
Vol.:(0123456789)1 3

Gastric Cancer (2021) 24:731–743 
https://doi.org/10.1007/s10120-020-01140-x

ORIGINAL ARTICLE

Comparison between endoscopic submucosal resection and surgery 
for the curative resection of undifferentiated‑type early gastric cancer 
within expanded indications: a nationwide multi‑center study

Ji Yong Ahn1 · Young‑II Kim2 · Woon Geon Shin3,20 · Hyo‑Joon Yang4 · Su Youn Nam5 · Byung‑Hoon Min6 · 
Jae‑Young Jang7 · Joo Hyun Lim8 · Jie ‑Hyun Kim9 · Wan Sik Lee10 · Bong Eun Lee11 · Moon Kyung Joo12 · 
Jae Myung Park13 · Hang Lak Lee14 · Tae‑ Geun Gweon15 · Moo In Park16 · Jeongmin Choi17 · Chung Hyun Tae18 · 
Young‑Woo Kim2 · Boram Park19 · II Ju Choi2

Received: 16 July 2020 / Accepted: 31 October 2020 / Published online: 19 November 2020 
© The International Gastric Cancer Association and The Japanese Gastric Cancer Association 2020

Abstract
Background and aims Endoscopic submucosal dissection (ESD) for undifferentiated early gastric cancer (UD EGC) has 
debate due to the risk of lymph node metastasis. We investigated the outcomes of ESD compared to those of surgery for the 
UD EGC within expanded indication.
Methods We reviewed 971 UD EGC patients performed ESD across 18 hospitals in Korea and 1812 patients who underwent 
surgical resection in two hospitals between February 2005 and May 2015. Of these cases, we enrolled a curative resected 
ESD group of 328 patients and surgery group of 383 cases within an expanded indication. Overall outcomes and one-to-
one propensity score-matched (218 ESD group vs 218 surgery group cases) outcomes for these two groups were analyzed.
Results Over the 75.6 month median follow-up period for the 711 enrolled cases, recurrences occurred in 22 patients (6.7%) 
in the ESD group but not in the surgery group. Overall survival (OS) was higher in the surgery group (p = 0.0316) in all 
cases, but there was no significant difference after propensity score matching (p = 0.069). According to the histologic type in 
propensity score matching, the OS of signet ring cell carcinoma and poorly differentiated carcinoma patients did not differ 
between the ESD and surgery groups (p = 0.1189 and p = 0.3087, respectively). In the surgery group involving expanded 
criteria, lymph node metastasis was found in six cases (1.56%).
Conclusions Although ESD shows comparable outcomes to surgery for the UD EGC within expanded indications, appropri-
ate patient selection is needed for the ESD due to the possibility of lymph node metastasis.

Keywords Endoscopic submucosal dissection · Surgery · Undifferentiated histology · Stomach · Treatment outcome

Introduction

In early gastric cancer (EGC) patients, endoscopic submu-
cosal dissection (ESD) has produced favorable long-term 
outcomes and the indication criteria for this procedure are 
widening [1, 2]. The expanded indications for ESD consist 
of three discrete criteria that have been used for EGC: I, 
intramucosal tumor, differentiated type, without ulcerative 

findings, and > 2 cm in size; II, intramucosal tumor, differ-
entiated type, with ulcerative findings, and ≤ 3 cm in size; 
and III, intramucosal tumor, undifferentiated type, without 
ulcerative findings, and ≤ 2 cm in size [3, 4]. However, there 
is still some debate regarding the appropriateness of using 
ESD for undifferentiated type EGC (UD EGC) due to the 
risk of lymph node metastasis.

Previous studies have investigated the long-term out-
comes of ESD interventions for UD EGCs meeting the 
expanded indication criteria, which were found to be com-
parable to surgical treatments for this cancer [5–10]. Nota-
bly, however, there have been several case reports of lymph 
node or distant metastases arising after curative ESD in EGC 
patients meeting the expanded indications, and this treat-
ment is, therefore, still under investigation with regard to 
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these widened criteria [11–14]. It is notable also that in the 
expanded indication criteria, the evidence is still insufficient 
for undifferentiated-type tumors and superficially invasive 
submucosal tumors. In addition, some reports have indicated 
that lymph node metastases have occurred after surgery in 
some UD EGC patients when the tumor was included in the 
expanded indications [9, 15].

Most previous studies on the use of ESD to treat UD 
EGC included a relatively small number of cases from a 
single center, and also included non-curative resection cases 
which should be treated by surgery. To obtain greater clar-
ity regarding the outcomes of ESD compared to surgery in 
the treatment of UD EGC, our current investigation was 
designed as a nationwide Korean study of only cases that 
underwent curative resection by ESD or surgery within the 
expanded indications.

Methods

Patients

This was a multicenter, retrospective study of cases from 18 
institutions across Korea. The study protocol was approved 
by the Institutional Review Board of the Hallym Univer-
sity Hospital, Korea (IRB number: 2017-08-002), and all 
participating centers also received committee approval. 
From February 2005 to May 2015, 971 patients at the 18 
participating hospitals were diagnosed with UD EGC and 
underwent ESD. Initial multiple gastric cancers and previous 
history of gastric cancer were excluded. Of these cases, 643 
patients were excluded from our further analyses, because 
their indications went beyond the expanded criteria. A total 
of 1812 patients received surgical resection for UD EGC in 
two hospitals during the same study period (National Cancer 
Center and Seoul National University Hospital). However, 
1429 of these cases were excluded from the study cohorts as 
again the patient indications went beyond the expanded cri-
teria. We finally enrolled 328 patients in the ESD group and 
383 patients in the surgery group which were included in the 
expanded criteria (intramucosal tumor, undifferentiated type, 
without lymphovascular invasion, without ulcerative find-
ings, and ≤ 2 cm in size) and retrospectively analyzed their 
clinical and demographic data. To provide a comparison of 
the oncologic outcomes between the treatment groups, 1:1 
propensity score-matching was additionally performed and 
218 patients in each group were analyzed (Fig. 1).

Survival status was collected from the medical records 
and claims data of the Korean National Health Insurance 
Corporation where disqualification of health insurance was 
regarded as mortality and maintenance of insurance on 
the date of screening (March 31, 2019) was considered as 
censoring.

Endoscopic procedure and surgery

All ESD procedures were performed by experienced gas-
trointestinal endoscopists using a single-channel endoscope 
(GIF-H260, GIF-Q260, GIF-2TQ260M, GIF-Q260J, or 
GIF-H180; Olympus Optical, Tokyo, Japan). In brief, the 
patients receiving the ESD were sedated and their cardiores-
piratory functions were monitored throughout the procedure. 
The typical ESD procedure sequence involved marking, 
mucosal incision, and submucosal dissection with simul-
taneous hemostasis. After completion of the endoscopic 
resection, all non-bleeding visible vessels were coagulated.

In the enrolled study patients who underwent surgical 
resection, D1 or D1 + lymph node dissection was performed 
for cT1N0 tumors in accordance with the Japanese Gastric 
Cancer Association treatment guidelines [16]. A total, dis-
tal, or proximal gastrectomy was performed by experienced 
surgeons based on the location of the tumor.

Gross and histopathologic evaluation

Prior to the evaluations, the resected specimens were 
stretched, pinned to a polystyrene plate, and totally immersed 
in 10% neutral buffered formalin. After fixation, each speci-
men was grossly examined to identify the lesion and the 
closest resection margin. Specimens resected by ESD were 
sectioned serially at 2 mm-intervals parallel to an imaginary 
line drawn from the edge of the tumor to the closest resec-
tion margin. Surgically resected specimens were sectioned 
serially at 4–6 mm intervals. Each sliced tissue specimen 
was embedded in paraffin, and 5 μm sections were cut from 
each paraffin block and stained with hematoxylin and eosin. 
All samples were independently reviewed by each hospitals’ 
experienced gastrointestinal pathologists and those patho-
logic reports were reviewed in this study.

Follow‑up schedule

Endoscopy follow-ups were initially performed at 
2–3 months after ESD. Then, endoscopy with abdomi-
nal computed tomography (CT) were performed every 
6–12 months for 3 years and annually thereafter at least for 
5 years from the initial treatment. In the surgically resected 
patients, a follow-up endoscopy and abdominal CT was 
performed every 6 months for the first 2–3 years and then 
annually for 5 years.

Definitions

Macroscopic types of gastric carcinoma were classified in 
accordance with the Japanese classification system, i.e. type 
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I (protruded), type IIa (superficial elevated), type IIb (flat), 
type IIc (superficial depressed), and type III (excavated) 
[17]. Types I and IIa were classified as elevated and types 
IIb, IIc, and III as flat/depressed.

Curative resection was defined as complete resection 
with a diameter ≤ 2 cm and a tumor confined to the mucosa, 
with no lateral or deep resection margin, no ulceration, or 
lympho-vascular invasion. A resection was considered non-
curative when the tumor did not fulfill these criteria.

Recurrences were categorized as synchronous, metachro-
nous, local, or as a distant metastasis. A synchronous recur-
rence was defined as a newly discovered lesion, excluding 
the ESD scar, within 12 months from the date of the index 
ESD procedure. Metachronous lesions were defined as a 
newly discovered lesions, again excluding the ESD scar, 
after more than 12 months from the date of the index pro-
cedure. A local recurrence was defined as a recurrence at 
the ESD site or in the surgery group as a recurrence at the 
site of the anastomosis. Distant metastases was defined as 
a recurrence at a lymph node, in the peritoneum, or at other 
organs after treatment. Pathologically, only adenocarcinoma 
lesions were considered to be recurrences.

The primary end point of this current study was overall 
survival (OS), which was defined as the time from the start 
of treatment to death from any cause. The secondary end 
point was recurrence-free survival (RFS), which included 
any cases of synchronous recurrence, metachronous recur-
rence, distant metastasis, or local recurrence of the gastric 
cancer.

Statistical analysis

The distributions of the clinical characteristics of the current 
study patients were summarized as mean (standard devia-
tion) or median (interquartile range [IQR]) for continuous 
variables, and frequency (percentage) for categorical vari-
ables. To compare differences in the distributions between 
the two treatment groups, a Pearson’s Chi-square test or 
Fisher’s exact test for categorical variables was applied, 
whereas a t test or Wilcoxon rank-sum test was used for 
continuous variables as appropriate. Propensity score match-
ing was performed to balance the distribution of the clini-
cal characteristics between the two treatment groups. Seven 
variables including age, sex, American Society of Anes-
thesiologists (ASA) physical status, location, lesion size, 
depth of invasion, and morphology were used to perform 
propensity score matching. Finally, well-matched 1:1 subsets 
were determined using nearest neighbor matching. Survival 
curves were plotted using the Kaplan–Meier method and 
the differences in survival between the two study groups 
were evaluated using the Log-rank test. We calculated 5 year 
survival rates with a two-sided 95% confidence interval (CI) 
using the Kaplan–Meier method. The Cox proportional 

hazard model was used to estimate the hazard ratio (HR) and 
two-sided 95% CI. All results were reported with two-sided 
p values and statistical analyses were performed using SAS 
software, version 9.4 (SAS Institute Inc., Cary, NC), and R 
software, version 3.6.2 (R Project for Statistical Computing).

Results

Clinicopathological outcomes in the total patient 
cohort

The baseline characteristics of the 711 enrolled UD EGC 
patients are listed in Table 1. The mean age was signifi-
cantly higher in the ESD group than the surgery group 
(58.4 ± 12.8 vs 50.9 ± 10.9, p < 0.001) and underlying dis-
eases were also more prevalent in the ESD group. Endo-
scopic findings showed that elevated type and lower third 
tumor locations were more frequent in the ESD group than 
in the surgery group (21.3% vs 5.5%, p < 0.001 and 46.3% 
vs 31.3%, p = 0.0002, respectively; Table 1). Among the 672 
study patients for which information on any familial history 
of gastric cancer was available, 98 patients (14.6%) had a 
positive history of this cancer but there was no difference in 
this regard between the ESD and surgery groups (11.3% vs 
15.9%, p = 0.2559). 

In the pathologic findings, poorly differentiated adenocar-
cinoma (PDA) was more common in the ESD group (53.7% 
vs 29.8%, p < 0.001) as was lamina propria invasion (69.2% 
vs 52.7%, p < 0.001; Table 2). The median procedure time 
in the ESD group was 2 min (IQR 5–226 min).

Oncologic outcomes in the total patient cohort

All 22 recurrences among the total patient cohort were 
among the ESD cases with none arising in the surgery 
group (Table 2). Metachronous recurrences were described 
in 12 cases (3.7%) with a 34.5 month median follow-up 
period (IQR 25–52.5 months). Synchronous recurrences 
were detected in four cases (1.2%) over a 5 month median 
follow-up (IQR 3.7–6.7 months). Local recurrences arose 
in four cases (1.2%) over 26 months of follow-up (IQR 
13.5–40 months). Finally, there were two patients with 
a distant metastatic recurrence (0.6%) over a median 
follow-up of 75.5 months (IQR 75.2–75.7 months). As 
shown in Fig. 2, additional ESD and surgery was per-
formed in 12 and seven of these recurrent cases, respec-
tively. One patient with a metachronous recurrence was 
lost to follow-up. One recurrent patient with an index 
lesion involving a 16 mm muscularis mucosal invasion 
PDA developed a liver metastasis at 75 months after ESD 
and died 17 months after chemotherapy. The remaining 
patient among the 22 recurrent cases had an index lesion 
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Table 1  Baseline characteristics 
of the patients who underwent 
curative ESD or surgery for an 
undifferentiated EGC that met 
the expanded indications

STD standard deviation; IQR interquartile range, ESD endoscopic submucosal dissection
a refers to the physical status classification of the American Society of Anesthesiologists

Variables Total ESD Surgery P value
(n = 711) (n = 328) (n = 383)

Age, years
 Mean ± STD 54.4 ± 12.4 58.4 ± 12.8 50.9 ± 10.9  < .0001

Sex, n (%)
 Male 344 171 (52.1) 173 (45.2) 0.064
 Female 367 157 (47.9) 210 (54.8)

Underlying diseases, n (%)
 Hypertension 170 96 (29.3) 74 (19.3) 0.0018
 Diabetes mellitus 71 43 (13.1) 28 (7.3) 0.0097
 Cardiac diseases 8 4 (1.2) 4 (1.0)  > .9999
 Cerebral diseases 9 6 (1.8) 3 (0.8) 0.3149
 Liver cirrhosis 6 4 (1.2) 2 (0.5) 0.4224
 Chronic kidney disease 2 1 (0.3) 1 (0.3)  > .9999

ASA physical  statusa, n (%)
 1 418 214 (65.2) 204 (53.3) 0.0012
 2 293 114 (34.8) 179 (46.7)

Endoscopic tumor size, mm
 Median (IQR) 13 (10–18) 15 (10–20) 12 (10–16) 0.1115

Morphology, n (%)
 Elevated (I, IIa, and IIa + IIc) 91 70 (21.3) 21 (5.5)  < .0001
 Flat (IIb) + depressed (IIc) 620 258 (78.7) 362 (94.5)

Location, n (%)
 Upper third 46 21 (6.4) 25 (6.5) 0.0002
 Middle third 393 155 (47.3) 238 (62.1)
 Lower third 272 152 (46.3) 120 (31.3)

Table 2  Clinical and oncologic 
outcomes of the patients who 
underwent curative ESD or 
surgery for an undifferentiated 
EGC that met the expanded 
indications

ESD endoscopic submucosal dissection; IQR interquartile range; SRC signet ring cell; PDA poorly differ-
entiated adenocarcinoma

Variables Total ESD Surgery P value
(n = 711) (n = 328) (n = 383)

Lesion size, mm
 Median (IQR) 14 (9–17) 13 (9–17) 14 (9–17) 0.1013

Histology, n (%)
 SRC 421 152 (46.3) 269 (70.2)  < .0001
 PDA 290 176 (53.7) 114 (29.8)

Depth of invasion, n (%)
 Lamina propria 429 227 (69.2) 202 (52.7)  < .0001
 Muscularis mucosa 282 101 (30.8) 181 (47.3)

Recurrence, n (%)
 Any recurrence 22 22 (6.7) 0 (0.0)
 Metachronous 12 12 (3.7) 0 (0.0)
 Synchronous 4 4 (1.2) 0 (0.0)
 Local 4 4 (1.2) 0 (0.0)
 Distant metastatic 2 2 (0.6) 0 (0.0)

Death, n (%) 33 22 (6.7) 11 (2.9)
Follow-up periods, years 6.3 (3.7–12.4) 6.3 (3.7–12.4) 6.3 (3.8–11.7)
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associated with a 15 mm lamina propria invasion PDA but 
developed a retroperitoneal lymphadenopathy with bone 
metastasis at 76 months after the ESD and died 1 month 
after chemotherapy.

The 5-year OS rates were 96.1 and 98.7% in the ESD 
and surgery groups, respectively, with significance (HR 
2.18, 95% CI 1.05–4.53, p = 0.0316). As shown in Fig. 3, 
univariable analysis indicated that age was risk factor 
for death in all patients (HR 1.06, 95% CI 1.04–1.09, 
p < 0.001). The 5-year RFS outcomes in the ESD group, 
taking into account the cases of synchronous recurrence, 
metachronous recurrence, distant metastasis, or local 
recurrence of gastric cancer, was 93.2%.

Oncologic outcomes of propensity score‑matched 
patients

Propensity score-matching of the entire study popula-
tion yielded 218 matched pairs in the ESD and surgery 
groups. The baseline and clinical characteristics, and 
the oncologic outcomes of the propensity score-matched 
patients are listed in Tables 3 and 4. The 5-year OS rates 
were 95.6 and 98.2% in the ESD and surgery groups with-
out significant difference (HR 2.36, 95% CI 0.91–6.10, 
p = 0.069; Fig. 4). In subgroup analysis of the signet ring 
cell carcinoma (SRC) and PDA patients by propensity 
score-matching within the surgery group, the OS rate also 
showed no significant difference compared to surgery 
(HR 2.75, 95% CI 0.73–10.37, p = 0.1189 and HR 2.01, 
95% CI 0.51–7.90, p = 0.3087, respectively; Fig. 4). The 
5-year RFS in the ESD group was 95.2%; in the subgroup 

analysis, that in the SRC group was 98.1% and in the PDA 
group was 91.1%.

Lymph node metastases in the surgery group 
under the expanded indication criteria

Among the 383 study cases in the surgery group under the 
expanded indications, lymph node metastases were evident 
in six cases (1.56%) with a median age of 61 years (IQR 
41.5–61.75 months) and median tumor size of 17 mm (IQR 
12.5–19.5 mm). These patients received chemotherapy after 
surgery and no recurrence or distant metastasis was detected 
over the subsequent 60 month median follow-up period (IQR 
54–63.75 months; Table 5).

Discussion

Endoscopic resection is an established treatment approach 
for EGCs that meet standard guidelines and extended crite-
ria, including demonstrating a low risk of lymph node metas-
tasis [1, 18, 19]. Notably, however, there are still concerns 
among clinicians regarding the results of ESD for UD-EGC 
within the expanded criteria due to the risk of lymph node 
metastasis [9, 10, 15, 16, 20–22] and there have been few 
studies involving large number of these cases with a multi-
center design. In our present study, we attempted to address 
this by analyzing the outcomes in 313 cases who underwent 
an ESD for the curative resection of a UD EGC within the 
expanded indications from 18 centers across Korea. We then 
compared these patients with a cohort of surgically treated 
cases with the same cancer. Our results revealed that the 
surgery group had a better OS outcome than that ESD group, 
but that there were no significant OS differences between 
these two groups after propensity score matching. In our 
subgroup analysis, the SRC and PDA groups also showed no 
significant OS differences compared to the surgery group. As 
expected, the recurrence rate was higher in the ESD group 
(6.7%) compared to the surgery group (0%) due to a higher 
risk of recurrence with a larger remaining stomach. Notably 
however, there were two cases of a fatal distant metastasis 
after ESD and six cases of lymph node metastasis in our 
present surgery group with the expanded indications. Care 
should be taken therefore in selecting UD EGC patients for 
an ESD treatment, even with the expanded criteria.

Previous studies have reported a 90–95% 5-year survival 
rate for UD EGC after ESD with no statistically signifi-
cant differences from the surgical outcomes for this cancer, 
although a tendency toward a better OS was evident in 
surgery cases [8–10, 23]. One of these prior reports found 
that the OS differed according to the histologic type with 
PDA patients showing a poorer OS than SRC cases [10]. 
We found in our current study series that the OS was better 

Fig. 3  Kaplan–Meier curve of overall survival outcomes in the ESD 
group (n = 328) and surgery group (n = 383). ESD endoscopic submu-
cosal dissection
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in the surgery group among the total patient cohort, but no 
significant difference was observed after propensity score 
matching. The reason for this discrepancy is quite likely to 
be patient age, which was revealed as a risk factor for death 
and was higher in the ESD group before matching. It was 
notable, however, that a longer OS trend was evident in our 
current surgery group even after propensity score matching 
(HR 2.36, 95% CI 0.91–6.1, p = 0.0775). Previous reports 
have explained this trend by histologic type differences 
as PDA lesions are typically highly associated with verti-
cal cut-end positivity compared to SRCs, which can lead 
to poorer survival [10, 24]. In our current data, subgroup 
analysis indicated no OS differences in group comparisons 
of SRC vs surgery and PDA vs surgery. However, the two 
cases of distant metastasis after ESD in our present series 
had a PDA histology. Further studies of oncologic outcome 
trends according to the histologic type of GC will assist 
pathologists to distinguish between SRC and PDA tumors 
more clearly.

GC recurrences after an ESD can arise in the remaining 
stomach, leading to a higher risk of these occurring in this 
treatment group compared to a surgically treated group. The 
overall recurrence rate after ESD has been reported to be as 
high as 10% in some previous studies and can be reduced 
incomplete resected cases to around 4% [9, 10, 25, 26]. 
Metachronous recurrences in UD EGC patients are more 
frequent than synchronous or local recurrences [9, 10, 27] 
and can thus be more readily treated by an additional ESD 
procedure because the chance of another recurrence at the 
ESD scar will be decreased. In our present study, the total 
recurrence rate was 6.7% among the curative resected ESD 
cases and metachronous recurrences represented more than 
half of these (3.7%). Theoretically, local recurrent can not 
be happened in case with curative R0 resection, however, it 
often happened in clinical situation. We think that this local 
recurrence can be happened, because the recurred tumor is 
located very near the ESD site coincidently. Unlike recur-
rences of this nature, a distant metastatic recurrence is very 

Table 3  Baseline characteristics of the propensity score matched patients

STD standard deviation; IQR interquartile range, ESD endoscopic submucosal dissection
a Refers to the physical status classification of the American Society of Anesthesiologists

Variables Total (n = 436) SRC (n = 258) PDA (n = 178)

ESD Surgery P value ESD Surgery P value ESD Surgery P value

(n = 218) (n = 218) (n = 129) (n = 129) (n = 89) (n = 89)

Age, years
 Mean ± STD 55.0 ± 12.2 53.9 ± 10.9 0.298 53.6 ± 12.1 52.8 ± 10.3 0.5743 57.2 ± 12.1 55.5 ± 11.6 0.3434

Sex, n (%)
 Male 105 (48.2) 98 (45.0) 0.5015 52 (40.3) 47 (36.4) 0.5221 53 (59.6) 51 (57.3) 0.761
 Female 113 (51.8) 120 (55.0) 77 (59.7) 82 (63.6) 36 (40.5) 38 (42.7)

Underlying diseases, n (%)
 Hypertension 65 (29.8) 45 (20.6) 0.0255 33 (25.6) 24 (18.6) 0.1768 32 (36.0) 21 (23.6) 0.0637
 Diabetes mellitus 30 (13.8) 15 (6.9) 0.0174 12 (9.3) 8 (6.2) 0.3517 18 (20.2) 7 (7.9) 0.0162
 Cardiac diseases 3 (1.4) 3 (1.4)  > .9999 0 (0.0) 2 (1.6) 0.4981 3 (3.4) 1 (1.1) 0.6207
 Cerebral diseases 3 (1.4) 3 (1.4)  > .9999 2 (1.6) 2 (1.6)  > .9999 1 (1.1) 1 (1.1)  > .9999
 Liver cirrhosis 4 (1.8) 1 (0.5) 0.3721 3 (2.3) 1 (0.8) 0.6221 1 (1.1) 0 (0.0)  > .9999
 Chronic kidney disease 1 (0.5) 0 (0.0)  > .9999 1 (0.8) 0 (0.0)  > .9999 0 (0.0) 0 (0.0)

ASA physical  statusa, n (%)
 1 134 (61.5) 128 (58.7) 0.5574 87 (67.4) 81 (62.8) 0.4332 47 (52.8) 47 (52.8)  > .9999
 2 84 (38.5) 90 (41.3) 42 (32.6) 48 (37.2) 42 (47.2) 42 (47.2)

Endoscopic tumor size, mm
 Median (IQR) 12 (10–20) 12.5 (10–18) 0.8554 12 (10–15) 12 (9–16) 0.5494 15 (10–20) 14 (10–18) 0.2701

Morphology, n (%)
 Elevated (I, IIa, and IIa + IIc) 22 (10.1) 17 (7.8) 0.4014 13 (10.1) 8 (6.2) 0.255 9 (10.1) 9 (10.1)  > .9999
 Flat (IIb) + depressed (IIc) 196 (89.9) 201 (92.2) 116 (89.9) 121 (93.8) 80 (89.9) 80 (89.9)

Location, n (%)
 Upper third 13 (6.0) 13 (6.0) 0.6102 6 (4.6) 3 (2.3) 0.4706 7 (7.9) 10 (11.2) 0.5648
 Middle third 109 (50.0) 119 (54.6) 65 (50.4) 72 (55.8) 44 (49.4) 47 (52.8)
 Lower third 96 (44.0) 86 (39.4) 58 (45.0) 54 (41.9) 38 (42.7) 32 (36.0)
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difficult to cure and will typically lead to a fatal outcome. 
Our present results revealed that two of our current UD 
EGC patients developed a distant metastasis after curative 
ESD within the expanded indications but that both died 
after chemotherapy. We thus recommend close monitoring 
through regular endoscopy and CT scans, particularly in UD 
EGC cases. The frequency and duration of the surveillance 
after an ESD for UD EGC must also be considered carefully 
because most of the previously reported distant metastatic 
cases including those in our current series occurred within 
5 years after this procedure [10].

Although a CT scan can support the pre-procedural 
diagnosis with regard to lymph node metastasis, the detec-
tion rate for this is still low. To address this problem, many 
researchers have reviewed surgical data retrospectively and 
have thereby generated indication criteria for ESD that 
included very low or negative risk of lymph node metas-
tasis. Previous studies have also reported a rate of lymph 
node metastasis below 1% for UD EGC within the expanded 
indication criteria in surgical cases and recommended ESD 
for lesions of less than 1 cm in size [9, 28–31]. In our cur-
rent study, however, we observed a 1.56% rate of lymph 
node metastasis in our expanded indication UD EGC series, 
and the smallest of these was a 4 mm PDA with lamina 
propria invasion. The possibility of a lymph node metas-
tasis should, therefore, be determined before making any 

treatment decisions in UD EGC patients, even with the 
expanded indication criteria.

Although our current investigation was a multicenter, 
nationwide study that included a relatively large number of 
UD EGC patients that received a curative treatment within 
expanded indications by ESD or surgery, there were some 
notable limitations of our study design. There was an inevi-
table bias because of the retrospective nature of the analy-
sis. However, we tried to reduce the extent of any selection 
bias using propensity score matching. A second limitation 
was that we could not unify the pathologic findings for the 
resected specimens, leading to possible discrepancies in the 
diagnosis of SRC and PDA, and existence of ulcer or scar. 
In addition, each of the participating hospital likely has have 
standards and protocols, and further pathological studies will 
be required to assess survival outcomes in accordance with 
a more precise ratio between SRC and PDA lesions. A third 
limitation was that we could not determine the exact cause of 
death due to the retrospective design of the study, and it was 
thus not possible to compare disease-specific survival rates. 
A fourth is that not all hospital perform immunohistochemi-
cal study for lymphovascular invasion and surgical specimen 
were sectioned serially at 4–6 mm intervals in Korea. Previ-
ous study showed that 2 mm wide section interval was suit-
able for the pathological evaluation of sm invasion or LVI 
[32]. Therefore, chance of missing and downsized estimation 

Table 4  Clinical and oncologic outcomes of the propensity score matched patients

IQR interquartile range; ESD endoscopic submucosal dissection; SRC signet ring cell; PDA poorly differentiated adenocarcinoma

Variables Total (n = 436) SRC (n = 258) PDA (n = 178)

ESD Surgery P value ESD Surgery P value ESD Surgery P value

(n = 218) (n = 218) (n = 129) (n = 129) (n = 89) (n = 89)

Lesion size, mm
 Median (IQR) 13 (9–17) 14.5 (9–18) 0.2031 13 (9–17) 15 (10–18) 0.2005 13 (10–17) 14 (8–18) 0.6508

Histology, n (%)
 SRC 129 (59.2) 129 (59.2)  > .9999 129 (100) 129 (100.0) 0 (0.0) 0 (0.0)
 PDA 89 (40.8) 89 (40.8) 0 (0.0) 0 (0.0) 89 (100.0) 89 (100.0)

Depth of invasion, n (%)
 Lamina propria 137 (62.8) 131 (60.1) 0.5549 95 (73.6) 89 (69.0) 0.4089 42 (47.2) 42 (47.2)  > .9999
 Muscularis 

mucosa
81 (37.2) 87 (39.9) 34 (26.4) 40 (31.0) 47 (52.8) 47 (52.8)

Recurrence, n (%)
 Any recurrence 12 (5.5) 0 (0.0) 4 (3.1) 0 (0.0) 8 (9.0) 0 (0.0)
 Metachronous 6 (2.8) 0 (0.0) 2 (1.6) 0 (0.0) 4 (4.5) 0 (0.0)
 Synchronous 1 (0.5) 0 (0.0) 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0)
 Local 4 (1.8) 0 (0.0) 1 (0.8) 0 (0.0) 3 (3.4) 0 (0.0)
 Distant meta-

static
1 (0.5) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.1) 0 (0.0)

Death, n (%) 15 (6.9) 6 (2.8) 8 (6.2) 3 (2.3) 7 (7.9) 3 (3.4)
Follow-up peri-

ods, years
6.4 (3.7–11.5) 6.3 (3.8–11.7) 6.4 (3.8–11.5) 6.3 (4.1–10.8) 6.3 (3.7–11.3) 6.4 (3.8–11.7)
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of lymphovascular invasion can be possible in this retrospec-
tive designed study. Finally, due to various circumstances, 
we only used surgical data from two of the participating 
hospitals as they could provide well-structured patient data. 
Despite these limitations, however, a principal advantage 
of our current report is that we analyzed a large number of 
t curative resection ESD cases within expanded indications 
compared to surgery cases.

In conclusion, although the outcomes of ESD are not 
inferior to surgery for the curative resection of UD EGC 
within expanded indications, the possibility of a lymph node 
metastasis after ESD remains. The decision to perform ESD 
in these patients should therefore be made carefully and this 
procedure should always be followed by regular closed mon-
itoring with endoscopy and CT scans.
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