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Background/Aims: Endoscopic submucosal dissection
(ESD) has been regarded as a curative treatment for early
gastric cancer (EGC) in indicated cases. The aim of this study
was to evaluate the nationwide long-term clinical outcomes
of ESD for EGC in Korea. Methods: A prospective multicenter
cohort study was performed to evaluate the long-term ef-
ficacy of ESD for EGC within pre-defined indications at 12
institutes in Korea. The cases that met the expanded crite-
ria upon pathological review after ESD were followed for 5
years. The primary outcome was 5-year disease specific free
survival. Results: Six hundred ninety-seven patients with
722 EGCs treated with ESD were prospectively enrolled and
followed for 5 years. Complete resection was achieved in
81.3% of the cases, and curative resection was achieved in
86.1%. During the 5-year follow-up, the overall survival rate
was 96.6%, and the disease specific free survival rate was
90.6%. Local recurrence developed in 0.9%, and metachro-
nous tumor development occurred in 7.8%; both conditions
were treated by endoscopic or surgical treatment. Distant
metastasis developed in 0.5% during follow-up. Conclusions:
ESD showed excellent long-term clinical outcomes and can
be accepted as a curative treatment for patients with EGC
who meet the expanded criteria in final pathology studies.

(Gut Liver 2018;12:402-410)
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INTRODUCTION

Gastric cancer is the fourth most common malignancy world-
wide, and the second cause among all malignancy in Korea."
As the Korean National Cancer Screening Program has provided
the population over 40 years screening upper gastrointestinal
endoscopy for gastric cancer every 2 years, the rate of detection
in early stage of gastric cancer has increased up to 70% in Ko-
rea.* Increased proportion of early detection of cancer and the
progress of endoscopic techniques and accessories has replaced
surgical resection with endoscopic resection for early gastric
cancer (EGC) with indication of negligible risk of lymph node or
distant metastasis.

Endoscopic submucosal dissection (ESD) has been accepted
as a curative treatment modality for EGC in the indicated case,
and shown many advantages in terms of quality of life and
short and long-term clinical outcomes.>” The short-term clinical
outcomes has shown excellent en-bloc and curative resection
rate around 90%, and minimal risk of adverse events such as
bleeding and perforation.® Quality of life did not deteriorate im-
mediately after ESD for EGC, and improved more significantly
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at up to 6 months without significant complications.’

Although the long-term clinical outcomes have been reported
to be excellent in the cases within absolute or expanded criteria,
the evidence from nationwide large-scaled prospective cohort
study has not been yet fully clarified.”” Moreover, the long-term
clinical outcomes can be influenced by the enrolled criteria of
ESD, and the pathological diagnosis which decides the criteria of
ESD may be changed by inter-observer variations.'® Therefore,
unified pathological diagnosis and the criteria of enrollment are
indispensable to evaluate the long-term clinical outcomes such
as survival of ESD for EGC.

In this study, nationwide large-scaled prospective cohort has
been followed to evaluate the long-term clinical outcomes of
ESD for EGC with a central pathological review.

MATERIALS AND METHODS
1. Study design

This study was planned to evaluate the long-term clinical
outcomes of ESD for EGC for 5 years in Korea by a nationwide,
multicenter, and prospective cohort manner. The patients who
were diagnosed as EGC in indicated case and planned to under-
go ESD were prospectively enrolled from 12 nationwide hospi-
tals in Korea from May 2010 to December 2011. The minimum
requirement for a center participating in the study was at least
20 ESD cases per year. This study was performed in collabora-
tion with National Evidence-based Healthcare Collaborating
Agency (NECA), which is the national research agency of Korea
that was established to provide authentic and quality informa-
tion about medical devices, medicines, and health technology
through objective and reliable analyses.

[ 1,160 Registered number of patients ]
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2. Patients

The Inclusion criteria were as follows; (1) adults aged at least
20 years, (2) gross tumor size not more than 3 cm in longest
diameter, (3) well- or moderately differentiated adenocarcinoma
or adenoma by pathological evaluation of the biopsy specimen,
(4) no endoscopic ulceration, and (5) tumor expected to be con-
fined within mucosa without evidence of lymph node or distant
metastasis. The exclusion criteria were as follows; (1) history of
malignancy within 5 years of enrollment, (2) history of partial
gastrectomy, (3) severe co-morbidity, (4) bleeding tendency, and
(5) pregnancy.

All participants were provided with written informed consents
for the study, and the institutional review boards of all centers
approved the study. The protocol was registered at ClinicalTri-
als.gov (identifier number: NCT01132469). This study had been
conducted in accordance with the Declaration of Helsinki.

3. ESD procedure

ESD was performed under conscious sedation with midazol-
am and/or propofol, and under cardiopulmonary monitoring.
All the procedures were performed as previously described."
Marking was made 2 mm outside of the lesion using the tip of
an electrosurgical device or argon plasma coagulation. Then,
various submucosal solutions were injected into the submuco-
sal layer to make a submucosal cushion, and a circumferential
mucosal incision was made using various electrosurgical knives.
Finally, hemostasis was performed for any oozing or exposed
vessel both during and after the procedure.®

4. Pathological evaluation

Resected specimens were fixed in 10% formalin and embed-

31 Patients* who violated inclusion or exclusion criteria
14 Size of lesion >3 cm in endoscopy
6 Presence of ulcer in endoscopy
16 No adenoma or adenocarcinoma in biopsy

v

1,129 Patients who met
inclusion criteria

4| 6 Other interventions (i.e., EMR) except for ESD

v
[ 1,123 Patients underwent ]

ESD intervention

5 Patients with other type of carcinoma
406 Patients having adenoma
15 Patients consent withdrawal

Fig. 1. Enrollment of patients.
EMR, endoscopic mucosal resection;

v

697 Patient cohort
(722 adenocarcinoma lesions)

ESD, endoscopic submucosal dis-
section. *In 31 patients, viotation of
enrollment is overlapped.
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ded into paraffin for histological evaluation. Sections were made
in 2-mm thickness interval, and stained with hematoxylin and
eosin. Pathological diagnoses were made according to Japanese
Classification of Gastric Cancer.'” After the initial evaluation,
slides of specimens were sent to an independent central pathol-
ogy review board, which consisted of 16 specialists in gastro-
intestinal pathology who are members of the Korean Society
of Pathologists, and finally diagnosed by an agreement rate of
70% or more.’

En-bloc resection was defined as a resection of tumor in one-
piece. Curative resection was defined as en-bloc resection with
tumor-free margin within expanded criteria, and complete re-
section as a resection of tumor confined to mucosa with tumor-
free margin in differentiated histology and without lymphovas-
cular invasion.

Table 1. Baseline Characteristics of Patients and Lesions (n=697)

Characteristic Value

Male sex 537 (77.0)
Age, yr 62.7+£9.2
Family history of gastric cancer 98 (14.1)
Multiplicity of cancer 24 (3.4)
Location

Lower 1/3 438 (62.8)

Middle 1/3 177 (25.4)

Upper 1/3 82 (11.8)
Histology

Well or moderately differentiated 677 (97.1)

Undifferentiated 20 (2.9)
Tumor size, mm

<20 512 (73.5)

21-30 123 (17.6)

>30 62 (8.9)
Depth of tumor invasion

Lamina propria 350 (50.2)

Muscularis mucosa 232 (33.3)

Submucosa 115 (16.5)
Gross morphology

Depressed 375 (53.8)

Elevated 168 (24.1)

Flat 104 (14.9)

Unclassified 50 (7.2)
Tumor-positive lateral margin 3(0.4)
Tumor-positive vertical margin 13 (1.9)
Lymphatic invasion 31 (4.5)
En-bloc resection 691 (99.1)
Complete resection 567 (81.3)
Curative resection 600 (86.1)

Data are presented as number (%) or mean+SD.

Table 2. Primary and Secondary Outcomes

Absolute indication % Expanded indication %

Complete resection % Incomplete resection %

Non-curative

Curative
resection % (95% CI) resection % (95% CI)

Total %
(95% CI)

p-value

p-value

p-value

(95% CI)

(95% CI)

(95% CI)

(95% CI)

Primary outcome

0.10

88.1 (81.5-92.5)

0.08 92.1 (88.8-94.5)

0.37 91.5 (88.6-93.2) 86.1(77.8-91.5)

87.3 (79.9-95.3)

91.0 (88.6-93.6)

90.6 (88.2-93.0)

Secondary outcome

DSFS

0.75

97.0 (92.0-98.9)

100

97.7 (95.5-98.8)
100

0.001

91.6 (85.0-95.4)

100

97.7 (95.9-98.7)

0.001

91.1 (85.4-97.2)

97.5 (96.1-98.9)

96.6 (85.1-98.0)

0s
DSS
DFS

99.8 (98.6-100.0)
89.8 (86.7-92.2)

98.8 (96.4-100.0)
81.4 (73.4-90.3)

100
88.9 (86.2-91.7)

99.8 (99.5-100.0)

0.15

86.2 (79.4-91.0)

0.001 89.9 (86.4-92.6)

79.4 (70.6-85.8)

0.04

87.9 (85.3-90.5)

CI, confidence interval; DSES, disease specific free survival; OS, overall survival; DSS, disease-specific survival; DFS, disease-free survival.



Absolute indication was defined as a resection of tumor (1)
confined to mucosa, (2) with well or moderately differentiated
adenocarcinoma, and (3) within 2 cm in diameter in final pa-
thology. Expanded criteria was defined as a resection of tumor
of (1) intramucosal differentiated adenocarcinoma without ulcer
irrespective of size, (2) intramucosal differentiated adenocarci-
noma with ulcer and size <3 cm, (3) intramucosal undifferenti-
ated histology without ulcer and size <2 cm, or 4) differentiated
adenocarcinoma with submucosal invasion <500 pm (sm1) and

size <3 cm.
5. Follow-up and clinical outcomes

Periodic follow-up was performed at 3 months, 6 months,
1 year, and annually for 5 years after ESD with endoscopy,
abdominal computerized tomography (CT), chest radiography,
and laboratory tests. The primary outcome was 5-year disease
specific free survival rates and the secondary outcomes were as
follows; (1) 5-year overall survival rate, (2) 5-year disease spe-
cific survival rate, (3) 5-year disease-free survival rate, and (4)
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Fig. 2. Survival rates of all patients.
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recurrence rate. Other secondary outcomes such as short-term
outcomes, safety analyses, quality of life, and cost-effective
analyses were reported in the previous reports.”*"

In this study, 5-year disease specific free survival rate was
defined as a survival free from local or distant recurrence of in-
dex cancer. And, 5-year overall survival rates was defined as a
survival free from all death, 5-year disease specific survival rate
as a survival free from all gastric cancer-related death, 5-year
disease-free survival rate as a survival free from metachronous
or local/distant recurrence and/or all death, and recurrence rate
as metachronous or local/distant recurrence.

Local recurrence was defined as a recurrence of index tumor
at the site of ESD, and distant metastasis as a recurrence of
index tumor outside the stomach. Synchronous tumor was de-
fined as a development of new tumor at other site rather than
ESD site within 1 year after ESD, and metachronous tumor as
a development of new tumor beyond 1 year after ESD. Distant
recurrence included distant metastasis, synchronous and meta-
chronous tumor during follow-up.
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The patients were excluded in the analysis if they received
immediate additional endoscopic or surgical resection with the
pathologic results beyond expanded criteria.

6. Sample size and statistical analyses

Sample size was calculated based on the non-inferiority test
compared with the expected 5-year overall survival rate of
92.7% with a margin of 5%, which was obtained from historical
data of surgery for EGC."* A study enrollment of 24 months and
5-year follow-up required 521 patients with EGC for statistical
analysis. Considering a drop-out rate of 10% with a power of
80% and an alpha error of 2.5%, 572 patients with EGC were
required as the final sample size.

Demographic information was presented as descriptive sta-
tistics. Survival rates were calculated using the Kaplan-Meyer
method, with comparison between the groups using log-rank
test. All tests of significance were two-tailed, and p-values
<0.05 were considered statistically significant. Statistical analy-

>

=
[0}
o —_
g
O=
0 Q
=8
g9
2o
L3
.2
2 <
>
g 7]
]
8E
(2] .
a —— Non-curative
p=0.37 ---- Curative
08 T T T T 1
0 12 24 36 48 60
Survival time (mo)
No. at risk
Non-curative 97 93 85 79 71 29
Curative 600 574 537 503 462 239

o

=
[0}
[&]
c
(]
o
o=
o=
G
T q
e}
og 0.9+
2L
5=
g2
7e
)
®©
m .
g —— Non-curative
---- Curative
08 T T T T 1
0 12 24 36 48 60
Survival time (mo)
No. at risk
Non-curative 97 94 86 82 76 32
Curative 600 579 553 528 490 258

Fig. 3. Survival rates according to curative resection.

ses were conducted using SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA).

RESULTS
1. Baseline characteristics of patients and lesions

A total of 1,160 patients had been registered for screening
between May 2010 and December 2011, and 722 EGC lesions
identified from 697 patients were finally included in this study.
Median follow-up duration was 59 months (range, 2 to 60
months) (Fig. 1).

Male patients formed 77% of the study population and the
mean age was 62.7 years. Family history of gastric cancer was
accompanied in 14.1% of the patients and multiple lesions were
found initially in 3.4% of the patients. The lesion was located
in lower third in 62.8% and showed differentiated histology in
97.1%. Tumor size was not more than 3 cm in 91.1% and the
depth of tumor invasion was confined to mucosa in 83.5%.
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Gross type was depressed morphology in 53.8% and lymphatic
tumor invasion was revealed in 4.5%. Tumor was positive in
0.4% of lateral margin and 1.9% of vertical margin.

En-bloc resection rate was 99.1% (691/697). Complete re-
section was obtained in 567 patients (81.3%; 95% confidence
interval [CI], 78.7% to 84.4%), which was defined as a differen-
tiated adenocarcinoma limited to the mucosal layer with tumor-
free margins in the resected specimen. Curative resection was

Table 3. Recurrence Rate
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achieved in 86.1% (Table 1).
2. Primary and secondary outcomes

Five-year disease specific free survival rate as primary out-
come was 90.6% (95% CI, 88.29% to 93.0%). In secondary out-
comes, 5-year overall survival rate was 96.6% (95% CI, 85.1%
to 98.0%), 5-year disease specific survival rate was 99.8% (95%
CI, 99.5% to 100.0%), and 5-year disease-free survival rate was

Total % (95% CI) Curative resection % (95% CI) Non-curative resection % (95% CI) p-value
All recurrence 9.0 (6.9-11.8) 8.9 (6.6-11.8) 13.0 (5.2-20.2) 0.72
Local recurrence 0.9 (0.4-2.0) 0.7 (0.3-1.8) 2.4 (0.6-9.1) 0.17
Distant metastasis 0.5 (0.2-1.5) 0.2 (0.0-1.2) 2.4 (0.6-9.4) 0.01
Metachronous recurrence 7.8 (5.8-10.4) 8.1 (5.9-11.0) 5.9 (2.2-15.8) 0.40

CI, confidence interval.
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87.9% (95% CI, 85.3% to 90.5%) (Table 2, Fig. 2). Although
5-year disease specific free survival rate and 5-year disease spe-
cific survival rate were not different between curative and non-
curative group, 5-year overall survival rate and 5-year disease-
free survival rate were significantly higher in curative group.

All survival rates analyzed in primary and secondary out-
comes were not significantly inferior that of surgery."

3. Survival rates by subgroup analysis

In subgroup analysis, survival rates were compared according
to curative resection and criteria in final pathological diagno-
sis. Five-year disease specific free survival and 5-year disease
specific survival rate were not significantly different between
curative and non-curative group, but 5-year overall survival
and 5-year disease-free survival rate were significantly higher
in curative group (Fig. 3). In recurrence rate, overall, local and
metachronous recurrence rate were not different between cura-
tive and non-curative resection group, but the rate of distant
metastasis was significantly higher in non-curative resection
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group (Table 3, Fig. 4).

All survival rates analyzed in primary and secondary out-
comes were not significantly different between the groups by
absolute and expanded criteria (Fig. 5).

4. Clinical course of non-curative and recurrent cases

A total of 97 patients did not achieved initial curative resec-
tion. Of these patients, 42 patients (43.8%) had received ad-
ditional surgical resection. All recurrence rate including local,
distant, and metachronous recurrence was 9.0% (Table 3). Local
and distant tumor had recurred in two patients during follow-
up, respectively, in whom 1 patient had died of recurred cancer.

In curative group, local and metachronous recurrence were
found in 0.7% and 8.1% during follow-up, respectively, who
were treated by additional endoscopic or surgical resection.

DISCUSSION

In this prospective cohort study, the long-term clinical out-



comes of ESD for EGC were evaluated by nationwide enrollment
and follow-up in multicenter in Korea. Although several studies
have reported the long-term clinical outcomes of ESD for EGC,
the previous reports had the limitations of single center study,
mostly retrospective manner, frequent loss of follow-up, het-
erogenous criteria of enrollment, various follow-up and treat-
ment strategy of recurrence, and lack of unified pathological
review. In this study, the criteria of enrollment was similar to
absolute indication except gross tumor size of 3 cm. Therefore,
most patients had showed the final pathological result within
expanded criteria, which could maintain homogeneity of risk of
recurrence during long-term follow-up. Serial follow-up with
endoscopy and abdominal CT was unified for detection of local
or distant recurrence, which had the strength of completeness in
the evaluation of long-term clinical outcomes. Moreover, central
pathological review has eliminated the inter-observer variations
in the histological diagnosis.

All the survival rates including 5-year disease specific free
survival as primary outcome in curative group were not signifi-
cantly inferior to surgery, which shows that ESD has an excel-
lent curative result and can be accepted as a standard treatment
for EGC within expanded criteria. Local recurrence had devel-
oped in 0.7% during follow-up of curative group. Although
complete resection was confirmed by pathological mapping,
false negativity could occur because minute tumor could exist
in the margin between the sections, and skipped minute tumor
beyond the resection could grow and recur at the site of ESD
during follow-up.

Metachronous tumor had developed in 7.8% of the patients
during follow-up. Contrary to surgical resection, ESD can pre-
serve stomach totally, and the remained gastric mucosa has the
higher risk of carcinogenesis than that of normal healthy con-
trols. The rate of metachronous tumor development has reported
to be 4% to 10% during 5-year follow-up in the previous stud-
ies, which is not different from this result.

Lymph node or distant metastasis was found in 0.2% of cura-
tive group, which was not different from previous reports. Long-
term prognosis is usually influenced by lymph node or distant
metastasis rather than local or metachronous recurrence. Al-
though local or metachronous recurrence can be usually treated
by additional endoscopic or surgical resection, lymph node or
distant metastasis may not be cured by local treatment, and can
influence on disease-specific survival. As ESD cannot remove
perigastric lymph nodes but the tumor itself in the stomach,
the prediction of the risk of lymph node and distant metastasis
is mandatory prior to ESD. The lesions within expanded crite-
ria have showed the negligible risk of lymph node and distant
metastasis in previous reports. However, several studies have
reported the cases of lymph node or distant metastasis during
follow-up even after curative resection of EGC within expanded
criteria. Although the rate of recurrence in expanded criteria
was minimal and not different from this result, the previous
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studies showed the lymph node or distant metastasis could oc-
cur even in expanded criteria. Therefore, serial surveillance is
mandatory for the detection of lymph node or distant metastasis
after ESD for EGC.

Five-year disease specific free survival was achieved in
90.6%, which means that the recurrence or death from in-
dex cancer had occurred in 9.4% during follow-up. Five-year
overall survival rate was 96.6%, which was not inferior to that
of surgery. Furthermore, 5-year disease specific survival had
showed 99.8%, which showed that death from index cancer was
negligible even in cases with recurrence and ESD had excellent
prognosis of EGC.

Five-year disease specific free survival and 5-year disease
specific survival rate were not significantly different between
curative and non-curative group, which showed that non-
curative resection might not increase recurrence or death from
index cancer. Local recurrence is usually associated with com-
pleteness of resection, not depth of tumor invasion or differen-
tiation. Although the non-curative group had the higher risk of
Lymph node or distant metastasis, the rate was too low to show
the difference between the groups. Five-year overall survival
and 5-year disease-free survival rate were significantly higher
in curative group, which might mean that all death might be
higher in non-curative group by additional treatment including
surgery or other serious diseases which could not be adequately
managed.

All survival rates were not significantly different according
to criteria. Expanded criteria as well as absolute indication has
reported to have minimal risk of local recurrence or distant
metastasis, and showed excellent long-term survival. As meta-
chronous tumor development was not usually associated with
the stage of index tumor, the rate was not different between the
groups.

Local recurrence and metachronous tumor were mainly
treated with additional surgical or endoscopic resection, and
the prognosis was excellent. Although cure was not achieved in
some cases with distant metastasis, the proportion was relatively
very low.

Our study has several advantages. First, this was a nationwide
multicenter prospective cohort study, and showed high follow-
up rate without significant loss. Also, selection and recall bias
were minimized by prospective manner. Second, the patho-
logical evaluation for ESD specimens was performed by an
independent central review board specialized in gastrointestinal
tumors, and inter-observer variations could be compromised.

The limitations of this study are that the results may over-
estimate the long-term clinical outcomes of ESD for EGC and
not be applied generally because the endoscopists were skillful
experts in high-volume centers.

In conclusion, this prospective cohort study confirmed the
excellent long-term clinical outcomes of ESD for EGC within
expanded as well as absolute criteria. From this result, ESD is
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expected to be a standard treatment for EGC in expanded cri-
teria in final pathology with comparable clinical outcomes by
surgical treatment.
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