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Abstract
AIM: To evaluate the efficacy and safety of endoscopic 

submucosal dissection (ESD) for early gastric cancer 
(EGC) with undifferentiated-type histology.

METHODS: A systematic literature review was con-
ducted using the core databases. Complete resection, 
curative resection, en bloc  resection, recurrence and 
adverse event rate were extracted and analyzed. A 
random effect model was applied. The methodological 
quality of the enrolled studies was assessed using the 
Newcastle-Ottawa Scale. Publication bias was evaluated 
using a funnel plot, the trim and fill method, Egger’s test, 
and a rank correlation test.

RESULTS: Fourteen retrospective studies between 
2009 and 2014 were identified (972 EGC lesions 
with undifferentiated-type histology). The total en 
bloc  and complete resection rates were estimated as 
92.1% (95%CI: 87.4%-95.2%) and 77.5% (95%CI: 
69.3%-84%), respectively. The total curative resection 
rate was 61.4% (95%CI: 44.5%-75.9%). The overall 
recurrence rate was 7.6% (95%CI: 3.4%-16%). 
Limited to histologically diagnosed expanded-criteria 
lesions, the en bloc  and complete resection rates were 
91.2% and 85.6%, respectively. The curative resection 
rate was 79.8%.

CONCLUSION: In this analysis, ESD is a technically 
feasible treatment modality for EGC with undifferentiated-
type histology. Long-term studies are needed to confirm 
these therapeutic outcomes.

Key words: Carcinoma; Endoscopic submucosal dissection; 
Endoscopy; Gastric cancer; Meta-analysis
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Core tip: Controversies regarding proposed expansions of 
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for early gastric cancer (EGC) with undifferentiated-
type histology still remain. In this meta-analysis, ESD 
is a technically feasible treatment modality for EGC 
with undifferentiated-type histology. However, cautious 
interpretation is needed because of heterogeneity 
among studies. Inconsistent implementation of 
indication, insufficient follow-up duration, and different 
outcome criteria are causes of heterogeneity. Further 
studies using common primary outcomes or large-scale, 
long-term studies will elucidate the feasibility of ESD for 
EGC with undifferentiated-type histology.
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INTRODUCTION
Gastric cancer is a prevalent malignancy in East Asian 
countries[1]. With the widespread implementation of 
endoscopic screening programs in these countries, 
the proportion of patients with early gastric cancer 
(EGC) at the time of diagnosis has been increasing. 
Currently, endoscopic submucosal dissection (ESD) is 
the widely accepted treatment modality for a specific 
subset of EGC patients in South Korea and Japan[2,3]. 
However, the absolute indications for ESD for EGC 
have been criticized, because very strict criteria result 
in unnecessary operations[4].

Based on previous research, which stratified the 
risk of lymph node metastasis in patients with EGC, 
an expanded set of indications was proposed[5-7]. The 
proposed expanded criteria include the following: (1) 
differentiated-type mucosal adenocarcinoma without 
ulceration and lymphovascular invasion, irrespective of 
size; (2) differentiated-type mucosal adenocarcinoma 
30 mm or smaller with ulceration and without 
lymphovascular invasion; (3) undifferentiated-type 
mucosal adenocarcinoma 20 mm or smaller without 
ulceration and lymphovascular invasion; and (4) 
differentiated-type adenocarcinoma 30 mm or smaller 
with minute submucosal invasion (SM1), but without 
lymphovascular invasion[3]. However, the results of 
clinical observations based on these expanded criteria 
have been conflicting, and endoscopic resection based 
on these indications is regarded as an investigational 
treatment[3].

EGC with undifferentiated-type histology generally 
refers to a poorly differentiated adenocarcinoma or 
signet ring cell carcinoma, although there are no such 
criteria in the WHO classification[8]. This group of cancers 
is included in the expanded indications in the Japanese 

guidelines based on clinical observations[3,5,9,10]. 
However, the results of clinical studies, including 
studies on EGC with undifferentiated-type histology, 
are conflicting. Thus, a meta-analysis was conducted 
to assess the feasibility of ESD for EGC patients with 
undifferentiated-type histology based on the expanded 
criteria.

MATERIALS AND METHODS
Literature search
MEDLINE (through PubMed), EMBASE, and the Cochrane 
Central Register of Controlled Trials (CENTRAL) in 
the Cochrane Library were searched using common 
keywords related to ESD for EGC with undifferentiated-
type histology (from inception to April 2014). Medical 
Subject Headings (MeSH) terminology was used 
because all 3 databases permit searching using MeSH 
terminology. The keywords used included “gastric 
cancer”, “endoscopic submucosal dissection”, “ESD”, 
“poorly differentiated”, “signet ring cell carcinoma” 
or “undifferentiated” using Boolean operators. Only 
publications on human subjects were searched, 
and the bibliographies of relevant articles were also 
reviewed to identify additional studies. The language 
of publication was not restricted.

Selection criteria
Due to a lack of randomized-controlled studies relevant 
to this topic, we included non-randomized studies 
meeting both of the following criteria: (1) designed 
to evaluate ESD for EGC with undifferentiated-type 
histology in the target or control group; and (2) 
included at least one outcome (complete resection 
rate, curative resection rate, en bloc resection rate, 
recurrence rate or procedure-related adverse event 
rate) that enabled an evaluation of feasibility of ESD 
for EGC with undifferentiated-type histology. The 
exclusion criteria were as follows: (1) incomplete 
data; (2) review article; or (3) abstract only (study not 
published as full-text article).

Selection of relevant studies
Two of the authors (Bang CS and Baik GH) indepen-
dently evaluated the eligibility of all studies retrieved 
from the databases based on the predetermined 
selection criteria. The abstracts of all identified studies 
were reviewed to exclude irrelevant articles. Full-
text reviews were performed to determine whether 
the inclusion criteria were satisfied by the remaining 
studies. Disagreements between the two evaluators 
were resolved by discussion or consultation with a 
third author (Kim JH).

Assessment of methodological quality
The methodological quality of the enrolled studies 
was assessed using the Newcastle-Ottawa Scale. This 
tool comprises three parameters: the selection of the 
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study population, the comparability of the groups, 
and the ascertainment of the exposure or outcome. 
Each parameter consists of subcategorized questions: 
selection (n = 4), comparability (n = 1), and exposure 
or outcome (n = 3)[11,12]. The stars awarded for 
each item allow for a rapid visual assessment of the 
methodological quality of the studies. A study can 
be awarded a maximum of nine stars, indicating the 
highest quality. Two of the authors (Bang CS and 
Baik GH) independently evaluated the methodological 
quality of all the studies, and disagreements between 
the two evaluators were resolved by discussion or 
consultation with a third author (Kim DJ).

Main and modifier-based analyses
Two of the authors (Bang CS and Baik GH) indepen-
dently extracted the outcomes of all the studies, 
and disagreements between the two evaluators 
were resolved by discussion or consultation with a 
third author (Kim JH). The primary outcomes were 
as follows: (1) en bloc resection rate: the proportion 
of cancers removed as a single piece without 
fragmentation: (2) complete resection rate: the 
proportion of cancer with no neoplastic components 
at the lateral or vertical margins on microscopic 
analysis, and without lymphovascular invasion; (3) 
curative resection rate: the proportion of cancers 
with 20 mm or less of intramucosal cancer without 
ulceration, without neoplastic components at the 
lateral or vertical margins, and without lymphovascular 
invasion; (4) recurrence rate: the proportion of 
cancers that reappeared at the site of the lesion (local 
recurrence) or synchronous, metachronous, or distant 
metastatic lesions, and (5) ESD adverse event rate: 
the proportion of cancers whose treatment resulted in 
procedure-related gastric hemorrhage or perforation. 
We also performed sensitivity analyses based on the 
indications for ESD (expanded vs beyond-expanded 
indication) and follow-up duration (long-term vs short-
term follow-up). Both a cumulative analysis and a one-
study-removed analysis were also performed.

Statistical analysis
Comprehensive Meta-Analysis (CMA) software (version 
2.2.064, Borenstein M, Hedges L, Higgins J and 
Rothstein H. Englewood, NJ: Biostat; United States) 
was used for this meta-analysis. We calculated the 
pooled en bloc resection, complete resection, curative 
resection, recurrence and adverse event rates divided 
by gastric hemorrhage and perforation. To compare 
the efficacy of ESD according to treatment criteria 
(expanded vs beyond-expanded criteria), we calculated 
odds ratios (ORs) with 95% confidence intervals 
(CIs) using 2 × 2 tables from the original articles. 
Heterogeneity was tested using the I2 test, which 
measures the percentage of total variation across 
studies[13]. I2 was calculated as follows: I2 (%) = 100 × 
(Q-df)/Q, where Q is Cochrane’s heterogeneity statistic 

and df is the degrees of freedom. Negative values for 
I2 were set to zero, and an I2 value over 50% was 
considered to indicate substantial heterogeneity (range: 
0%-100%)[14]. Pooled effect sizes with 95%CIs were 
calculated using a random effects model and the 
DerSimonian and Laird method due to methodological 
heterogeneity[15]. These results were confirmed again 
by the I2 test. A fixed effects model using the inverse 
variance-weighted (Woolf’s) method was used in the 
sensitivity analyses, including the cumulative and one-
study-removed analyses, based on the assumption 
of a common effect size shared by the subgrouped 
studies[16,17]. Significance was set at P = 0.05 in both 
models. Publication bias was evaluated using Begg’
s funnel plot, Egger’s test of the intercept, Duval and 
Tweedie’s trim and fill, and Begg and Mazumdar’s rank 
correlation test[18-22].

RESULTS
Identification of relevant studies
Figure 1 shows a flow diagram of how relevant studies 
were identified. A total of 170 articles were identified 
by a search of 3 core databases and a manual search 
of relevant bibliographies. In all, 28 duplicate studies 
and an additional 99 studies were excluded during 
the initial screening through a review of the titles and 
abstracts. The full texts of the remaining 43 studies 
were thoroughly reviewed. Among these studies, 29 
were excluded from the final analysis. The reasons for 
study exclusion during the final review were as follows: 
review articles (n = 3), incomplete data (n = 3), or 
abstract only articles (n = 23). The remaining 14 non-
randomized studies were included in the final analysis.

Characteristics of studies included in the final analysis
Among the 14 studies[23-36], we identified a total of 972 
patients with EGC with undifferentiated-type histology. 
The clinical characteristics of the enrolled studies are 
shown in Tables 1-2 and Table 3. The enrolled studies 
were published between 2009 and 2014. All of the 
studies were conducted in Asia (10 studies in South 
Korea and 4 studies in Japan). Two studies were 
conducted in a multicenter setting[28,33], whereas the 
remaining studies were conducted in a single center 
setting. Twelve English and 2 Korean studies were 
selected. The duration of follow-up ranged from a 
median of 13.5 mo in one study to a mean of 101.9 
mo in another. Ten studies reported en bloc resection 
rates, and 9 studies reported complete resection rates. 
Curative resection and recurrence rates were reported 
in 6 studies. The procedure-related adverse events 
included hemorrhage in 10 studies and perforation in 9 
studies (Table 1).

In the evaluation of ESD based on the expanded 
criteria, we identified a total of 619 EGC patients 
with undifferentiated-type histology (11 studies). 
The clinical characteristics of the included studies are 
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EGC patients (263 patients satisfying the expanded 
criteria vs 195 patients satisfying the beyond 
expanded criteria) with undifferentiated-type histology 

shown in Table 2.
For a comparison of ESD based on the expanded vs 

beyond expanded criteria, we identified a total of 458 
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Records identified through 
database searching (n  = 169) 

PubMed (n  = 57)
Cochrane library (n  = 2)

EMBASE (n  = 110)

Additional records identified 
through hand searching 

(n  = 1)

Records after duplicates removed (n  = 142)

Records screened (n  = 142)

Full-text articles assessed for eligibility (n  = 43) 

Studies included in qualitative synthesis (n  = 14)

Studies included in quantitative synthesis   
(meta-analysis) (n  = 14)

Records excluded (n  = 99)

Full-text articles excluded, with reasons (n  = 29)
Review article (n  = 3)
Incomplete data (n  = 3)
Abstract only article (n  = 23)

Figure 1  Flow diagram for identification of relevant studies.

Table 1  Clinical data of included studies

Ref. Duration of follow up Location, language Complete 
resection

Curative 
resection

En bloc  
resection

Total 
recurrence

Adverse events Total 
patients

Kim et al[23], 2009 Mean 17.1 ± 9.1 mo South Korea (English) 1/32 Bleeding 6/32   32
Kang et al[24], 2010 Mean 16 mo South Korea (English) 33/60 60/60 0/60 Bleeding 1/60 

perforation 1/60
  60

Lee et al[25], 2010 Median 13.5 mo South Korea (English)   22/581 48/58 0/16 (3 yr)
0/2 (5 yr)

  58

Yamamoto et al[26], 
2010

Japan (English) 46/58 57/58 Bleeding 5/58 
perforation 2/58

  58

Goh  et al[27], 2011 Mean 19.39 ± 11.2 mo South Korea (English) 10/18 3/14   18
Park et al[28], 2012 Mean 41 mo South Korea, 

multicenter (2) 
(English)

23/55   55

Kamada et al[29], 
2012

Mean 3.8 yr Japan (English) 37/46 42/46  1/462 Bleeding 2/46 
perforation 2/46

  46

Okada et al[30], 
2012

Median 36 mo Japan (English)   85/103 102/103 Bleeding 9/101 
perforation 1/101

103

Park et al[31], 2013 Median 24.1 mo (absolute 
indication group), 30 mo 

(expanded indication group)

South Korea (English)   91/116 106/116 Bleeding 7/116 
perforation 6/116

116

Choi et al[32], 2013 Mean 37.4 mo South Korea (Korean) 66/82 72/82  3/823   82
Kim et al[33], 2013 Median 34 mo South Korea, 

multicenter (6) 
(English)

54/74 23/74 67/74 4/74 Bleeding 1/74 
perforation 3/74

  74

Abe et al[34], 2013 Median 76.4 mo Japan (English) 88/97 62/97 96/97  2/794 Bleeding 4/97 
perforation 

3/97 delayed 
perforation 1/97

  97

Chung et al[35], 
2014

Mean 41.7 ± 22.6 mo South Korea (Korean) 58/76 64/76 9/64 Bleeding 4/76 
perforation 0/76

  76

Oka et al[36], 2014 Mean 101.9 ± 38.9 mo Japan (English) 86/97 60/97 Bleeding 6/97 
perforation 1/97

  97

1Curative resection was defined as RM (-), LVI (-), and lesions not deeper than SM 500 um; 2Seven patients who underwent operation after ESD were 
included; 3Patients who underwent operation or APC ablation were included; 4Nineteen patients who underwent operation after ESD were included. ESD: 
Endoscopic submucosal dissection.
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(7 studies). The clinical characteristics of the included 
studies are shown in Table 3.

In terms of the methodological quality, the mean 
value of the awarded star was 7.6 [6 stars (1 study), 
7 stars (5 studies), 8 stars (7 studies), and 9 stars (1 
study) (Table 4)]. The majority of studies were classified 
as high quality, thus sensitivity analysis based on the 
methodological quality was not performed.

Overall efficacy and safety of ESD for EGC with 
undifferentiated-type histology
The overall efficacy of ESD for EGC with undifferentiated-
type histology was evaluated using the en bloc 
resection, complete resection, curative resection, 
and recurrence rates. The total en bloc resection and 
complete resection rates were estimated as 92.1% 
(95%CI: 87.4%-95.2%, P < 0.001) and 77.5% 
(95%CI: 69.3%-84%, P < 0.001), respectively (Figure 
2A, B).

The total curative resection rate was 61.4% (95%CI: 
44.5%-75.9%, P = 0.183) (Figure 2C), and the overall 

recurrence rate was 7.6% (95%CI: 3.4%-16%, P < 
0.001) (Figure 2D).

The overall safety of ESD for EGC with undifferen-
tiated-type histology was evaluated according to 
procedure-related adverse events divided by gastric 
hemorrhage and perforation. The total procedure-
related gastric hemorrhage and perforation rates 
were estimated as 6.5% (95%CI: 4.5%-9.4%, P < 
0.001) and 3.3% (95%CI: 2.1%-5.0%, P < 0.001), 
respectively.

Overall efficacy and safety of ESD for EGC with 
undifferentiated-type histology based on expanded 
criteria
In the histologically diagnosed expanded-criteria 
lesions, the overall efficacy of ESD for EGC with 
undifferentiated-type histology was evaluated using 
the en bloc resection, complete resection, and curative 
resection rates. The total en bloc resection and 
complete resection rates were estimated as 91.2% 
(95%CI: 85.3%-94.8%, P < 0.001) and 85.6% 
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Table 2  Clinical data of included studies (expanded indication)

Ref. Complete resection Curative resection En bloc  resection Total recurrence Total patients Adverse events

Kang et al[24], 2010 17/18   18
Lee et al[25], 2010 11/17   17
Yamamoto et al[26], 
2010

46/471 46/47 47/47   47 Bleeding 5/47 perforation 
2/47

Park et al[28], 2012 23/55   55
Kamada et al[29], 2012 32/34   34
Okada et al[30], 2012   85/103 102/103 103
Park et al[31], 2013   91/116 106/116 116 Bleeding 7/116 perforation 

6/116
Choi  et al[32], 2013 66/82 72/82   82
Kim et al[33], 2013 23/29 23/29 25/29   29 Bleeding 0/29 perforation 

2/29
Chung et al[35], 2014 50/58 51/58   58 Bleeding 4/76 perforation 

0/76
Oka et al[36], 2014 57/60   60

1Complete en bloc resection.

Table 3  Clinical data of included studies (expanded indication vs  beyond expanded indication)

Ref. Location, language Complete resection En bloc  resection Recurrence

EI effective EI total Beyond EI effective Beyond EI total EI Beyond EI EI Beyond EI

Kang et al[24], 2010 South Korea 
(English)

17 18 16 42 18/18 42/42 0/18 0/42

Lee et al[25], 2010 South Korea 
(English)

11 17 11 30

Yamamoto et al[26] 
2010

Japan (English) 46 47   6 11 47/47 10/11

Kamada et al[29], 
2012

Japan (English) 32 34   7 12 0/34 1/12

Kim et al[33], 2013 South Korea, 
multicenter (6) 

(English)

223 29 31 45 0/29 4/45

Chung et al[35], 2014 South Korea 
(Korean)

50 58   8 18 51/58 13/18

Oka et al[36], 2014 Japan (English) 57 60 29 37
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(95%CI: 78.5%-90.7%, P < 0.001), respectively. 
The total curative resection rate was 79.8% (95%CI: 
51.4%-93.6%, P = 0.041).

The overall safety of ESD for EGC with undifferen-
tiated-type histology based on expanded criteria was 
evaluated according to procedure-related adverse events 
divided by gastric hemorrhage and perforation. The total 
procedure-related gastric hemorrhage and perforation 
rates were estimated as 6.7% (95%CI: 4.1%-10.8%, P 
< 0.001) and 4.8% (95%CI: 2.6%-8.6%, P < 0.001), 
respectively.

Comparison of the efficacy of ESD for EGC with 
undifferentiated-type histology between expanded and 
beyond expanded criteria
To compare the efficacy of ESD between the expanded 
and beyond expanded criteria, ORs with 95%CIs for 
en bloc resection, complete resection, and recurrence 
were calculated. ESD based on the expanded criteria 
showed an OR of 3.475 (95%CI: 1.039-11.622, P = 
0.043) for en bloc resection compared to ESD based 
on the beyond expanded criteria. ESD based on the 
expanded criteria showed an OR of 7.461 (95%CI: 
3.027-18.394, P < 0.001) for complete resection 
compared to ESD based on the beyond expanded 
criteria. ESD based on the expanded criteria showed 
an OR of 0.134 (95%CI: 0.015-1.203, P = 0.073) for 
recurrence compared to ESD based on the beyond 
expanded criteria.

Sensitivity meta-analysis
The cumulative meta-analysis of the enrolled studies 
in the order of year published showed a constant but 
slightly increasing trend in en bloc resection rate. 
With regard to complete resection, the cumulative 
meta-analysis of the enrolled studies showed an 
increasing trend in complete resection rate. However, 
the curative resection rate showed a decreasing trend 
in the cumulative meta-analysis. In the evaluation of 
recurrence, the cumulative meta-analysis showed an 

increasing trend in the recurrence rate after ESD.
In the histologically diagnosed expanded-criteria 

lesions, the cumulative meta-analysis of the enrolled 
studies in the order of year published showed a constant 
but slightly decreasing trend in the en bloc resection 
rate. As for complete resection, the cumulative meta-
analysis showed 2 outlier effect sizes[24,25]. Kang et al[24] 
showed the biggest effect size (complete resection 
rate: 17/18), and Lee et al[25] showed the smallest 
effect size (complete resection rate: 11/17). These 2 
studies included the smallest numbers of patients of 
histologically diagnosed expanded-criteria lesions in 
the analysis (Table 2), whereas the other remaining 
studies showed relatively consistent effect sizes. The 
curative resection rate showed a decreasing trend in the 
cumulative meta-analysis of the enrolled studies.

The one-study-removed meta-analysis of the 
enrolled studies in the order of year published showed 
consistent results and no specific outlier for the en 
bloc resection rate. As for complete resection, the one-
study-removed meta-analysis also showed consistent 
results. For the analysis of curative resection, the 
one-study-removed meta-analysis highlighted 
2 influential studies[28,33]. These studies reported 
relatively lower curative resection rates; however, the 
methodological quality of these studies was not low 
(Table 4). Moreover, these 2 studies were performed in 
a multicenter setting. In the evaluation of recurrence, 
the one-study-removed analysis identified 3 influential 
studies[27,33,35]. Two studies[27,35] reported relatively 
higher recurrence rates, and 1 study[33] reported a 
relatively lower recurrence rate (Table 1). The follow-
up duration was relatively short in the Goh et al[27]’
s study (mean 19.39 ± 11.2 mo), and this study had 
the lowest methodological quality among the included 
studies (Tables 1 and 4). However, the follow-up 
durations in the studies by Chung et al[35] and Kim et 
al[33] were not in the short-term category (mean: 41.7 
± 22.6 mo), and the methodological quality was not 
low (Tables 1 and 4).

In the histologically diagnosed expanded-criteria 
lesions, the one-study-removed meta-analysis of 
the enrolled studies in the order of year published 
showed consistent results and no specific outlier for 
the en bloc resection rate. As for complete resection, 
the cumulative meta-analysis showed consistent 
results. For the analysis of curative resection, the one-
study-removed meta-analysis identified 2 influential 
studies[28,30]. As in the total population analysis, Park et 
al[28] reported a relatively lower curative resection rate, 
whereas Okada et al[30] reported a relatively higher 
curative resection rate. The methodological quality of 
these studies was not low (Table 4).

To determine the total recurrence rate, a sensitivity 
analysis was performed by dividing the studies into a 
shorter follow-up duration group and a longer follow-
up duration group. The distribution of the follow-up 
duration was as follows: mean 13.5, 16, 17.1, 19.39 
mo, median 34 mo, and mean 41.7 mo. The studies 
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Table 4  Methodological quality of included studies measured 
by Newcastle-Ottawa scale

Ref. Selection Comparability Exposure or 
outcome

Total 

Kim et al[23], 2009 4 1 2 7
Kang et al[24], 2010 4 1 2 7
Lee et al[25], 2010 4 2 2 8
Yamamoto et al[26], 2010 4 1 3 8
Goh et al[27], 2011 3 1 2 6
Park et al[28], 2012 3 1 3 7
Kamada et al[29], 2012 4 1 3 8
Okada et al[30], 2012 4 3 7
Park et al[31], 2013 4 2 2 8
Choi et al[32], 2013 4 2 3 9
Kim et al[33], 2013 4 1 3 8
Abe et al[34], 2013 4 1 3 8
Chung et al[35], 2014 3 2 3 8
Oka et al[36], 2014 3 1 3 7
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Study name Statistics for each study Event rate and 95%CI

Event rate Lower limit Upper limit Z  value P  value

Chan Hyuk Park (2013) 0.914 0.847 0.953 7.137 0.000

Hae Yeon Kang (2010) 0.992 0.882 0.999 3.377 0.001

Min Woo Chung (2014) 0.842 0.742 0.908 5.321 0.000

Tae Hee Lee (2010) 0.828 0.708 0.905 4.513 0.000

K. Okada (2012) 0.990 0.934 0.999 4.602 0.000

Kazuhiro Kamada (2012) 0.913 0.790 0.967 4.494 0.000

Yorimasa Yamamoto (2010) 0.983 0.888 0.998 4.008 0.000

Moon Han Choi (2013) 0.878 0.788 0.933 5.850 0.000

Yi Young Kim (2013) 0.905 0.815 0.954 5.686 0.000

Seiichiro Abe (2013) 0.990 0.930 0.999 4.541 0.000

0.921 0.874 0.952 9.268 0.000

Heterogeneity: χ 2 = 24.816, df  = 9 (P  = 0.003); I 2 = 63.733%

Test for overall effect: Z  = 9.268 (P  < 0.001)

Study name Statistics for each study Event rate and 95%CI

Event rate Lower limit Upper limit Z  value P  value

Chan Hy uk Park (2013) 0.784 0.700 0.850 5.722 0.000

Hae Yeon Kang (2010) 0.550 0.424 0.670 0.773 0.439

Min Woo Chung (2014) 0.763 0.655 0.845 4.337 0.000

Kazuhiro Kamada (2012) 0.804 0.665 0.895 3.804 0.000

Pyung Ghon Goh (2011) 0.556 0.330 0.760 0.470 0.638

Moon Han Choi (2013) 0.805 0.705 0.877 5.085 0.000

Yi Young Kim (2013) 0.730 0.618 0.819 3.795 0.000

Seiichiro Abe (2013) 0.907 0.831 0.951 6.515 0.000

Shiro Oka (2014) 0.887 0.807 0.936 6.422 0.000

0.775 0.693 0.840 5.727 0.000

Heterogeneity: χ 2 = 37.485, df  = 8 (P  < 0.001); I 2 = 78.658%

Test for overall effect: Z  = 5.727 (P  < 0.001)

Study name Statistics for each study Event rate and 95%CI

Event rate Lower limit Upper limit Z  value P  value

Jong Ha Park (2012) 0.418 0.296 0.551 -1.208 0.227

K. Okada (2012) 0.825 0.740 0.887  5.983 0.000

Yorimasa Yamamoto (2010) 0.793 0.670 0.879  4.145 0.000

Yi Young Kim (2013) 0.311 0.216 0.425 -3.170 0.002

Seiichiro Abe (2013) 0.639 0.539 0.728  2.704 0.007

Shiro Oka (2014) 0.619 0.518 0.710  2.313 0.021

0.614 0.445 0.759 1.332 0.183

Heterogeneity: χ 2 = 58.743, df  = 5 (P  < 0.001); I 2 = 91.488%

Test for overall effect: Z  = 1.332 (P  = 0.183)

Study name Statistics for each study Event rate and 95%CI

Event rate Lower limit Upper limit Z  value P  value

Hae Yeon Kang (2010) 0.008 0.001 0.118 -3.377 0.001

Min Woo Chung (2014) 0.141 0.075 0.249 -5.034 0.000

Tae Hee Lee (2010) 0.029 0.002 0.336 -2.436 0.015

Jie Hyun Kim (2009) 0.031 0.004 0.191 -3.380 0.001

Pyung Ghon Goh (2011) 0.214 0.071 0.494 -1.995 0.046

Yi Young Kim (2013) 0.054 0.020 0.135 -5.568 0.000

0.076 0.034 0.160 -5.812 0.000

Heterogeneity: χ 2 = 10.365, df  = 5 (P  = 0.066); I 2 = 51.761%

Test for overall effect: Z  = -5.812 (P  < 0.001)

with the former 4 follow-up duration times[23-25,27] were 
categorized into the shorter duration group, and the 
studies with the latter 2 follow-up duration times[33,35] 

were sorted into the longer duration group. An 
analysis of the studies in the shorter follow-up duration 
group showed a recurrence rate of 8.1% (95%CI: 
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Figure 2  enrolled studies. A: Total en bloc resection rate; B: Total complete resection rate; C: Total curative resection rate; D: Total recurrence rate. The size of each 
square is proportional to the study’s weight. Diamond is the summary estimate from the pooled studies (random effect model).
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0.033-0.185, P < 0.001). However, an analysis of the 
studies in the longer follow-up duration group showed 
a recurrence rate of 10.4% (95%CI: 0.061-0.171, P < 
0.001).

Analysis of publication bias
A funnel plot for the enrolled studies is presented. 
For the studies of en bloc resection rate, the funnel 
plot is asymmetrical. Egger’s regression test showed 
that the intercept was 3.334 [95%CI: 2.066-4.602, 
t-value: 6.064, df = 8, P < 0.001 (1-tailed) and P < 
0.001 (2-tailed)]. A trim and fill analysis showed that 3 
studies were missed or trimmed. The rank correlation 
test showed a Kendall’s tau of 0.444 with a continuity 
correction [P = 0.037 (1-tailed) and P = 0.074 
(2-tailed)].

For the studies of complete resection rate, the 
funnel plot is symmetrical. Egger’s regression test 
showed that the intercept was 1.452 [95%CI: 
-7.706-10.611, t-value: 0.375, df = 7, P = 0.359 
(1-tailed) and P = 0.719 (2-tailed)]. A trim and fill 
analysis showed that no study was missed or trimmed. 
The rank correlation test showed a Kendall’s tau of 
0.250 with a continuity correction [P = 0.174 (1-tailed) 
and P = 0.348 (2-tailed)].

For the studies of curative resection rate, the funnel 
plot is symmetrical. Egger’s regression test showed 
that the intercept was 2.878 [95%CI: -26.503-32.259, 
t-value: 0.272, df = 4, P = 0.400 (1-tailed) and P = 
0.799 (2-tailed)]. A trim and fill analysis showed that 
1 study was missed or trimmed. The rank correlation 
test showed a Kendall’s tau of 0.133 with a continuity 
correction (P = 0.354 (1-tailed) and P = 0.707 
(2-tailed)).

For the studies of recurrence rate, the funnel plot 
is symmetrical. Egger’s regression test showed that 
the intercept was -1.964 [95%CI: -4.832-0.905, 
t-value: 1.901, df = 4, P = 0.065 (1-tailed) and P = 
0.130 (2-tailed)]. A trim and fill analysis showed that 
no study was missed or trimmed. The rank correlation 
test showed a Kendall’s tau of -0.267 with a continuity 
correction [P = 0.226 (1-tailed) and P = 0.452 
(2-tailed)].

For the studies of en bloc resection rate for EGC 
with expanded criteria, the funnel plot is asymmetrical. 
Egger’s regression test showed that the intercept was 
2.437 [95%CI: -0.299-5.173, t-value: 2.473, df = 4, 
P = 0.034 (1-tailed) and P = 0.069 (2-tailed)]. A trim 
and fill analysis showed that 1 study was missed or 
trimmed. The rank correlation test showed a Kendall’
s tau of 0.267 with a continuity correction [P = 0.226 
(1-tailed) and P = 0.452 (2-tailed)].

For the studies of complete resection rate for EGC 
with expanded criteria, the funnel plot is asymmetrical. 
Egger’s regression test showed that the intercept was 
2.340 [95%CI: 0.164-4.515, t-value: 2.543, df = 7, 
P = 0.019 (1-tailed) and P = 0.039 (2-tailed)]. A trim 
and fill analysis showed that 3 studies were missed or 

trimmed. The rank correlation test showed a Kendall’
s tau of 0.417 with a continuity correction [P = 0.059 
(1-tailed) and P = 0.118 (2-tailed)].

For the studies of curative resection rate for EGC 
with expanded criteria, the funnel plot is asymmetrical. 
Egger’s regression test showed that the intercept was 
3.814 [95%CI: -15.749-23.376, t-value: 0.839, df = 4, 
P = 0.245 (1-tailed) and P = 0.490 (2-tailed)]. A trim 
and fill analysis showed that 1 study was missed or 
trimmed. The rank correlation test showed a Kendall’
s tau of 0.000 with a continuity correction [P = 0.500 
(1-tailed) and P > 0.999 (2-tailed)].

For the studies of complete resection rate by 
expanded criteria (vs beyond-expanded criteria), 
the funnel plot is asymmetrical. Egger’s regression 
test showed that the intercept was 4.188 [95%CI: 
0.779-7.598, t-value: 3.411, df = 4, P = 0.014 (1-tailed) 
and P = 0.027 (2-tailed)]. A trim and fill analysis 
showed that 3 studies were missed or trimmed. The 
rank correlation test showed a Kendall’s tau of 0.800 
with a continuity correction [P = 0.012 (1-tailed) and P 
= 0.024 (2-tailed)].

Overall, publication bias was detected in the 
analysis of en bloc resection rate for total EGC lesions. 
However, there was no evidence of publication 
bias in the analysis of total lesions, except for en 
bloc resection rate. In the histologically diagnosed 
expanded-criteria lesions, publication bias was 
detected in all of the analyses (en bloc, complete, and 
curative resection rates). The comparison of complete 
resection rate divided by expanded and beyond 
expanded criteria showed publication bias.

DISCUSSION
In this meta-analysis, ESD is a technically feasible 
treatment modality for the treatment of EGC with 
undifferentiated-type histology. The overall en bloc 
resection rate was 92.1%, and the overall complete 
resection rate was 77.5%. If limited to histologically 
diagnosed expanded criteria lesions, the overall 
complete resection rate increased (85.6%). In 
terms of the procedure-related adverse events, the 
reported gastric hemorrhage or perforation rate for the 
treatment of EGC with undifferentiated-type histology 
was not different from the rates reported in previous 
studies including intestinal type EGC[37]. This finding 
was confirmed again in the sensitivity analyses. The 
cumulative meta-analysis of the total en bloc and 
complete resection rates showed a recent increasing 
trend. The advancement of ESD instruments and 
technique seem to be the cause of technical feasibility 
for EGC with undifferentiated-type histology.

However, the therapeutic outcomes are not totally 
satisfactory. The overall curative resection rate was 
61.4%, although it increased to 79.8% if limited to 
histologically diagnosed expanded-criteria lesions. This 
finding was confirmed again in the sensitivity analyses. 
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The one-study-removed meta-analysis showed that 
multicenter studies[28,33] reported relatively lower 
curative resection rates. Additionally, the overall 
recurrence rate was 7.6%, which is slightly higher than 
that of previous studies[35,38-40]. Some studies concluded 
that ESD for EGC with undifferentiated-type histology 
is a feasible treatment modality despite relatively 
lower complete or curative resection rates and a higher 
recurrence rate compared to other studies. However, 
there is no acceptable complete or curative resection 
rate standard for determining the feasibility of ESD. 
Moreover, all of the enrolled studies were performed 
retrospectively. Thus, selection bias could influence the 
therapeutic outcomes of ESD.

To obtain higher complete and curative resection 
rates based on this meta-analysis, performing ESD 
according to the expanded criteria rather than the 
beyond expanded criteria seems to be the appropriate 
approach for the treatment of undifferentiated-type 
EGC. However, the expanded criteria were developed 
based on retrospective studies of surgically treated 
EGC patients[3,5,7]. Discrepancies between pre- and 
post-ESD indication or pre- and post-ESD histology 
have been also reported[24,25,41]. ESD performed based 
on the expanded criteria could be found to have been 
based on the beyond expanded criteria after the 
procedure. A more serious problem is the difficulty 
in determining tumor extent and depth of invasion of 
EGC with undifferentiated-type histology. EGC with 
undifferentiated-type histology is known to extend 
laterally along the proliferative zone in the intermediate 
layer of mucosa and the development pattern from the 
intermediate layer type to the superficial type makes 
non-exposure to the surface mucosa[42]. The accuracy 
of EUS in the assessment of depth of invasion for 
EGC with undifferentiated-type histology is known 
to be declining compared to intestinal type EGC[43]. 
Accurately defining tumor extent and depth of invasion 
could be difficult for EGC with undifferentiated-type 
histology.

Another issue is the histologic heterogeneity (mixture 
of undifferentiated components with differentiated 
EGC). Neither the characteristics nor feasibility of 
ESD for this type of EGC have been settled[44-46]. As 
previously mentioned, the discrepancy between pre- 
and post-ESD histology could be a problem in the 
assessment of surgery indications or the risk of lymph 
node metastasis.

The majority of studies on EGC with undifferentiated-
type histology do not report outcomes according to 
whether the tumors are signet ring cell carcinoma or 
poorly differentiated adenocarcinoma. Only 2 studies 
among the included articles performed separate 
analyses[23,32]. These studies commonly reported 
slightly better therapeutic outcomes (complete 
resection or en bloc resection rates) in signet ring cell 
carcinoma than in poorly differentiated adenocarcinoma 
or poorly differentiated adenocarcinoma with signet 
ring cell features, although the differences were 

statistically insignificant. However, more studies are 
needed to confirm these findings.

In addition to the results of this study, there 
is a fundamental criticism about the expanded 
criteria for ESD. As previously mentioned, there is a 
discrepancy in the term “EGC with undifferentiated-
type histology” between the WHO classifications and 
the Japanese literature[3,8]. There is no such term in 
the WHO classification system. However, the term 
“undifferentiated-type EGC” is frequently used, and 
studies using this terminology are being published. 
Moreover, in terms of the therapeutic outcomes, 
curative resection was generally accepted as being 
complete resection satisfying the expanded criteria 
proposed by Japanese groups in the literature. 
However, analyzing results based on this definition 
could lead to misinterpretations. Curative resection 
implies neither a cure nor a low risk of recurrence. 
Furthermore, the expanded indication was developed 
based on a retrospective analysis of surgically resected 
EGCs. Regarding EGC tumor size in the expanded 
indication, some data on lymph node metastasis that 
are not completely consistent with Japanese studies 
have been reported[47-49]. Despite the criticism of the 
expanded indication for ESD to treat EGC, nearly 
all of the studies are being performed based on the 
definition proposed by Japanese groups. To solve these 
fundamental problems related to the indication for 
ESD, randomized or well-organized large-scale studies 
separately focused on size, depth of invasion, histologic 
type, and lymph node metastasis are needed.

This study is the first meta-analysis of the therapeutic 
outcomes of ESD for EGC with undifferentiated-type 
histology. A strength of this study is the rigorous 
search of the literature, which was not limited by 
language, although data from Western studies were 
lacking. Potential modifiers were detected when 
possible, and sensitivity analyses were performed to 
confirm the robustness of the results.

Despite these strengths, there are several limitations 
of the present study. First, there are no data on 
lymph node metastasis. Lymph node metastasis 
is one of the most important prognostic factors for 
EGC patients. The rate of lymph node metastasis is 
known to be approximately 2% in mucosal cancers 
and approximately 20% in submucosal invasive 
cancers[5,50]. The risk of lymph node metastasis is 
known to be higher in EGC with undifferentiated-
type histology compared to intestinal type EGC due 
to lymphovascular invasion, which was estimated to 
be 14% in a study of post-gastrectomy patients[51]. 
Moreover, micrometastasis which is associated with 
worse disease-free survival was reported as 13.3% 
in the EGC with undifferentiated-type histology[52]. 
However, there is no definitive method to detect lymph 
node metastasis accurately before surgery. Second, 
there was substantial methodological heterogeneity 
between the included studies, which potentially 
affected the effect size estimates. The most noticeable 
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modifier was the heterogeneity in the reported 
outcomes and the inconsistent implementation of 
the indication. The reported outcomes for the en bloc 
resection, complete resection (R0 resection), curative 
resection, en bloc complete resection, and recurrence, 
rates were various and not consistent between the 
enrolled studies. Moreover, the outcomes were not 
defined in detail. For example, the recurrence rate was 
not divided according to local recurrence, synchronous 
or metachronous recurrence. The indication was 
also inconsistently implemented; thus, the beyond-
expanded criteria were used for a substantial portion 
of the patients, despite the discrepancies between the 
pre- and post-ESD indications. The follow-up duration 
was another significant modifier. The sensitivity 
analysis of longer follow-up duration studies showed 
that the recurrence rate was higher than in shorter 
follow-up duration studies. These limitations are 
sources of heterogeneity and contributed to publication 
bias. Due to the lack of prospective or randomized 
studies on this topic, large-scale, well-organized, long-
term follow-up studies are needed to elucidate the 
feasibility of ESD on EGC with undifferentiated-type 
histology. Prospective clinical trial by Japan Clinical 
Oncology Group completed recruiting patients with 
EGC with undifferentiated-type histology and outcomes 
are anticipated[53].

Based on this analysis, ESD is a technically feasible 
treatment modality for EGC with undifferentiated-type 
histology. However, cautious interpretation is needed 
because of heterogeneity among studies. Inconsistent 
implementation of the indication, insufficient follow-
up duration, and differences in outcome measures 
are causes of heterogeneity. Further studies using 
common primary outcomes or large-scale, long-term 
studies will determine the feasibility of ESD for EGC 
with undifferentiated-type histology.

COMMENTS
Background
Endoscopic submucosal dissection (ESD) is the widely accepted treatment 
modality for a specific subset of early gastric cancer (EGC) patients in gastric 
cancer prevalent Asian countries. EGC with undifferentiated-type histology 
generally refers to a poorly differentiated adenocarcinoma or signet ring cell 
carcinoma, although there are no such criteria in the WHO classification. This 
group of cancers is included in the expanded indications in the Japanese 
guidelines based on clinical observations. However, the results of clinical 
studies, including studies on EGC with undifferentiated-type histology, are 
conflicting.
Research frontiers
Some studies concluded that ESD for EGC with undifferentiated-type histology 
is a feasible treatment modality despite relatively lower complete or curative 
resection rates and a higher recurrence rate compared to other studies. 
However, there is no acceptable complete or curative resection rate standard 
for determining the feasibility of ESD. Moreover, all of the enrolled studies were 
performed retrospectively. Thus, selection bias could influence the therapeutic 
outcomes of ESD.
Innovations and breakthroughs
From the fourteen retrospective studies, therapeutic outcomes were calculated. 
The total en bloc and complete resection rates were estimated as 92.1% (95%CI: 
87.4%-95.2%) and 77.5% (95%CI: 69.3%-84%), respectively. The total curative 

resection rate was 61.4% (95%CI: 44.5%-75.9%). The overall recurrence rate 
was 7.6% (95%CI: 3.4%-16%). Limited to histologically diagnosed expanded-
criteria lesions, the en bloc and complete resection rates were 91.2% and 
85.6%, respectively. The curative resection rate was 79.8%.
Applications
In this analysis, ESD is a technically feasible treatment modality for EGC with 
undifferentiated-type histology. However, cautious interpretation is needed 
because of heterogeneity among studies. Inconsistent implementation of 
indication, insufficient follow-up duration, and different outcome criteria are 
causes of heterogeneity. Further studies using common primary outcomes or 
large-scale, long-term studies will elucidate the feasibility of ESD for EGC with 
undifferentiated-type histology.
Terminology
EGC: EGC is defined as gastric cancer that invades no more deeply than 
the submucosa, irrespective of lymph node metastasis. ESD: ESD has been 
developed for en bloc removal of large (usually more than 2 cm), flat GI 
tract lesions using specialized endoscopic knife to dissect lesions from the 
submucosa. It offers the potential to remove mucosal and submucosal tumors 
en bloc.
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meta-analysis on endoscopic submucosal dissection in the treatment of EGC 
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