrimi-
nation of serrated lesions with cancer from those without cancer 
has important clinical implications and may condition thera-
peutic attitudes. It has been hypothesized that serrated lesions 
with cancer may be distinguishable using colonoscopy, particu-
larly with one of the advanced endoscopic imaging techniques. 
However, limited data are available on the endoscopic features 
of serrated lesions with and without cancer (16,17).

In the present study, it was hypothesized that a detailed 
endoscopic analysis of serrated lesions with cancer may 
permit delineation of their characteristic endoscopic features. 
These observations may be used by endoscopists to improve 
the endoscopic recognition of serrated lesions with cancer and 
assist treatment selection.

Materials and methods

Patient selection and study design. The present study was a 
retrospective analysis of the data of 168 patients (109 males, 
59 females; mean age, 63.8 years; range, 28‑87 years) who had 
undergone total colonoscopy at Kurume University Hospital 
(Kurume, Japan) between March 1999 and September 2013. 
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Lesions were excluded if postoperative histopathological evalua-
tion was impossible due to thermal or mechanical tissue damage 
caused by endoscopic resection procedures and if patients had 
other diseases at the same time. A total of 228 histologicalally 
confirmed serrated lesions were identified in the patients. 
Of these 228 serrated lesions, there were 77 HPs, 58 TSAs, 
84 SSA/Ps and 9 SSA/P plus TSAs. The ethics committee of 
Kurume University Hospital approved the study protocol.

Endoscopic procedure. Bowel preparation for colonoscopy 
consisted of ingesting polyethylene glycol‑electrolyte solution 
(volume, 2 l) on the morning of the procedure by all patients.

Colonoscopy was performed using white‑light imaging 
by experienced colonoscopists. When colorectal lesions were 
detected, the leisions were examined by switching to the NBI 
mode by the press of a button in the control head of the endoscope. 
Subsequently, the lesions were observed by CE using indigo 
carmine and the white‑light imaging mode. Finally, magnifying 
endoscopy with NBI and CE using crystal violet was performed.

Conventional endoscopic analysis. The lesions were classified 
on the basis of the size, shape, site and other characteristic 
features, including presence/absence of a reddish appearance, 
a central depression, a two‑tier raised appearance and a mucus 
cap (12,13). These characteristics were determined once the 
images were reviewed by two of the study investigators.

Pit pattern analysis. Using magnifying CE, the pit patterns were 
classified into one of five types (I to V) according to classification 
criteria described by of Kudo et al (18,19) and Tobaru et al (20). 
Type I is represented by regular round crypts, type II is repre-
sented by stellar or papillary crypts, type III is represented by 
small tubular or roundish crypts (IIIS) or large tubular or roundish 
crypts (IIIL), type IV is represented by branch‑ or gyrus‑like 
crypts, and type V is represented by irregular or non‑structural 
crypts. The majority of type I and II lesions are non‑neoplastic, 
whereas type III, IV and V lesions are typically neoplastic.

Capillary pattern analysis. Using NBI, the lesions were clas-
sified using Sano's capillary pattern classification  (21,22), 
with type I (faintly visible microvessels surrounding the pits) 
representing non‑neoplastic lesions, type II (elongated vessels 
of increased thickness surrounding the pits) representing 
adenomas, and type III (type IIIa, unevenly sized vessels of 
increased thickness with branching and curtailed irregularity 
and type  IIIb with nearly avascular or loose vessels with 
fragmentation) indicative of cancer.

Histopathological analysis. All tissues were fixed in 
10% neutral‑buffered formalin for 2 days at room temperature 
and embedded in paraffin. The sections were cut into sections 
with a thickness of 4 µm and stained using hematoxylin (1 min) 
and eosin (3 min) at room temperature. The sections were 
assessed using a light microscope (BX41; Olympus Corporation, 
Tokyo, Japan) by two pathologists who were blinded to the aims 
of the study. In accordance with the World Health Organization 
classification (6), each serrated lesion was classified as HP, TSA 
or SSA/P. In regard to the evaluation of the adenocarcinomatous 
component of the lesions, the lesions were histologically rated 
as well‑differentiated, moderately differentiated or poorly 

differentiated, and the vertical depth of invasion was also assessed 
as previously described (23). He present study defined a cancer 
lesion as category 4 of the Vienna classification of gastrointes-
tinal epithelial neoplasia non‑invasive high grade neoplasia (24).

Immunohistochemistry. Immunohistochemistry was performed 
in 4‑µm paraffin sections using a peroxidase procedure with 
a Bond Polymer Refine Detection kit (cat. no. DS9800; Leica 
Microsystems, Ltd., Milton Keynes, UK). Peroxide blocking 
was performed using 3‑4% hydrogen peroxide at room 
temperature for 5 min. Hydrogen peroxide was included in a 
Bond Polymer Refine Detection kit (cat. no. DS9800; Leica 
Microsystems, Ltd.). A light microscope (BX41) was used for 
analysis (x40 magnification). To delineate the proliferative zone 
in the crypts, Ki‑67 immunostaining was performed using 
monoclonal antibodies against marker of proliferation Ki‑67 
(1:100, Dako; Agilent Technologies, Inc., Santa Clara, CA, 
USA). Specific antibodies to the mucins were used to define the 
gastric and intestinal phenotypes, including antibodies against 
human gastric mucin (HGM; 1:100; cat. no. 45M1; Novocastra 
Laboratories, Ltd., Newcastle, UK) and MUC5AC (1:200; cat. 
no. CLH2; Novocastra Laboratories Ltd.) which detects the 
gastric foveolar type of mucin, MUC6 (1:100; cat. no. CLH5; 
Novocastra Laboratories Ltd.) which detects the pyloric 
gland type of mucin, and mucin (MUC)2 (Ccp58; Novocastra 
Laboratories Ltd.) which detects the mucin produced by goblet 
cells and their precursors. Additionally, the antibody against 
cluster of differentiation (CD)10 (1:100; cat. no. 56C6; Novocastra 
Laboratories Ltd.) was used to detect mucin produced by the 
striated border on the luminal surface of the small intestinal 
absorptive cells. Rabbit anti‑mouse immunoglobulin G was 
used as a secondary antibody (undiluted), and incubated at room 
temperature for 8 min. The secondary antibody was included 
in a Bond Polymer Refine Detection kit (cat. no. DS9800; 
Leica Microsystems, Ltd.). Lesions were categorized as being 
of the gastric type if they were positive for HGM, MUC5AC 
or MUC6, as the small‑intestinal type if they were positive for 
MUC2 and CD10, as the large‑intestinal type if they were posi-
tive for MUC2 and negative for CD10, and as the mixed type 
when gastric and intestinal markers were positive (25‑27).

Statistical analysis. The results were analyzed using SPSS 
version 12.0 (SPSS, Inc., Chicago, IL, USA. Student's t‑test 
was used for the analysis of age and size, and the χ2 test for 
the analysis of sex, shape, site, type V pit pattern, type III 
capillary pattern, reddish appearance, two‑tier raised appear-
ance, central depression and adherent mucus cap. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Clinicopathological characteristics. The clinicopathological 
characteristics of the serrated lesions with and without cancer 
are presented in Table I. Of the 228 serrated lesions, 2.6% (2/77) 
HPs, 13.8% (8/58) TSAs, 10.7% (9/84) SSA/Ps and 0% (0/9) of 
the SSA/P plus TSAs contained a carcinomatous component. 
The HPs, TSAs and SSA/Ps with cancer were significantly 
increased in size, compared with the HPs, TSAs and SSA/Ps 
without cancer: HPs (mean size), 19.0 vs. 7.4 mm, P=0.0002; 
TSAs, 17.2 vs. 11.1 mm, P=0.0079; SSA/P plus TSAs, 19.1 vs. 
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13.7 mm, P=0.0124. The shape and site of the lesions did not 
differ significantly between the HPs, TSAs and SSA/Ps with 
and without cancer. Furthermore, the HPs, TSAs and SSA/Ps 
with and without cancer also showed no significant differences 
in the size or shape. Notably, SSA/Ps with cancer, but not HPs or 
TSAs with cancer, were preferentially located in the right colon.

Conventional endoscopic features. A comparison of the 
conventional endoscopic features between serrated lesions 
with and without cancer is shown in Fig. 1. A reddish appear-
ance of the lesion was more frequently observed in SSA/Ps 
with cancer, compared with lesions without cancer (88.9 vs. 
46.7%; P=0.0166). A two‑tier raised appearance was identified 
preferentially in HPs and SSA/Ps with cancer, compared with 

lesions without cancer (HP, 50.0 vs. 1.3%; P<0.0001; SSA/P, 
66.7 vs. 9.3%, P<0.0001). Furthermore, a central depression was 
observed more frequently in HPs, TSAs and SSA/Ps with cancer 
compared with lesions without (HP, 50.0 vs. 2.7%, P=0.0006; 
TSA, 25.0 vs. 0.0%, P=0.0003; SSA/Ps, 55.6 vs. 6.7%, P<0.0001). 
By contrast, an adherent mucus cap was not present at a higher 
frequency in HPs, TSAs or SSA/Ps with cancer compared with 
lesions without cancer. Examples of the endoscopic features of 
serrated lesions with cancer are presented in Fig. 2.

Advanced endoscopic features. The advanced endoscopic 
features of serrated lesions with and without cancer were 
subsequently compared (Table II; Fig. 3). In the CE images, 
information was available for 64 lesions. The type  V pit 

Table I. Clinicopathological features of serrated lesions with and without cancer.

	 HP	 TSA	 SSA/P	 SSA/p plus TSA
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 With	 Without	 With	 Without	 With	 Without	 With	 Without
Parameters	 cancer	 cancer	 cancer	 cancer	 cancer	 cancer	 cancer	 cancer

Age, yearsa 	 61.5	 62.1	 67.4	 65.2	 74	 64.3	‑	  55.1
Sex, n								      
  Male	 2	 62	 7	 29	 4	 51	 0	 6
  Female	 0	 13	 1	 21	 5	 24	 0	 3
Lesions, n	 2	 75	 8	 50	 9	 75	 0	 9
Size, mm	 19.0	 7.5	 17.8	 11.1	 19.1	 13.3	‑	  15.0
Shape, n								      
  Sessile	 2	 68	 3	 27	 9	 73	 0	 5
  Protruded	 0	   7	 5	 23	 0	 2	 0	 4
Site, n								      
  Cecum	 1	 11	 0	   1	 3	 19	 0	 1
  Ascending colon	 0	 10	 1	   7	 2	 28	 0	 1
  Transverse colon	 0	 17	 2	   0	 4	 17	 0	 1
  Descending colon	 0	   2	 0	   4	 0	 1	 0	 0
  Sigmoid colon	 1	 20	 1	 18	 0	 7	 0	 5
  Rectum	 0	 15	 4	 20	 0	 3	 0	 1

aData is represented as the average. Is and IIa lesions were regarded as sessile, while Ip and Isp lesions were regarded as protruding. HP, hyper-
plastic polyp; TSA, traditional serrated adenoma; SSA/P, sessile serrated adenoma/polyp.

Table II. Advanced endoscopic features of serrated lesions with and without cancer.

	 HP	 TSA	 SSA/P	 SSA/P plus TSA
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 With	 Without	 With	 Without	 With	 Without	 With	 Without
Features	 cancer	 cancer	 cancer	 cancer	 cancer	 cancer	 cancer	 cancer

Type V pit pattern
  Present	 1	 0	 1	 0	 4	 0	 0	 0
  Absent	 0	 14	 0	 12	 0	 32	 0	 3
Type III capillary pattern
  Absent	 0	 0	 1	 0	 5	 0	 0	 0
  Present	 1	 21	 0	 13	 0	 35	 0	 1

HP, hyperplastic polyp; TSA, traditional serrated adenoma; SSA/P, sessile serrated adenoma/polyp.
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Figure 1. Endoscopic features of serrated lesions with and without cancer. (A) Reddish appearance; (B) two‑tier raised appearance; (C) central depression; 
(D) mucus cap. HP, hyperplastic polyp; TSA, traditional serrated adenoma; SSA/P, sessile serrated adenoma/polyp.

Figure 2. Endophotographs demonstrating the morphologic characteristics of serrated lesions. (A) Reddish appearance; (B) two‑tier raised appearance; 
(C) central depression; (D) mucus cap.
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pattern, represented by irregular crypts or non‑structural 
crypts, was identified at an increased frequency in HPs, TSAs 
and SSA/Ps with cancer compared with lesions without cancer 
(HP, 100 vs. 0%, P=0.00011; TSA, 100 vs. 0%, P=0.00031; 
SSA/P, 100 vs. 0%, P<0.0001).

As for the features on NBI, information was available 
for 76 lesions. The type III capillary pattern, represented by 
unevenly sized vessels of increased thickness with branching 
and curtailed irregularity, or nearly avascular lesions or lesions 
containing loose vessels with fragmentation, was observed 
more frequently in TSAs and SSA/Ps with cancer compared 
with lesions without cancer (TSA, 100 vs. 0%, P=0.00018; 
SSA/P, 100 vs. 0%, P<0.0001).

Histological features. The histological features of serrated 
lesions with cancer are presented in Table III. As none of the 
9 SSA/P plus TSA lesions exhibited any cancer component, 
SSA/P plus TSA lesions were excluded from the table. In 
regard to the cancer component, deep invasion (invasion of 
the muscularis propria or deeper) was identified in 50.0% (1/2) 
HPs with cancer, 12.5% (1/8) TSAs with cancer and 55.6% 
(5/9) SSA/Ps with cancer. The histological differentiation 
grade of the cancer was not significantly different among the 
HPs, TSAs and SSA/Ps.

The Ki‑67‑positive proliferative zone was distributed 
diffusely (from the upper to the lower parts of the crypts) within 
the cancer areas in all HPs (2/2; 100%), TSAs (8/8; 100%) and 

Table III. Histological appearance in the cancer areas and non‑cancer areas of serrated lesions.

	 HP (n=2)	 TSA (n=8)	 SSA/P (n=9)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Cancer	 Non‑cancer	 Cancer	 Non‑cancer	 Cancer	 Non‑cancer
Features	 area	 area	 area	 area	 area	 area

Depth of invasion 						    
  Intramucosal layer	 1	‑	  7	‑	  4	‑
  Submuscosal layer	 0	‑	  1	‑	  4	‑
  Muscularis propria or deeper	 1	‑	  0	‑	  1	‑
Histological differentiation grade						    
  Well‑differentiated 	 1	‑	  4	‑	  2	‑
  Moderately differentiated	 1	‑	  4	‑	  7	‑
Ki‑67‑positive proliferation zone						    
  Upper 	 0	 0	 0	 5	 0	 1
  Lower	 0	 2	 0	 1	 0	 8
  Upper to lower	 2	 0	 8	 2	 9	 0
Mucin phenotype						    
  Large‑intestinal	 0	 0	 3	 1	 0	 0
  Stomach	 1	 0	 0	 0	 0	 0
  Mixed	 1	 2	 5	 7	 9	 9

HP, hyperplastic polyp; TSA, traditional serrated adenoma; SSA/P, sessile serrated adenoma/polyp.

Figure 3. Advanced endophotographs illustrating the morphologic characteristics of serrated lesions. (A) The type V pit pattern on chromoendoscopy with 
crystal violet spraying, irregular crypts or non‑structural crypts (indicated by black arrows). Original magnification, x20. (B) The type III capillary pattern on 
narrow‑band imaging, unevenly sized vessels of increased thickness with branching and curtailed irregularity, or nearly avascular lesions or lesions containing 
loose vessels with fragmentation. Original magnification, x40.
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SSA/Ps (9/9; 100%). By contrast, the proliferative zone within 
the non‑cancer areas was partially distributed, as follows: HP 
(total, 2 cases), 2 cases in the lower part (2/2; 100%); TSA 
(total, 8 cases), 5 cases in the upper part (5/8; 62.5%), 1 case in 
the lower part (1/8; 12.5%) and 2 cases in the upper to the lower 
part (2/8; 25.0%); SSA/Ps (total, 9 cases), 1 case in the upper 
part (1/9; 11.1%) and 8 cases in the lower part (8/9; 88.9%).

The lesion types in the cancer and non‑cancer areas were 
classified on the basis of the mucin phenotype. There were 
2 cases of HP, with cancer area classified as gastric phenotype 
in 1 case (1/2; 50%) and mixed type (gastric plus intestinal 
type) in 1 case (1/2; 50%). Non‑cancer area in HP was clas-
sified as mixed phenotype in 2 cases (2/2; 100%). There were 
8 cases of TSA with cancer area classified as mixed pheno-
type in 5 cases (5/8; 62.5%) and colonic phenotype in 3 cases 
(3/8; 37.5%). Non‑cancer area in TSA was classified as mixed 
phenotype in 7 cases (7/8; 87.5%) and large intestinal pheno-
type in 1 case (1/8; 12.5%). Additionally, there were 9 cases of 
SSA/P with mixed phenotype for cancer and non‑cancer areas 
in all cases (9/9; 100%).

Discussion

There is accumulating evidence to show that colorectal 
serrated lesions are important precursors of colorectal 
cancer (28,29). Previous studies by the present authors and 
others have demonstrated the potential of endoscopic imaging 
to discriminate between serrated lesions with and without 
cancer (12‑14). However, limited data are available in regard to 
the characteristic endoscopic features of serrated lesions with 
and without cancer (16,17). Therefore, the potential of conven-
tional and advanced endoscopic imaging techniques was 
analyzed in the present study to delineate the characteristic 
features of colorectal serrated lesions with cancer.

In the present study, the cancer component was observed 
most frequently in TSAs (13.8%), followed by SSA/Ps (10.7%) 
and HPs (2.6%). Previous studies have reported varying esti-
mates of the frequency of cancer cases originating from each 
subtype of serrated lesions (15). This variability in frequency 
of cancer cases may reflect inconsistent diagnostic criteria 
used, inconsistent histological classification of the different 
subtypes of lesions, variations in the lesion detection rate 
among endoscopists, variable application of enhanced endo-
scopic modalities and different population selection criteria. 
However, the finding that the risk of malignant transformation 
was increased for TSAs and SSA/Ps compared with HPs in 
the present study is consistent with previous studies (15,30). 
The malignant potential of each serrated lesion subtype 
remains unknown due to the lack of large‑scale prospective 
studies.

The HPs, TSAs and SSA/Ps with cancer were increased in 
size compared with the same lesions without cancer, and it is 
hypothesized that there is an increased risk of malignant trans-
formation in larger lesions of all subtypes. At present, it is not 
clear whether the threshold value of 10 mm to define advanced 
conventional adenomas is applicable to SSA/Ps (13‑15).

A number of endoscopic characteristics have been iden-
tified as possible indicators for neoplastic lesions (12,13). In 
the present study, a reddish appearance of SSA/Ps, a two‑tier 
raised appearance of HPs and SSA/Ps, and a central depression 

in HPs, TSAs and SSA/Ps were observed more frequently 
in the presence of a cancer component in the lesions. The 
results of the present study were consistent with previously 
published studies (13,17), and suggest that these characteris-
tics are useful to discriminate between serrated lesions with 
and without cancer. However, the present study was unable to 
discriminate between serrated lesions with and without cancer 
on the basis of the presence of a ‘mucus cap’, in contradic-
tion to previous studies (13,17). A possible explanation for this 
discrepancy may be due to the methods used for estimating 
the endoscopic appearance as electronic video images were 
used in the present study whereas still images were used in 
the aforementioned studies (13,17). Electronic video imaging 
enables dynamic observation of colorectal lesions, and hence, 
may provide additional details. A number of features may have 
been underestimated by still image assessment in previous 
studies.

In CE, it is now well‑established that the pit pattern is 
useful for diagnosing colorectal lesions (18‑20). The type V 
pit pattern (irregular crypts or non‑structural crypts) is a 
possible characteristic feature of colorectal cancer. Notably, 
in the present study, the type V pit pattern was only identified 
in HPs, TSAs and SSA/Ps with cancer, and not lesions without 
cancer, indicating that the type V pit pattern may be a specific 
indicator of cancer in all subtypes of serrated lesions.

NBI is an endoscopic technique that enables clear 
visualization of the microvasculature of colorectal 
lesions (21,22). The type III capillary pattern (unevenly sized 
vessels of increased thickness with branching and curtailed 
irregularity or nearly avascular lesions or lesions containing 
loose vessels with fragmentation) represents a characteristic 
feature of colorectal cancer on NBI. In the present study, 
the type  III capillary pattern was selectively identified 
in TSAs and SSA/Ps with cancer. This finding strongly 
suggests that the type III capillary pattern and the type V pit 
pattern are useful for discriminating lesions with a cancer 
component.

The results of the present study indicate the requirement 
for advanced endoscopic imaging techniques to discriminate 
between serrated lesions with and without cancer. However, 
the present study analyzed a limited number of cases by 
advanced imaging techniques: 64/228 and 76/228 lesions by 
CE and NBI, respectively. Additional studies including a larger 
number of lesions are required to evaluate the significance of 
the two novel imaging techniques.

Histological characteristics of the serrated lesions with 
cancer were also examined in the present study. The depth 
of cancer invasion is an important consideration in selecting 
the appropriate therapeutic strategy. In the present study, 
deeply invading cancer cases were observed more frequently 
in SSA/Ps compared with TSAs, which is in accordance 
with previous reports  (30,31). These results prompted the 
hypothesis that the transformation from SSA/P to invasive 
cancer may be rapid and occur even when the lesions are still 
small.

A conceptual way to define the subgroup of serrated 
lesions is on the basis of the location of the proliferation zones. 
In non‑cancer areas, the Ki‑67‑positive proliferative zone was 
limited to a part of the crypts. Symmetric Ki‑67 expression was 
typically observed in the lower crypts in HPs. TSAs exhibited 
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symmetric expression in the upper crypts, and SSA/Ps exhib-
ited asymmetric expression predominantly in the lower crypts. 
The results of the present study were consistent with previous 
reports (32). In the cancer areas, the positive proliferative zone 
was primarily distributed throughout the crypts in the HPs, 
TSAs and SSA/Ps, which is a characteristic feature of cancer 
lesions.

The mucin phenotype has been identified to be associated 
with the development and progression of gastrointestinal 
cancer (33). A previous study suggested that colorectal serrated 
lesions exhibit variable degrees of gastric and intestinal 
differentiation (26). In the present study, it was observed that 
cancer and non‑cancer areas in serrated lesions, particularly 
SSA/Ps, were categorized as mixed type (gastric plus intes-
tinal types). This finding is consistent with a previous study by 
Gibson et al (34), who demonstrated that the levels of MUC1, 
MUC2, and MUC5AC expression were not different between 
SSA/Ps with and without cancer. Therefore, malignant trans-
formation from SSA/Ps, but not from HPs or TSAs, may occur 
without changes in the mucin phenotype.

Although the present study yielded a number of impor-
tant findings, its limitations were that it was a retrospective 
single‑center study. Therefore, prospective studies in larger 
populations are required to validate the results of the present 
study. In addition to using endoscopic imaging techniques, it 
would also be useful if molecular or clinical markers were 
identified that can predict which serrated lesions are at an 
increased risk of progression to cancer.

In conclusion, the present retrospective analysis of the 
endoscopic features of serrated lesions with cancer was useful 
for delineating their characteristic endoscopic features and for 
aiding in treatment selection.
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