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Abstract
Background and Aim: Endoscopic resection for early gastric cancer (EGC) is widely per-
formed. However, there is still a paucity of strong evidence regarding long‐term outcomes
after endoscopic submucosal dissection (ESD) for the expanded indication criteria of the
Japanese guidelines (ver. 2010).
Methods: Endoscopic submucosal dissection was performed in patients with EGC that met
the expanded indication criteria: (i) cT1a, differentiated‐type EGC of 2 to 5 cm, ulcer neg-
ative or (ii) cT1a, differentiated‐type EGC of ≤3 cm, ulcer positive. Patients whose patho-
logical examination fulfilled the curative resection criteria were then enrolled in this cohort
study: negative vertical margin, negative lymphovascular invasion, and (i) pT1a,
differentiated‐type, and ulcer negative; (ii) pT1a, differentiated‐type, ≤3 cm, and ulcer pos-
itive; or (iii) pT1b1 (<500‐μm submucosal invasion), differentiated‐type, and ≤3 cm. Pa-
tients with only a positive horizontal margin as a noncurative factor were included for
follow‐up.
Results: From September 2003 to February 2012, a total of 356 patients underwent ESD,
and 214 were enrolled in the survival analysis. One hundred twenty patients (56%) had
>2 cm in diameter and ulcer‐negative lesions, and 94 (44%) had ≤3 cm and
ulcer‐positive lesions. The vital status at 5 years after ESD was confirmed in all (100%) pa-
tients. No local or metastatic recurrence was detected; however, 26 metachronous gastric
cancers developed, and 1 patient died of metachronous gastric cancer. The 5‐year
disease‐specific and overall survival rates were 99.5% (95% confidence interval [CI],
97.2%–100%) and 93.9% (95% CI, 89.8%–96.4%), respectively.
Conclusion: ESD for EGC that fulfills the expanded criteria is feasible and shows favor-
able long‐term outcomes.

Introduction

Gastric cancer is one of the most common malignancies world-
wide; 1 million cases were reported in 2018, as mentioned at
GLOBOCAN 2018.1 For the treatment of early gastric cancer
(EGC), both endoscopic mucosal resection2 and endoscopic sub-
mucosal dissection (ESD) enable complete local removal of lesion
with less invasiveness than surgery.3–6 Therefore, endoscopic re-
section is indicated for EGC with a negligible risk of lymph node
metastasis.7 In the Japanese Gastric Cancer Treatment Guidelines
2010 (ver. 3),8 endoscopic resection is absolutely indicated for
macroscopically intramucosal (cT1a) differentiated‐type EGC of

≤2 cm in diameter with an ulcer‐negative status. For lesions that
meet the criteria of (i) cT1a differentiated‐type EGC of >2 cm,
ulcer negative; (ii) cT1a differentiated‐type EGC of ≤3 cm,
ulcer positive; and (iii) cT1a undifferentiated‐type EGC of
≤2 cm, ulcer negative, ESD can be performed as an expanded
indication (Table 1). After ESD, a resected specimen is histologi-
cally examined for the degree of likelihood of cure. If histological
findings fulfill the curative criteria (Table 2), the patient is
followed up with solely endoscopic treatment; otherwise, the
patient undergoes surgery.
The guideline states that ESD for lesions that fulfill the ex-

panded indication criteria is an investigational treatment and that
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the standard treatment is surgery because sufficient evidence re-
garding the prognosis after ESD is lacking. Several reports have
focused on the long‐term outcome after gastric ESD,9–16 but most
such studies were retrospective. One recent multicenter prospec-
tive cohort study demonstrated excellent long‐term survival after
ESD for patients with expanded indication lesions15; however,
there is still a paucity of strong evidence to support the excellent
long‐term outcomes of ESD. We herein report the results of our
prospective cohort study investigating the long‐term outcome after
ESD in patients with EGC that fulfilled the differentiated‐type ex-
panded indication criteria.

Methods

Study design and setting. This was a single‐center
prospective cohort study conducted in a cancer referral hospital,
Osaka International Cancer Institute (formerly Osaka Medical
Center for Cancer and Cardiovascular Diseases), Japan. From Sep-
tember 2003 to February 2012, patients with differentiated‐type
EGC that met the expanded indication criteria underwent ESD,
and the curability of resection was assessed by histological exam-
ination. The patients whose resection fulfilled the curative resec-
tion criteria were registered and followed up for 5 years.

Participants. Patients with differentiated‐type EGC that ful-
filled the expanded indication criteria were assessed for eligibility
for this prospective cohort study if ESD was planned (Fig. 1). The
indication criteria of ESD in this study were as follows: (i) cT1a
differentiated‐type EGC of 2 to 5 cm in diameter, ulcer negative
or (ii) cT1a differentiated‐type EGC of ≤3 cm, ulcer positive. Ac-
cording to a request from our institutional review board, the size of
the ulcer‐negative lesions was limited to ≤5 cm because of the

unestablished feasibility of ESD for such a large (>5 cm) lesion
at the time of protocol submission and the low generalizability of
the results. The preoperative diagnosis was based on the endo-
scopic findings and the histological diagnosis by forceps biopsy.
Computed tomography or abdominal ultrasonography was used
to evaluate lymph node and distant metastases. Synchronous mul-
tiple gastric cancers were defined as lesions existed at the day of
ESD, while metachronous gastric cancers were defined as other le-
sions detected at surveillance esophagogastroduodenoscopy
(EGD) at a >2‐month interval.17

This study was approved by the Institutional Review Board of
the Osaka International Cancer Institute on September 5, 2003,
and followed the Declaration of Helsinki. Written informed con-
sent for the ESD procedures and study participation was obtained
from all patients.

Endoscopic submucosal dissection procedure. The
ESD procedure consisted of marking around the lesion, submuco-
sal injection of solution, circumferential mucosal incision, and
submucosal dissection.6 The ESD procedures were mainly per-
formed by experts who had experience in performing more than
100 gastric ESDs, and some were performed by trainees under
the supervision of the experts. The main device was the IT knife
(Olympus, Tokyo, Japan) until 2006; the IT knife2 (Olympus)
was used after January 2007.

Histological evaluation. The resected specimen was ade-
quately stretched, pinned onto a hard Styrofoam plate (Dekopane;
Koyo Sangyo Co. Ltd., Tokyo, Japan), fixed in 20% formalin, and
serially sectioned at 2‐mm intervals. Histological diagnosis was
made with hematoxylin and eosin staining, and immunohisto-
chemical staining such as Elastica van Gieson or D2‐40 was added
in case of muscularis mucosae or deeper invasion. Board‐certified
pathologists of the Japanese Society of Pathology or under the su-
pervision of the board‐certified pathologists established the diag-
nosis of the resected specimens in accordance with the Japanese
classification of gastric carcinomas.18,19

The curative resection criteria are no lymphovascular invasion,
negative surgical margins, and (i) histologically differentiated‐
type, any size, pT1a, and ulcer negative; (ii) histologically
differentiated‐type, ≤3 cm, pT1a, and ulcer positive; or (iii) histo-
logically differentiated‐type, ≤3 cm, and pT1b1 (<500 μm). The
size of ulcer‐negative pT1a lesions in the curative resection criteria
was initially defined as ≤5 cm, but it was repealed at the time of the
survival analysis because of inconsistency with real clinical prac-
tice based on the Japanese Gastric Cancer Treatment guideline.8

Table 1 Endoscopic indication criteria for endoscopic submucosal dis-
section in JGCA2010 (ver. 3)

Indication Histological
type (biopsy)

Depth
(endoscopy)

Size (endoscopy)
(cm)

Ulcer/Scar
(endoscopy)

Absolute Diff cT1a ≤2 cUL0
Expanded Diff cT1a >2 cUL0

Diff cT1a ≤3 cUL1
Undiff cT1a ≤2 cUL0

Gray cells correspond to patients in this study. cT1a, clinically
intramucosal; cUL, clinical finding of ulcer or scar; Diff, differentiated
type; Undiff, undifferentiated.

Table 2 Histological curability criteria for endoscopic submucosal dissection in JGCA2010 (ver. 3)

Indication Histological type Depth (histology) Size (histology) (cm) Ulcer/Scar (histology) HM, VM ly, v

Absolute Diff pT1a ≤2 pUL0 0 0
Expanded Diff pT1a Any pUL0 0 0

Diff pT1a ≤3 pUL1 0 0
Diff pT1b1 (<500 μm) ≤3 pUL0 or pUL1 0 0
Undiff pT1a ≤2 pUL0 0 0

Gray cells correspond to patients in this study. Diff, differentiated; HM, horizontal margin; ly, lymphatic involvement; pT1a, histologically intramucosal;
pT1b, histologically submucosal; pUL, histological finding of ulcer or scar; Undiff, undifferentiated; v, venous involvement; VM, vertical margin.
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Patients with only a positive horizontal margin as a noncurative
factor were carefully followed up without additional surgery be-
cause a very low risk of harboring lymph node metastasis was sug-
gested in the guideline8 and a favorable outcome of ESD was
reported in cases of local recurrence.20,21

Follow‐up and collection of long‐term outcome
data. Esophagogastroduodenoscopy was performed 3, 6, and
12 months after ESD and annually thereafter to detect local recur-
rence and metachronous EGC. Annual abdominal ultrasonography
or computed tomography and measurement of tumor marker con-
centrations were performed to check for lymph node and distant
metastases for at least 5 years after ESD. The long‐term outcome
data were confirmed in the medical records at the institute and in
the hospital cancer registry, which is linked to the Osaka Cancer
Registry.22 In cases of loss to follow‐up, letters of inquiry were
sent to the referral physicians or the patients until February 2017.

Outcome measurement. The primary outcome was 5‐year
disease‐specific survival. The secondary outcomes were 5‐year
overall survival, the relative survival ratio, and metachronous gas-
tric cancer development.

Sample size and statistical methods. The sample size
was calculated as follows. Because the 5‐year disease‐specific sur-
vival rate of 171 patients with absolute‐indication EGC that ful-
filled the curative resection criteria at the Osaka International
Cancer Institute was 99% (170 of 171), the incidence of death as
a result of gastric cancer was calculated as 1.17 of 1000 person‐

years. In total, 205 patients were required to ensure that the upper
limit of the 95% confidence interval (CI) of the incidence of events
did not exceed 1.17. The sample size was therefore set at 205
patients.
The patients’ vital status 5 years after ESD was examined as the

survival parameter. The Kaplan–Meier method was used to ana-
lyze 5‐year survival and metachronous EGC development after
ESD. The relative survival ratio, which defines survival after elim-
ination of the influence of other causes of death using the Ederer II
method, was calculated.23 It was the ratio of the observed survival
(overall survival) and expected survival of the general population
obtained from the complete (single‐year‐of‐age) national popula-
tion life tables by sex. Statistical analyses were performed using
STATA software version 13 (StataCorp, College Station, TX, USA).

Results

Participants and descriptive data. During the study pe-
riod, 2030 patients with 2556 EGC lesions underwent endoscopic
resection for EGC in our institution. Among them, 205 patients
who underwent EMR, 1035 patients with absolute‐indication le-
sions, 277 patients with differentiated‐type expanded‐indication
lesions seen by doctors who were not involved in this study, 88 pa-
tients with undifferentiated‐type EGC, and 69 patients with
beyond‐indication lesions were excluded. Accordingly, 356 pa-
tients with differentiated‐type EGC that fulfilled the expanded in-
dication criteria underwent ESD as an investigational treatment
(Fig. 1). Histological examination revealed that 205 patients
(57.6%) fulfilled the curative resection criteria. The horizontal
margin was positive in five patients and indeterminate in two

Figure 1 Diagram of patient enrollment and follow‐up. Diff, differentiated; ER, endoscopic resection; EGC, early gastric cancer; EMR, endoscopic mu-
cosal resection; ESD, endoscopic submucosal dissection; GC, gastric cancer; HM, horizontal margin; pT1b1, submucosal invasion of <500 μm; pT1b2,
submucosal invasion of ≥500 μm; UL, ulceration or scar; Undiff, undifferentiated.
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patients. The two ulcer‐positive lesions were >3 cm (35 and
40 mm, respectively), but the patients refused surgery and the
operators regarded the risk of lymph node metastasis as low. In
consequence, 214 patients were registered for follow‐up. The re-
maining 142 patients who were determined to have undergone
noncurative resection were referred to the department of surgery.
The demographics of all 214 enrolled patients (mean age,

66 years; 170 men and 44 women) are listed in Table 3. Six
(3%) patients had a history of endoscopic resection for EGC, and
four (2%) had a history of partial gastrectomy. Thirty‐three
(15%) patients had a total of 37 synchronous multiple EGCs.
Among the 214 main lesions, 120 (56%) were >2 cm in diameter
and ulcer negative, and 94 (44%) were ≤3 cm and ulcer positive.
Two hundred twelve lesions were resected en bloc (99%). The
adverse events included 13 (6.1%) intraprocedural perforations;
all of which were closed successfully by endoscopic clipping.
One (0.5%) delayed perforation required emergency surgery.
Twenty‐nine (13.5%) patients developed delayed bleeding at 0 to
13 days after the ESD procedure, and the bleeding was managed

by endoscopic hemostasis. Two (0.9%) stenoses required repeated
endoscopic balloon dilation.

Survival data. The vital status of all patients (100%) was con-
firmed at 5 years after ESD during the median follow‐up period of
7.4 years (range, 0.6–12.7 years). No local or metastatic recur-
rence was detected in any patients. Thirteen patients died during
the study period. One died of metachronous gastric cancer, 10 of
diseases other than gastric cancer, and 2 of unconfirmed causes
(Fig. 1). The 5‐year disease‐specific survival rate was 99.5%
(95% CI, 97.2%–100%) if neither of the two unconfirmed deaths
was caused by gastric cancer and 98.5% (95% CI, 95.7%–
99.7%) if both were caused by gastric cancer. The 5‐year overall
survival rate was 93.9% (95% CI, 89.8%–96.4%) (Fig. 2). The rel-
ative survival ratio was 1.04 (0.99–1.07) (Fig. 3).

Table 3 Baseline characteristics of the 214 patients

Characteristics
Age (years) 66.4 ± 7.8
Sex (%)

Male 170 (79)
Female 44 (21)

Past history of endoscopic resection for EGC (%) 6 (2.8)
Past history of partial gastrectomy (%) 4 (1.9)
Synchronous multiple EGC (%)

Absent 181 (85)
Present 33 (15)

Longitudinal location of the main tumor
Upper third 55 (26)
Middle third 113 (53)
Lower third 46 (22)

Circumferential location of the main tumor (%)
Lesser curvature 115 (54)
Posterior wall 50 (23)
Anterior wall 34 (16)
Greater curvature 15 (7)

Macroscopic type (%)
Depressed 117 (55)
Protruded 88 (41)
Mixed 9 (4.2)

Ulcer or scar in the main lesion (%)
Negative 120 (56)
Positive 94 (44)

Tumor diameter (mm, ±SD) 24.5 ± 11.5
Ulcer positive 15.2 ± 7.0
Ulcer negative 31.9 ± 8.7

Resection
En bloc 212 (99)
Piecemeal 2 (9.3)
Adverse events (%)
Interprocedural perforation 13 (6.1)
Delayed perforation 1 (0.5)
Delayed bleeding 29 (13.5)
Stenosis 2 (0.9)

EGC, early gastric cancer; SD, standard deviation.

Figure 2 Kaplan–Meier analysis of (a) disease‐specific survival and (b)
overall survival. The 5‐year overall survival rate was 93.9% (95% confi-
dence interval, 89.8%–96.4%). The follow‐up rate at 5 years was 99.5%.
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Metachronous gastric cancer development. In total,
26 metachronous gastric cancers were detected in 26 patients by
endoscopy during the 5‐year follow‐up period (Fig. 4). All
metachronous EGCs developed in patients who had undergone cu-
rative resection. Of 24 lesions treated by ESD, 23 met the curative
resection criteria, and 1 underwent noncurative resection (>3 cm
and ulcer positive). The patient who underwent noncurative resec-
tion did not receive additional surgery because of concomitant
pancreatic cancer, which led to the patient’s death. The other two
metachronous lesions were advanced cancers detected on annual
surveillance EGD. One of these patients was diagnosed with type
3 gastric cancer with distant lymph node metastasis 1 year after
ESD and died of gastric cancer despite chemotherapy. The other
patient was found to have metachronous cancer 17 months after
ESD and died of an unconfirmed cause at 77 years of age.

Discussion
We conducted a prospective cohort study to investigate long‐term
survival after ESD for differentiated‐type EGC that fulfilled the
expanded indication criteria and for which curative resection was

histologically confirmed. The 5‐year disease‐specific and overall
survival rates were excellent at 99.5% (95% CI, 97.2%–100%)
and 93.9% (95% CI, 89.8%–96.4%), respectively.
Excellent long‐term outcomes of ESD for expanded‐criteria le-

sions have been reported in many studies.9–16 However, because
most of these previous reports were retrospective, the net survival
rate was not prospectively evaluated. In a retrospective study, bias
may be introduced because of unavailable data or conflicting data
sources, which may not be the case for a prospective study. In the
present study, the vital status at 5 years after surgery was con-
firmed in all patients, while most retrospective studies do not de-
scribe the follow‐up rate of the study subjects. Because of the
quite low mortality from EGC, it is important to achieve a high
follow‐up rate in a cohort study to investigate long‐term survival
of patients with EGC. A prospective cohort study that enrolled
470 patients with EGC who met the expanded indication criteria
from 29 institutions throughout Japan and were followed up for
5 years showed favorable outcomes with an overall survival rate
of 97.0%.15 In that study, 317 patients satisfied the curative resec-
tion criteria, and the 5‐year follow‐up rate was 95%. The outcome
of the present study is compatible with the outcome of that multi-
center prospective study. Our study showed not only an excellent
5‐year survival rate but also a good relative survival ratio of 1.04
(0.99–1.07). This indicates that even large or ulcer‐positive
differentiated‐type EGC does not shorten the patient’s lifespan if
it is treated with ESD. Our study results strengthen the evidence
that ESD for EGC that meets the expanded criteria can be a stan-
dard treatment for EGC.
We consider that achieving an excellent outcome of ESD for

expanded‐indication lesions is dependent upon a careful histolog-
ical examination for curability. Several recent studies investigating
the lymph node metastasis rate of surgically resected EGC sug-
gested that application of the expanded indication criteria of
ESD to Western patients was difficult because the lymph node me-
tastasis rate of T1a EGC was higher than that in Eastern
reports.16,24,25 Data from the Surveillance, Epidemiology, and
End Results database analyzing 545 T1a EGCs in the USA indi-
cated that the lymph node metastasis rates of 2 to 3 cm, 3 to
4 cm, and ≥4 cm T1a lesions were 4.5%, 4.1%, and 20.0%, respec-
tively. These studies suggest that a high lymph node metastasis
rate may be associated with genetic or environmental differences
between the East and West. However, we suspect that these differ-
ences are most likely attributed to different tissue handling
methods in different countries.26 Submucosal invasion and
lymphovascular involvement often exist in a small area of the T1
lesion. Japanese surgeons and pathologists usually section a spec-
imen meticulously (1‐cm width), which may increase the probabil-
ity of detecting deep submucosal invasion or lymphovascular
involvement. In Western countries, however, where specimens
are often sectioned in one line, the depth of tumor invasion or pres-
ence of lymphovascular involvement (i.e. risk of lymph node me-
tastasis) might be missed. The ESD specimens in this study were
cut into 2‐mm intervals; therefore, the histological findings associ-
ated with lymph node metastasis were carefully evaluated.
Intraoperative perforation occurred in 6.1% of patients (13 of

214); this rate is relatively high compared with our previous report
(2.8%)27 and other reports (1.2%–8.2%).28–31 However, all cases
could be treated conservatively. Risk factors for perforation in-
clude a large tumor size, ulcer positivity, an upper tumor location,

Figure 3 Overall survival (%), expected survival (%), and relative sur-
vival ratio. , Overall survival (OS); , Expected survival
on the lifetable of general population (ES); , Relative survival ra-
tio (the ratio of OS/ES).

Figure 4 Kaplan–Meier analysis of metachronous gastric cancer
development.
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and a longer operation time,28,30,31 and ESD for differentiated‐type
EGC according to the expanded criteria (i.e. ulcer positive or
large diameter of >2 cm) is thought to increase the risk.
Indeed, perforation occurred in eight patients with ulcer‐positive
lesions, and the tumor diameter was ≥3 cm in five patients with
ulcer‐negative lesions. With such a high incidence of perforation
even in experienced endoscopists’ hands, ESD for
expanded‐criteria lesions should ideally be performed by experi-
enced endoscopists. As we previously reported,32 one delayed per-
foration required emergency surgery. Delayed bleeding occurred
in 29 patients (14%), and this rate is also relatively high compared
with previous reports.31 A recent systematic review indicated that
the expanded indication criteria increase the risk of delayed bleed-
ing (odds ratio of 2.03).33 The use of histamine 2 receptor blockers
instead of Proton pump inhibitor (PPI) also increases risk of de-
layed bleeding.33,34 Until 2005, most patients were administered
a histamine 2 receptor blocker after ESD in this study. These fac-
tors contributed to the high incidence of delayed bleeding.
This long‐term cohort study revealed that ESD had high curabil-

ity for EGC that fulfilled the expanded indication criteria. How-
ever, 12.1% of patients (26 of 214) were found to have
metachronous gastric cancer. This frequency is consistent with that
of previous reports (13.9%–15.3%).35–38 Although annual surveil-
lance endoscopy usually enables detection of metachronous le-
sions at an endoscopically treatable stage, some patients may
require surgery. A Japanese multicenter prospective study showed
that during follow‐up of 317 patients with expanded‐indication
EGC after curative resection, 9 patients underwent gastrectomy
because of metachronous gastric cancer.15 In the present study,
two metachronous advanced cancers developed at 12 and
17 months after ESD, respectively, and one patient died of the
metachronous gastric cancer. This was the only cause of
disease‐specific mortality in this study. Abe et al.38 indicated that
among 1526 patients with EGC who underwent curative ESD, 7
patients died of metachronous gastric cancer, and 5 of these 7 died
within 5 years after initial ESD. Surveillance endoscopy is manda-
tory after ESD to achieve good long‐term outcome.
This study has several limitations. First, although the

patients were followed up prospectively, some patients were
lost to follow‐up because of referral to other hospitals; as a result,
the causes of two deaths are unconfirmed. Second, we did not
investigate the status of Helicobacter pylori infection, which is
known to affect the incidence of metachronous gastric cancer
development.39–41 H. pylori eradication therapy for post‐ESD
patients has been covered by the Japanese social insurance since
2010, so most patients neither underwent diagnostics for
H. pylori infection nor received eradication therapy at the time of
the index ESD. Third, we included patients with a history of
endoscopic resection and surgery for EGC. However, these pa-
tients accounted for six (2.8%) and four (1.9%), respectively,
of all study subjects and therefore might not have substantially
affected the overall results. Fourth, we did not compare the
long‐term outcome of endoscopic resection with that of surgery.8

However, without treatment‐related death or local recurrence, the
long‐term outcome after ESD was considered to be comparable
with that after surgery.
In conclusion, ESD for EGC that fulfilled the expanded criteria

for differentiated‐type EGC is feasible, and the long‐term outcome
is favorable.
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