
INTRODUCTION

Colorectal cancer (CRC) is the second most common ma-
lignancy in women and third most common malignancy in 
men worldwide.1,2 Since tubular adenoma is recognized as 
precursor lesion of CRC by adenoma-carcinoma sequence,3 
regular colonoscopy with excision of adenomatous polyps is 
associated with a significantly reduced incidence of CRC.4,5 
Endoscopic resection (ER) is an effective treatment option 
for colon neoplasm including adenoma, carcinoma in situ, 

and cancer with minimal submucosal invasion. However, ER 
of the polyp is not always possible at the initial colonoscopy. 
In actual practice, ER is not widely performed at primary 
medical centers owing to the risk of complications such as 
bleeding and perforation. In addition, the patients taking an-
tiplatelet or anticoagulant drugs at the time of procedure are 
not suitable for ER. In such cases, endoscopic forceps biopsy 
(EFB) is usually performed in a portion of the polyp, and the 
patient is referred to a more specialized center. However, 
EFB prior to ER may sometimes result in submucosal fibro-
sis, making lifting of the lesion with submucosal injection 
difficult.6

Although recent advances in endoscopic techniques such 
as contrast-enhancement techniques, whether dye-based or 
computed, optical microscopy, autofluorescence imaging, 
and narrow-band imaging would help distinguish clinically 
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significant lesions,7 these techniques are not widely avail-
able in real clinical practice yet. Determination of histologic 
subtype of colorectal neoplasm by EFB is still an important 
step before deciding the treatment strategy of ER, surgical 
resection, or close observation. However, since only a small 
portion of the polyp is obtained with EFB, there is a risk of 
missing the advanced lesions or neoplastic foci within the 
lesion.8 There have been many studies about the histologic 
discrepancy (HD) between EFB and ER specimens in pa-
tients with gastric neoplasm.8-13 However, only few studies 
have evaluated HD in patients with colorectal neoplasm.8,14-18

The aim of this study was to evaluate the validity of a cold 
biopsy sample as representative for the whole resected 
specimen, investigate the rate of HD in colorectal neoplasm, 
evaluate the clinicopathological characteristics of discordant 
cases, and analyze the risk factors of under-diagnosis (UD) 
before complete removal of colorectal polyp by ER. 

METHODS

1.  Patients

We retrospectively reviewed the medical records and 
endo scopic findings of patients who underwent ER of 
colorectal polyp from January 2010 to March 2015 at Yeung-
nam University Medical Center. Among 1,171 patients who 
underwent ER of colorectal polyp, patients without biopsy 
results prior to ER were excluded. Patients with known syn-
chronous adenocarcinoma, familial adenomatous polyposis, 
or IBD were also excluded. Moreover, patients with a non-
epithelial origin neoplasm such as a neuroendocrine tumor, 
which usually presents as a subepithelial lesion, were exclud-
ed from this study. Consequently, a total of 290 polyps from 
210 patients were included in the final analysis. The baseline 
characteristics of the patients, time interval between initial 
colonoscopy and ER, endoscopic details of the polyp includ-
ing size, morphology, and histology were assessed. 

The indications for ER at our hospital are in accordance 
with the American Society for Gastrointestinal Endoscopy 
guideline.19 For elderly patients who are not eligible for surgi-
cal therapy because of poor general condition, or patients 
who refuse to undergo surgery, ER was selectively per-
formed. 

Colonoscopy was performed after bowel preparation with 
polyethylene glycol electrolyte lavage solution. The size of 
the lesion was estimated using closed (2 mm) or open (7 
mm) biopsy forceps held against the polyp. After complete 
removal of the lesion, the precise size of the resected speci-

men was measured with a ruler. Polyp morphology was de-
scribed as protruding (Paris classification I–pedunculated or 
sessile) or flat (Paris classification II) subtypes, and by defi-
nition, flat lesions larger than 10 mm in diameter that grow 
laterally rather than vertically were defined as lateral spread-
ing tumors (LSTs).20 ER was most commonly performed 
using endoscopic mucosal resection (EMR), and occasion-
ally, simple polypectomy, EMR with precutting method, or 
endoscopic submucosal dissection. EMR was performed 
with injection of epinephrine mixed with saline (1:10,000) 
into the submucosal space under the lesion creating a safety 
cushion. Then the lifted lesion was excised with a loop snare 
using an electrosurgical unit.

Only 5 cases of EFB histologic reports were made at our 
hospital, while the rest of the cases were analyzed at each lo-
cal medical center. After ER was performed, totally resected 
specimens were analyzed by 2 pathologists who were ex-
perts in gastroenterology. 

The lesions from the enrolled patients were categorized 
into 2 groups, the concordant and discordant groups, based 
on the HD of EFB and ER specimen results. In the discordant 
group, lesions were subsequently categorized into the over-
diagnosis (OD) and UD group. The UD group was defined 
as that in which the diagnosis changed from benign to ma-
lignancy, low-grade dysplasia to high-grade dysplasia, less 
villous to more villous component, or nonneoplastic polyp 
to neoplastic polyp. The OD group was defined and catego-
rized opposite to the changes in the UD group. 

2. Statistical Analysis 

Logistic regression analysis was used to determine which 
variable contributed to the HD, especially UD between EFB 
and ER specimens. A univariate analysis was carried out ini-
tially for each variable, and subsequently all variables were 
included in a multivariate logistic regression analysis. Each 
variable was analyzed with the chi-square and Student-t  test. 
Statistical significance was set at P<0.05. All statistical analy-
ses were performed using the Statistical Package for Social 
Sciences, IBM SPSS version 20.0 (IBM Corp., Armonk, NY, 
USA). 

3. Ethical Considerations

This study was approved by the Institutional Review 
Board of Yeungnam University Medical Center of Korea 
(IRB No. 2016-06-059), which exempted the requirement for 
informed consent because we accessed only de-identified 



https://doi.org/10.5217/ir.<년>.<년>.<년>.<년년년년년> • Intest Res <년>;<년>(<년>):<년년년년년>-<년년년년>

477www.irjournal.org

https://doi.org/10.5217/ir.2018.16.3.475 • Intest Res 2018;16(3):475-483

data retrospectively.

RESULTS

1. Baseline Characteristics and Histologic Results

The mean age was 60.2±10.2 years (range, 24–85 years), 

and the male to female ratio was 2.14:1. A total of 290 polyps 
in 210 patients were analyzed. Among 198 cases that were 
stated with definite number of EFB performed, 96.5% of for-
ceps biopsies were performed only once per colorectal pol-
yp, probably due to concerns of massive fibrosis that might 
interfere with complete resection. One hundred thirty-seven 
(47.2%) and 153 (52.8%) polyps were noted in the right and 
left colon, respectively. The mean polyp size was 17.8±9.5 
mm (range, 5–50 mm). Regarding polyp morphology, 158 
(54.5%) and 132 (45.5%) polyps were protruding and flat 
subtypes, respectively; among flat subtypes, 96 were LSTs 
(33.1% overall) (Table 1). The most common histology with 
EFB was tubular adenoma low-grade dysplasia (185 cases, 
63.8%).

A change in the final histology after ER was noted in 137 
cases (47.2%) (Table 2). Among 137 discordant cases, in 9 
cases, it was impossible to determine whether OD or UD 
had occurred before ER because, for example, a change from 
hyperplastic polyp to chronic nonspecific inflammation 
or vice versa was found. Therefore, after excluding these 9 
cases, a total of 128 cases were further categorized into the 
OD or UD group. UD occurred in 86 cases (67.2% among 
HD cases; 29.7% of the overall cases) and OD occurred in 42 
cases (32.8% among HD cases; 14.5% of the overall cases). 
Comparisons of baseline characteristics of the UD group 
and the rest are summarized in Table 3. In the UD group, 
change from benign to malignancy was noted in 26 cases 
(30.2% among UD cases, 8.9% of overall cases); among them, 
change from high-grade dysplasia to well-differentiated ad-
enocarcinoma was most common (n=10, 38.5%). In the OD 

Table 1. Baseline Characteristics of Patients and Polyps

Characteristic Value (n=210)

Sex (male:female) 143:67 (2.14:1)

Age (yr) 60.23±10.22

BMI (kg/m2) 23.36±3.03

Comorbidities 71 (33.8)

   Hypertension 56 (26.6)

   Diabetes mellitus 27 (12.8)

   History of colon operation 7 (3.3)

Time interval between EFB and ER (day) 34.45±15.73

Location of polyp (right/left) 137 (47.2)/153 (52.8)

   Cecum 21 (7.2)

   Ascending colon 83 (28.6)

   Transverse colon 33 (11.4)

   Descending colon 12 (4.1)

   Sigmoid colon 87 (30.0)

   Rectum 54 (18.6)

Size of polyp (mm) 17.83±9.47

Morphology of polyp

   Protruding typea 158 (54.5)

   Flat typeb 132 (45.5)

      Lateral spreading tumorc 96 (33.1)

         Homogenous granular 31 (32.3)

         Mixed nodular 22 (22.9)

         Flat elevated 32 (33.3)

         Pseudodepressed 11 (11.5)

ER method

   Simple polypectomy 3 (1.0)

   EMR 269 (92.8)

   EMR with precutting method 10 (3.4)

   Endoscopic submucosal dissection 8 (2.8)

Values are presented as mean±SD or number (%).
aParis classification type I. 
bParis classification type II. 
cFlat morphology larger than 10 mm in diameter.
EFB, endoscopic forceps biopsy; ER, endoscopic resection; EMR, 
endoscopic mucosal resection.

Table 2. Change in Histologic Results between Endoscopic Forceps 
Biopsy and Resected Specimens

Histologic results n=290

Discordant rate 137 (47.2)

Under-diagnosis 86 (67.2)

   Benign → malignancy 26

   Low grade dysplasia → high grade dysplasia 22

   Change to more villous component group 27

   Nonneoplastic polyp → neoplastic polyp 11

Over-diagnosis 42 (32.8)

   Adenocarcinoma → high grade dysplasia 1

   High grade dysplasia → low grade dysplasia 14

   Change to less villous component group 19

   Neoplastic polyp → nonneoplastic polyp  8

Values are presented as number (%).
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group, a single case of change from malignancy to benign 
was noted. In this case, an 18 mm polyp was found and clas-
sified as well-differentiated adenocarcinoma in situ by EFB. 
At the time of ER, the polyp size was decreased to approxi-
mately 12 mm, and the resected specimen revealed tubular 
adenoma with high-grade dysplasia. When we retrospec-
tively reviewed the EFB specimen of this case at our hospital 
after complete resection, it came out as well-differentiated 
adenocarcinoma again. 

2. Factors Associated with HD, UD and OD 

The univariate analysis of clinicopathological characteris-
tics of the HD group and UD group showed that larger (>10 
mm) polyp size (HD, P<0.001; UD, P<0.001) and polyp loca-
tion at the transverse colon (HD, P=0.001; UD, P=0.040) were 
significantly associated with both HD and UD (Table 4). Pol-
yps located at transverse colon showed a significantly low 

risk of HD (OR, 0.263; 95% CI, 0.110–0.628; P=0.001) and UD 
(OR, 0.368; 95% CI, 0.137–0.989; P =0.040), and when com-
paring rectum with transverse colon, polyps at rectum had 
approximately 5 times greater risk of HD (OR, 5.006; 95% 
CI, 1.853–13.532; P =0.001). However, when the polyp loca-
tion was categorized into right and left colon divided by the 
splenic flexure, there was no significant association with HD 
and UD (HD: OR, 1.375; 95% CI, 0.86–2.18; P=0.178 and UD: 
OR, 1.413; 95% CI, 0.84–2.32; P =0.186). Polyp morphology 
whether protruding or flat was not significantly associated 
with HD (P =0.206) or UD (P =0.244). If LST was excluded 
among the flat subtypes, protruding morphology had an 
increasing tendency for both HD (OR, 4.249; 95% CI, 1.758–
10.268; P=0.001) and UD (OR, 3.913; 95% CI, 1.310–11.690; 
P=0.010) compared with flat morphology.

Gender, age, BMI, or time interval between EFB and ER 
were not significant predictors of HD or UD. On multivariate 
analysis, size >10 mm was the only independent predictor of 

Table 3. Characteristics of Patients and Polyps in the Under-Diagnosis Group

Characteristic Under-diagnosis Rest of others P-value

Patients

   Sex (male:female) 54:32 127:68 0.706

   Age (yr) 61.17±10.38 60.10±10.22 0.421

   BMI (kg/m2) 21.93±3.24 24.14±13.74 0.853

   Comorbidities (%) 25 (29.1) 46 (37.1) 0.227

   Mean interval between initial colonoscopy and ER (day) 30.96±25.67 32.65±322.48 0.670

Polyps

   Location of polyp (right/left) 35 (40.7)/51 (59.3) 96 (49.2)/99 (50.8) 0.186

      Cecum 5 (5.8) 15 (7.7) 0.573

      Ascending colon 25 (29.1)  53 (27.2) 0.744

      Transverse colon 5 (5.8)  28 (14.4) 0.040

      Descending colon 1 (1.2) 11 (5.6) 0.113

      Sigmoid colon 32 (37.2)  55 (28.2) 0.132

      Rectum 18 (20.9) 33 (16.9) 0.422

   Size of polyp (mm) 22.15±9.42 16.21±8.99 <0.001

   Morphology of polyp

      Protruding type/flat type 51 (59.3)/35 (40.7) 101 (51.8)/94 (48.2) 0.244

   Lateral spreading tumor 31 (36.0)  63 (32.3) 0.540

      Homogenous granular type  7 (22.6)  22 (34.9)

      Mixed nodular type 10 (32.3) 12 (19.0)

      Flat elevated type 10 (32.3) 22 (34.9)

      Pseudodepressed type 4 (12.8) 7 (11.2)

Values are presented as mean±SD or number (%).
ER, endoscopic resection.
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both HD (OR, 4.852; 95% CI, 2.615–9.002; P<0.001) and UD 
(OR, 5.102; 95% CI, 2.421–10.752; P<0.001) (Table 5).

In a subgroup analysis of polyp morphology according 
to polyp size >10 mm or ≤10 mm, polyp morphology was 
not a significant risk factor for HD in both circumstances. 
Although LST itself was not significantly associated with HD 
(P=0.245) or UD (P=0.540), each of the 4 subtypes were com-
pared within LST. Among the 4 LST subtypes, mixed nodular 
type was significantly associated with HD (OR, 5.906; 95% 
CI, 1.820–19.163; P =0.001). However, none of the LST sub-
types were significantly associated with UD (Table 6).

In the subgroup analysis of predictive factors of change 
from benign to malignancy (n=26), which is clinically the 
most significant pitfall, size was the most important predic-
tive factor. The mean size of such cases was 23.42±8.33 mm, 
while the mean size of the rest was 17.47±9.74 mm (P<0.001). 
In addition, polyps located in the left colon had a higher ten-

dency to eventually be identified as malignancy (OR, 2.571; 
95% CI, 1.044–6.329; P =0.035). On the other hand, polyp 
morphology was not significantly associated with change 
from benign to malignancy (P=0.539).

In comparison between OD group and the rest of others, 
size again revealed to be a significant predictor of OD (OD 
group 23.9±10.4 mm, the rest of others 17.4±9.2 mm, P<0.001; 
size >10 mm, P=0.025). However, rest of other factors includ-
ing polyp location or morphology were not significantly as-
sociated with OD. In subgroup analysis in OD group, such as 
comparison between cases that were changed from neoplas-
tic polyp to nonneoplastic lesion versus rest of others, none 
of the factors were significantly related. In subgroup analysis 
of cases that were changed from advanced adenoma to non-
advanced adenoma, significant factors were not found again. 

Table 4. Factors Associated with Histologic Discrepancy and Under-Diagnosis by Univariate Analysis 

Characteristic
Histologic discordancy Under-diagnosis

Adjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value

Sex 1.632 (0.923–2.712) 0.058 1.106 (0.653–1.876) 0.706

Age (yr) 1.003 (0.981–1.026) 0.772 1.008 (0.985–1.032) 0.492

BMI (kg/m2) 1.002 (0.971–1.011) 0.320 1.005 (0.912–1.055) 0.562

Interval between EFB and ER (day) 0.998 (0.991–1.006) 0.661 0.997 (0.989–1.005) 0.453

Location of polyp

   Cecum 0.826 (0.337–2.026) 0.676 0.741 (0.260–2.107) 0.573

   Ascending colon 1.292 (0.776–2.152) 0.324 1.098 (0.626–1.927) 0.744

   Transverse colon 0.263 (0.110–0.628) 0.001 0.368 (0.137–0.989) 0.040

   Descending colon 0.358 (0.095–1.351) 0.115 0.197 (0.025–1.549) 0.113

   Sigmoid colon 1.210 (0.732–2.001) 0.457 1.508 (0.882–2.581) 0.132

   Rectum 1.653 (0.910–3.004) 0.097 1.299 (0.685–2.465) 0.422

Size >10 mm 3.386 (1.963–5.840) <0.001 3.904 (1.945–7.836) <0.001

Polyp morphology

   Protruding vs. flat 1.350 (0.848–2.148) 0.206 1.356 (0.811–2.267) 0.244

EFB, endoscopic forceps biopsy; ER, endoscopic resection.

Table 5. Risk Factors of Histologic Discrepancy and Under-Diagnosis by Multivariate Analysis

Risk factor
Histologic discordancy Under-diagnosis

Adjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value

Size >10 mm 4.852 (2.615–9.002) <0.001 5.102 (2.421–10.752) <0.001

Locate at transverse colon 0.451 (0.111–1.833) 0.266 0.963 (0.231–4.016) 0.959

Protruding type vs. flat typea 1.839 (0.686–4.934) 0.226 1.543 (0.443–5.376) 0.496
aFlat type excluding lateral spreading tumor.
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DISCUSSION

Polyps are generally classified as neoplastic or nonneo-
plastic polyps.20 Neoplastic polyps are adenomas which are 
benign epithelial tumors with variable malignant potential.21 
The adenoma-carcinoma sequence is widely accepted, and 
it is known that more than 95% of CRC originate from ade-
nomas.22 Inherited CRC syndromes such as familial polypo-
sis and hereditary nonpolyposis CRC support such evidence 
and recent findings on ras gene mutation and chromosomal 
deletions additionally provide biological evidence of the 
adenoma-carcinoma sequence.3

In recent years, changes in the dietary lifestyle in the Ko-
rean population along with nationwide conducted cancer 
screening programs led to an increase in the prevalence of 
colorectal polyp and malignancy.23,24 Complete removal of 
adenomatous polyps is by far the most effective method to 
reduce the risk of CRC occurrence and subsequent cancer-
related death.25 However, complete polypectomy is not al-
ways attainable in actual clinical practice for several reasons. 
Possible complications of ER, such as bleeding,2 perforation, 
and postpolypectomy electrocoagulation syndrome, makes 
prompt total excision of colorectal polyp difficult, especially 
in primary medical institutions. Moreover, patients with 
coagulation disorders such as non-compensating cirrhosis 
or patients taking antiplatelet drugs or anticoagulants at the 
time of initial colonoscopy are not suitable candidates for 
one-step total excision of colorectal polyp. In such cases, EFB 
of the lesion followed by planned ER is usually performed. 

However, indiscriminate EFB prior to polypectomy may 
lead to submucosal fibrosis and non-lifting of lesions,6 which 
makes the complete excision of the lesion more difficult. 
Therefore, careful biopsy for accurate histology with minimal 
effect on the procedure is critical. We performed this study to 
evaluate the value of EFB in accurately reflecting the actual 
nature of the totally resected colorectal polyp specimen, and 
to analyze the risk factors of HD, especially UD which is the 
most important pressing issue in clinical practice.

There have been several studies8-13 on HD between EFB 
and ER specimens in gastric neoplasm, with the HD rate 
ranging from 10% to approximately 50%. In previously pub-
lished reports of the stomach, significant predictors of HD 
include larger lesion size, depressed morphology, surface 
nodularity, presence of ulcer or ulcer scars within the lesion, 
or presence of erythema. However, the results are widely 
conflicting, thus complete histologic investigation of the ER 
specimen is essential for developing an optimal manage-
ment plan.

Few studies have been conducted regarding HD between 
EFB and ER specimens in colon neoplasm, reporting a vari-
able rate ranging between 10% and 40%.14-18 Pugliese et al.17 
published a study of 59 colorectal polyps which underwent 
repetitive EFB before ER, and reported that small polyps 
(n=41) had 88% agreement between the histologic result of 
the EFB and ER specimen, but in large polyps (n=18), only 
28% agreement was noted. Gondal et al.14 presented a histo-
logic comparison of 532 colorectal polyps detected by flex-
ible sigmoidoscopy screening that subsequently underwent 

Table 6. Subgroup Analysis of Risk Factors according to Polyp Morphology

Polyp morphology
Histologic discordancy Under-diagnosis

Adjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value

Protruding (n=158) vs. flat (n=132) 1.350 (0.848–2.148) 0.206 1.356 (0.811–2.267) 0.244

   Protruding (n=158) vs. flat (except LST, n=36) 4.249 (1.758–10.268) 0.001 3.913 (1.310–11.690) 0.010

   Protruding (n=158) vs. LST (n=96) 0.976 (0.589–1.618) 0.925 0.969 (0.562–1.671) 0.909

Size ≤10 mm 

   Protruding (n=55) vs. flat (n=36) 1.983 (0.695–5.659) 0.196 0.887 (0.254–3.300) 1.000

Size >10 mm

   Protruding (n=103) vs. LST (n=96) 1.583 (0.899–2.787) 0.110 1.594 (0.890–2.849) 0.116

Lateral spreading tumors (n=96) 1.337 (0.823–2.186) 0.245 1.181 (0.693–2.012) 0.540

   Homogenous granular (n=31) 0.804 (0.341–1.893) 0.617 0.544 (0.202–1.461) 0.223

   Mixed nodular (n=22) 5.906 (1.820–19.163) 0.001 2.204 (0.759–5.398) 0.155

   Flat elevated (n=32) 0.499 (0.211–1.183) 0.112 0.887 (0.356–2.214) 0.798

   Pseudodepressed (n=11) 0.484 (0.132–1.778) 0.267 1.185 (0.319–4.399) 0.799

LST, lateral spreading tumor.
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colonoscopy for complete polypectomy. The HD and UD 
rate was about 10% and 7% respectively, and the diameter 
of the polyp was positively associated with an increased risk 
of UD at the time of EFB. In a similar study in Korea by Song 
et al.,26 a histological investigation of 206 colorectal polyps 
in 137 patients was performed, and the HD rate was found 
to be 18.4%. Polyps >16 mm irrespective of morphology and 
polyps ≤10 mm with pedunculated morphology were more 
likely to be histologically discordant. On the other hand, 
most of the other studies failed to demonstrate significant 
predictors of HD.8,15,16

In our study, the HD and UD rates were 47.2% and 29.7%, 
respectively. These rates are relatively higher than those re-
ported in previous studies. The difference may be attributed 
to the nature of tertiary university medical center, as most of 
the cases in the present study were referred cases of relative-
ly large sized polyps that could not be easily polypectomized 
in other hospitals.

Polyp size >10 mm was a significant predictor of both HD 
and UD in the present study. In terms of polyp morphology, 
protruding or flat subtype was not significantly relevant. 
However, among LST subtypes, mixed nodular type showed 
an increasing tendency for HD when compared with other 
subtypes. It is a reasonable assumption that as the size of the 
polyp increases, the possibility of histopathological hetero-
geneity also increases, which explains why the findings of 
EFB of larger polyps and those of totally resected specimens 
tend to be discordant and malignant lesions could be under-
diagnosed. Similarly, assuming the size is the same, protrud-
ing lesions have a larger volume of tissue when compared 
to flat subtypes, which may lead to HD by EFB. Considering 
that the main aim is to obtain a smaller biopsy specimen 
with highly accurate histologic diagnosis, biopsy should 
be performed carefully at the nodular portion so as not to 
miss the possibility of malignancy. Our study provides clear 
evidence of a relationship between polyp size and HD, and 
draw a conclusion that the polyp size is the single most im-
portant predictive factor of both HD and UD.

Interestingly, our study showed that polyp size was also 
associated with OD by EFB. It is well known that the distri-
bution of histopathological features is not uniform in single 
adenoma.27 This may explain the case of OD as well as UD, 
as small foci of well differentiated adenocarcinoma may be 
removed by cold biopsy, leaving the bulk of the lesion with 
less severe histological features in totally resected speci-
mens, as in the single case of OD observed in our study. In 
this case, we retrospectively reviewed the EFB specimen in 
our hospital again and the same pathologic assessment was 

made. In some respects, we can assume that OD cases are 
those that were relatively well-biopsied at critical portion 
within a polyp, especially in large polyp that has higher pos-
sibility of histopathological heterogeneity. 

The present study has some limitations due to the ret-
rospective nature of the study. We could only review the 
pathology reports from each local medical institutions, not 
the pathology specimens themselves. Since the pathologic 
assessment of EFB and ER specimens was made by differ-
ent pathologists, it inevitably resulted in inter-observer vari-
ability. Assessing the degree of dysplasia of an adenoma as 
low or high is substantially subjective. There is no absolute 
definition of “high-grade” dysplasia. The same applies to as-
sessing tubulovillous or villous adenoma as well as differen-
tiation of adenocarcinoma. A study by Gondal et al.14 found 
that inter-pathologist variation is an independent predictor 
of HD between EFB and ER specimens, along with the polyp 
size. In our study, in only 5 cases, both EFB and ER were 
performed in our hospital, while in the rest of the cases, the 
patients were transferred from local medical centers after 
EFB and then underwent polypectomy in our hospital. This 
was associated with the nature of referral hospitals. Because 
of the enormous difference in the number of cases that un-
derwent both procedures in our hospital and one procedure 
(5 vs. 285, respectively), we could not include inter-observer 
variation as a statistical variable, although this might be a 
potential confounding factor that may affect the frequency 
of HD. However on the other side, in actual clinical practice, 
most patients come to tertiary hospital with just the pathol-
ogy report, not with pathology specimen. We believe that 
our result may reflect the actual clinical situation in referral 
hospitals.

Besides, due to such nature of referral hospital, there might 
be a referral bias. Not all colorectal polyps found in the clini-
cal settings are needed to be referred to tertiary hospital. 
Thus, the results of our study cannot be generalized to all 
colorectal polyps. Also, since each EFB were performed at 
different medical centers in retrospective setting, we could 
not standardize biopsy protocol. Among cases that were 
stated with specific number of EFB performed (198 cases 
out of 290 polyps), most of the EFB (96.5%) were performed 
only once per polyp. However, the number of biopsy and the 
optimal location of biopsy within a polyp was not perfectly 
controlled. Thus, the absence of standardized biopsy proto-
col may have affect the rate of HD.

Despite these limitations, however, our study is the first 
to evaluate the rate of HD based on fully examined colo-
noscopic findings, and further analyze the risk factors of 
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HD, UD and OD in a relatively larger number of subjects 
compared with those included in previous reports. HD was 
noted in 47.2% of colorectal neoplasm, and about 29.7% of 
polyps were underestimated and 14.5% of polyps were over-
estimated by EFB prior to complete polypectomy. Polyp size 
>10 mm was the single most important predictive factor for 
HD, UD or OD. Careful biopsy for an accurate histological 
diagnosis before the procedure and choosing the optimal 
treatment strategy for complete resection of colorectal neo-
plasm is warranted, especially when the size of the polyp is 
>10 mm. 
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