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Background/Aims: The rate of nonneoplastic pathology 
(NNP) after endoscopic resection (ER) of gastric epithelial 
neoplasia (GEN) has been reported to be 3%–7%. However, 
to date, the associations of pretreatment characteristics 
with NNP have not been identified. The aim of this study was 
to develop a predictive model for NNP after ER. Methods: 
Among 817 patients who underwent ER for GEN, factors 
associated with NNP were identified by univariate and mul-
tivariate analyses. Weighted points considering the β coef-
ficient were allocated to each variable that was significant in 
the multivariate analysis. The predictive score was calculated 
by the total points. The area under the receiver operating 
characteristic curve (AUROC) was calculated for the predic-
tive score. Results: The rate of NNP was 8.8%. After multi-
variate analysis, poor demarcation from the background, no 
ulceration, a flat appearance, and low-grade dysplasia were 
significant factors predictive of NNP. One point each was allo-
cated for no ulcer, flat appearance, and low-grade dysplasia. 
Two points were allocated for poor demarcation from the 
background. The predictive score ranged from 0 to 5 points. 
Patients were categorized as being at low risk (0, 1, or 2 
points) or high risk (3, 4, or 5 points) for NNP. The AUROC 
was 0.82 (95% confidence interval, 0.77 to 0.88; p<0.01). 
With a cutoff value of 2.5, the sensitivity and specificity of the 
score for predicting NNP were 0.72 and 0.84, respectively. 
Conclusions: We developed a model to predict NNP after 
ER. Endoscopic re-biopsy or re-evaluation by pathologists 
is strongly recommended for the high-risk group. (Gut Liver 
2020;14:199-206)
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INTRODUCTION

Endoscopic resection (ER) including endoscopic mucosal re-
section (EMR) and endoscopic submucosal dissection (ESD) is 
now considered as a standard method for the treatment of gas-
tric epithelial neoplasia (GEN).1,2 Endoscopists often encounter 
nonneoplastic pathology (NNP) results after ER. The incidence 
of NNP results has been reported as 3% to 7%.3,4 Complete re-
moval of tumor by forceps biopsy, mistargeting during ER, or 
overdiagnosis by pathologists have been suggested as main rea-
sons of NNP results.5

Forceps biopsy cannot represent histology of the entire tu-
mor, which contributes to discordance between the histology 
result of forceps biopsy and resected specimen. Although atro-
phic gastritis and intestinal metaplasia are risk factors for GEN, 
inflammatory changes of background gastric mucosa contribute 
to mistargeting of tumor and overdiagnosis. In Korea, where 
prevalence of gastric cancer is high, the rate of discordance was 
reported up to 40%.6-8

Previous studies suggested that small tumor size and low 
sampling ratios were risk factors for NNP results after ER.9,10 
However, there is no definite criteria for small tumor size. Low 
sampling ratio, defined as estimated length of tumor divided by 
number of biopsy fragment, is not easy to calculate. Therefore, 
low sampling ratio is not commonly used in routine clinical 
practice. These previous studies are not helpful to reduce the in-
cidence of NNP results. Unnecessary procedure is related to pa-
tient’s inconvenience and increases medical costs. To date, there 
was no predictive model for NNP results. The aim of this study 
was to develop a new predictive model for NNP results after ER.
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MATERIALS AND METHODS

1. Study population

We retrospectively reviewed the medical records of our pa-
tients who underwent ER for GEN or suspicious GEN between 
2013 and 2016 at Incheon St. Mary’s Hospital, a tertiary refer-
ral center, Korea. Patients who underwent ER for hyperplastic 
polyp were not eligible for inclusion. GEN was defined as gas-
tric adenocarcinoma limited in mucosal or submucosal layer 
and/or dysplasia limited in mucosal layer. Exclusion criteria 
were as follows: (1) history of prior gastrectomy; (2) ER for the 
treatment of GEN previously; (3) ablation therapy before ER; (4) 
familial adenomatous polyposis; (5) specimen loss after ER; and 
(6) incomplete medical records. NNP results were defined as no 
GEN in resected specimen histologically (revised Vienna classi-
fication category 1 and category 2).11 Clinicopathologic charac-
teristics in terms of age, sex, forceps biopsy pathology, resection 
method, histologic findings on resected specimen, and tumor lo-
cation were analyzed. Helicobacter pylori status was checked by 
histology or rapid urease test (Shinsung Pharm Co. Ltd., Seoul, 
Korea). When gastroscopy with forceps biopsy and pathologic 
evaluation was performed outside of our hospital, they were de-
fined as referred specimen. This study protocol was approved by 
the Institute Review Board of Incheon St. Mary’s Hospital, the 
Catholic University of Korea (IRB number: XC17RADI0071).

2. Endoscopic assessment and resection

ER was done by six board certified endoscopists. Before 
treatment, screening gastroscopy with or without endoscopic 
ultrasound to confirm tumor existence and to look for the ad-
ditional gastric neoplasia was done under physician’s discretion. 
Abdominal computed tomography was done in case of gastric 
cancer. The tumor location was classified into three groups: 

the upper, middle, and lower third. Color and gross appearance 
of the tumor were recorded.12 Endoscopic ulcer included ulcer 
(mucosal defect with a definite crater), erosion (superficial defect 
without a crater), and ulcer scar with converging folds.5,13,14 De-
marcation or delineation from background gastric mucosa was 
assessed as good or poor. Good demarcation was defined when 
any of the followings were met: presence of a demarcation 
line and color change of tumor compared to background mu-
cosa.15,16 Atrophic gastritis was described according to Kimura-
Takemoto classification.17 Intestinal metaplasia was determined 
as the presence of whitish or erythematous nodular lesions and/
or presence of blue light crest on narrow band imaging.18,19 Re-
section method was chosen considering tumor location, forceps 
biopsy pathology, and size. ER was done using endoscope GIF-
H260 or H290 (Olympus, Tokyo, Japan). Before ER, narrow 
band imaging and chromoendoscopy using indigo carmine were 
done for determine the tumor margin. Resection margin was 
set with securing 1–2 mm of safety margin. EMR was done us-
ing snares (Olympus) and ESD was performed using hook knife, 
dual knife or insulated tip knife (Olympus). The size and area of 
the resected specimen were recorded. Resected specimen area 
was calculated as follows: long diameter×short diameter×π/ 4. 
Curative resection was defined when all of the followings met: (1) 
en bloc resection; (2) no vertical and/or lateral margin involve-
ment; (3) no lymphovascular invasion; and (4) within expanded 
criteria for early gastric cancer.20 

3. Histologic assessment

Tumor size, depth of invasion, histologic grade, tumor differ-
entiation, the presence of lymphovascular invasion, and resec-
tion margin involvement were assessed by three pathologists. 
In case of NNP, it was consulted to another pathologist. NNP 
was finally diagnosed at least two among three pathologists 

933 Endoscopic resection of early
gastric neoplasia from 2004 to 2012

116 Exclusion
4 Prior gastrectomy

39 Previous endoscopic resection of early gastric neoplasia
69 Ablation therapy before endoscopic resection
1 Familial adenomatous polyposis
1 Specimen loss
2 Incomplete medical records

817 Included subjects

72 Nonneoplastic pathology 745 Neoplastic pathology

Fig. 1. Flow diagram for this study.
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agreed. To investigate the cause of NNP, histology of forceps 
biopsy specimen and resected specimen were re-evaluated. To 
investigate the interobserver variability of forceps biopsy results, 
forceps biopsy of GENs was reviewed by another pathologist. 
Forceps biopsy sample was selected from NNP and neoplastic 
pathology group at 1:1 ratio.

4. Development of predictive model for NNP

To establish a clinical risk score for predicting NNP, we as-
signed weighted points proportional to β regression coefficient 
values for the factors determined in the multivariate analysis 
after initial ER. Total predictive score was the sum of each 
point. The rate of NNP at each predictive point was investigated. 
The area under the receiver operating characteristic curve (AU-
ROC) was calculated for predictive score with 95% confidence 
intervals (CI). Two authors (T.G.G. and B.W.K.) independently 
reviewed the key factors of endoscopic images which was sig-
nificant in the multivariate analysis. Interobserver agreement 
was investigated.

5. Statistical analysis

Clinicopathologic characteristics were compared between the 
patients with or without NNP after ER. Univariate analysis was 
done to establish factors associated with NNP. For this analysis, 
we used the student t-test for continuous variables and the chi-
square test or Fisher exact test for categorical variables. Multi-
variate analysis using logistic regression analysis was done with 
factors which were significant in the univariate analysis. Odds 
ratios and 95% CI were calculated in the multivariate analysis. 
Cutoff point for NNP was selected using the Youden’s index.21 
All statistical analyses were performed using SAS software (SAS 
Institute, Cary, NC, USA). A p-value less than 0.05 was consid-
ered statistically significant. 

RESULTS

1. Univariate analysis

Nine hundred and thirty-three patients underwent ER for 962 
lesions during the study period. Of these, 116 patients were ex-
cluded for the following reasons: prior gastrectomy (n=4); prior 
ER (n=39); ablation therapy before ER (n=69); familial adeno-
matous polyposis (n=1); specimen loss (n=1) and; incomplete 
medical records (n=2). After exclusion, 817 patients (850 le-
sions) were finally included in this study (Fig. 1). Initially, 27 of 
817 patients (3.3%) received 2 or more ER for multiple GEN. At 
initial ER, 72 lesions were identified as NNP in 72 patients. The 
rate of NNP was 8.8% per patient (72/817) and 8.5% per lesion 
(72/850), respectively. In patients with multiple GEN, single le-
sion was included: (1) more advanced lesion or (2) larger tumor 
size measured by histologic evaluation of resected specimen 
in case that the histologic grade was same. The clinicopatho-
logic characteristics, which were obtained before ER, of the two 

groups are shown in Table 1. Age, male sex, percentage of pa-
tients who were referred from community hospital, tumor loca-
tion, and status of H. pylori infection did not differ between the 
two groups. Type of atrophic gastritis, the proportion of intesti-
nal metaplasia, result of forceps biopsy pathology, macroscopic 
type and color of tumor differed between the two groups. Only 
two patients whose forceps biopsy was cancer showed NNP 
(1.1%). Poor demarcation was higher in the NNP group (44.4% 
vs 5.5%, p<0.01). Ulcer was less frequent in the NNP group (8.3% 
vs 36.6%, p<0.01). Estimated tumor size before resection was 
smaller in the NNP group (17.3 mm vs 21.3 mm, p<0.01).

Table 1. Clinicopathological Characteristics of the Patients

Characteristic
Nonneoplastic 

pathology
(n=72)

Neoplastic 
pathology
(n=745)

p-value

Age, yr 64.3±9.8 65.1±9.5 0.54

Male sex 41 (56.9) 500 (67.1) 0.08

Referred patients 54 (75.0) 523 (70.2) 0.39

Atrophy <0.01

   Closed 38 (52.8) 246 (33.0)

   Open   32 (44.4) 482 (64.7)

   None 2 (2.8) 17 (2.3)

Intestinal metaplasia 52 (72.2) 626 (84.0)  0.01

Pathology before resection <0.01

   Cancer 2 (2.8) 187 (25.1)

   High grade dysplasia 5 (6.9) 116 (15.6)

   Low grade dysplasia 62 (86.1) 394 (52.9)

   Atypia 3 (4.2) 48 (6.4)

Tumor location 0.09

   Upper 2 (2.8) 19 (2.6)

   Middle 11 (15.3) 202 (27.1)

   Lower 59 (81.9) 524 (70.3)

Macroscopic type <0.01

   Flat 54 (75.0) 268 (36.0)

   Elevated 14 (19.4) 343 (46.0)

   Depressed 4 (5.6) 134 (18.0)

Color of tumor <0.01

   Red 29 (40.3) 457 (61.3)

   White or yellow 43 (59.7) 288 (38.7)

Demarcation <0.01

   Well 40 (55.6) 704 (94.5)

   Poor 32 (44.4) 41 (5.5)

Ulcer or ulcer scar 6 (8.3) 273 (36.6) <0.01

Estimated tumor size, mm 17.3±17.3 21.3±10.7 <0.01

Helicobacter pylori* 24/66 (36.4) 307/702 (43.7) 0.25

Data are presented as mean±SD or number (%).
*Some data were missing.
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2. Predictive model for NNP

Table 2 shows the results of multivariate analysis. Poor de-
marcation, no ulcer, flat appearance, and low-grade dysplasia 
were significantly associated with NNP. Variables included one 
forceps biopsy result and three endoscopic characteristics. En-
doscopic characteristics associated with NNP are shown in Fig. 
2. Considering β coefficient, one point was allocated in non-
presence of ulcer, flat appearance, and low-grade dysplasia. Two 
points were allocated in poor demarcation. Kappa (κ) value for 
endoscopic findings was as follows: ulcer, 0.56; flat appearance, 
0.69; poor demarcation, 0.71. Predictive score ranged from 0 to 
5. Percentage of NNP in each point was as follow: point 0, 0.7% 
(1/138); point 1, 3.2% (6/186); point 2, 4.1% (13/319); point 3, 
20.3% (22/108); point 4, 30.0% (6/20); point 5, 52.2% (24/46). 
AUROC of the predictive score was 0.82 (p<0.01; 95% CI, 0.77 
to 0.88) (Fig. 3). When adopting the cutoff point of 2.5, the sen-
sitivity and specificity of the predictive score was 0.72 and 0.84, 
respectively. Patients were categorized as low-risk group (points 
0–2: 3.1%, 20/643) or high-risk group (point 3–5: 33.8%, 
52/174) for NNP.

3. Outcome of ER for GEN

Comparison of ER between the patients who showed NNP or 
not was shown in Table 3. Patients who showed NNP received 
more EMR than patients with neoplastic pathology (40.3% vs 
22.6%, p<0.01). Long diameter and area of resected specimen 
in the neoplastic pathology group was bigger than in the NNP 
group (30.4±10.9 mm vs 37.1±13.9 mm, p<0.01; 632.4±410.8 
mm2 vs 939.4±632.4 mm2, p<0.01, respectively).

When comparing the resection methods, NNP was higher 
in patients who underwent EMR than ESD (14.7% vs 6.9%, 
p<0.01) (Table 4). Advanced histology including cancer and 
high-grade dysplasia was less common in EMR group than in 
ESD group (18.3% vs 44.2%, p<0.01). Long diameter and area 
of resected specimen were smaller in EMR group than in ESD 
group (27.4±11.3 mm vs 39.4±13.2 mm, p<0.01; 528.6±444.0 
mm2 vs 1,034.6±786.3 mm2, p<0.01, respectively). Predictive 
score for NNP was higher in EMR group than in ESD group (2.4 
vs 1.6, p=0.04). 

4. Results of interobserver variability for forceps biopsy

A total of 144 lesions of forceps biopsy were reviewed by dif-
ferent pathologists. The κ-value for all forceps biopsy specimens 
was 0.51. The κ-value for NNP and neoplastic pathology group 

Table 2. Multivariate Analysis of Factors Associated with Nonneoplastic Pathology 

Characteristic OR 95% CI p-value β Regression coefficient Point

Atrophy

   Open 0.57 0.31–1.09 0.07 –0.54

   Others 1 Reference

Intestinal metaplasia

   Presence 0.47 0.31–1.15 0.18 –0.47

   None 1 Reference

Pathology before resection

   Low grade dysplasia 3.59 1.70–7.55 <0.01 1.25 1

   Others 1 Reference

Macroscopic type

   Flat 3.32 1.75–6.20 <0.01 1.18 1

   Others 1 Reference

Color of tumor

   White or yellow 1.37 0.69–2.43 0.32 0.31

   Red 1 Reference

Demarcation

   Poor 5.21 2.79–10.75 <0.01 1.75 2

   Good 1 Reference

Ulcer 

   None 2.91 1.08–7.10 0.02 1.08 1

   Presence 1 Reference

Estimated tumor size 0.98 0.15 –0.02

OR, odds ratio; CI, confidence interval.
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was 0.29, 0.56, respectively. The κ-value between commu-
nity pathologists and pathologists at our center was 0.41. The 

κ-value among pathologists at our center was 0.62 

5. Analysis of NNP results

Reasons of NNP results were as follows: complete removal 
(n=30); overdiagnosis (n=41); and mistargeting (n=1). In the 
NNP, patients whose tumor was completely removed had 
smaller diameter of resected specimen (25.1 mm vs 34.2 mm, 
p<0.01). Mistargeted GEN, which was found near ESD scar of 
initial resection, was treated after 3 months of initial ER. 

6. Follow-up after ER

In the neoplastic pathology group, 708 patients were indicat-
ed for follow up after exclusion of 37 patients who underwent 
surgery or transferred to another hospital. Percentage of patients 
who underwent follow up gastroscopy more than once was 
81.9% (59/72) in the NNP group and 88.3% (625/708) in the 
neoplastic pathology group, respectively. Secondary neoplasia, 
defined as gastric adenoma or cancer detected at the follow up 
gastroscopy,22 was found in 49 patients; NNP group, 6.8% (4/59), 
versus neoplastic pathology group, 7.2% (45/625), respectively. 

Fig. 2. Endoscopic characteristics associated with nonneoplastic pathology compared with endoscopic characteristics associated with neoplastic 
pathology. (A) A flat, nonulcerated lesion with poor demarcation from the background mucosa. Predictive score was 5 (flat appearance, lack of 
ulcer, low grade dysplasia at forceps biopsy, 1 point each; poor demarcation, 2 points). Neoplastic focus was not detected in the resected speci-
men (dotted line: neoplasm identified by endoscopist). (B) A 1.0-cm wide elevated tumor with good demarcation. Histologic result was low grade 
dysplasia after endoscopic submucosal dissection (ESD). Predictive score was 2 (lack of ulcer, low grade dysplasia at forceps biopsy, 1 point each). 
(C) A 1.0-cm wide IIa+IIc lesion with ulceration. Forceps biopsy histology and ESD specimen revealed high-grade dysplasia. Predictive score was 0. 
(D) A 3.0-cm wide flat nodular lesion with good demarcation from the background mucosa. Forceps biopsy histology and ESD specimen revealed 
low-grade dysplasia (arrows: border of neoplasm measured by endoscopist). Predictive score was 3 (flat appearance, lack of ulcer, low-grade dys-
plasia revealed by forceps biopsy, 1 point each). 

Fig. 3. Receiver operating characteristic curve for the predictive 
model.
AUROC, area under the receiver operating characteristic curve; CI, 
confidence interval.
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In the NNP group, secondary neoplasia was detected at a dif-
ferent location from initial ER. The reasons of NNP results were 
complete removal (n=2) and overdiagnosis (n=2). Three patients 
in the neoplastic pathology group received surgery for the treat-
ment of secondary neoplasia. Remaining 46 patients in both 
groups underwent ER for the treatment of secondary neoplasia.

DISCUSSION

In the current study, we developed a predictive model for 
NNP results. The predictive model is easy to use and all the 
variables can be obtained before ER. Low grade dysplasia, flat 
appearance of tumor, no ulcer, and poor demarcation were 
significant factors after multivariate analysis. The AUROC of 

the predictive model was 0.82, which showed good accuracy in 
predicting NNP results. 

The rate of NNP was 8.8% in this study, which was compa-
rable with the results of previous studies.5,8,10-12 Several studies 
investigated reasons of NNP results.5,9,10 However, physicians 
cannot reduce the incidence of NNP with the results of previ-
ous studies. Therefore, it is more rational to develop a predictive 
model for NNP in clinical practice. There has been no report 
which identified predictive factors associated with NNP to date. 
The predictive model includes only four variables (3 endoscopic 
characteristics and forceps biopsy pathology) and score ranges 
0–5 points. One point was assigned to low grade dysplasia, 
flat appearance, no ulcer and two points were assigned to poor 
demarcation. The κ-value for ulcer, flat appearance, and poor 
demarcation was 0.56, 0.69, and 0.71, respectively. Strength of 
interobserver agreement was moderate to good. Rate of NNP 
increased up to 52% with the increase of the score. AUROC was 
0.82, which indicates high accuracy of this novel predictive 
model. With the cutoff value of 2.5, the sensitivity and specific-
ity was 0.72 and 0.84, respectively. Pathologic re-evaluation or 
endoscopic re-biopsy are indicated in patients with high risk for 
NNP (point 3–5). Three-fourths of patients who showed NNP 
were referred from community hospitals or primary clinics. 
Practically, it is not easy for physicians not to resect GEN which 
was diagnosed in their own hospital except contraindication or 
patients’ poor medical condition. Hence, efforts to reduce NNP 
should be focused especially to patients who were referred from 
community hospital. This finding was supported by weaker in-
terobserver agreement between community pathologists and pa-
thologists at our center (κ-value, 0.41) than those of our center 
(κ-value, 0.62). Especially, interobserver agreement of forceps 
biopsy results was weaker in the NNP group.

Table 3. Results of Endoscopic Resection in the Two Groups

Characteristic Nonneoplastic pathology (n=72) Neoplastic pathology (n=745) p-value

Resection method <0.01

   EMR 29 (40.3) 168 (22.6)

   ESD 43 (59.7) 577 (77.4)

Resected specimen size, mm 30.4±10.9 37.1±13.9 <0.01

Resected specimen area, mm2 632.4±410.8 939.4±632.4 <0.01

En bloc resection 70 (97.2) 726 (97.4) 0.91

Curative resection NA 664 (89.1)

Histology after resection NA

   Nonneoplastic pathology 72 (100)

   Cancer 0 393 (52.8)

   High grade dysplasia 0 135 (18.1)

   Low grade dysplasia 0 217 (29.1)

Tumor size by histology, mm NA 14.9±10.7 NA

Data are presented as number (%) or mean±SD.
EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection; NA, not available.

Table 4. Comparison of Resection Method

Characteristic
EMR

(n=197)
ESD

(n=620)
p-value

Nonneoplastic pathology 29 (14.7) 43 (6.9) <0.01

Forceps biopsy pathology <0.01

   Cancer 15 (7.6) 174 (28.1)

   High grade dysplasia   21 (10.7) 100 (16.1)

   Low grade dysplasia 154 (78.2) 302 (48.7)

   Atypia 7 (3.6) 44 (7.1)

Estimated tumor size, mm 13.9±6.6 23.2±10.8 <0.01

Resected specimen size, mm 27.4±11.3 39.4±13.2 <0.01

Resected specimen area, mm2 528.6±444.0 1,034.6±786.3 <0.01

Predictive score 2.4±1.3 1.6±1.2  0.04

Data are presented as number (%) or mean±SD.
EMR, endoscopic mucosal resection; ESD, endoscopic submucosal 
dissection.
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In contrast to high grade dysplasia, there are still controver-
sies over the treatment of low grade dysplasia.1 Although low 
grade dysplasia is a precancerous lesion, its malignant potential 
is thought to be different from that of high grade dysplasia.11 
Low grade dysplasia was proved to be low risk for progression 
to advanced lesion.23,24 However, a meta-analysis reported that 
25% of low grade dysplasia was upgraded to high grade dys-
plasia or cancer after ER.25 Discrepancy between forceps biopsy 
and resected specimen include both upgrading and downgrad-
ing. Most previous studies focused on the predicting factors 
for low grade dysplasia which was upgraded after ER. Large 
tumor size ≥1–2 cm, depressed morphology, uneven surface, 
and erythema were significant factors associated with upgraded 
histology.6-8 One previous study reported that absence of whit-
ish discoloration was prognostic factor for advanced histology.26 
Endoscopic characteristics which were investigated in the pre-
vious studies were comparable to those in our studies. In our 
study, non-presence of ulceration was an associated factor for 
NNP. Previous study showed that presence of ulceration was a 
prognostic factor for upgraded pathology result.8 Presence of 
ulcer is an important endoscopic characteristic for predicting 
downgrading or upgrading of histology. In the current study, 
flat lesion and poor demarcation were prognostic factors for 
NNP. Gastric neoplasia develop from the inflammatory gastric 
mucosa, which makes it difficult to distinguish gastric neoplasia 
and background gastric mucosa endoscopically or pathological-
ly.27,28 Flat lesions with poor demarcation can be confused with 
intestinal metaplasia. In the current study, whitish tumor was a 
significant factor for NNP in univariate analysis. However, mul-
tivariate analysis showed that whitish color was not associated 
with NNP (p=0.32). Several studies suggested that small tumor 
size was risk factor for NNP results.9,10 In our study tumor size 
before resection was smaller in the NNP group in the univariate 
analysis. However, estimated tumor size was not significant for 
predicting NNP in the multivariate analysis. Because more than 
half of NNP resulted from overdiagnosis, the resected lesion 
may not be “true neoplasm.” Therefore, it might be illogical to 
include tumor size for predicting NNP results. Low grade dys-
plasia at forceps biopsy was histologic variable associated with 
NNP. More than half of patients (55.8%) received ER for low 
grade dysplasia at forceps biopsy. Rate of NNP who underwent 
ER for the treatment of low grade dysplasia was 13%. On the 
other hand, the rate of NNP after resection of cancer was 1.1%. 
This finding is in line with previous studies, in which low grade 
dysplasia was associated with NNP.8,10 

We included all patients who received EMR or ESD. Rate of 
NNP was higher in patients who received EMR than those who 
received ESD (14.7% vs 6.9%, p<0.01). We compared the clini-
copathologic characteristics who underwent EMR and ESD to 
investigate whether resection methods have affected the results 
of NNP. Estimated tumor size was smaller in the EMR group. The 
predictive score for NNP was higher in the EMR group. There-

fore, higher incidence of NNP in the patients who underwent 
EMR may have resulted in selection bias. Size of resected speci-
men was smaller in patients who showed NNP than neoplastic 
pathology. Furthermore, when we analyzed the reasons of NNP, 
size of resected specimen was smaller in patients whose tumor 
was completely removed by forceps than those with other causes. 
In our study, EMR was done when tumor was small and/or low-
grade dysplasia, which were the two main reasons for NNP. 

EMR is recommend for the treatment of GEN ≤15–20 mm 
with less advanced histology.29-31 Furthermore, EMR is cost 
effective and less time consuming than ESD. The choice of re-
section method was proper in this study. In a previous study, 
the rate of NNP in the EMR and ESD was 3.6% and 3.2%, re-
spectively (p=0.81).5 In that study endoscopists preferred ESD, 
because most of ER was done by ESD (95.5%).

There are limitations to be addressed in this study. First, it 
was a retrospective study and some data were missing. How-
ever, our data were collected prospectively among cohort of our 
patients who underwent ER. We believe that our cohort is reli-
able because over 80% of patients underwent follow up EGD. 
Second, sample size was relatively small. However, we included 
all patients during 4 years which were latest. Third, it was a sin-
gle-center study. Interobserver agreement for endoscopic find-
ing was evaluated by two endoscopists. External validation in 
prospective manner in another region or hospital is anticipated. 

In conclusion, we developed a simple scoring system to pre-
dict NNP after ER. This predictive model may reduce the inci-
dence of NNP. Endoscopic re-biopsy or pathology re-evaluation 
in case of high risk for NNP (points 3–5) is recommended.
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