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ABSTRACT
Background and aims Endoscopic submucosal 
dissection (ESD) remains an investigational issue for early 
gastric cancer (EGC) with expanded indications owing to 
the risk of lymph node metastasis. In this study, we aimed 
to evaluate the clinical outcomes and safety of ESD versus 
surgical resection (SR) for EGC with expanded indications.
Methods The systematic review selected studies 
from PubMed, Embase, Cochrane and Web of Science 
databases from 2010 to 2020, and compared survival 
and clinical safety data of ESD with those of surgical 
resection for EGC with expanded indications. The fixed- 
effects or random- effects model was used to calculate the 
differences between the two groups. To assess the validity 
of the eligible studies, risk of bias was measured using the 
Newcastle–Ottawa Quality Assessment Scale.
Results Nine retrospective studies were used to 
calculate the differences in survival and clinical safety 
data between the two groups for EGC with expanded 
indications. Differences were not significant between 
the groups in terms of age, sex, tumour size, tumour 
histology or lesion morphology. Regarding tumour 
site, tumours located in the L area (the lower third of 
the stomach) were more likely to be found in the ESD 
group. With regard to metachronous and synchronous 
carcinomas, there was a significant difference 
favouring SR treatment (metachronous: OR=0.12, 
95% CI=0.05 to 0.25, p<0.00001; synchronous: 
OR=0.11, 95% CI=0.02 to 0.46, p=0.003). Adverse 
event data were identified in six studies showing a 
significant difference favouring ESD treatment (ESD 
vs SR, OR=0.49, 95% CI=0.34 to 0.72. p=0.002). 
Additionally, six studies evaluating 5- year overall 
survival showed no significant differences between 
the two groups (HR=1.22, 95% CI=0.66 to 2.25, 
p=0.53). With regard to 5- year disease- free survival, 
patients with expanded indication EGC undergoing SR 
showed better survival (ESD vs SR, HR=3.29, 95% 
CI=1.60 to 6.76, p=0.001).
Conclusion ESD provided favourable results for patients 
with EGC with expanded indications regarding clinical 
outcomes and safety in retrospective studies. Further, to 
detect synchronous or metachronous lesions, endoscopic 
surveillance should be performed following ESD. However, 
the included studies were observational, some did not 

have adequate adjustment for confounding factors and 
their results lacked generalisability due to their origin. 
Thus, further related randomised controlled trials are 
urgently encouraged.
PROSPERO registration number CRD42021251068.

INTRODUCTION
Despite improvements in surgical proce-
dures and therapeutic strategies, gastric 
cancer remains one of the most common 
cancer- related causes of death world-
wide.1 2 Radical gastrectomy is considered 
the optimal choice for locally advanced 
resectable gastric cancer3; however, while 
this procedure can obtain adequate resec-
tion margins and lymph node dissection, 
it poses significant perioperative compli-
cations and may impair long- term gastro-
intestinal function and quality of life. 
Early gastric cancer (EGC), defined as an 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The meta- analysis combined data across the in-
cluded studies to calculate the difference between 
endoscopic submucosal dissection and surgical 
resection treatment for patients with early gastric 
cancer with expanded indications.

 ⇒ The systematic review of the PubMed, Embase, 
Cochrane and Web of Science databases was per-
formed for studies from 2010 to 2020 comparing 
survival data and clinical safety.

 ⇒ The Newcastle–Ottawa Quality Assessment Scale 
and Scottish Intercollegiate Guidelines Network 
checklist were used to measure the risk of bias in 
cohort studies.

 ⇒ The HR and its SE were estimated using the method 
described by Tierney et al.

 ⇒ As the retrospective nature of the selected studies 
presented selection biases, the present study has 
some limitations when compared with studies of 
randomised trials.
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http://dx.doi.org/10.1136/bmjopen-2021-055406
http://dx.doi.org/10.1136/bmjopen-2021-055406
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-055406&domain=pdf&date_stamp=2022-11-19


2 Xu X, et al. BMJ Open 2022;12:e055406. doi:10.1136/bmjopen-2021-055406

Open access 

invasive cancer involving the mucosa or submucosa 
irrespective of the nodal status,4 may be treated by 
endoscopic resection, which offers the advantages of 
minimal invasiveness, low cost, good patient tolerance 
and high quality of life following the procedure.5 6 In 
fact, endoscopic resection has been accepted as the 
standard treatment for patients with EGC and a negli-
gible risk of metastatic lymph nodes in eastern coun-
tries.7 According to the 2010 Japanese Gastric Cancer 
Treatment Guidelines, the absolute indication for 
EGC is strictly limited to mucosal lesions with a 
differentiated histopathological type and without 
ulceration or lymphatic- vascular invasion, and a size 
smaller than 2.0 cm.8–10 Additionally, owing to the 
development of endoscopic devices and techniques, 
endoscopic submucosal dissection (ESD) can achieve 
en bloc and complete resection, offering a reduction 
in postoperative residual lesions and local recurrence. 
The expanded indications include: (1) differenti-
ated mucosal cancer without ulceration, irrespective 
of tumour size (>20mm); (2) differentiated mucosal 
cancer with ulceration and diameter ≤30 mm; (3) 
differentiated submucosal penetrative cancer with 
depth <500 µm (SM1) and diameter ≤30 mm; and (4) 
undifferentiated mucosal cancer without ulceration 
and diameter ≤20 mm.8 In prior cohort studies, the 
long- term favourable outcomes of ESD for EGC in 
patients meeting the expanded indication criteria 
when compared with those meeting the absolute 
indication have been demonstrated.11 According to 
the 2010 Japanese Gastric Cancer Treatment Guide-
lines, ESD is regarded as the investigational treatment 
for EGC lesions that meet the expanded indica-
tion criteria.12 Several studies have suggested that 
lymph node metastasis occurs after curative ESD in 
EGC meeting the expanded indication criteria.13–16 
However, the Japanese treatment guidelines were 
revised in 2018 (Japanese Gastric Cancer Associa-
tion: Japanese gastric cancer treatment guidelines 
2018 (5th edition) Gastric Cancer 2021, 24:1–21). 
According to these guidelines, a differentiated- type 
adenocarcinoma without ulcerative findings (UL0) in 
which the depth of invasion is clinically diagnosed as 
T1a and the diameter is >2 cm, and a differentiated- 
type adenocarcinoma with ulcerative findings (UL1) 
in which the depth of invasion is clinically diagnosed 
as T1a and the diameter is ≤3 cm, are classified as 
absolute and not expansive indications, based on 
the results of the JCOG0607 trial.7 In addition, an 
undifferentiated- type adenocarcinoma without ulcer-
ative findings (UL0) in which the depth of invasion 
is clinically diagnosed as T1a and the diameter is 
≤2 cm will also be classified as an absolute indication 
based on the results of the JCOG1009/1010 trial.17 
However, the JCOG0607 and JCOG1009/1010 trials 
were designed as non- randomised single- arm confir-
matory trials, not both- arm studies, without compar-
isons between ESD and gastrectomy for expanded 

indication gastric cancer. Thus, the validity of the 
expanded indications for endoscopic submucosal 
versus gastrectomy resection remains controversial. 
Therefore, this study aimed to evaluate the outcomes 
and clinical safety of ESD versus surgical resection for 
EGC with expanded indications.

METHODS
This meta- analysis was reported in line with the Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses recommendations18 (PRISMA 2020 checklist) 
and the Assessing the Methodological Quality of System-
atic Reviews Guidelines. Additionally, this research was 
registered in PROSPERO (CRD42021251068).

Eligibility criteria
We included studies that involved a comparison of ESD 
and surgical resection (SR) for EGC with expanded 
indications: (1) differentiated mucosal cancer without 
ulceration, irrespective of tumour size(>20mm); (2) 
differentiated mucosal cancer with ulceration and diam-
eter ≤30 mm; (3) differentiated submucosal penetrative 
cancer with depth <500 µm (SM1) and diameter ≤30 mm; 
and (4) undifferentiated mucosal cancer without ulcer-
ation and diameter ≤20 mm. The included studies 
explicitly reported data on at least one of the following 
outcomes: en bloc resection, complete resection, meta-
chronous cancer, synchronous cancer, procedure- related 
adverse events, or short- term and long- term prognoses. 
Additionally, we included only studies that were clinical 
randomised or non- randomised controlled trials or obser-
vational studies of adequate quality. Duplicate publica-
tions, secondary literature, conference papers, abstracts, 
letters, editorials, expert opinions, case reports and 
studies that lacked clinical endpoint data were excluded.

Literature search
As the 2010 Japanese Gastric Cancer Treatment Guide-
lines stated that ESD was regarded as the investigational 
treatment for EGC lesions that meet the expanded indi-
cation criteria, the systematic review of the PubMed, 
Embase, Cochrane and Web of Science databases was 
performed for studies from 2010 to 2020 comparing 
survival data and clinical safety of ESD versus SR for EGC 
with expanded indications. The search strategy combined 
the National Institute of Health Medical Subject Heading 
Index terms and free text regarding “endoscopic submu-
cosal dissection,” “gastric cancer” and “surgery” (online 
supplemental file 1—search strategy). The reference lists 
of the included articles were then searched to identify 
additional relevant studies.

Data extraction
Two reviewers were blinded to independently extract 
the following standard information from each included 
article: study characteristics (first author, year of publica-
tion, country and sample size), participant characteristics 

https://dx.doi.org/10.1136/bmjopen-2021-055406
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(age, tumour size, depth of invasion, location, tumour 
morphology, tumour histology, absolute indication or 
expanded indication), intervention (ESD vs surgery 
resection or gastrectomy plus lymphadenectomy) and 
outcome data (en bloc resection, complete resection, 
procedure- related adverse events and survival data). 
We reviewed the text, tables and figures to identify rele-
vant items, and extracted the data. In cases of disagree-
ment between the two reviewers, an additional reviewer 
re- evaluated the relevant studies and the group reached 
a consensus.

To assess the validity of eligible studies, the 
Newcastle–Ottawa Quality Assessment Scale and Scot-
tish Intercollegiate Guidelines Network checklist were 
used to measure the risk of bias for cohort studies.19 
The GRADE (Grade of Recommendations Assess-
ment, Developmentand Evaluation) tool (GRADEpro) 
was then used to assess the quality of the evidence 
provided by the pooled results, with evidence graded 
as very low, low, moderate or high.

Outcomes
Complete resection was defined as resection of a tumour 
without histological evidence of tumour cell involve-
ment on the lateral and vertical resection margins; en 
bloc resection referred to the resection of a tumour in 
one piece without a visible residual tumour. If patients 
received no curative resection, they underwent additional 
surgery (ESD or gastrectomy plus lymphadenectomy) or 
follow- up. Additionally, synchronous gastric cancer was 
regarded as a new cancer at a previously uninvolved site 
in the remnant stomach occurring within 1 year of treat-
ment, and metachronous gastric cancer occurred more 
than 1 year after treatment. Procedure- related adverse 
events included bleeding, ileus, intra- abdominal abscess, 
anastomotic site leakage, etc.

Statistical analysis
RevMan V.5.3 software for Windows (Cochrane, London, 
UK) was used to analyse data extracted from the included 
literature. ORs with 95% CIs were used to estimate and 

Figure 1 Flow chart illustrating the study selection process. Finally, a total of nine studies were included to calculate 
differences of survival data and clinical safety between the two groups for EGC with expanded indication. EGC, early gastric 
cancer; ESD, endoscopic submucosal dissection.
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analyse dichotomous variables, and continuous variables 
were analysed using the weighted mean difference with 
95% CI. Considering that both disease- free survival (DFS) 
and overall survival (OS) are time- to- event outcomes, the 
HR between the two survival distributions was used as a 
summary statistic. In each trial, HR and its SE were esti-
mated using the method previously described by Tierney 
et al.20 Assuming homogeneity of individuals, HR estimates 
of individual studies were incorporated into an overall HR 
using a fixed- effects model. If significant heterogeneity 
was observed, a random- effects model was used. Hetero-
geneity across studies was assessed using χ2 and I2, and 
was calculated if the I2 value was >50%. We investigated 
sources of heterogeneity by subgroup hypotheses: type of 
study design (propensity score matching (PSM) group vs 
non- PSM group). Funnel plots were used to investigate 
publication bias. All statistical tests were two sided, and 
statistical significance was set at p<0.05.

Patient and public involvement
This study did not include patient or public involvement 
as it focused on statistical methods for the meta- analyses 
of studies. All analyses were performed based on data that 
had been previously published in the literature.

RESULTS
Studies and patients
Nine retrospective studies were included (figure 1, table 1 
and PRISMA flow chart),21–29 with 2479 cases, of which 
995 (40.1%) were in the ESD group. Assessment of quality 
according to the Newcastle–Ottawa Scale showed that the 
included studies with seven scores or more were consid-
ered acceptable or high- quality studies. Baseline patient 
characteristics are presented in table 2, and the key covari-
ates selected to match the ESD and SR groups in the PSM 
design studies are listed in table 3. A summary table of 
the GRADE evidence profile was established based on the 
evaluation of the risk of bias, inconsistency, indirectness, 
imprecision and other considerations, and is shown in 
table 4. There were no significant differences between the 
groups in terms of age, sex, tumour size, tumour histology 
or lesion morphology. In terms of the tumour site, tumours 
located in the L area (the -lower third of the stomach) were 
more likely to be found in the ESD group (p=0.02).

Short-term outcomes (synchronous or metachronous gastric 
cancer) and safety
With regard to metachronous gastric cancer, relevant data 
were identified in eight studies (2148 patients, figure 2), 

Table 2 Outcomes of meta- analysis of baseline characteristics of the included studies

Variables Studies included

Results

OR/WMD (95% CI) I2 (%) P valueESD SR

Sex (male) 8 63.5% 58.6% 1.09 (0.90 to 1.31) 0 0.39

Age (mean, years) 7 – – 0.26 (–0.43 to 0.95) 46 0.46

Tumour size (mean, mm) 4 – – −0.87 (–2.44 to 0.69) 0 0.27

Tumour location (L) 8 58.4 49.0 1.26 (1.04 to 1.52) 21 0.02

Histology of tumour (undifferentiated) 6 62.1% 73.6% 0.83 (0.45 to 1.51) 0 0.54

Morphology of tumour (flat or depressed) 7 73.1% 79.9% 0.88 (0.69 to 1.13) 3 0.33

Depth of invasion 6 91.9% 93.5% 0.91 (0.60 to 1.39) 0 0.67

L, the upper third of stomach; –, the age and tumour size results were continuous endpoints; and the mean and SD were used to calculate the 
WMD (age or size).
ESD, endoscopic submucosal dissection; SR, surgical resection; WMD, weighted mean difference.

Table 3 The key covariates to match ESD group and SR group of PSM design study

Author Match ratio Selected covariates

Kim et al23 1:1 Age, sex, comorbid disease, criteria of expanded indication, and tumour characteristics 
including location, size, and histological type

Fukunaga et al25 1:1 Age, gender, location, tumour diameter, endoscopic appearance, ulceration findings, 
invasion depth, American Society of Anesthesiologists (ASA) physical status, heart disease, 
cerebrovascular disease, respiratory disease, liver disease and renal disease

Park et al26 1:1 Age, sex, comorbidities including hypertension, diabetes, cardiovascular disease, chronic 
kidney disease, previous cerebrovascular event, macroscopic appearance, location, size and 
invasion depth of tumour; presence of ulcer and differentiation of lesions

Lim et al28 1:4 Charlson Comorbidity Index (0, 1, 2, 3 or more),10 size group (2 cm or less, over 2 cm), depth of 
invasion

Ahn et al21 1:1 Age, sex, ASA physical status, location, lesion size, depth of invasion and morphology

ESD, endoscopic submucosal dissection; PSM, propensity score matching; SR, surgical resection.
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and synchronous data were observed in four (978 
patients, figure 3). Pooling the data from the included 
studies that assessed metachronous and synchronous 
carcinoma showed a significant difference favouring SR 
treatment (metachronous: OR=0.12, 95% CI=0.05 to 0.25, 
p<0.00001; synchronous: OR=0.11, 95% CI=0.02 to 0.46, 
p=0.003). There was no statistical heterogeneity between 
the studies (metachronous: I2=0, p=0.46; synchronous: 
I2=0, p=0.66). Adverse event data were identified in six 
studies (1516 patients) with no statistical heterogeneity 
(I2=46%, p=0.10). The included studies showed a signif-
icant difference favouring ESD treatment for expanded 
indication EGC with fewer procedure- related adverse 
events (ESD vs SR, OR=0.49, 95% CI=0.34 to 0.72. 
p=0.002, figure 4).

Long-term outcomes
Six studies evaluated the 5- year OS in 1727 patients and 
showed no significant difference between the two groups 
(HR=1.22, 95% CI=0.66 to 2.25, p=0.53, figure 5A), 
and the heterogeneity between studies was not signifi-
cant (I2=46%, p=0.53). Similarly, in subgroup analysis, 
no significant difference associated with 5- year OS was 
detected between the two groups (PSM: HR=1.22, 95% 
CI=0.65 to 2.30, p=0.54; non- PSM: HR=1.19, 95% CI=0.09 
to 15.75, p=0.90, figure 5B). However, with regard to 
5- year DFS, which was analysed in four studies with 1084 
cases, patients undergoing SR showed better survival than 
those undergoing ESD for expanded indication EGC 
(ESD vs SR, HR=3.29, 95% CI=1.60 to 6.76, p=0.001), 
and there was no statistical heterogeneity (I2=46%, 
p=0.71, figure 6A). Subgroup analysis (PSM and non- PSM 
groups) also showed a significant difference favouring SR 
treatment (ESD vs SR, PSM: HR=2.85, 95% CI=1.16 to 
6.96, p=0.02; non- PSM: HR=4.30, 95% CI=1.27 to 14.54, 
p=0.02, figure 6B) with negligible heterogeneity (PSM: 
I2=8%, p=0.30; non- PSM: I2=0, p=0.94).

Sensitivity analysis and publication bias
Excluding one study at each time point from the included 
studies, sensitivity analysis associated with metachronous 
data, synchronous data and survival data showed the 
robustness of the pooled effect estimates. Additionally, 
the funnel plot showed that publication bias was not 
evident for metachronous gastric cancer (figure 7).

DISCUSSION
The meta- analysis in this study combined data from across 
the included studies to calculate the difference between 
ESD and SR treatment with regard to survival data and 
clinical safety for EGC with expanded indications in a 
single study, presently representing the largest number 
of cases associated with comparisons of ESD and SR. It 
demonstrated that although the short- term outcome of 
metachronous or synchronous gastric cancer occurrence 
was more favourable in the SR group, ESD was associated 
with fewer procedure- related adverse events, embodying Q
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the advantages of minimal invasiveness, good patient 
tolerance and high quality of life after surgery while 
retaining the function of the gastrointestinal tract. Even if 
gastrectomy plus lymphadenectomy (SR group) was supe-
rior to ESD in terms of 5- year DFS for EGC with expanded 
indications, the long- term outcome of 5- year OS associ-
ated with ESD treatment was similar to that of SR treat-
ment. ESD provided favourable results for EGC with 
expanded indications in terms of clinical outcome and 
safety; however, to detect synchronous or metachronous 
lesions, endoscopic surveillance should be performed 
following ESD. However, the studies included were obser-
vational. Further, some did not have adequate adjust-
ment for confounding factors, and the results lacked 
generalisability due to the origin of the studies. There-
fore, randomised controlled trials in the near future are 
recommended.

Endoscopic submucosal resection was once considered 
a treatment option for EGC with absolute indications. 
Regarding expanded indications, ESD was regarded as 
the investigational treatment for EGC with a negligible 
risk of lymph node metastasis. However, several studies 
reported comparisons of survival data between the abso-
lute and expanded indications for EGC treated with 
ESD and demonstrated that no statistical difference was 
detected. It was concluded that ESD may be an alter-
native treatment for EGC with no or negligible risk of 
lymph node metastasis meeting the expanded indica-
tion.30 No high- quality randomised controlled trials have 
been conducted to investigate whether gastrectomy plus 
lymphadenectomy (SR) is superior to ESD in terms of 
clinical outcome and safety.31 Fukunaga et al and Lim et 
al (both PSM retrospective studies) showed SR to have 

a more favourable 5- year OS than ESD for EGC with 
expanded indications.25 28 In contrast, the remaining 
studies have deemed no significant differences between 
the two groups. Finally, in this study, pooling the data of 
the included studies that assessed long- term outcomes 
showed no significant differences favouring SR treatment. 
However, with regard to 5- year DFS, patients undergoing 
SR had better survival than those undergoing ESD with 
expanded indication. The less favourable prognosis of 
ESD may result from more synchronous or metachronous 
gastric cancer following ESD treatment in the remnant 
stomach. Synchronous or metachronous gastric cancer 
was a critical concern as to whether it was actually rational 
to receive ESD treatment instead of SR treatment for 
EGC meeting the absolute indication.32–35 It is proposed 
that the expanded criteria are based on surgical specimen 
evaluation; however,

surgeons typically choose treatment modalities with 
limited information, such as histopathology of biopsy 
specimens and gross endoscopic finding.9 26 In some cases, 
histological discrepancies between endoscopic and endo-
scopic resection specimens may exist,36 and it is possible 
that some stomach intraepithelial neoplasia or precan-
cerous lesions that could develop into synchronous or 
metachronous lesions are easily neglected by endoscopic 
gross findings or histopathology of biopsy specimens. 
Second, ESD treatment preserved the whole stomach, so 
the incidence of synchronous or metachronous lesions 
was higher than that of the SR method. Previous studies 
have suggested that additional surgery should be offered 
to patients with synchronous or metachronous lesions or 
who underwent non- curative endoscopic resection.37 38 
Intensive and persistent endoscopic surveillance should 

Figure 2 Forest plot of metachronous gastric cancer. ESD, endoscopic submucosal dissection; SR, surgical resection.

Figure 3 Forest plot of synchronous gastric cancer. ESD, endoscopic submucosal dissection; SR, surgical resection.
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be performed after ESD to detect synchronous or meta-
chronous lesions. Perhaps, owing to the detection of 
synchronous or metachronous lesions and additional 
surgery, ESD treatment has a non- inferior prognosis of 
5- year OS for EGC with expanded indications.

ESD is considered a minimally invasive procedure with 
the merits of low cost, good patient tolerance and high 
quality of life after surgery; however, few studies have 
directly compared the clinical safety of ESD with that of 
surgery for EGC meeting the expanded indications. This 
meta- analysis suggested that the ESD method was supe-
rior to SR treatment with fewer procedure- related adverse 
events and lower mortality.23–26 28 29 Most included studies 

were PSM retrospective studies that increased the level of 
evidence in a single retrospective cohort study.

The present study had some limitations. First, compared 
with randomised trials, the retrospective nature of the 
selected studies presented selection biases. More specif-
ically, observational studies lack generalisability because 
of their origin, and treatment selection for endoscopic 
resection or surgery was not based on randomisation. 
To minimise selection bias, some studies were designed 
as PSM studies, but hidden biases remained because of 
unmeasured confounders. The key covariates to match 
the ESD and SR groups in the PSM design study differed, 
which also led to selection biases. Second, publication 

Figure 4 Forest plot of adverse events. ESD, endoscopic submucosal dissection; SR, surgical resection.

Figure 5 Forest plot of 5- year overall survival, the overall analysis (A) and subgroup analysis (B) of survival data. ESD, 
endoscopic submucosal dissection; PSM, propensity score matching; SR, surgical resection.
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bias refers to the problematic tendency of researchers to 
report positive or good results, resulting in a misleading 
bias across the overall published literature.39 Publication 
bias of metachronous lesions was measured using funnel 
plots. However, for the survival data, analysis of funnel 
plots was unnecessary because of the small number of 
included studies. Third, the Newcastle–Ottawa Scale used 
to assess the quality and bias in cross- sectional and longi-
tudinal studies has a number of limitations, such as the 

low agreement between two independent reviewers in 
applying the scale, particularly where authors have not 
been adequately trained in the methodology. Finally, the 
quantification of heterogeneity is regarded as one compo-
nent of a rough estimation of variability across studies, 
but the observed degree of inconsistency may have clin-
ical implications.

In conclusion, ESD provides favourable results for 
EGC with expanded indications in terms of clinical 
outcome and safety in retrospective studies, while to 
detect synchronous or metachronous lesions, endo-
scopic surveillance should be performed following 
ESD. However, as observational studies lack generalis-
ability because of their origin, prospective randomised 
controlled studies should be conducted to verify the clin-
ical outcome and safety for EGC treated with ESD with 
expanded indications.
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