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criteria I: p = 0.558 and p = 0.688; criterion II: p = 1.000 
and p = 1.000; criterion III: p = 0.750 and p = 0.799; and 
criterion IV: p = 0.599 and p = 0.871). RFS, in all patients 
and criterion I, was significantly shorter in the ESD group 
than in the surgery group (p < 0.001 and p < 0.003, respec-
tively). The surgery group showed higher rates of late and 
severe treatment-related complications than the ESD group.
Conclusions ESD may be an alternative treatment option 
to surgery for EGCs meeting expanded indications, includ-
ing undifferentiated-type tumors.

Keywords Early gastric cancer · Expanded indication · 
Endoscopic submucosal dissection · Gastrectomy · Long-
term outcome

Introduction

Conventional gastrectomy with lymph node dissection is 
accepted as a standard treatment for early gastric cancer 
(EGC). However, in the past two decades, many studies 
have shown favorable long-term outcomes of endoscopic 
resection (ER) [1, 2]. As a result, ER, including endoscopic 
mucosal resection and endoscopic submucosal dissection 
(ESD), became a standard treatment for tumors meeting 
the specific criteria characteristic of very low lymph node 
metastasis risk: intramucosal differentiated-type adeno-
carcinoma and ≤2 cm in size with no ulcers [3]. With the 
accumulation of experience and technical advances, the 
indication for ER has widened, and expanded indication 
criteria were proposed based on the minimal risk of lymph 
node metastasis. The expanded indication consists of four 
discrete criteria: criterion I, intramucosal tumor, differenti-
ated type, without ulcerative findings, and >2 cm in size; 
criterion II, intramucosal tumor, differentiated type, with 

Abstract 
Background Endoscopic submucosal dissection (ESD) for 
early gastric cancer (EGC) meeting the expanded indication 
is considered investigational. We aimed to compare long-
term outcomes of ESD and surgery for EGC in the expanded 
indication based on each criterion.
Methods This study included 1823 consecutive EGC 
patients meeting expanded indication conditions and treated 
at a tertiary referral center: 916 and 907 patients underwent 
surgery or ESD, respectively. The expanded indication 
included four discrete criteria: (I) intramucosal differenti-
ated tumor, without ulcers, size >2 cm; (II) intramucosal 
differentiated tumor, with ulcers, size ≤3 cm; (III) intra-
mucosal undifferentiated tumor, without ulcers, size ≤2 cm; 
and (IV) submucosal invasion <500 μm (sm1), differentiated 
tumor, size ≤3 cm. We selected 522 patients in each group 
by propensity score matching and retrospectively evalu-
ated each group. The primary outcome was overall survival 
(OS); the secondary outcomes were disease-specific survival 
(DSS), recurrence-free survival (RFS), and treatment-related 
complications.
Results In all patients and subgroups meeting each crite-
rion, OS and DSS were not significantly different between 
groups (OS and DSS, all patients: p = 0.354 and p = 0.930; 
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ulcerative findings, and ≤3 cm in size; criterion III, intra-
mucosal tumor, undifferentiated type, without ulcerative 
findings, and ≤2 cm in size; and criterion IV, submucosal 
invasion <500 μm (sm1), differentiated type, and ≤3 cm in 
size. Previous studies investigated the long-term outcomes 
of ESD in EGCs meeting the expanded indication crite-
ria, and the results were comparable with those in patients 
meeting the absolute indication criteria [1, 4]. Recently, to 
validate the expanded indication criteria of ESD, several 
studies compared the long-term outcomes of ESD and gas-
trectomy, reporting favorable results of ESD [4–6]. However, 
there have been several case reports of lymph node or distant 
metastases after curative ESD in EGC patients meeting the 
expanded indication, and ESD is still under investigation 
for this indication [7–10]. In the expanded indication cri-
teria, evidence is still insufficient for undifferentiated-type 
tumors and superficially invasive submucosal tumors. As 
the expanded indication criteria are diverse in character, the 
prognosis could be different for each criterion after ESD. 
Previous studies commonly excluded undifferentiated-type 
tumors and included only a very small number of submu-
cosal cancers in their analyses. In this study, we evaluated 
and compared the long-term outcomes of ESD and surgery, 
based on the entire indication and individual criteria, for 
EGCs meeting the expanded indication, including undiffer-
entiated-type tumors.

Methods

Study population and data collection

All patients diagnosed with EGC who underwent ESD 
between January 2005 and June 2013 or surgery between 
January 2003 and December 2011 at Asan Medical 
Center and met the curative resection criteria for tumors 
of expanded indication in the post-procedural pathol-
ogy report were retrospectively enrolled in this study. 
The inclusion criteria were (1) age ≥20 years, (2) newly 
diagnosed EGC meeting the curative resection criteria for 
tumors of expanded indication (criterion I: intramucosal 
tumor, differentiated type, without ulcerative findings, 
and >2 cm in size; criterion II: intramucosal tumor, dif-
ferentiated type, with ulcerative findings, and ≤3 cm in 
size; criterion III: intramucosal tumor, undifferentiated 
type, without ulcerative findings, and ≤2 cm in size; and 
criterion IV: submucosal invasion <500 μm (sm1), dif-
ferentiated type, and ≤3 cm in size), and (3) follow-up 
duration ≥1 year. The exclusion criteria were (1) multiple 
EGCs or synchronous EGCs, (2) previous or concurrent 
history of malignancies of other organs, except for fully 
recovered thyroid cancer, cervical carcinoma in situ, and 
nonmetastatic prostate cancer, (3) previous gastric cancer 

treatment, including neoadjuvant chemotherapy and ER, 
(4) adjuvant chemotherapy after surgery, and (5) con-
secutive gastrectomy with lymph node dissection within 
1 year after ESD. This study was approved by the Insti-
tutional Review Board at Asan Medical Center, Korea 
(2016-0896).

Patient clinical data, including age, sex, comorbidities, 
age-adjusted Charlson Comorbidity index [11], tumor 
characteristics such as size, morphology, location, depth 
of invasion, histology, presence of lymphovascular inva-
sion, complications, recurrence, and mortality, were col-
lected by reviewing medical records. Tumor stage was 
determined according to the American Joint Committee on 
Cancer classification system, 7th edition. Complications 
were classified according to the Clavien–Dindo classifica-
tion [12], which consisted of five severity grades as fol-
lows: grade 1, any deviation from the normal postoperative 
course, without the need for pharmacological treatment or 
surgical, endoscopic, or radiological interventions; grade 
2, requiring pharmacological treatment with drugs other 
than those allowed for grade 1 complications, requiring 
blood transfusions, or total parenteral nutrition; grade 3a, 
requiring surgical, endoscopic, or radiological intervention 
not under general anesthesia; grade 3b, requiring interven-
tions as described for Grade 3a but under general anes-
thesia; grade 4, life-threatening complication requiring 
intermediate care/intensive care unit management; grade 
5, death.

Treatment procedures and follow‑up protocol

ESD was performed under sedation with intravenous 
midazolam (0.05 mg/kg) and pethidine (50 mg). The typi-
cal ESD procedures at our institution included marking, 
mucosal incision, and submucosal dissection with simul-
taneous hemostasis, and have been previously described 
[1]. The surgical procedure, radical gastrectomy with more 
than D1+ beta lymph node dissection, was performed, 
consistent with the recommendations of the Japanese 
Gastric Cancer Treatment Guidelines [3]. Total, distal, or 
proximal gastrectomy was performed by experienced sur-
geons based on location. In the ESD group, patients were 
checked for Helicobacter pylori infection by rapid urease 
tests, urea breath tests, or histopathological examination, 
and infected patients underwent eradication therapy after 
ESD. In the surgery group, however, tests for Helicobac‑
ter pylori infection and subsequent eradication treatment 
were not performed mandatorily. After ESD and surgery, 
follow-up esophagogastroduodenoscopy and abdominal 
computed tomography were performed every 6 months 
for the first 2 years and then annually for the next 3 years.
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Histological examination

The resected specimens were stretched, pinned to a poly-
styrene plate, and totally immersed in 10% neutral buffered 
formalin. After fixation, the specimens were grossly exam-
ined to identify lesions and the closest resection margins. 
Surgical specimens were sectioned into 2-mm-thick slices. 
ER specimens were sectioned into 2-mm-thick slices paral-
lel to an imaginary line drawn from the edge of the tumor to 
the closest resection margin after applying black ink to all 
lateral and deep resection margins. Each sliced tissue speci-
men was embedded in paraffin, and 5-µm sections were cut 
from each paraffin block and stained with hematoxylin and 
eosin. Lymph nodes were cut into two pieces and the cut 
surfaces were examined to determine the status of the nodes. 
Lymphovascular invasion was defined as the observable 
spread of tumor cells through the lymphatic vessels (e.g., 
carcinoma cells floating within the endothelia-lined space). 
Tumors were histologically classified according to the World 
Health Organization Classification of Tumors [13].

Outcome assessment

The primary outcome of this study was overall survival 
(OS). Secondary outcomes included disease-specific sur-
vival (DSS), recurrence-free survival (RFS), and treatment-
related complications. Patient survival status was obtained 
from the claims database of the Korean National Health 
Insurance Corporation. Follow-up data on deaths and recur-
rences until June 2016 were collected from patient medical 
records. OS was measured from the date of ESD or surgery 
until death from any cause, and DSS was measured from 
the date of ESD or surgery until death resulting from gastric 
cancer. If the cause of death was not known because of loss 
to follow-up, the case was designated as death from gastric 
cancer. RFS was measured from the date of ESD or surgery 
until the first recurrence or death from any cause. Metachro-
nous recurrence was defined as a new cancer at a previously 
uninvolved site in the remnant stomach occurring more than 
1 year after treatment.

Statistical analysis

Continuous variables are presented as mean ± standard 
deviation or median with interquartile range (IQR). Com-
parisons of categorical variables were performed using the 
chi-square or Fisher’s exact tests, and comparisons of con-
tinuous variables were performed using the Student’s t test 
or Mann–Whitney U test. To reduce selection bias, we per-
formed a propensity score-matching analysis between ESD 
and surgery groups. The propensity scores were estimated 
from a logistic regression model by including variables, such 
as age, sex, comorbidities, expanded indication criteria, as 

well as size, depth, location, morphology, and histology of 
tumors, which could potentially affect the outcome of treat-
ment. Using these propensity scores, patients in the ESD 
group were matched at a one-to-one ratio with those in the 
surgery group. The Kaplan–Meier analysis was used to esti-
mate survival differences between the two treatment meth-
ods in all patients and in each expanded indication criteria 
group. Statistical significance was assessed using the log-
rank test. The hazard ratios (HR) for long-term outcomes of 
ESD over surgery in all patients and within each subgroup 
were estimated using the Cox proportional hazard regression 
model. All data were analyzed using SPSS for Windows 
statistical software package (version 21.0; SPSS, Chicago, 
IL, USA) and the R statistical package (V.3.1.2; free down-
load from http://www.r-project.org). p values <0.05 were 
considered statistically significant.

Results

Demographic and baseline characteristics

During the study period, 1336 patients who met the 
expanded indication criteria underwent ESD and 1493 
patients underwent surgery for EGCs. A total of 907 patients 
in the ESD group and 916 patients in the surgery group were 
included in this study based on our predetermined inclusion 
and exclusion criteria (Fig. 1). Baseline characteristics of all 
patients and propensity score-matched patients are shown in 
Table 1. The median follow-up period was 58 months (IQR, 
38.6–66); 50.2 months (IQR, 36.6–64.9) in the ESD group 
and 59.5 months (IQR, 49.4–67.7) in the surgery group. 
The 5-year adherence rates to follow-up were 32.9% for the 
ESD group and 46.1% for the surgery group. This differ-
ence was not statistically significant. The median age and 
the rate of underlying diseases were significantly higher in 
the ESD group than in the surgery group, whereas the rates 
of undifferentiated histology and flat/depressed morphology 
were significantly higher in the surgery group. The distribu-
tion of patients for each expanded indication criterion was 
significantly different between the two treatment groups 
(p < 0.001). The proportion of patients meeting criterion I 
was much higher in the ESD group than in the surgery group, 
whereas the proportion of patients meeting criterion III was 
much higher in the surgery group than in the ESD group. 
The rate of lymphovascular invasion was similar between 
the groups. In the ESD group, the involvement of resection 
margin was identified in 3.3% of patients (n = 30), and the 
curative resection rate was 95.7% (n = 868). In the surgery 
group, subtotal and total gastrectomy were performed in 
85% (n = 779) and 15% (n = 137) of patients, respectively. 
Open surgery was performed in 65.8% (n = 603) and lapa-
roscopic surgery in 34.2% (n = 313) of patients. Lymph 

http://www.r-project.org
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node metastasis was discovered in 13 patients (1.4%). After 
propensity score matching, 522 patients in each treatment 
group were analyzed; there were no statistical differences in 
demographic and baseline characteristics between the two 
groups.

Comparison of long‑term outcomes between endoscopic 
resection and surgery

Overall survival

Kaplan–Meier OS curves are presented in Fig. 2a. The 
5-year OS rates for the ESD and surgery groups were 
97.1% and 97.6%, respectively, and the ESD group 
appeared to be associated with worse prognosis [haz-
ard ratio (HR): 2.404, 95% confidence interval (CI), 
1.635–3.535, p < 0.001]. However, after propensity score 
matching, the 5-year OS rates were 98.1% in the ESD 
group and 96.4% in the surgery group, and no correla-
tion between ESD and poor prognosis was observed (HR: 
1.253, 95% CI, 0.777–2.023, p = 0.355). For criteria I and 
III subgroups, OS was not significantly different between 
ESD and surgery patients (criterion 1, HR: 1.193, 95% CI, 
0.661–2.151, p = 0.558; criterion III, HR: 1.341, 95% CI, 
0.219–8.221, p = 0.751). For criterion II, no mortalities 

were reported in the surgery group, and HR was not eval-
uable. However, Kaplan–Meier analysis suggested no 
significant differences in OS between the two treatment 
groups (p = 0.750). For the criterion IV subgroup, no sig-
nificant differences were detected in OS between groups 
(HR: 1.277, 95% CI, 0.513–3.179, p = 0.600).

Disease‑specific survival

After propensity score matching, 5-year DSS rates were 
99.6% and 98.9% in the ESD and surgery groups, respec-
tively. Kaplan–Meier analysis of DSS showed no sig-
nificant differences between the groups (p = 0.931), and 
the HR for disease-specific mortality in the ESD group 
appeared lower than that of the surgery group (HR: 0.846, 
95% CI, 0.374–1.915, p = 0.930). For the DSS of criteria 
I, III, and IV subgroups, the ESD group appeared to have a 
more favorable prognosis than the surgery group, but these 
differences were not statistically significant (criterion I, 
HR: 0.846, 95% CI, 0.374–1.915, p = 0.689; criterion III, 
HR: 0.733, 95% CI, 0.066–8.084, p = 0.800; criterion IV, 
HR: 0.901, 95% CI, 0.258–3.15, p = 0.871). For criterion 
II subgroups, Kaplan–Meier analysis showed no signifi-
cant differences between the two groups (p = 1.000).

Fig. 1  Study flowchart
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Recurrence‑free survival

After propensity score matching, 5-year RFS rates 
were 92.7% and 96.7% in the ESD and surgery groups, 

respectively. RFS was significantly lower in the ESD 
group than in the surgery group (HR: 1.916, 95% CI, 
1.319–2.782, p < 0.001). For criterion I subgroups, RFS 
was lower in the ESD group than in the surgery group 

Table 1  Baseline clinicopathological characteristics of the study patients grouped by treatment method before and after propensity score match-
ing

n number, COPD chronic obstructive pulmonary disease, IQR interquartile range, CCI age-adjusted Charlson comorbidity index, CPS Child–
Pugh score, V vertical, H horizontal

Overall Propensity score matching

ESD (n = 907) Surgery (n = 916) p ESD (n = 522) Surgery (n = 522) p

Age 64 (56–70) 57.5 (49–66) <0.001 61 (53–68) 61 (54–68) 0.566
Sex, n (%) <0.001 0.839
 Male 662 (73.0) 566 (61.8) 366 (70.1) 370 (70.9)
 Female 245 (27.0) 350 (38.2) 156 (29.9) 152 (29.1)

CCI, IQR 2 (1–3) 1 (0–2) <0.001 2 (1–3) 2 (1–3) 0.834
Comorbidities, n (%) 458 (50.5) 327 (35.7) <0.001 220 (42.2) 232 (44.4) 0.492
 Diabetes mellitus 129 (14.2) 89 (9.7) 0.004 65 (12.5) 63 (12.1) 0.925
 Hypertension 350 (38.6) 234 (25.5) <0.001 163 (31.2) 172 (33.0) 0.596
 Liver cirrhosis CPS A/CPS B 8 (0.9)/6 (0.7) 6 (0.7)/0 (0) 0.041 1 (0.2)/1 (0.2) 5 (1.0)/0 (0) 0.159

Heart failure 3 (0.3) 0 0.245 0 0 1.000
 Coronary artery disease 22 (2.4) 19 (2.1) 0.728 11 (2.1) 15 (2.9) 0.551
 COPD 10 (1.1) 3 (0.3) 0.091 2 (0.4) 3 (0.6) 1.000
 Chronic kidney disease 6 (0.7) 5 (0.5) 0.987 4 (0.8) 2 (0.4) 0.682
 Cerebrovascular disease 20 (2.2) 12 (1.3) 0.202 9 (1.7) 8 (1.5) 1.000

Size 25 (21–33) 22 (15–32.5) <0.001 25 (20–35) 25 (21–35) 0.503
Morphology, n (%) <0.001 1.000
 Elevated 251 (27.7) 164 (17.9) 127 (24.3) 128 (24.5)
 Flat/depressed 656 (72.3) 752 (82.1) 395 (75.7) 394 (75.5)

Histology, n (%) <0.001 0.738
 Well differentiated 478 (52.7) 236 (25.8) 207 (40.0) 203 (38.9)
 Moderately differentiated 346 (38.2) 340 (37.1) 237 (45.4) 247 (47.3)
 Poorly differentiated 56 (6.2) 167 (18.2) 52 (10.0) 43 (8.2)
 Signet-ring cell 27 (3.0) 173 (18.9) 26 (5.0) 29 (5.6)

Depth, n (%) 0.882 0.587
 Mucosa 807 (89.0) 818 (89.3) 455 (87.2) 448 (85.9)
 Submucosa 100 (11.0) 98 (10.7) 67 (12.8) 74 (14.2)

Location, n (%) 0.008 0.549
 Upper third 67 (7.4) 65 (7.1) 36 (6.9) 43 (8.2)
 Mid-third 191 (21.0) 250 (27.3) 114 (21.8) 122 (23.4)
 Lower third 649 (71.6) 601 (65.6) 372 (71.3) 357 (68.4)

Lymphovascular invasion, n (%) 9 (1) 11 (1.2) 0.669 7 (1.3) 8 (1.5) 0.795
Lymph node involvement, n (%) – 13 (1.4) – 7 (1.3)
Resection margin (V/H) 27 (3)/3 (0.3) – 20 (3.8)/3(0.6) –
Curative resection 868 (95.7) – 492 (94.3) –
Criteria of expanded indication <0.001 0.903
 Criterion 1, n (%) 660 (72.8) 431 (47.1) 342 (65.5) 342 (65.5)
 Criterion 2, n (%) 64 (7.1) 46 (5.0) 35 (6.7) 33 (6.3)
 Criterion 3, n (%) 83 (9.2) 341 (37.2) 78 (14.9) 73 (14.0)
 Criterion 4, n (%) 100 (11.0) 98 (10.7) 67 (12.8) 74 (14.2)

Follow-up duration, median (IQR), month 50.2 (36.6–64.9) 59.5 (49.4–67.7) <0.001 52.7 (37.7–67.9) 59.2 (47.9–63.4) 0.008
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(p  =  0.003). Although the surgery group appeared to 
have an RFS benefit compared with the ESD group for 
criteria II, III, and IV subgroups as well, the differences 
between groups were not significant (criterion II, HR: 
4.662, 95% CI, 0.478–45.47, p = 0.185; criterion III, HR: 
2.848, 95% CI, 0.766–10.590, p = 0.118; criterion IV, 
HR: 1.146, 95% CI, 0.414–3.172, p = 0.792) (Fig. 2b). 
Table 2 shows recurrence patterns after treatment in EGC 
patients meeting the expanded indication criteria. Over-
all, the ESD group had more recurrences than did the 
surgery group (8.7% and 1.7%, respectively; p < 0.001). 
However, metachronous recurrences comprised 84.4% of 
recurrences in the ESD group, and no distant recurrences 

were reported. ESD was the salvage treatment most com-
monly chosen for local and metachronous recurrences 
and had an 88.9% cure rate; 15.6% of recurrences were 
successfully treated with gastrectomy. In the surgery 
group, metachronous recurrence was not the dominant 
recurrence type. Extragastric recurrences accounted for 
33.3% of relapses in this group and caused a fatal outcome. 
Excluding metachronous recurrences, we compared RFS 
of the two treatment groups via Kaplan–Meier analysis. 
There were no significant differences in RFS between the 
groups in all patients or in any of the subgroups by each 
criterion (all patients, p = 0.642; criterion I, p = 0.746; 
criterion II, p = 0.332; criterion III, p = 0.068; criterion 
IV, p = 0.947).

Fig. 2  Kaplan–Meier survival curves for endoscopic resection and 
surgery groups before and after matching. a Overall survival: a‑1 Cri-
terion I, a‑2 Criterion II, a‑3 Criterion III, a‑4 Criterion IV. b Recur-

rence-free survival: b‑1 Criterion I, b‑2 Criterion II, b‑3 Criterion III, 
b‑4 Criterion IV. Gray line ESD group, black line surgery group
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Treatment‑related complications

Complications encountered in both groups are presented in 
Table 3. Overall, 37 patients (4.1%) in the ESD group and 
45 patients (4.9%) in the surgery group encountered com-
plications (p = 0.388). Criterion IV subgroups had the high-
est complication rates for both treatments: 6.0% in the ESD 
group and 11.2% in the surgery group. The most common 
complications were bleeding (64.9%) in the ESD group and 
mechanical ileus (48.9%) in the surgery group. Post-ESD 
bleeding and post-ESD perforation occurred most frequently 
in the criterion IV subgroups (3.0%, p = 0.699 and 3%, 
p = 0.005, respectively). Mechanical ileus also developed 
most frequently in criterion IV subgroups (7.1%, p = 0.069), 
but was also significantly related to total gastrectomy 

(p < 0.001). In the ESD group, all complications occurred 
within 1 month after ESD, 31 (83.8%) of which were 
successfully treated with an endoscopic procedure (Cla-
vien–Dindo classification grade 3A). In the surgery group, 
16 complications (35.6%) arose 1 month after surgery, 14 
of which were mechanical ileus. Overall, the surgery group 
alone had the complications requiring an operation or more 
(Clavien–Dindo classification grade 3B or more), and there 
were no complication-related deaths.

Discussion

In the present study, using a propensity score-matching 
analysis of EGC that met the expanded indication criteria, 

Fig. 2  (continued)
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Table 2  Recurrence pattern and treatment after ESD and surgery for early gastric cancer meeting expanded indication criteria

n number, ESD endoscopic submucosal dissection

Overall Propensity score matching

ESD (n = 907) Surgery (n = 916) p ESD (n = 522) Surgery (n = 522) p

Recurrence 75 (8.3) 11 (1.2) < 0.001 45 (8.7) 9 (1.7) <0.001
Local 10 (1.1) 4 (0.4) 5 (1.0) 3 (0.6)
 Metachronous 63 (6.9) 4 (0.4) 38 (7.3) 3 (0.6)

Regional lymph node 2 (0.2) 2 (0.2) 2 (0.4) 2 (0.4)
Distant 0 (0) 1 (0.1) 0 (0) 1 (0.2)
Interval to recurrence, months 31 (18.5–53.5) 37.8 (24.7–61) 0.974 30.7 (17.4–57.8) 38.6 (21.9–63) 0.818
Treatment after recurrence
ESD 55 (6.1) 2 (0.2) 32 (6.1) 2 (0.4)
 Surgery 7 (0.8) 5 (0.5) 3 (0.6) 4 (0.8)
 Noncurative ESD and surgery 6 (0.7) – 4 (0.8) –

Chemotherapy – 3 (0.3) – 2 (0.4)
No treatment 3 (0.3) 1 (0.1) 3 (0.6) 1 (0.2)
 No information 4 (0.4) – 3 (0.6) –

Table 3  Treatment-related complications grouped by treatment method for early gastric cancer before and after propensity score matching

n number, ESD endoscopic submucosal dissection, IQR interquartile range

Overall Propensity score matching

ESD (n = 907) Surgery (n = 916) p ESD (n = 522) Surgery (n = 522) p

Complications 37 (4.1) 45 (4.9) 0.388 21 (4.0) 31 (5.9) 0.155
 Post-ESD bleeding 24 (2.6) 13 (2.5)
 Post-ESD perforation 8 (0.9) 5 (1.0)
 Post-ESD stricture 3 (0.3) 2 (0.4)
 Pneumonia 2 (0.2) 2 (0.2) 1 (0.2) 2 (0.3)
 Ileus 22 (2.4) 13 (2.5)
 Anastomotic bleeding 9 (1.0) 7 (1.3)
 Intraabdominal bleeding 1 (0.1) 1 (0.2)
 Anastomotic leakage 4 (0.4) 3 (0.6)
 Anastomotic stricture 1 (0.1) 0 (0)
 Postoperative abscess 2 (0.2) 2 (0.4)
 Incisional hernia 1 (0.1) 1 (0.2)
 Wound problem 3 (0.3) 2 (0.4)

Criteria of expanded indication 0.010 0.599
 Criterion I 27 (3.0) 18 (2.0) 13 (2.5) 17 (3.3)
 Criterion II 1 (0.1) 2 (0.2) 1 (0.2) 2 (0.4)
 Criterion III 3 (0.3) 14 (1.5) 3 (0.6) 4 (0.8)
 Criterion IV 6 (0.7) 11 (1.2) 4 (0.8) 8 (1.6)

Time to complication <0.001 0.006
 Within 1 month 37 (4.1) 29 (3.2) 21 (4.0) 21 (4.0)
 After 1 month 0 (0) 16 (1.7) 10 (1.9)

Clavien–Dindo classification <0.001 <0.001
 Grade 1 1 (0.1) 0 (0) 1 (0.2) 0 (0)
 Grade 2 5 (0.6) 25 (2.7) 1 (0.2) 17 (3.3)
 Grade 3A 31 (3.4) 10 (1.0) 19 (3.6) 6 (1.1)
 Grade 3B or more 0 10 (1.2) 0 8 (1.6)

Hospital days, IQR 4 (4–5) 10 (9–11) <0.001 4 (4–5) 10 (9–11.3) <0.001
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OS and DSS were not significantly different between the 
ESD and surgery groups. Similarly, when OS and DSS 
were analyzed based on each criterion, no differences were 
observed between the treatment groups. The RFS was sig-
nificantly lower in the ESD group than in the surgery group 
for patients meeting criterion I (intramucosal differentiated 
tumor, without ulcers, size >2 cm). Excluding metachronous 
recurrences, the RFS was not significantly different between 
the two groups. The ESD group had significantly more 
metachronous recurrences than the surgery group, but no 
distant recurrences were detected. All the treatment-related 
complications in the ESD group were encountered within 
1 month after the procedure and could be managed with 
either endoscopic or conservative treatment. However, in 
the surgery group, one third of complications arose 1 month 
after surgery, and one fourth of complications required 
reoperation.

Several researchers have reported the feasibility of ESD 
in EGCs meeting the expanded indication by several differ-
ent analyses. Park et al. compared long-term outcomes of 
ESD for EGCs that met the expanded indication with EGCs 
which met the absolute indication criteria [14]. Hasuike 
et al. evaluated the efficacy and safety of ESD for intramu-
cosal gastric cancer meeting the expanded indication in a 
multi-center single-arm confirmatory trial [15], and Fuku-
naga et al. compared long-term prognosis of ESD versus 
surgery in EGCs that met the expanded indication; however, 
they included only differentiated-type EGCs [5]. Kim et al. 
analyzed the outcomes of each treatment method based on 
the individual criteria in the expanded indication, but they 
excluded undifferentiated-type EGCs as well [16]. Other 
studies included only undifferentiated-type EGCs among the 
four criteria of the expanded indication for evaluation of the 
outcomes of ESD [17]. Those recent studies showed com-
parable outcomes of ESD in EGCs that met the expanded 
indication; however, none of them included all EGCs meet-
ing each criterion of the expanded indication or examined 
the outcomes of EGCs by individual criterion. However, in 
our study, we included all EGCs that met each criterion of 
the expanded indication and analyzed the long-term treat-
ment outcomes of the EGCs in subgroups of patients who 
met each criterion. Our study found that OS and DSS were 
not significantly different between the groups based on indi-
vidual criteria.

In the current study, similar to that which was observed 
in previous studies [1, 4, 16], the most common recurrence 
type in the ESD group was metachronous recurrence (7.3%). 
Repeated ESD was an effective treatment method for local 
and metachronous recurrences, and surgery was a successful 
treatment approach as well, especially in cases of regional 
lymph node recurrence. Metachronous recurrence was not 
a predominant recurrence type in the surgery group; how-
ever, all cases of metachronous recurrence could also be 

successfully treated by ESD or reoperation. In the surgery 
group, there were three cases of local recurrence at the anas-
tomotic site, which were treated with rescue surgery, and 
three cases of extragastric recurrence, resulting in a fatal 
outcome from disease progression. Excluding metachronous 
recurrences, RFS was not significantly different between 
the two treatment groups for the entire expanded indica-
tion population and for each criterion. Several studies have 
reported that metachronous recurrence could be effectively 
detected by endoscopic surveillance in the early stage and 
cured by repeated ESD and surgery [10, 18, 19]. Thus, with 
scheduled and thorough endoscopic surveillance and rescue 
ESD, the effects of metachronous recurrence on survival can 
be favorably managed.

The present study had several limitations. First, this study 
has a retrospective design; thus, randomization to two treat-
ment groups could not be achieved. To overcome this limita-
tion, we employed propensity score-matching analysis and 
tried to minimize the differences in clinicopathological char-
acteristics between the two groups. Second, the study period 
for the ESD group was 2 years later than that of the surgery 
group. To identify reliable long-term outcomes, we planned 
at least a 5-year follow-up period and collected data from 
the patients who underwent gastrectomy between 2003 and 
2011. Because ESD was not introduced to our center until 
2005, we were unable to assess outcomes of ESD within 
the same timeframe. To minimize the effects of this limi-
tation, we included patients who underwent ESD between 
2005 and 2014 and maintained the same study duration of 
9 years. In addition, this is the largest study to date that 
included patients with EGC who met the expanded indica-
tion criteria, with long-term follow-up. Third, the number of 
patients in the criterion II group was small. Kaplan–Meier 
analysis demonstrated no significant differences in OS and 
DSS between the two groups. However, because no mortal-
ity was seen in either group after matching, the Cox propor-
tional hazard regression model could not be used to analyze 
OS and DSS. Fourth, this study did not assess quality of life 
after ESD and surgery.

In conclusion, to the best of our knowledge, this is the 
first study to compare long-term outcomes of ESD and 
surgery in EGCs meeting each criterion of the expanded 
indication. Considering comparable OS and DSS and the 
tolerable intensity of complications, ESD may be a reason-
able alternative to surgery for EGCs that meet the expanded 
indication criteria.
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