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Abstract
Background Endoscopic submucosal dissection (ESD) is an effective treatment for early gastric cancer (EGC); however, its 
curative resection rate is low for undifferentiated-type EGC. We developed and externally validated a prediction model for 
curative ESD of undifferentiated-type EGC.
Methods In this cross-sectional study, we included 448 patients who underwent ESD for undifferentiated-type EGC at 18 
hospitals in Korea between 2005 and 2015 in the development cohort and 1342 patients who underwent surgery at two hos-
pitals in the validation cohort. A prediction model was developed using the logistic regression model.
Results Endoscopic tumor size 1–2 cm (odds ratio [OR], 2.40; 95% confidence interval [CI] 1.54–3.73), tumor size > 2 cm 
(OR, 14.00; 95% CI 6.81–28.77), and proximal tumor location from the lower to upper third of the stomach (OR, 1.45; 95% 
CI 1.03–2.04) were independent predictors of non-curative ESD. A six-score prediction model was developed by assigning 
points to endoscopic tumor size > 2 cm (five points), tumor size 1–2 cm (two points), upper third location (two points), and 
middle third location (one point). The rate of curative ESD ranged from 70.6% (score 0) to 11.6% (score 5) with an area under 
the receiver operating characteristic curve (AUC) of 0.720 (95% CI 0.673–0.766). The model also showed good performance 
in the validation cohort (AUC, 0.775; 95% CI 0.748–0.803).
Conclusions This six-score prediction model may help in predicting curative ESD and making informed decisions about the 
treatment selection between ESD and surgery for undifferentiated-type EGC.

Keywords Early gastric cancer · Undifferentiated-type histology · Endoscopic submucosal dissection · Curative resection · 
Risk assessment

Endoscopic submucosal dissection (ESD) is now accepted 
as a standard treatment for early gastric cancer (EGC) with a 
very low risk of lymph node metastasis [1, 2]. The long-term 
survival of patients who underwent curative ESD is compa-
rable to those who underwent surgery [3, 4]. However, ESD 
for EGC with an undifferentiated-type histology, including 

poorly differentiated adenocarcinoma, signet ring cell car-
cinoma, or mucinous adenocarcinoma, has been controver-
sial because of the potential risk of lymph node metastasis 
[5–7]. Nevertheless, patients who underwent curative ESD 
for undifferentiated-type EGC (UD EGC) showed favorable 
long-term outcomes in many studies [8–12]. However, these 
studies revealed that it was more difficult to achieve curative 
resection for UD EGC than for differentiated-type EGC.

A systematic review reported that the curative rate of 
ESD was 61.4% for UD EGC [13], indicating that about 
40% of patients who had undergone ESD were also subject 
to additional surgery. Thus, prediction of curative resection 
before ESD is particularly important for UD EGC in terms 
of appropriate treatment selection and informed decision 
making. However, the predictive factors for curative ESD of 
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UD EGC remain to be elucidated. Previous studies reported 
that tumors > 2 cm in size, located in the upper third of the 
stomach, with ulceration, or with an undifferentiated-type 
histology were associated with an increased risk for non-
curative ESD [7–9, 11, 12]. Some studies also developed 
models for predicting curative ESD based on these factors 
[14, 15]. Although the undifferentiated-type histology itself 
was identified as an independent risk factor, additional risk 
stratification within UD EGCs was insufficient in these stud-
ies because they mainly focused on differentiated-type can-
cer, which has different indications for ESD from those of 
undifferentiated-type cancer. Furthermore, no previous study 
has validated the findings in an independent cohort, resulting 
in limited reliability.

Therefore, we conducted the present nationwide multi-
center cross-sectional study to develop a prediction model 
for curative ESD specifically focusing on UD EGC, and 
externally validated the model in an independent cohort.

Methods

Patients

This multicenter retrospective cross-sectional study involved 
18 tertiary hospitals across six geographic areas in Korea. 
The institutional review board of each hospital approved 
the study protocol and waived the requirement for obtain-
ing informed consent.

Between February 2005 and May 2015, ESD was per-
formed for a single UD EGC at participating hospitals in 
a total of 1079 consecutive patients (Fig. 1). Among them, 
536 patients who had been diagnosed with undifferentiated-
type cancer in forceps biopsy performed before ESD were 

included. We excluded 88 patients who met any of follow-
ing criteria: tumor size > 5 cm in diameter (n = 12), tumor 
with ulceration (n = 57), and history of previous gastrec-
tomy or endoscopic resection (n = 21). Consequently, 448 
patients were included in the development cohort. For the 
external validation of the prediction model, we reviewed 
1956 patients who underwent surgical resection for a single 
UD EGC at two hospitals during the study period. Among 
them, 1800 patients met the inclusion criteria and 458 were 
excluded. Finally, 1342 patients comprised the validation 
cohort. We set the limitation to endoscopic tumor size to 
allow comparability between the development and validation 
cohorts. Although ESD is not indicated for UD EGC > 2 cm 
in diameter, the cutoff value was set as 5 cm instead of 2 cm 
because of the possibility of overestimating the tumor size 
in endoscopy before ESD or surgery.

Endoscopic procedure and surgery

All patients underwent upper endoscopy before ESD or sur-
gery to evaluate the location, macroscopic appearance, size, 
and depth of the tumor, as well as the presence of ulceration. 
Chromoendoscopy with indigo carmine dye was routinely 
performed to define the tumor margins, and narrow-band 
imaging (NBI) was also used when available. If deemed 
necessary, demarcation biopsies taken outside the lesion 
to define lateral margins and endoscopic ultrasonography 
(EUS) to evaluate the depth of tumor invasion were con-
ducted at the endoscopist’s discretion. Endoscopic ulcer 
was defined as either ulceration or ulcer scar in the lesion. 
Forceps biopsy specimens were taken from the lesion in all 
cases.

Experienced gastrointestinal endoscopists conducted 
the ESD procedure using a single-channel endoscope 

Fig. 1  Flowchart of patients included in the analysis. UD EGC Undifferentiated-type early gastric cancer, ESD Endoscopic submucosal dissec-
tion
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(GIF-H260; Olympus Optical, Tokyo, Japan). As previously 
described in a multicenter study [16], the ESD procedure 
was conducted in the sequential order of marking, submu-
cosal injection, circumferential incision, and submucosal 
dissection. Surgical resection was performed by experienced 
gastric surgeons as radical gastrectomy with D1 + or more 
lymph node dissection following the Japanese guidelines [2].

Pathologic diagnosis

Endoscopically or surgically resected specimens were fixed 
in formalin, serially sectioned at 2-mm intervals for ESD 
specimens and at 4- to 6-mm intervals for surgical speci-
mens, and embedded in paraffin. The histologic type, tumor 
size, depth of invasion, presence of ulceration and lympho-
vascular invasion, and horizontal and vertical resection mar-
gins were assessed according to the Japanese guidelines [2, 
17]. Undifferentiated-type carcinoma was defined as poorly 
differentiated adenocarcinoma, signet ring cell carcinoma, or 
mucinous adenocarcinoma. Complete resection was defined 
as en bloc resection with negative horizontal and vertical 
margins. Curative resection was defined as complete resec-
tion with histologic tumor size ≤ 2 cm in diameter, intra-
mucosal cancer, and absence of histologic ulceration and 
lymphovascular invasion [2, 17].

Statistical analysis

The patients’ clinicopathologic characteristics were com-
pared between the development and validation cohorts using 
t-test or the Mann–Whitney U test for continuous variables, 
and the chi-square test, Fisher’s exact test, or linear-by-lin-
ear association test for categorical variables. Univariate and 
multivariate logistic regression analyses were conducted to 
identify the predictors for non-curative ESD in the develop-
ment cohort. Thereafter, we developed a prediction model 
for curative ESD based on the adjusted logistic regression 
model. A risk point was assigned to each independent pre-
dictor by dividing the adjusted regression coefficient by the 
smallest one in the model that was rounded to the nearest 
integer. The risk score of each individual was the sum of 
the points for the patient’s risk factors. The performance 
of the prediction model was evaluated using the area under 
the curve (AUC) in receiver operating characteristic (ROC) 
analysis. The model was validated both internally using the 
bootstrapping method (2000 replications) [14] and exter-
nally in the validation cohort. We also evaluated whether the 
predictors for non-curative ESD were also associated with 
individual factors of non-curative ESD, such as pathologic 
tumor size > 2 cm, submucosal invasion, or lymphovascular 
invasion, both in the development and validation cohorts. 
In addition, we conducted subgroup analyses according to 
tumor size and depth to evaluate how the ESD outcome 

would change if the accuracy of evaluation for tumor size 
and depth before ESD was improved. All analyses were 
conducted using SPSS (version 21.0; SPSS Inc., Chicago, 
IL, USA) and STATA (version 16.0; StataCorp LP, College 
Station, TX, USA), and P < 0.05 was considered statistically 
significant.

Results

Patients

The patients’ clinicopathologic characteristics are summa-
rized in Table 1. Patients who underwent ESD for UD EGC 
(development cohort) were significantly older, more likely 
to be male, and less likely to be a smoker than those who 
underwent surgery (validation cohort). The tumors in the 
development cohort were significantly smaller in diameter 
and more likely to be distally located, flat or elevated in 
endoscopic appearance, and poorly differentiated adenocar-
cinoma than those in the validation cohort.

In the development cohort, complete ESD and curative 
ESD were achieved in 83.7% (375/448) and 43.1% (193/448) 
of the patients, respectively. As expected, the complete 
resection rate was higher in the validation cohort because 
only three patients (0.2%) had a positive horizontal margin 
after surgery. However, the results of surgical pathology in 
the validation cohort fulfilled the expanded ESD criteria in 
24.3% (326/1342) of the patients, which was lower than the 
rate in the development cohort. This was primarily because 
the risks of pathologic tumor size > 2 cm and submucosal 
invasion were higher in the validation cohort than in the 
development cohort.

Predictors of non‑curative ESD of UD EGC

In the univariate analysis conducted in the development 
cohort, endoscopic tumor size 1–2 cm (odds ratio [OR], 
2.40; 95% confidence interval [CI] 1.54–3.73; P < 0.001) 
and tumor size > 2 cm (OR, 14.00; 95% CI 6.81–28.77; 
P < 0.001) had a significantly higher risk of non-curative 
ESD than tumor size < 1 cm (Table 2). Compared with a 
lower third tumor location, middle third (OR, 1.46; 95% 
CI 0.99–2.17, P = 0.057) and upper third tumor locations 
(OR, 2.64; 95% CI 1.16–5.99; P = 0.021) were also associ-
ated with non-curative ESD. Thus, there was an increasing 
trend in the risk of non-curative ESD across the longitudinal 
tumor location from the lower to upper third of the stomach 
(OR, 1.54; 95% CI 1.12–2.11; P for trend = 0.008). In the 
multivariate analysis, endoscopic tumor size 1–2 cm (OR, 
2.28; 95% CI 1.59–3.56; P < 0.001), tumor size > 2 cm (OR, 
13.59; 95% CI 6.60–27.98; P < 0.001), and proximal tumor 
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location (OR, 1.45; 95% CI 1.03–2.04; P = 0.032) were inde-
pendently associated with non-curative ESD of UD EGC.

Prediction model for curative ESD of UD EGC

On the basis of the adjusted regression coefficient, a point 
was assigned to each independent predictor, as follows: 
endoscopic tumor size 1–2 cm, two points; upper third tumor 
location, two points; and middle third tumor location, one 
point (Table 2). We assigned a maximum of five points to 
endoscopic tumor size > 2 cm. The risk score for the pre-
diction model, or the sum of the points, ranged from 0 to 
5 (Table 3). As the risk score increased, the probability of 
curative ESD decreased from 70.6% (score 0; lower third 

location, tumor size ≤ 1 cm) to 11.6% (score 5; any location, 
tumor size > 2 cm). The expected probabilities of curative 
ESD according to the model were not significantly differ-
ent from those observed in the Hosmer–Lemeshow good-
ness-of-fit test (P = 0.371). The AUC of the ROC curve in 
the development cohort was 0.720 (95% CI 0.673–0.766) 
(Fig. 2a). The model also showed slightly attenuated but still 
acceptable prediction performance with the 2000 internal 
bootstrap samples (bootstrap-corrected AUC, 0.653; 95% 
CI 0.600–0.709).

Table 1  Patient 
clinicopathologic characteristics

SD standard deviation, IQR interquartile range, ESD endoscopic submucosal dissection

Development 
cohort (n = 448)

Validation cohort (n = 1342) P-value

Age, years, mean ± SD 59.8 ± 12.8 53.5 ± 11.6  < 0.001
Sex, n (%) 0.020
 Men 239 (53.3) 631(47.0)
 Women 209 (46.7) 711 (53.0)

Current or past smoking, n (%) 122 (27.2) 456 (34.0) 0.008
Helicobacter pylori infection, n (%) 260/470 (63.9) 66/97 (68.0) 0.441
Endoscopic tumor size (mm), median (IQR) 15.0 (10.0–20.0) 20.0 (12.0–30.0)  < 0.001
Longitudinal tumor location, n (%)  < 0.001
 Upper third 33 (7.4) 165 (12.3)
 Middle third 238 (53.1) 841 (62.7)
 Lower third 177 (39.5) 336 (25.0)

Circumferential tumor location, n (%) 0.049
 Lesser curvature 144 (32.1) 441 (32.9)
 Anterior wall 124 (27.7) 308 (23.0)
 Greater curvature 105 (23.4) 298 (22.2)
 Posterior wall 75 (16.7) 295 (22.0)

Endoscopic appearance, n (%)  < 0.001
 Elevated 93 (20.8) 122 (9.1)
 Flat 119 (26.6) 298 (22.2)
 Depressed 236 (52.7) 922 (68.7)

Forceps biopsy histology, n (%) 0.050
 Signet ring cell carcinoma 224 (50.0) 725 (54.0)
 Poorly differentiated adenocarcinoma 224 (50.0) 607 (45.2)
 Mucinous adenocarcinoma 0 (0.0) 10 (0.7)

Complete resection, n (%) 375 (83.7) 1339 (99.8)  < 0.001
Curative ESD, n (%) 193 (43.1) 326 (24.3)  < 0.001
 Pathologic tumor size > 2 cm, n (%) 187 (41.7) 807(60.1)  < 0.001
 Submucosal invasion, n (%) 92 (20.5) 575 (42.8)  < 0.001
 Ulcer, n (%) 16 (3.6) 132 (9.8)  < 0.001
 Lymphovascular invasion, n (%) 34 (7.6) 135 (10.1) 0.122
 Piecemeal resection, n (%) 15 (3.3) 0 (0.0)  < 0.001
 Positive horizontal margin, n (%) 46 (10.3) 3 (0.2)  < 0.001
 Positive vertical margin, n (%) 22 (4.9) 0 (0.0)  < 0.001
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External validation of the prediction model

We externally validated the prediction model for curative 
ESD in the independent surgical validation cohort. In the 
validation cohort, the probability that the surgical pathology 
met the curative ESD criteria linearly decreased from 62.2% 
in score 0 to 4.9% in score 5 (Table 3). Because the overall 
probability of curative ESD was lower, the probability of 
curative ESD at each score tier was also lower by 10% points 
in the validation cohort than in the development cohort. This 
model also showed good calibration in the validation cohort 
(Hosmer–Lemeshow goodness-of-fit test, P = 0.527), and the 
AUC of the ROC curve was 0.775 (95% CI 0.748–0.803) 
(Fig. 2b).

Causes of non‑curative ESD according to predictors

We further explored the associations between the independ-
ent predictors and individual causes of non-curative ESD 
(Table 4). Larger endoscopic tumor size was associated with 
a higher risk of pathologic tumor size > 2 cm (P < 0.001), sub-
mucosal invasion (P = 0.039), and positive horizontal margin 
(P = 0.007). Meanwhile, proximal tumor location was signifi-
cantly associated with higher risks of submucosal invasion 
(P = 0.001) and positive vertical margin (P = 0.018). In the 
validation cohort, larger endoscopic tumor size and proximal 
location were also associated with both of pathologic tumor 
size > 2 cm and submucosal invasion (Supplementary Table 1).

Table 2  Factors associated with non-curative ESD for UD EGC

ESD endoscopic submucosal dissection, UD EGC undifferentiated-type early gastric cancer, OR odds ratio, CI confidence interval, SRC signet 
ring cell carcinoma, PDA poorly differentiated adenocarcinoma
a Maximum score was assigned

Univariate analysis Multivariate analysis

Covariates OR (95% CI) P-value OR (95% CI) P-value β coefficient Point assigned

Endoscopic tumor size  < 0.001  < 0.001
 ≤ 1 cm 1 1 0
 1–2 cm 2.40 (1.54–3.73)  < 0.001 2.28 (1.59–3.56)  < 0.001 0.824 2
 > 2 cm 14.00 (6.81–28.77)  < 0.001 13.59 (6.60–27.98)  < 0.001 2.609 5a

Tumor location 0.029
 Lower third 1 0
 Middle third 1.46 (0.99–2.17) 0.057 1
 Upper third 2.64 (1.16–5.99) 0.021 2

Proximal location (P for trend) 1.54 (1.12–2.11) 0.008 1.45 (1.03–2.04) 0.032 0.373 1
Endoscopic appearance 0.034
 Flat or depressed 1
 Elevated 1.68(1.04–2.71)

Forceps biopsy histology 0.105
 SRC 1
 PDA 1.36 (0.94–1.98)

Table 3  Prediction model for curative ESD of UD EGC

ESD endoscopic submucosal dissection, UD EGC undifferentiated-type early gastric cancer, CI confidence interval

Risk score Development group Validation group Clinical settings

Curative ESD, n Curative ESD rate, % 
(95% CI)

Curative ESD 
criteria, n

Curative ESD criteria 
rate, % (95% CI)

0 48/68 70.6% (59.5–81.7) 46/74 62.2% (50.9–73.5) Lower third, tumor size ≤ 1 cm
1 35/59 59.3% (46.4–72.2) 78/152 51.3% (43.3–59.4) Middle third, tumor size ≤ 1 cm
2 42/84 50.0% (39.1–60.9) 68/171 39.8% (32.4–47.2) Upper third, tumor size ≤ 1 cm

Lower third, tumor size 1–2 cm
3 53/125 42.4% (33.6–51.2) 102/385 26.5% (22.1–30.9) Middle third, tumor size 1–2 cm
4 4/17 23.5% (1.1–46.0) 8/66 12.1% (4.0–20.2) Upper third, tumor size 1–2 cm
5 11/95 11.6% (5.0–18.1) 23/494 4.9% (3.0–6.8) Any location, tumor size > 2 cm
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Fig. 2  Receiver operating characteristic curves for the prediction 
model for curative endoscopic submucosal dissection in the A devel-
opment cohort and B validation cohort. M cancer indicates subgroups 
including intramucosal gastric cancers only, size discrepancy ≤ 1 cm 
indicates subgroups including cases with the discrepancy between 

endoscopic and pathologic tumor size was 1.0 cm or smaller, and M 
cancer with size discrepancy ≤ 1 cm indicates subgroups where both 
criteria were applied. AUC  Area under the curve, CI Confidence 
interval, M Intramucosal

Table 4  Cause of non-curative ESD according to predictors

ESD endoscopic submucosal dissection

Endoscopic tumor size Tumor location

 ≤ 1 cm 
(n = 136)

1–2 cm 
(n = 217)

 > 2 cm (n = 95) P-value Lower third 
(n = 177)

Middle third 
(n = 238)

Upper third 
(n = 33)

P-value

Pathologic 
tumor 
size > 2 cm, 
n (%)

29 (21.3) 83 (38.2) 75 (78.9)  < 0.001 71 (40.1) 104 (43.7) 12 (36.4) 0.619

Submucosal 
invasion, n 
(%)

19 (14.0) 47 (21.7) 26 (27.4) 0.039 32 (18.1) 45 (18.9) 15 (45.5) 0.001

Ulcer, n (%) 4 (2.9) 8(3.7) 4 (4.2) 0.870 5(2.8) 10 (4.2) 1 (3.0) 0.745
Lymphovascular 

invasion, n 
(%)

7 (5.1) 18 (8.3) 9 (9.5) 0.408 14 (7.9) 18(7.6) 2 (6.1) 0.934

Piecemeal 
resection, n 
(%)

2 (1.5) 7 (3.2) 6 (6.3) 0.130 3(1.7) 9 (3.8) 3 (9.1) 0.082

Positive hori-
zontal margin, 
n (%)

10 (7.4) 18 (8.3) 18 (18.9) 0.007 15 (8.5) 25 (10.5) 6 (18.2) 0.237

Positive vertical 
margin, n (%)

4 (2.9) 10 (4.6) 8 (8.4) 0.159 7 (4.0) 10 (4.2) 5 (15.2) 0.018

Overall non-
curative ESD, 
n (%)

48 (35.3) 123 (56.7) 84 (88.4)  < 0.001 89 (50.3) 142 (59.7) 24 (72.7) 0.026
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Subgroup analyses according to tumor size 
and depth

We conducted three subgroup analyses. First, we included 
patients with intramucosal EGC only that indicated the 
situation where the evaluation for tumor depth was highly 
accurate. Although proximal location was no longer inde-
pendently associated with curative ESD (Supplementary 
Table 2), the performance of our prediction model was 
slightly improved with AUC of 0.721 (95% CI 0.668–0.774) 
and 0.787 (95% CI 0.755–0.819) in the development and 
validation subgroups, respectively (Fig. 2). In addition, 
the curative ESD rate increased by 10% at each risk score 
(Supplementary Table 3). Second, we included patients in 
whom the discrepancy between endoscopic and pathologic 
tumor size was ≤ 1.0 cm that indicated the situation where 
the tumor size was evaluated with very high accuracy. In 
this analysis, tumor size and proximal location were inde-
pendently associated with curative ESD, and the curative 
ESD rate also increased by 10% at each risk score. AUC 
also increased as 0.813 (95% CI 0.769–0.858) and 0.805 
(95% CI 0.776–0.833) in the development and validation 
subgroups, respectively. Third, when we applied both cri-
teria the curative ESD rate increased by 20% at each risk 
score. The AUC value was the highest in this analysis as 
0.839 (95% CI 0.788–0.890) and 0.857 (0.826–0.888) in the 
development and validation subgroups, respectively.

We conducted another subgroup analysis by including 
UD EGCs with endoscopic tumor size ≤ 2 cm only. However, 
the multiple logistic regression analysis model and the cura-
tive ESD rate at each risk score were virtually unchanged 
from the main analysis that included EGCs with tumor 
size ≤ 5 cm except that the category of tumor size 2–5 cm 
was removed (Supplementary Tables 2 and 3).

Discussion

In this study, we developed a novel, simple-to-use, six-score 
model for predicting curative ESD of UD EGC in a nation-
wide multicenter ESD cohort. According to this model, the 
rate of curative ESD ranged from 70% for EGC ≤ 1 cm in 
size and located in the antrum to 10% for EGC > 2 cm in 
size and occurring in any location. This model also showed 
good prediction performance in an independent surgical 
cohort. Thus, the model could be used for informed decision 
making in the selection of the proper treatment modality 
between ESD and surgery for UD EGC. Additionally, we 
also suggested possible ways to improve the curative ESD 
rate. Tumors measuring > 1 cm in diameter before ESD may 
require meticulous evaluation for size and depth because of 
the high risk of non-curative ESD due to pathologic tumor 
size > 2 cm and submucosal invasion. Similarly, careful 

evaluation for depth of invasion may be helpful in proxi-
mally located tumors because of the high risk of submucosal 
invasion.

The implementation of a nationwide screening program 
for gastric cancer and advancements in endoscopic instru-
ments have increased the detection of gastric cancer in early 
stages in Korea and Japan [18]. ESD has less morbidity and 
provides better quality of life than surgical resection and 
has a good long-term outcome [3]. Therefore, ESD has been 
increasingly adopted as a first-line treatment for indicated 
cases of EGC. However, this has also led to the increased 
burden of non-curative ESD and additional surgery, which 
may result in higher medical costs and rare but serious 
adverse events such as perforation and massive bleeding 
after unnecessary ESD. This has been especially problem-
atic for UD EGC because of a high risk of non-curative ESD.

The present study included 448 patients with UD EGC, 
making it, to our knowledge, the largest study of its kind. We 
found that large tumor size and proximal location were inde-
pendent predictors of non-curative ESD. These results are 
consistent with the findings from previous studies based on 
differentiated-type EGC, which showed tumor size > 2 cm, 
upper-body tumor location, and ulcerative tumor as risk fac-
tors [14, 15, 19–21]. However, with the prior results, further 
prediction of curative ESD within UD EGC was not possible 
except for cardia tumors that had lower probability of cura-
tive resection than the others. We tailored the categories for 
those factors, thus allowing the development of a simple 
score that can stratify the probability of curative ESD of UD 
EGC. Although UD EGC is known to have a lower curative 
resection rate than differentiated-type EGC, our model sug-
gested that the curative ESD rate was as high as 70% if the 
cancer was ≤ 1 cm in size and located in the antrum. Mean-
while, the rate was as low as 40% for the tumor that was 
1–2 cm in size and located in the lower to mid body. These 
lesions with different risks of non-curative ESD were evalu-
ated as having the same risk according to the previous stud-
ies. The novel point of our study would be the ability to dif-
ferentiate their risks. Another new point of our study is that 
the risk was presented as an estimated rate. For example, the 
curative ESD rate was only 20% when the lesion was 1–2 cm 
in size and located in the upper body, cardia, or fundus. Cur-
rently, no consensus exists on the appropriate rate of cura-
tive ESD. Some patients may consider 70% as low, whereas 
others may still want to undergo ESD despite knowledge of 
a 20% curative resection rate. Nevertheless, our model can 
help in the decision-making and allow selecting between 
ESD and surgery based on more accurate information.

In our study, tumor size > 1 cm estimated with endoscopy 
before ESD was significantly associated with the risks of 
pathologic tumor size > 2 cm and consequent non-curative 
ESD. This result is consistent with previous studies report-
ing tumor size > 2–3 cm as a risk factor for non-curative 
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ESD [14, 15, 19–21]. A previous study demonstrated a 
median discrepancy of 0.5 cm between the endoscopic size 
and pathologic size in endoscopic resection for EGC [22]. In 
this study, the undifferentiated-type histology was associated 
with a two-fold increased risk of endoscopic underestima-
tion of tumor size. These findings explain our results that a 
0.5–1 cm underestimation of tumor size in endoscopy may 
not cause a considerable risk of non-curative resection for 
tumors ≤ 1 cm in size, but increases the risk for tumors meas-
uring 1–2 cm. We also showed that only 10% of the cases 
with endoscopic tumor size > 2 cm achieved curative ESD. 
Because these cases are not indicated for ESD, this scenario 
is possible only when endoscopy overestimates the tumor 
size. Although chromoendoscopy is useful in the demarca-
tion of lateral margins of EGC, its accuracy was reported 
to be reduced in UD EGC [23]. Accordingly, demarcation 
biopsies from the surrounding mucosa have been sug-
gested for determining the lateral extent of UD EGC [24]. 
A recent study suggested that magnifying endoscopy with 
NBI may improve the accuracy of demarcation of UD EGC 
[25]. Therefore, for UD EGC > 1 cm in diameter estimated 
before ESD, routine application of magnifying endoscopy 
with NBI or demarcation biopsy may be recommended to 
reduce unnecessary ESD.

Previous studies suggested that an upper-body tumor loca-
tion was associated with an increased risk of non-curative 
ESD [14, 15, 20, 21]. Earlier studies attributed this result to 
the technical difficulty in recognizing or accessing lesions 
during ESD in that location [15, 21]. In the present study, we 
further observed a trend of increasing risk of non-curative 
ESD from the lower to upper third of the stomach. Moreover, 
we showed that the primary cause of the association was the 
increased risk of submucosal invasion. The increasing risk 
of submucosal invasion with increasing proximity of tumor 
location was also evident in the surgical validation cohort. 
Although EUS may be helpful in the evaluation of invasion 
depth of EGC before ESD, undifferentiated-type histology 
is associated with the risk of underestimating depth in EUS 
[26]. Therefore, careful evaluation for endoscopic findings 
for submucosal invasion such as irregular surface, marked 
marginal elevation, and fold fusion, clubbing, and abrupt 
cutting [27] may be warranted for proximally located tumors 
to increase the curative ESD rate and to select the appropri-
ate treatment for UD EGC.

In the subgroup analyses, we assumed situations where 
the evaluation for tumor size and depth was highly accu-
rate. The results suggested that, with increased accuracy of 
evaluation for tumor size and depth, the curative ESD rate 
might increase up to 20%, with 10% for each factor. Our 
model showed better prediction performance in the sub-
group analyses than in the main analysis, indicating that our 
model would be more useful when tumor size and depth was 
evaluated more accurately. Although our analysis included 

patients with tumor size ≤ 5 cm, not 2 cm, the results of 
another subgroup analysis showed that our model can be 
directly applied in the usual clinical practice where only UD 
EGC with ≤ 2 cm in size is indicated for ESD.

Our study has multiple strengths. First, a large-scale 
nationwide multicenter ESD cohort enabled us to obtain a 
reliable sample size of patients diagnosed with UD EGC 
before ESD. Second, we were able to validate our predic-
tion model in an independent cohort, which was lacking 
in previous studies. Third, we used statistical analyses to 
show why tumor size and location were independent pre-
dictors of curative ESD. On the basis of the results, pos-
sible approaches to increase curative ESD rates could be 
suggested. However, our study also had several limitations 
that need to be considered. First, this study was a retrospec-
tive analysis of patients with undifferentiated-type cancer 
as the final pathologic diagnosis. Therefore, we did not 
have data on patients diagnosed with undifferentiated-type 
cancer in forceps biopsy before ESD but diagnosed with 
differentiated-type cancer in the final pathology. A previous 
study reported that 14% (16/113) of the patients with an 
undifferentiated-type histology before ESD were diagnosed 
with differentiated EGC after ESD [9]. Second, the data on 
the depth of invasion were insufficient in the surgical valida-
tion cohort. This might have resulted in the higher risk of 
submucosal invasion and non-curative ESD in the validation 
cohort. Moreover, using a surgical cohort as a validation 
cohort might seem inappropriate because it was not possible 
to evaluate the risk of non-curative ESD associated with pos-
itive vertical or horizontal margins or piecemeal resection. 
However, only 5.1% (13/255) of non-curative resection in 
the ESD cohort was purely because of these factors, and the 
other non-curative cases had other non-curative factors that 
can be evaluated in the surgical cohort such as pathologic 
tumor size > 2 cm or submucosal invasion. Thus, the surgi-
cal cohort could cover 95% cases of non-curative ESD. In 
addition, we also conducted an internal validation using the 
bootstrapping method. Third, we lacked endoscopy findings 
such as fusion of folds, mucosal nodularity, and spontane-
ous bleeding, which have been suggested to be predictors 
of curative ESD of EGC [14]. However, decisions based 
on these findings may be affected by subjective judgement. 
Nevertheless, our findings are simpler and easier to apply 
during endoscopy. In addition, we conducted a subgroup 
analysis after excluding submucosal invasive EGC to over-
come this limitation and showed that our model still worked 
fine for intramucosal EGCs only.

In conclusion, our six-score prediction model may help 
in predicting curative ESD and in making informed deci-
sions in selecting between ESD and surgery for UD EGC. 
Tumors > 1 cm in size or with a proximal location may be 
further evaluated for size and depth of invasion for better 
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prediction of curative ESD and for better selection of the 
appropriate treatment modality.
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