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Abstract

Background Data concerning the long-term outcomes of
endoscopic submucosal dissection (ESD) versus surgery
for early gastric cancer (EGC) are limited. We aimed to
compare the long-term outcomes of ESD and surgery for
patients with EGC.

Methods Data were reviewed from patients treated by ESD
or surgery for EGC in 2005-2010. The primary outcome
was overall survival (OS). Secondary outcomes were dis-
ease-specific survival (DSS), disease-free survival (DFS),
recurrence-free survival (RFS), treatment-related compli-
cations, and hospital stay duration.

Results Among 617 patients, 342 underwent ESD and 275
underwent surgery. The 5-year OS rates were similar
between the ESD group and the surgery group (96.9% vs
98.1%, P = 0.581). In a propensity-score-matched analysis
of 117 pairs, there were no significant differences in the OS
rates (96.5% vs 99.1%, P = 0.125) and DSS rates (100%
vs 99.1%, P = 0.317) between the ESD group and the
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surgery group. The ESD group had a significantly lower
DFS rate (90.3% vs 98.0%, P = 0.002), a significantly
lower RFS rate (95.1% vs 98.0%, P = 0.033), a signifi-
cantly higher early complication rate (6.7% vs 1.5%,
P < 0.001), a significantly lower late complication rate
0% vs 9.1%, P <0.001), and a significantly shorter
median hospital stay (3 days vs 10 days, P < 0.001) than
the surgery group.

Conclusions ESD and surgery have comparable OS rates
in patients with EGC. ESD has benefits, including a lower
late complication rate and shorter hospital stay. However,
RFS and DFS rates might be lower after ESD than after
surgery.

Keywords Early gastric cancer - Endoscopic submucosal
dissection - Gastrectomy - Survival

Introduction

Gastric cancer is one of the leading causes of cancer-re-
lated deaths worldwide, and the second commonest cancer
in Korea [1, 2]. Because of the national cancer screening
program for gastric cancer initiated in 1999 [3], the pro-
portion of patients with early gastric cancer (EGC) at
diagnosis has been increasing in Korea [4]. EGC is defined
as a lesion with cancer invasion confined to the mucosa or
submucosa, regardless of lymph node metastasis (LNM)
[5, 6]. Surgical gastrectomy with regional lymph node
dissection is a traditional standard treatment modality for
EGC. The prognosis of patients with EGC after curative
resection is excellent, with a 5-year overall survival (OS)
rate of more than 90% [7].

Since endoscopic instruments and techniques have been
developed, endoscopic resection is commonly performed
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for treatment of EGC without LNM, particularly that
meeting the absolute indication criteria for endoscopic
resection, such as intramucosal differentiated-type cancer
2 cm or smaller without ulceration [8—10]. In 2000, a large-
scale study proposed the expanded indication criteria for
endoscopic resection on the basis of a comprehensive
review to assess the risk of LNM [8]. The expanded indi-
cation criteria are (1) differentiated-type intramucosal
cancer without ulceration, regardless of tumor size, (2)
differentiated-type intramucosal cancer 3 cm or smaller,
irrespective of ulceration, (3) differentiated-type minute
submucosal invasive cancer 3 cm or smaller, and (4)
undifferentiated-type intramucosal cancer 2 cm or smaller
without ulceration [8]. With the development of endo-
scopic submucosal dissection (ESD), EGC meeting the
expanded indication criteria can be treated successfully by
ESD alone [11]. Favorable short-term and long-term clin-
ical outcomes have been reported in many studies [12—-15].

The survival rate of patients who undergo ESD for EGC
meeting the absolute indication criteria is comparable to
that of patients treated by surgical gastrectomy [16].
However, LNM have been reported in a small proportion of
patients with EGC meeting the expanded indication criteria
[17, 18], and controversies still exist regarding the potential
risk of LNM after ESD. Therefore, it is important to
compare the long-term clinical outcomes of ESD and sur-
gery for EGC meeting the expanded indication criteria.
Although the long-term outcomes of patients with EGC
meeting the expanded indication criteria are reported to be
similar after either ESD or surgery [19-22], there are
limited data regarding the optimal treatment strategy for
EGC. Therefore, we aimed to evaluate the long-term out-
comes of patients who underwent ESD or surgical resection
for EGC.

Methods
Study design and patients

The study included patients who underwent ESD for EGC
at Pusan National University Hospital (Busan, Korea) from
January 2005 to December 2010. We enrolled patients who
met the following inclusion criteria: (1) older than
20 years, (2) newly diagnosed EGC, and (3) final patho-
logic findings of curative resection (defined later) after
ESD under the absolute or expanded indication criteria.
The exclusion criteria were as follows: (1) previous treat-
ment for gastric cancer, (2) cancer of another organ, (3)
follow-up duration less than 1 year, (4) additional gas-
trectomy after initial ESD, or (5) noncurative pathologic
findings.
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During the same period, patients who underwent surgi-
cal gastrectomy with lymph node dissection for EGC were
enrolled for comparison with the ESD group. Among them,
we excluded patients who had (1) previously been treated
for gastric cancer, (2) cancer of an other organ, (3) a fol-
low-up duration of less than 1 year, (4) deep submucosal
invasive cancer (more than 500 pm from the muscularis
mucosae), or (5) the presence of LNM or lymphovascular
invasion. This study was reviewed and approved by the
Institutional Review Board of Pusan National University
Hospital (H-1612-006-049).

ESD and surgery

Before treatment, all patients underwent endoscopy,
endoscopic ultrasonography, and computed tomography
for clinical staging. All ESD procedures were performed
as described in our previous study [13]. In the surgery
group, patients underwent laparoscopy-assisted or open
gastrectomy with D1 4+  or more lymph node dissec-
tion. The extent of lymph node dissection was based on
the recommendations of the Japanese Gastric Cancer
Association [10]. A total, distal, or proximal subtotal
gastrectomy was conducted according to the tumor loca-
tion and extent.

Histopathology evaluation

Resected specimens were fixed in a 10% formalin solution
and serially sectioned to assess tumor involvement of the
lateral and vertical margins; ESD specimens and surgical
specimens were serially sliced at 2- and 5-mm intervals
respectively. The tumor location was described as being in
the upper, middle, or lower third of the stomach, and the
macroscopic type was classified as elevated, flat, or
depressed. Tumor size, degree of differentiation, invasion
depth, presence of ulceration, and lymphovascular emboli
were evaluated microscopically. Tumors were classified
histopathologically according to the Japanese classification
of gastric carcinoma [23]; tubular adenocarcinoma (well-
differentiated and moderately differentiated adenocarci-
noma) and papillary adenocarcinoma were classified as
differentiated type, and poorly differentiated adenocarci-
noma, signet ring cell carcinoma, and mucinous adeno-
carcinoma were classified as undifferentiated type. If a
cancer had histologic heterogeneity, its histologic appear-
ance was described according to the quantitatively pre-
dominant type. Curative resection was defined if the
following conditions were met: en bloc resection, tumor-
free lateral and vertical margins, meeting of the expanded
indication criteria, and the absence of lymphovascular
invasion.
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Follow-up

In both the ESD group and the surgery group, follow-up
endoscopy, abdominal computed tomography, chest
radiography, and laboratory measurement of tumor mark-
ers were conducted 6 months later and annually thereafter.
If patients were lost to follow-up, mortality data were
obtained from the National Cancer Registry database.
Follow-up data on recurrences and deaths were obtained
until December 2015.

Outcome data

The primary outcome of this study was OS. Secondary
outcomes included disease-specific survival (DSS), dis-
ease-free survival (DFS), recurrence-free survival (RFS),
the development of metachronous gastric cancer, treat-
ment-related complications, length of hospital stay, and
30-day readmission rates. OS was defined as the length of
time from the date of ESD or surgery to the date of death
from any cause, and DSS was defined as the length of time
from the date of ESD or surgery to the date of death related
to gastric cancer. DFS was defined as the length of time
from the date of ESD or surgery to the date of the first
gastric cancer recurrence, metachronous gastric cancer
occurrence, or death from any cause. RFS was defined as
the length of time from the date of ESD or surgery to date
of the first gastric cancer recurrence, metachronous gastric
cancer occurrence, or death with evidence of recurrence.
Metachronous gastric cancer was defined as a new cancer
that was detected at a previously uninvolved site more than
1 year after initial treatment. Early and late complications
were regarded as the occurrence of adverse events within
and beyond 30 days after treatment respectively.

Statistical analysis

To compare the baseline characteristics and clinicopatho-
logic features between the ESD group and the surgery
group, the chi-square test or Fisher’s exact test was used for
categorical variables and the Student ¢ test or the Mann—
Whitney U test was used for continuous variables.
Propensity-score-matched analysis was conducted to
reduce the effect of possible confounding factors and
treatment-related selection bias [24, 25]. Propensity scores
were determined by a logistic regression model of the
covariates as follows: age, sex, comorbidities, and tumor
location, size, morphology, invasion depth, and differenti-
ation. By use of these propensity scores, patients in the
ESD group were individually matched to patients in the
surgery group. To assess bias reduction, we checked the
balance of the matched data in terms of absolute stan-
dardized differences of covariates before and after

matching. An absolute standardized difference of less than
10% suggests a substantial balance across the groups. The
Kaplan—-Meier method was used to estimate the long-term
survival outcomes, and the log-rank test was used to ana-
lyze the statistical differences between the treatment
groups. The hazard ratios (HRs) of surgery over ESD for
the long-term outcomes were determined with a Cox pro-
portional hazards model. To evaluate the independent
predictors of OS, variables with P < 0.20 in univariate
analyses were entered into a multiple regression analysis,
using the Cox proportional hazards model. P < 0.05 was
considered statistically significant. Statistical calculations
were performed with PASW Statistics for Windows ver-
sion 18.0 (SPSS, Chicago, IL, USA).

Results
Study population

From January 2005 to December 2010, 756 patients with
777 EGCs were treated by ESD. Among them, 414 patients
were excluded for the following reasons: history of gastric
cancer (n = 8), cancer of another organ (n = 59), follow-
up less than 1 year (n = 217), not meeting the criteria for
curative resection (n = 123; 5 with lymphovascular inva-
sion, 11 with piecemeal resection, 26 with positive tumor
margin, and 81 beyond the expanded indication criteria),
and additional surgery (n = 7). During the same period,
873 patients underwent surgery for EGC. Among them,
598 patients were excluded for the following reasons:
history of gastric cancer (n = 3), cancer of another organ
(n = 36), follow-up less than 1 year (n = 51), beyond the
expanded indication criteria (n = 478), presence of LNM
(n = 24), and presence of lymphovascular emboli (n = 6).
Finally, 617 patients were eligible for long-term outcome
analysis (342 patients in the ESD group and 275 patients in
the surgery group). Patients in the ESD group were mat-
ched individually to patients in the surgery group with use
of propensity scores; consequently 117 pairs of matched
patients were created (Fig. 1).

Table 1 summarizes the baseline characteristics of all
the patients and propensity-score-matched patients. Over-
all, patients in the ESD group were older than those in the
surgery group (62.9 £ 9.4 years vs 57.7 & 10.6 years,
P <0.001). Tumors were smaller (1.4 09 cm vs
22 £+ 1.6 cm, P <0.001) and likelier to have elevated
morphology and differentiated-type histologic appearance
in the ESD group than in the surgery group (P = 0.017 and
P < 0.001 respectively). In addition, the proportion of
EGCs meeting the absolute indication criteria was higher in
the ESD group than in the surgery group (69.9% vs 33.5%,
P < 0.001). The proportions of male patients, preexisting
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756 patientsunderwent ESD for EGC
from January 2005 to December 2010

414 Excluded
-Previous gastric cancer (n = 8)
-Cancer of other organ (n = 59)
-Follow up <1 year (n = 217)
-Not meeting curativeintent (n = 123)
5 positive lymphovascular invasion
11 piecemeal resection
26 positive margin
81 beyond the expanded indication
-Additional surgery (n=7)
2local recurrence <1 year at ESD site
3 dueto synchronous gastric cancer
2 due to other cause

873 patients underwent surgery for EGC
from January 2005 to December 2010

598 Excluded

-Previous gastric cancer (n = 3)

-Cancer of other organ (n = 36)

-Follow up <1 year (n = 51)

-Beyond the expanded indication (n = 478)
-Positive lymph node involvement (n = 24)
-Positive lymphovascular invasion (n = 6)

Included for analysis of long-term outcomes
-ESD group: 342 patients
-Surgery group: 275 patients

Propensity score matching
117 patientsin the ESD and surgery groups, respectively

Fig. 1 Flowchart of the study population. EGC early gastric cancer, ESD endoscopic submucosal dissection

comorbidities, and the location of tumor and the invasion
depth were similar between the groups. In 117 pairs of
matched patients, all baseline characteristics were similar
between the groups, and postmatching standardized dif-
ferences for all covariates were less than 10% (Fig. 2).

Long-term outcomes of ESD and surgery

The ESD group had a median follow-up period of
58 months (range 12-122 months), and the surgery group
had a median follow-up period of 58 months (range
12—-130 months). Four patients died of gastric cancer in the
surgery group, whereas no gastric-cancer-related death was
observed in the ESD group. Metachronous gastric cancers
occurred only in the ESD group (31/342, 9.1%). The
median time to metachronous gastric cancer was
36 months (range 12-98 months). Patients with meta-
chronous gastric cancers were treated by ESD (n = 29) and
surgery (n = 1) or observed because of refusal of addi-
tional treatment because of old age (n = 1). Of these, four
patients had a second metachronous gastric cancer and all
lesions were also resected by ESD. Metachronous gastric
cancer of the remnant stomach was not observed in the
surgery group. Local recurrence was observed in one
patient (1/342, 0.3%) in the ESD group without evidence of
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LNM. The time to local recurrence was 15 months, and
this patient moved to another hospital willingly for surgical
treatment. In the surgery group, one patient (1/275, 0.3%)
experienced tumor recurrence in the celiac axis lymph node
51 months after gastrectomy. Distant recurrences with liver
metastasis were observed in two patients (2/275, 0.7%) in
the surgery group at 8 and 42 months after gastrectomy
respectively.

The Kaplan—Meier survival curves with log-rank test
results are presented in Fig. 3, and the HRs of surgery over
ESD for the long-term outcomes are presented in Table 2.
There was no significant difference between the ESD group
and the surgery group in 5-year OS rates (96.9% vs 98.1%,
P = 0.581, log-rank test). The DSS rate was significantly
better in the ESD group than in the surgery group [100% vs
98.5%, P = 0.028, log-rank test, HR 10.922, 95% confi-
dence interval (CI) 1.166-1447.367, P = 0.034]. The RFS
and DFS rates were significantly worse in the ESD group
than in the surgery group (RFS rates 92.1% vs 98.7%,
P < 0.001, log-rank test, HR 0.088, 95% CI 0.027-0.291,
P < 0.001; DFS rates 88.0% vs 96.9%, P < 0.001, log-
rank test, HR 0.240, 95% CI 0.128-0.451, P < 0.001).

In propensity-score-matched analysis, the long-term
outcomes of the ESD group were not significantly different
from those of the surgery group in terms of 5-year OS rates
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Table 1 Baseline demographics of the study population
Before matching After matching
ESD (n = 342) Surgery (n = 275) P ESD (n = 117) Surgery (n = 117) P
Age (mean =+ SD; years) 629 £94 57.7 £ 10.6 <0.001 59.9 £+ 8.8 59.5 £9.7 0.731
Male sex 234 (68.4%) 176 (64.0%) 0.265 82 (70.1%) 81 (69.2%) >0.999
Preexisting comorbidity
Cardiovascular disease 127 (39.8%) 90 (36.4%) 0.434 40 (34.2%) 39 (33.3%) >0.999
Respiratory disease 10 (3.1%) 10 (4.0%) 0.648 4 (3.4%) 3 (2.6%) >0.999
Liver disease 20 (6.3%) 11 (4.5%) 0.457 6 (5.1%) 5 (4.3%) >0.999
Renal disease 15 (4.7%) 5 (2.0%) 0.109 2 (1.7%) 2 (1.7%) >0.999
Diabetes 45 (14.1%) 37 (15.0%) 0.810 16 (13.7%) 18 (15.4%) 0.853
Tumor location 0.626 0.808
Upper third 19 (5.6%) 12 (4.4%) 3 (2.6%) 2 (1.7%)
Middle third 103 (30.1%) 91 (33.1%) 38 (32.5%) 35 (29.9%)
Lower third 220 (64.3%) 172 (62.5%) 76 (65.0%) 80 (68.4%)
Tumor morphology 0.017 0.628
Elevated 76 (22.2%) 40 (14.5%) 22 (18.8%) 26 (22.2%)
Flat or depressed 266 (77.8%) 235 (85.5%) 95 (81.2%) 91 (77.8%)
Tumor size (mean = SD; mm) 1.4 £ 0.9 22+ 1.6 <0.001 1.8 £ 1.1 1.8 £ 1.0 0.903
Depth of invasion 0.243 >0.999
Mucosa 324 (94.7%) 266 (96.7%) 111 (94.9%) 111 (94.9%)
Submucosa, SM1 18 (5.3%) 9 (3.3%) 6 (5.1%) 6 (5.1%)
Histologic appearance <0.001 >0.999
Differentiated 338 (98.8%) 195 (70.9%) 113 (96.6%) 113 (96.6%)
Undifferentiated 4 (1.2%) 80 (29.1%) 4 (3.4%) 4 (3.4%)
Indication criteria <0.001 0.692
Absolute criteria 239 (69.9%) 92 (33.5%) 65 (55.6%) 69 (59.0%)
Expanded criteria 103 (30.1%) 183 (66.5%) 52 (44.4%) 48 (41.0%)
Follow-up duration (months)* 58.0 (36.0-66.0)  58.0 (49.0-72.0) 0.002°  57.0 (35.5-65.5)  58.0 (49.0-61.0) 0.367°
Propensity score 0.264 £+ 0.179 0.607 £+ 0.296 <0.001 0.392 £+ 0.200 0.393 £+ 0.200 0.974

ESD endoscopic submucosal dissection, SD standard deviation
? The median is given, with the interquartile range in parentheses
® Calculated by the Mann—Whitney U test

(96.5% vs 99.1%, P = 0.125, log-rank test) and DSS rates
(100% vs 99.1%, P = 0.317, log-rank test). However, the
ESD group had lower RFS and DFS rates (RFS rates 95.1%
vs 98.0%, P = 0.033, log-rank test, HR 0.214, 95% CI
0.045-1.013, P = 0.052; DFS rates 90.3% vs 98.0%,
P = 0.002, log-rank test, HR 0.179, 95% CI 0.051-0.627,
P = 0.007).

We also compared the long-term outcomes of the ESD
and surgery groups, after exclusion of EGCs that met the
absolute indication criteria for endoscopic resection
(Fig. S1). There was no significant difference between the
ESD group and the surgery group in 5-year OS rates
(97.1% vs 98.3%, P = 0.953, log-rank test) and DSS rates
(100% vs 98.9%, P = 0.289, log-rank test). The RFS and
DFS rates were significantly lower in the ESD group than
in the surgery group (RFS rates 95.5% vs 98.7%,

P < 0.001, log-rank test; DFS rates 89.2% vs 97.3%,
P = 0.005, log-rank test). In propensity-score-matched
analysis, the ESD and surgery groups showed comparable
long-term outcomes.

In addition, we investigated predictors of OS. Old age
and preexisting respiratory disease and liver disease were
significantly associated with decreased OS in univariate
analysis; however, we could not find any significant pre-
dictor of OS in multivariate Cox regression analysis
(Table 3).

Short-term outcomes
Compared with the surgery group, the ESD group had a

significantly shorter procedure time (33 min vs 220 min,
P < 0.001) and duration of hospital stay (3 days vs
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Fig. 2 Absolute standardized differences in baseline characteristics
before and after propensity score matching

10 days, P < 0.001). There was no significant difference in
the 30-day readmission rates between the ESD group and
the surgery group. These results were not changed in the
propensity-score-matched groups (Table 4).

Treatment-related complications and hospital stay

Early complications occurred in 23 patients from the ESD
group: 22 patients with post-ESD bleeding and 1 patient
with gastric perforation. All patients with post-ESD
bleeding were treated successfully by endoscopic
hemostasis. One patient with gastric perforation was trea-
ted by endoscopic clipping and conservative management.
In the surgery group, four patients experienced early
complications: three patients had intra-abdominal abscess
and one patient had enterocutaneous fistula. All patients
with intra-abdominal abscess were treated by conservative
management; however, one patient required an additional
surgical procedure. The patient with enterocutaneous fis-
tula was treated by conservative management. The rate of
early complications was significantly higher in the ESD
group than in the surgery group [6.7% (23/342) vs 1.5% (4/
275), P < 0.001].

There were no late complications in the ESD group,
whereas 25 patients from the surgery group experienced
late complications: anastomosis site stricture in 4 patients
and intestinal obstruction due to postoperative adhesion in
21 patients. All patients with anastomosis site stricture
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were treated by endoscopic balloon dilation. Among the 21
patients with intestinal obstruction, 10 patients were treated
successfully by conservative management; however, 7
patients underwent additional surgery with adhesiolysis
because of failure of conservative treatment. The ESD
group had a significantly lower rate of late complications
than the surgery group [0% (0/342) vs 9.1% (25/275),
P < 0.001].

Discussion

In the present study with a propensity-score-matched
analysis of EGC that met the expanded indication criteria,
ESD was comparable to surgery in terms of 5-year OS and
DSS rates; however, the ESD group had 5-year RFS and
DFS rates lower than those of the surgery group because of
a higher occurrence of metachronous cancer. Regarding
short-term outcomes, the procedure time and the hospital
stay were shorter in the ESD group than in the surgery
group, whereas the 30-day readmission rates were similar
between groups. The ESD group had a significantly higher
early complication rate than the surgery group; however,
late complications occurred only in the surgery group.

ESD is a preferred treatment modality for EGC without
LNM, especially in Eastern countries, including Korea and
Japan. The expanded indication criteria for endoscopic
resection were established on the basis of clinical obser-
vations and a large pathology review [8], and many ret-
rospective studies have reported the benefits and short-term
and long-term outcomes of ESD [12—-15]. Although the risk
of LNM is negligible, controversies exist in terms of the
oncologic safety of ESD for EGC meeting the expanded
indication criteria; therefore, additional long-term outcome
studies should be widely performed to evaluate the safety
and benefits of ESD over surgery so as to support the
current indication criteria. In our study with a propensity-
score-matched analysis, the ESD group had OS and DSS
rates similar to those of the surgery group, in accordance
with the findings of previous studies [16, 19-22]. During
the follow-up period, recurrences at regional lymph nodes
or distant recurrence were not found in the ESD group.
Thus, our results support the negligible risk of LNM if the
final pathologic findings meet the expanded indication
criteria.

In the present study, the RFS and DFS rates were lower
in the ESD group than in the surgery group, mainly due to
the development of metachronous gastric cancer. The
possibility of metachronous gastric cancer may be a major
concern related to ESD. Despite curative resection of EGC
by ESD, patients still have a potential risk of new gastric
cancer at other sites in the stomach because their stomach
is preserved [26, 27]. Metachronous gastric cancer can
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Fig. 3 Kaplan—Meier survival
plots for the endoscopic
submucosal dissection (ESD)
and surgery groups for all
patients (a) and for propensity-
score-matched patients (b).

P values were calculated by the
log-rank test
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develop at a rate of 4-6.5% after endoscopic resection  between endoscopic resection and surgery, metachronous
[13, 16, 19-21], and the incidence increases with time after gastric cancer has been reported to occur in less than 1% of
ESD [26]. After partial gastrectomy, the incidence of  patients after surgery [16, 19-21]. In accordance with
metachronous gastric cancer is approximately 2.5-2.9%  previous studies, our analysis showed that only patients in
[28, 29]; in recent studies comparing long-term survival  the ESD group developed metachronous gastric cancers, at
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Table 2 Cox proportional Events Hazard ratio® P value

hazards models for long-term

outcomes for all patients and for ESD Surgery

propensity-score-matched

patients All patients
Overall survival 15 (4.4%) 12 (4.4%) 0.806 (0.374-1.738) 0.806
Disease-specific survival 0 4 (1.5%) 10.922 (1.166-1447.367) 0.034
Disease-free survival 46 (13.5%) 13 (4.7%) 0.240 (0.128-0.451) <0.001
Recurrence-free survival 32 (9.4%) 3 (1.1%) 0.088 (0.027-0.291) <0.001

Propensity-score-matched patients

Overall survival 6 (5.1%) 2 (1.7%) 0.306 (0.062-1.520) 0.148
Disease-specific survival 0 1 (0.9%) 3.000 (0.160-437.761) 0.469
Disease-free survival 14 (11.9%) 3 (2.6%) 0.179 (0.051-0.627) 0.007
Recurrence-free survival 8 (6.8%) 2 (1.7%) 0.214 (0.045-1.013) 0.052

ESD endoscopic submucosal dissection

* The 95% confidence interval is given in parentheses

a rate of 9.1%. However, surveillance endoscopy at a
minimum of 1-year intervals can detect metachronous
cancers usually at an early stage, which can be successfully
treated in most cases with repeated ESD. In the present
study, most metachronous gastric cancers (29/31) were
successfully treated by repeated ESD. With the exception
of one patient who refused additional treatment because of
old age, only one patient was treated by surgery; this
patient was lost to follow-up for 5 years before the
occurrence of metachronous cancer, and he underwent
gastrectomy for a deep submucosal invasive cancer at
diagnosis. Therefore, patients who undergo ESD warrant
careful follow-up surveillance to detect metachronous
cancers at an early stage.

Another important point to consider is that preserving
the entire gastric function provides a better quality of life
for patients treated by ESD than for those treated by sur-
gery [30]. With regard to the good prognosis of EGC and
the comparable OS rates between the ESD group and the
surgery group, posttreatment quality of life cannot be
overlooked. A previous multicenter study suggested that no
additional treatment, even after noncurative ESD, might be
an acceptable option for patients [31]; therefore, long-term
quality of life should be considered seriously when a
treatment method is being selected [32]. We did not assess
patients’ quality of life in the present study. Further study
with comparison of long-term quality of life between an
ESD group and a surgery group is needed to support the
selection of an optional treatment strategy for patients with
EGC.

In the present study, local tumor recurrence was
observed in one patient in the ESD group. At the time of
initial ESD, EGC was diagnosed as differentiated-type
intramucosal cancer meeting the absolute indication crite-
ria. In our previous study, the local tumor recurrence rates

@ Springer

were higher with the expanded indication criteria than with
the absolute indication criteria, and local tumor recurrence
was most common in cases of noncurative resection [13].
In the present study, local tumor recurrence was relatively
uncommon. The single patient underwent secondary ESD
and did not experience any further recurrence.

ESD also has advantages over surgery in terms of
treatment-related complications. In the present study, early
complications occurred more frequently in the ESD group
than in the surgery group because we included all types of
bleeding, such as minor bleeding or blood clot detected by
routine, second-look endoscopy within 24 h of the proce-
dure. Among the patients affected, only four required an
emergency endoscopy because of clinical symptoms
including hematemesis or melena, and most other patients
(18/22) had a small amount of oozing blood or exposed
vessel identified during second-look endoscopy without
clinical symptoms. All cases were successfully managed by
endoscopic hemostasis. One patient with perforation was
treated with endoscopic clip and conservative management,
and started oral intake 5 days after ESD. On the other hand,
although the rate of early complications was significantly
lower in the surgery group than in the ESD group, one
patient in the surgery group in whom medical treatment
with antibiotics failed required additional surgical treat-
ment for an intra-abdominal abscess. Late complications
occurred only in the surgery group. Among them, 11
patients needed additional surgical treatments for intestinal
obstruction. Therefore, ESD might be a safe treatment
option to reduce the late complication rate and the risk of
surgical-procedure-related death.

ESD required a significantly shorter hospital stay than
surgery. A short hospital stay is mainly associated with
early recovery to daily life as well as reduced medical
costs. It is reported that patients with EGC in Korea had
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sTuI:B::a:; irll)r;glllct E?/;Srizlieoéifll Univariate analysis Multivariate analysis
gegression analysis from all the Hazard ratio® P value Hazard ratio® P
ata
Age 1.116 (1.017-1.225) 0.021 1.071 (0.967-1.195) 0.192
Sex
Male 1.000
Female 0.309 (0.038-2.513) 0.272
Cardiovascular disease
No 1.000 1.000
Yes 3.369 (0.805-14.112) 0.096 1.602 (0.347-8.016) 0.543
Respiratory disease
No 1.000 1.000
Yes 8.116 (1.632-40.366) 0.011 4.183 (0.628-21.026) 0.128
Liver disease
No 1.000 1.000
Yes 1.113 (0.009-8.927) 0.005 0.780 (0.006-7.525) 0.867
Renal disease
No 1.000
Yes 3.343 (0.026-27.567) 0.484
Diabetes
No 1.000 1.000
Yes 4.113 (0.978-17.302) 0.054 1.700 (0.342-7.946) 0.499
Tumor location
Upper third 1.000
Middle third 0.733 (0.077-97.612) 0.842
Lower third 0.316 (0.033-42.005) 0.506
Tumor morphology
Elevated 1.000
Flat or depressed 0.769 (0.155-3.809) 0.747
Tumor size 1.224 (0.678-2.207) 0.502
Depth of invasion
Mucosa 1.000
Submucosa 1.123 (0.009-9.011) 0.938
Histologic appearance
Differentiated 1.000
Undifferentiated 1.834 (0.014-14.811) 0.703
Treatment modality
ESD 1.000 1.000
Surgery 0.306 (0.062-1.520) 0.148 0.426 (0.076-1.774) 0.247

ESD endoscopic submucosal dissection

# The 95% confidence interval is given in parentheses

lower medical costs with ESD, compared with surgery,
mainly because of shorter hospital stay and fewer required
resources [33].

In the present study, we could not identify any signifi-
cant predictor of OS. A recent study reported several pre-
dictors of OS, including age, comorbidity index,
performance index, sex, tumor morphology, and depth of
invasion [21]. Although we also found that age and pre-
existing respiratory or liver diseases were significantly

associated with OS in univariate analysis, there was no
statistical significance in multivariate analysis. The treat-
ment modality for EGC also did not affect OS in multi-
variate analysis.

This study had several limitations. First, this was a ret-
rospective, observational study, and the baseline and clin-
icopathologic characteristics of both groups were different.
Therefore, we performed a propensity-score-matched
analysis to minimize these differences between groups.
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Table 4 Short-term outcomes of patients who underwent endoscopic submucosal dissection and surgery for early gastric cancer

Before matching

After matching

ESD (n = 342) Surgery (n = 275) P ESD (n = 117) Surgery (n = 117) P
Median length of procedure (min) 33 (21.0-47.8) 220 (175.0-285.0)  <0.001 37 (25.0-54.0) 220 (175-280) <0.001
Median hospital stay (days) 3334 10 (8-12) <0.001 334 9 (8-11) <0.001
30-day readmissions 2 (0.6%) 7 (2.5%) 0.086 0 3 (2.6%) 0.247
ESD endoscopic submucosal dissection
* The interquartile range is given in parentheses
Second, the numbers for minute submucosal invasive References

cancer and undifferentiated-type cancer were small;
therefore, subgroup analysis with comparisons for each
dimension of the expanded indication criteria could not be
performed between groups. Third, a number of patients
were excluded from this study because of a short follow-up
period of less than 1 year. Fourth, because of a possible
histologic discrepancy between pretreatment and post-
treatment diagnoses, our results have limitations to
describe the long-term outcomes of EGC in which pre-
treatment diagnosis meets the expanded indication criteria,
because our results were obtained on the basis of the final
pathologic findings for the resected specimen. Further
prospective multicenter studies are needed to confirm our
results.

In conclusion, ESD might be a good treatment choice
for EGC when the expanded indication criteria for endo-
scopic resection are met. The OS rate of ESD patients is
comparable to that of those who undergo surgery. The
benefits of ESD include low incidence of late complica-
tions and a short hospital stay. However, the risk of
metachronous gastric cancer is higher in ESD patients than
in surgery patients; therefore, careful regular surveillance
endoscopy is essential to detect metachronous cancer at an
early stage.
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