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Abstract
Background and aims A drawback of endoscopic submucosal dissection (ESD) for early gastric cancer (EGC) is the develop-
ment of metachronous gastric cancer (MGC). While MGC after ESD for differentiated-type (D-) EGC was well understood, 
little is known about MGC occurring after ESD for undifferentiated-type (UD-) EGC, because ESD had not been indicated. 
We evaluated the incidence and treatment outcomes of MGC after ESD of UD-EGC.
Methods This study is a post hoc analysis of JCOG1009/1010, a multicenter trial to evaluate the efficacy and safety of ESD 
for UD-EGC. The patients who underwent curative ESD of index solitary UD-EGC were analyzed. Surveillance endoscopy 
was performed biannually for the first 3 years and thereafter annually. We assessed the time to MGC occurrence after ESD, 
lesion characteristics, and treatment outcomes of MGC. Time to MGC occurrence was estimated by cumulative incidence 
function, with death and total gastrectomy as competing risks.
Results A total of 198 patients were included in this study. During a median follow-up period of 5.8 years, 4 patients (2%) 
developed MGC. Median time to MGC occurrence was 4.5 years (range: 3.1–5.4). Five-year cumulative incidence of MGC 
was 1.0% (95% CI: 0.2–3.3%). Two MGCs were histologically D-EGC, and the remaining two were UD-EGC. The median 
tumor size of MGCs was 1.0 cm (range: 0.7–1.7), and the depth of invasion (M/SM1/SM2) was 2/1/1, respectively. Three 
patients achieved curative resection with repeated ESD.
Conclusions MGC does not occur commonly after curative ESD of UD-EGC, and repeated ESD could contribute to stomach 
preservation.
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Introduction

Endoscopic resection (ER) is a minimally invasive treat-
ment for early gastric cancer (EGC). Among several meth-
ods of ER, endoscopic submucosal dissection (ESD) has 
allowed for en-bloc and curative resection regardless of 
lesion size and location [1, 2]. Also, ESD can preserve 
the stomach and maintain the quality of life in those who 
achieve curative ER. Several retrospective and prospective 
studies have demonstrated favorable long-term ESD out-
comes in patients with differentiated-type EGC (D-EGC) 
undergoing curative ER [3–5]. Thus, ESD is now accepted 
as a standard of care for D-EGC [6].

In contrast, ESD had not been traditionally indicated for 
undifferentiated-type EGC (UD-EGC) because of a lack of 
evidence in long-term outcomes in prospective studies [6, 
7]. However, we recently reported that, in a multicenter, 
non-randomized confirmatory trial of ESD to expand its 
indication for UD-EGC (JCOG1009/1010), ESD of T1a 
UD-EGC ≤ 2 cm without ulceration provided comparable 
survival to those that underwent surgery with lymph node 
dissection [8].

A drawback of ER for EGC when compared with gas-
trectomy is the development of metachronous gastric 
cancer (MGC) in the preserved stomach. It could have a 
possibility of the requirement of gastrectomy or gastric 
cancer death due to MGC. Several studies have showed 
that the three-year and five-year cumulative incidences 
of MGC occurring after curative ER were 5.9% [9, 10] 
and 9.5–14.0% [11, 12], respectively, with an approxi-
mate annual incidence of 2.5–4% [9, 11–13]. Generally, 
MGCs can be curatively treated with ESD, allowing for 
preservation of the stomach function. However, the previ-
ous studies included patients with D-EGC mostly because 
UD-EGCs had been mainly treated by gastrectomy with 
lymph node dissection. Although MGC might develop 
even after curative ESD of UD-EGC, little is known about 
the actual incidence of MGC and treatment outcomes of 
MGC in patients with UD-EGC. We aimed to evaluate 
the incidence and treatment outcomes of MGC after cura-
tive gastric ESD of UD-EGC by a post hoc analysis of 
JCOG1009/1010.

Patients and methods

Patients

This study was a post hoc analysis of data collected during 
JCOG1009/1010 which aimed to evaluate the efficacy and 
safety of ESD within an indication specified for UD-EGC 

[8]. The key inclusion criteria of the JCOG1009/1010 were 
as follows: (1) histologically proven index solitary gastric 
UD-type adenocarcinoma (poorly differentiated adeno-
carcinoma or signet-ring cell carcinoma) on biopsy, (2) 
endoscopically diagnosed T1a tumor ≤ 2 cm in size with-
out ulceration and (3) absence of lymph node and distant 
metastasis (cN0M0) in computed tomography, (4) no prior 
gastrectomy and no reconstructive surgery using the stom-
ach [8]. Index EGC was defined as an EGC which were 
initially treated during the study period.

Amongst those who met the aforementioned inclusion cri-
teria, this post hoc analysis included patients who underwent 
curative ESD of UD-type, which was defined as histologically 
proven T1a UD-EGC without ulceration or lymphovascular 
invasion ≤ 2 cm with free lateral and deep margin. Undiffer-
entiated dominant type (e.g., a mixed histological type, such 
as poorly to moderately differentiated adenocarcinoma) was 
also included as UD-EGC in this study. Those who under-
going curative ESD of D-type, which was defined as well-
differentiated tubular adenocarcinoma, moderately differenti-
ated tubular adenocarcinoma, and papillary adenocarcinoma, 
and those with any non-curative ESD were excluded from the 
analysis. The JCOG1009/1010 study protocol was reviewed 
and approved by the Protocol Review Committee of JCOG in 
Dec 2010 followed by the institutional review board at each 
participating institution prior to initiation of the study. Writ-
ten informed consent including for the secondary use of the 
data was obtained from the enrolled patients at the registra-
tion to JCOG1009/1010. The JCOG1009/1010 was conducted 
in accordance with the precepts established in the Declara-
tion of Helsinki, and registered with the University Hospi-
tal Medical Information Network Clinical Trials Registry 
(UMIN000004995).

Patients follow‑up after ESD of the index EGC

Surveillance endoscopy after ESD of the index EGC was per-
formed biannually for the first three years and thereafter annu-
ally. If a suspicious lesion was detected during surveillance 
endoscopy, the targeted biopsy specimen was taken from the 
lesion. MGC was defined as a histologically-proven gastric 
cancer located in an area apart from the index EGC scar, more 
than 1 year after ESD [10, 14]. Histological type, tumor size, 
depth of invasion, and the presence of ulceration were esti-
mated and recorded during a surveillance endoscopy or on an 
additional preoperative endoscopy. Magnifying endoscopy and 
endoscopic ultrasound were used if clinically necessary at the 
discretion of each institution.
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Treatment strategy and histological diagnosis 
of MGC

Treatment for MGC was same as for other EGC and was 
performed according to Japanese Gastric Cancer Treatment 
Guidelines 2010 (ver. 3) [15]. The resected specimens were 
assessed by histopathology after being fixed in 10% forma-
lin. Histological mapping was performed after the specimens 
were serially sectioned at 2 mm intervals for endoscopic 
specimens and 5 mm intervals for surgical specimens. Certi-
fied pathologists at each institution assessed the histological 
type, macroscopic appearance, tumor size, depth of inva-
sion, presence of ulceration, lymphovascular invasion, and 
margins, according to the Japanese classification of gastric 
carcinoma [16].

In the case of ER, en-bloc resection was defined when 
the entire lesion was located within one piece regardless of 
histological tumor margin. Complete resection was defined 
as en-bloc resection with histological free lateral and ver-
tical margins. Curative resection was defined as complete 
resection without lymphovascular invasion and: (a) D-type 
mucosal cancer without ulceration regardless of tumor size, 
or (b) D-type mucosal cancer ≤ 3 cm in diameter with ulcera-
tion tumor size, or (c) D-type minute submucosal cancers 
(< 500 μm from the muscularis mucosae) ≤ 3 cm, or (d) UD-
type mucosal cancer ≤ 2 cm without ulceration, according 
to Japanese gastric cancer treatment guidelines 2010 (ver. 
3) [15]. The mixed histological type of the resected speci-
mens was determined by major histological features of the 
resected specimen. Additional surgery was recommended 
for all other non-curative resections.

Data collection

Baseline patient and lesion characteristics of the study 
subjects were obtained from the original database of 
JCOG1009/1010. The data on MGC occurrence, clinical 
and histological characteristics, and treatment outcomes of 
MGCs were additionally collected from medical records of 
each institution. Moreover, baseline gastric mucosal atrophy 
and Helicobacter pylori (H. pylori) infection status at the 
time of the index EGC diagnosis and smoking have been 
reported to be positively associated with MGC occurrence. 
The status of H. pylori infection was defined as follows: (a) 
positive if any H. pylori infection test was positive, (b) nega-
tive if any H. pylori infection test(s) were negative and there 
was no history of H. pylori eradication, (c) Post-eradication 
if successful H. pylori eradication was confirmed. The kinds 
and number of tests to detect H. pylori infection were deter-
mined at the discretion of each institution. Statin and non-
steroidal anti-inflammatory drugs (NSAIDs) use have been 
reported to be negatively associated with MGC occurrence. 
These factors were therefore retrospectively collected from 

medical record at each institution [17–20]. Baseline gastric 
mucosal atrophy was assessed endoscopically according 
to the Kimura-Takemoto classification, which correlates 
well with the histologic degree of atrophic gastritis [21]. 
Gastric mucosal atrophy was divided into three categories: 
none (closed type 0 and I), mild (closed type II and III), and 
severe (open type I–III).

Statistical analysis

The time to event of MGC was calculated as the interval 
between the date of ESD of the index EGC and the date 
of detection of MGC. The annual proportion of MGC was 
estimated using cumulative incidence function, given the 
competing risk of those who died of other causes or under-
went total gastrectomy. Risk factors for the development of 
MGC were investigated by Cox proportional hazards regres-
sion models. A p value of < 0.05 was considered significant. 
Statistical analyses were performed by a biostatistician of the 
JCOG Data Center (J.M) using SAS version 9.4.

Results

A total of 346 patients were enrolled in JCOG1009/1010, 
and ESD was performed in 344 patients. Among them, we 
excluded 42 patients with curative resection of D-type, 95 
with non-curative resection, 1 UD-EGC with indeterminate 
curability owing to emergency surgery, and 8 with no malig-
nancy in ESD specimen (Fig. 1). Finally, 198 patients with 
curative resection of UD-EGC were selected for this study. 
Among them, 195 patients were eligible in JCOG1009/1010, 
and 3 were ineligible but achieved curative ESD resection 

Fig. 1  Flow diagram for the study. A total of 346 patients who were 
enrolled in JCOG1009/1010, and ESD was performed in 344 patients. 
Among them, this study included 198 patients with curative resection 
of UD-EGC
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of UD-EGC and could be followed-up in accordance with 
the study protocol.

Baseline patient’s characteristics are shown in Table 1. 
Ninety-six patients were male, and 102 were female with the 
median age of 60 years (range: 23–80). Sixty-four patients 
had no baseline gastric atrophy, 64 had mild, and 70 had 
severe gastric atrophy at the time of the index EGC diag-
nosis. Eighty-six patients had H. pylori infection, 59 did 
not have H. pylori infection, and 26 succeeded for H. pylori 
eradication before ESD of the index EGC. The data of H. 
pylori infection were missing in 27 patients. Among 86 
patients with H. pylori infection, H. pylori eradication after 
the index ESD was successful in 64 patients, unsuccessful 
in 3 patients, not performed in 14 patients, and unknown in 
5 patients. Thus, 17 patients remained positive for H. pylori 
infection after the index ESD, 59 were negative, 90 were 
eradicated, and the data were missing in 32 patients. The 
characteristics of index EGC are shown in Table 2.

During a median follow-up period of 5.8 years (range: 
0.2–7.2), no patients died of gastric cancer, as previously 
reported, although one died from other cause [8]. Four 
patients developed MGCs during the follow-up period. 
Median time to MGC occurrence was 4.5 years (range: 
3.1–5.4). Five-year cumulative incidence MGC was 1.0% 
(95% CI: 0.2–3.3%) (Fig. 2). All lesions were macroscopi-
cally Type 0-IIc and resected with ESD. Two of four MGCs 
were histologically D-EGC, and two were UD-EGC. The 
median tumor size of MGCs was 1.0 cm (range: 0.7–1.7). 
As for the depth of invasion, two MGCs were mucosal can-
cer, one was minute submucosal cancer (< 500 μm from the 
muscularis mucosa), and the remaining one was deep sub-
mucosal cancer (≥ 500 μm from the muscularis mucosa). 
Three out of the four patients achieved curative resection 
with ESD (Tables 3, 4).

In terms of risk factors associated with MGC occurrence, 
NSAIDs use was significantly more common in patients with 
MGC (Table 5). However, multivariable Cox proportional 
hazards regression models were not carried out because of 
the small number of events.

Discussion

This study showed that 5-year cumulative incidence of 
MGC after curative ESD of UD-EGC was 1.0% (95% CI: 
0.2–3.3%). We believe that this data was clinically reliable, 
because it was based on the data of multicenter clinical trial 
(JCOG1009/1010), while most previous studies were single-
center retrospective studies with the data of lost to follow-up 
and indeterminate surveillance endoscopy [11, 22–28]. To 
the best of our knowledge, this is the first report on MGC 
occurrence following a predetermined periodic surveillance 

Table 1  Baseline patients characteristics (n = 198)

a The data were missing in 25 patients

n = 198

Median age (range), years 60 (23–80)
Gender (male/female), n 96/102
Gastric atrophy (none/mild/ severe), n 64/64/70
H. pylori infection before initial ESD
(present/absent/post-eradication/unknown), n

86/59/26/27

H. pylori infection after initial ESD
(present/absent/post-eradication/unknown), n

17/59/90/32

NSAIDS use (no/yes/unknown), n 184/7/7
Statin use (no/yes/unknown), n 164/25/9
Smoking (never/former/current/unknown), n 106/42/34/16
Packs-year (< 20/ ≥ 20)a 130/43

Table 2  Characteristics of index early gastric cancer (n = 198)

All lesions were histologically mucosal cancer without lymphovascu-
lar invasion nor ulcerative findings
Less lesser curvature side
Gre greater curvature side
Ant anterior side
Post posterior side
por: poorly differentiated adenocarcinoma
sig signet-ring cell carcinoma

Median tumor size (range), cm 1.2 (0.1–2.0)
Location (upper/middle/lower), n 9/114/75
Gastric circumference (Less/Gre/Ant/Post), n 44/82/37/45
Macroscopic type (0-IIb/0-IIc/others), n 26/167/5
Major histological type (por/sig), n 57/141

Fig. 2  Cumulative incidence for metachronous gastric cancer (MGC) 
on surveillance endoscopy after curative endoscopic submucosal dis-
section. The 5-year cumulative incidence of MGC was 1.0% (95% CI: 
0.2–3.3%)
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protocol. We believe that these data provide an actual inci-
dence of MGC after curative ESD of UD-EGC.

The 3-year and 5-year cumulative incidences of MGC 
after D-EGC undergoing curative ER were reported to be 
5.9% [9, 10] and 9.5–14.0% [11, 12], respectively. The cumu-
lative incidence of MGC linearly increased over time with 
an approximate annual incidence of 2.5–4% [9, 11–13]. In 
contrast, this study demonstrated that the 5-year cumulative 

incidence of MGC was 1.0% (95% CI: 0.2–3.3%). Thus, 
MGC occurrence after ESD of UD-EGC seemed to be lower 
than that of D-EGC. Ishioka et al. reported that the 5-year 
cumulative incidences of MGC in the UD-EGC and D-EGC 
group were 3.5 and 20.8%, respectively, and the difference 
was significant (p < 0.01) [28]. This data, together with our 
study, supported the low MGC incidence after curative ESD 
of UD-EGC.

The reasons for the low MGC occurrence rate in the UD-
EGC could be explained by the difference in gastric atrophy 
and following intestinal metaplasia. UD-gastric cancer gen-
erally develops during the progression of atrophic gastritis, 
and the development of D-gastric cancer is closely related to 
severe atrophic gastritis accompanying intestinal metaplasia 
caused by persistent H. pylori infection. Park et al. showed 
that atrophic gastritis with intestinal metaplasia was also 
an independent risk factor of synchronous or metachronous 
gastric cancer in Cox hazard model [25]. Maehata et al. 
revealed that severe mucosal atrophy was an independent 
risk factor for the development of MGC [29]. In our study, 
despite unavailable data of intestinal metaplasia, the propor-
tion of severe gastric atrophy in the baseline characteristics 
was 35% (70/198). On the other hand, the proportions in 
previous studies that included mostly patients with D-EGC 
were 55–62% [29, 30]. Another reason to explain the low 
incidence of MGC in this study was specific background 
factors at index EGCs. Some retrospective studies which 
mostly included D-EGCs showed that older age, male, and 
multiple index EGCs at the time of the index ESD were also 
the independent risk factors of MGC occurrence [9, 31]. 
JCOG1009/1010 included only solitary UD-EGC. Besides, 
because the patients with UD-EGC were characterized as 
female-dominant and younger than other previous studies, 
these factors could also explain the low MGC.

In terms of other known risk factors for MGC occurrence, 
this study collected H. pylori infection status, NSAIDs and 
statin use, and smoking. Of these, H. pylori infection is 

Table 3  Characteristics of metachronous gastric cancer (n = 4)

Ant anterior side
ESD endoscopic submucosal dissection
Gre greater curvature side
Less lesser curvature side
M mucosal cancer
Post posterior side
por poorly differentiated adenocarcinoma
sig signet-ring cell carcinoma
SM1 minute submucosal cancer (< 500  μm from the muscularis 
mucosa)
SM2: deep submucosal cancer (≥ 500  μm from the muscularis 
mucosa)
tub1 well-differentiated tubular adenocarcinoma
tub2 moderately differentiated tubular adenocarcinoma

Median tumor size (range), cm 1.0 (0.7–1.7)
Location (upper/middle/lower), n 1/1/2
Gastric circumference (Less/Gre/Ant/Post), n 1/1/2/0
Macroscopic type (0-IIb/0-IIc/others), n 0/4/0
Major histological type (tub1/tub2/por/sig), n 1/1/1//1
Depth of invasion (M/SM1/SM2) 2/1/1
Ulcerative finding (negative/positive/unknown), n 4/0/0
Lymphatic invasion (negative/positive), n 3/1
Venous invasion (negative/positive), n 4/0
Treatment (ESD/surgery) 4/0
Curability of ESD
(Curative resection/non-curative resection)

3/1

Table 4  Cases of metachronous gastric cancer

H. pylori Helicobacter pylori
NSAIDs non-steroidal anti-inflammatory drugs
por poorly differentiated adenocarcinoma
tub1 well-differentiated tubular adenocarcinoma
UL ulceration

Age Atrophy H. pylori Infection 
after initial ESD

Location of MGC Histology of 
MGC

Size of 
MGC (cm)

Depth of MGC UL of MGC Time to 
occurrence
(year)

68 Severe Absent Middle por1 1.7 SM2 – 3.1
65 Severe Present Lower sig 0.9 M – 5.4
70 Severe Eradicated Lower tub1 0.7 M – 4.0
63 Mild Eradicated Upper tub2 1.1 SM1 – 5.0
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considered one of the most important risk factors for gas-
tric cancer [32]. Interestingly, in terms of the comparison 
between H. pylori infected and uninfected before ESD, Ish-
ioka et al. reported that all patients who developed MGCs 
after ESD of UD-EGC were H. pylori-infected, and there 
were no MGCs in patients without H. pylori infection, 
although the discussion is still controversial [28]. Some ran-
domized controlled trials (RCTs) concluded that H. pylori 
eradication effectively reduced MGC occurrence after ER 
for D-EGC [33, 34]. The main study subjects of these RCTs, 
were patients with D-EGC, and the efficacy of H. pylori 
eradication for MGC reduction in patients with UD-EGC 
remains unknown. NSAIDs use, which was reported to be 
negatively associated with MGC occurrence [20], was signif-
icantly more common in patients with MGC in the log-rank 
test. Possibly, the retrospective data collection with missing 
data might explain the observed inverse relationship.

Previous studies included index D-EGC suggested annual 
or biannual life-long surveillance endoscopy to achieve early 

detection of MGC [11, 12, 35]. In JCOG1009/1010, the sur-
veillance endoscopy was performed biannually for the first 
3 years and thereafter annually. This surveillance protocol 
could help early detection of MGC following curative ESD 
of UD-EGC. Given the MGC characteristics and the curabil-
ity of ESD for MGC, the interval of surveillance endoscopy 
should be carefully determined despite the low incidence of 
MGC, because repeated ESD needs to be strictly indicated 
for UD-type MGC, limited to cT1a ≤ 2 cm in size without 
ulceration. Further investigations are warranted to establish 
an optimal surveillance protocol after ESD for UD-EGC.

There were several limitations to this study. First, some 
additional data, such as the status of H. pylori infection, 
smoking, and NSAIDs use were retrospectively analyzed, 
and there were some missing data. Specifically, H. pylori 
infection test and eradication were not determined in the 
protocol of JCOG1009/1010, and they were carried out at 
the discretion of each institution. As some data were miss-
ing, it was challenging to determine H. pylori-infected or 

Table 5  Risk factors at the time 
of index endoscopic submucosal 
dissection for the development 
of metachronous gastric cancer

a Missing data were excluded from analysis
b The data were not shown in statin use, status post-H. pylori eradication, and macroscopic type and loca-
tion of the index early gastric cancer because of no event availability
EGC early gastric cancer
H. pylori Helicobacter pylori
NSAIDs non-steroidal anti-inflammatory drugs

Factor Variable Events/N HR (95% CI) p value

Age ≥ 65 years 2/143 1
≤ 66 years 2/55 2.62 (0.37–18.62) 0.34

Gender Male 2/96 1
Female 2/102 0.90 (0.13–6.25) 0.91

Gastric atrophy None/Mild 1/128 1
Severe 3/70 5.35 (0.56–50.79) 0.14

NSAIDs  usea Absent 1/184 1
Present 1/7 24.62 (1.91–317.28) 0.01

Statin  usea Absent 2/164
Present 0/25 b

Smokinga < 20 packs year 2/130 1
≥ 20 packs year 1/43 1.61 (0.15–16.97) 0.69

H.pylori Negative 1/59 1
Infectiona Post-eradication 0/26 b

Positive 3/86 2.06 (0.21–19.82) 0.53
Size of index EGC < 1.2 cm 2/94 1

≥ 1.2 cm 2/104 0.92 (0.13–6.35) 0.93
Macroscopic type of index EGC 0-IIb or 0-IIc 4/193

Others 0/5 b

Location of index EGC Upper 0/9 b

Middle 4/114
Lower 0/75 b

Histological type of index EGC por 2/57 1
sig 2/141 0.39 (0.056–2.73) 0.34
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-uninfected in this post hoc analysis. Second, the original 
data included only patients with an index solitary UD-EGC, 
and excluded those with multiple EGCs as discussed above. 
Third, the number of events was small. These limitations 
made it difficult to perform a comprehensive risk analysis of 
MGC with multivariable Cox proportional hazards regres-
sion models in patients with index UD-EGC. To clarify the 
incidence, risk factors, and treatment outcomes of MGCs, 
further large-scale prospective study is warranted. A pro-
spective study (J-WEB-EGC) was conducted to evaluate the 
long-term outcomes of ESD for EGC in Japan. This web-
based large cohort study enrolled 9616 patients with both 
UD- and D-EGC from 41 institutions over 2 years [2, 36]. 
The long-term outcomes of this study will provide more 
detailed and convincing data to stratify the risk factors asso-
ciated with MGC including H. pylori eradication and the his-
tology at the index EGC, which may help the establishment 
of a surveillance program for MGC after curative endoscopic 
resection of UD-EGC.

In conclusion, MGC does not occur commonly after cura-
tive ESD of UD-EGC and repeated ESD could contribute to 
stomach preservation. Thus, ESD could be a standard treat-
ment for cT1a UD-EGC without ulceration ≤ 2 cm from the 
MGC management point of view.
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