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Abstract
Background There have been concerns over the long-term outcomes of endoscopic submucosal dissection (ESD) for undif-
ferentiated-type early gastric cancer (UD EGC). We aimed to compare the long-term outcomes of ESD and surgery for 
patients with UD EGC.
Methods We searched PubMed, Embase, and Cochrane Library databases through March 2021 to identify studies that 
compared the long-term outcomes of ESD and surgery for UD EGC meeting expanded criteria for curative resection. The 
risk of bias was assessed with the Cochrane tool for non-randomized studies. The risk ratio (RR) was estimated using a 
fixed-effect model.
Results Overall, 1863 patients from five retrospective cohort studies, including 908 patients with propensity score matching 
(PSM), were eligible for meta-analysis. ESD was associated with inferior overall survival (OS) compared to surgery in the 
overall cohort (RR 2.11; 95% CI 1.26–3.55) but not in the PSM cohort (RR 1.18; 95% CI 0.60–2.32). In the PSM cohort, ESD 
had a lower disease-free survival (DFS) (RR 2.49; 95% CI 1.42–4.35) and higher recurrence (RR 12.61; 95% CI 3.43–46.37), 
gastric recurrence (RR 11.25; 95% CI 3.06–41.40), and extragastric recurrence (RR 4.23; 95% CI 0.47–37.93). Recurrence 
outcomes were similar between the overall and PSM cohorts. Disease-specific survival was not significantly different between 
the two groups in both the overall and PSM cohorts.
Conclusion Although OS after curative ESD for UD EGC was not different from that after surgery in the PSM cohort, DFS 
and recurrence were inferior after ESD. Limitations included a lack of randomized trials. Further prospective studies com-
paring the long-term outcomes of ESD and surgery for UD EGC are needed (PROSPERO CRD 42021237097).

Keywords Endoscopic submucosal dissection · Surgery · Undifferentiated histology · Stomach neoplasms · Systematic 
review

Endoscopic submucosal dissection (ESD) is indicated for 
early gastric cancer (EGC) with a very low risk of lymph 
node (LN) metastasis [1–3]. Differentiated-type EGC that 
were previously considered as an expanded indication, 
or intramucosal cancer > 3 cm in size without ulceration 
or ≤ 3 cm in size with ulceration, has been changed to an 
absolute indication in the latest version of the Japanese 
Gastric Cancer Association (JGCA) and Japanese Gastro-
enterological Endoscopy Society (JGES) guidelines [1, 2]. 
Recently, a Japanese multicenter prospective study reported 
that no LN recurrence, distant recurrence, or gastric cancer 
death occurred during 5 years after curative ESD among 195 
patients with undifferentiated-type (UD) EGC meeting the 
expanded criteria defined as intramucosal cancer ≤ 2 cm in 
size without ulceration [4]. Accordingly, UD EGC meeting 
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the expanded indication was also integrated into the absolute 
indication category in the JGES guidelines [1]. However, it 
is still considered an expanded indication in the JGCA and 
Korean guidelines [2, 3].

There have been concerns over the long-term outcomes 
of ESD for UD EGC that met the expanded criteria. In an 
analysis of a prospective surgical database, 310 UD EGCs 
showed no LN metastasis [5]. However, several other sur-
gical studies reported cases of LN metastasis in UD EGC 
that met the same criteria [6–9]. Several case reports also 
described UD EGCs that satisfied the expanded criteria but 
had LN metastasis [10–12]. Moreover, previous retrospec-
tive studies have reported cases of extragastric recurrence 
years after curative ESD for UD EGC [13, 14]. In addition, 
poorly differentiated adenocarcinoma (PDA) was reported 
to harbor a higher risk of LN metastasis than signet ring cell 
carcinoma (SRC) [15].

In recent years, several systematic reviews reported that 
overall survival (OS) was comparable between ESD and sur-
gery for patients with EGC meeting the expanded criteria 
[16–20]. However, these studies included both differenti-
ated-type and UD EGC and did not evaluate the outcomes 
for UD EGC separately. Because differentiated-type EGCs 
are dominant among the EGCs meeting the expanded indi-
cation, it may be difficult to apply these results to UD EGC. 
Although one systematic review compared ESD and surgery 
specifically for UD EGC, this study was also limited because 
it included some duplicated data and lacked meta-analysis 
of propensity score matching (PSM) analyses, resulting in 
possible biased results in the survival and recurrence out-
comes [21]. In addition, several new eligible studies have 
been published.

Therefore, we performed a systematic review and meta-
analysis to compare the long-term outcomes of ESD and 
surgery for patients with UD EGC that met the expanded 
criteria for curative resection. We included a meta-analysis 
of PSM analyses and subgroup analyses of PDA and SRC.

Methods

Search strategy and study selection

We conducted a systematic literature search using the Pub-
Med, Embase, and Cochrane Library databases from their 
inception date to March 23, 2021. The search terms included 
“early gastric cancer,” “early gastric neoplasm,” “early stom-
ach cancer,” “early stomach neoplasm,” “endoscopic submu-
cosal dissection,” “endoscopic mucosal resection,” “endo-
scopic resection,” “gastrectomy,” and “surgery.” There were 
no language restrictions. An experienced medical librarian 
designed and performed a detailed search strategy based on 
the input from study investigators (Supplemental Table 1). 

The reference lists of relevant reviews and retrieved arti-
cles were manually searched. Two investigators (H.J.Y. 
and J.H.K.) independently screened all titles and abstracts, 
examined the full texts of selected studies for eligibility, 
and resolved discrepancies by consensus. We included 
randomized controlled trials (RCTs) and prospective and 
retrospective cohort studies that met the following criteria: 
(1) patients with UD EGC who underwent curative ESD or 
surgery were included as the main study population or as 
a subgroup population; (2) ESD was compared to surgery, 
including subtotal and total gastrectomy; and (3) either OS, 
disease-free survival (DFS), or disease-specific survival 
(DSS) were reported. We excluded (1) studies that excluded 
UD histology among EGC; (2) studies that included UD 
EGC but did not specify UD EGC as a group or subgroup; 
(3) studies with no data on the inclusion of UD EGC; (4) 
studies that included patients with a previous history of 
gastric cancer or gastroesophageal surgery; (5) studies that 
did not report any long-term outcomes; and (6) studies with 
duplicated data.

The study protocol was exempted from ethics approval 
by the Institutional Review Board of the National Cancer 
Center, Korea (IRB No. NCC 2021-0081) and registered at 
the International Prospective Register of Systematic Reviews 
(PROSPERO, registration number: CRD 42021237097). We 
reported this systematic review according to the Preferred 
Reporting Items for Systematic Reviews and Meta-analysis 
(PRISMA) 2020 statement [22].

Data extraction and risk of bias assessment

Two investigators (H.J.Y. and J.H.K.) independently extracted 
the data using a Microsoft Excel spreadsheet (Microsoft, 
Redmond, WA, USA). We collected data on study design, 
country of origin, study period, the number of patients, mean 
age, the proportion of male patients, and follow-up dura-
tion. Outcome data were extracted on number and cause of 
death and number and type of recurrence both in the overall 
cohort and in the PSM cohort, if available. Any disagree-
ments between the two investigators were resolved by con-
sensus. We contacted the first or corresponding authors of the 
included studies to request missing or unreported data. We 
also contacted the authors to obtain the most up-to-date data 
when multiple articles contained duplicated data.

Two investigators (H.J.Y. and J.H.K.) independently 
assessed the risk of bias using the Risk of Bias In Non-ran-
domized Studies of Interventions (ROBINS-I) [23], which 
was visualized using a visualization tool [24]. If there were 
any discrepancies, a consensus was reached by discussion 
between the two investigators. In this study, a single risk of 
bias assessment was performed across all outcomes because 
the outcomes were similar in terms of follow-up and ascer-
tainment of outcome events.
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Definitions and outcomes

UD EGC was defined as PDA, SRC, or mucinous adenocar-
cinoma [2, 25]. Curative ESD was defined as en bloc resec-
tion, negative horizontal margin, negative vertical margin, 
tumor size ≤ 2 cm, intramucosal cancer, absence of ulcera-
tion, and absence of lymphovascular invasion [2].

The main outcomes were OS, DFS, and DSS. OS was 
defined as the time from the date of diagnosis to the date 
of death from any cause. DFS was defined as the time from 
the initial treatment to the date of recurrence or death from 
any cause. DSS was defined as the time from the date of 
diagnosis to the date of death from gastric cancer. Recur-
rence was defined as local, metachronous, regional LN, or 
distant recurrence, while synchronous recurrence was not 
considered a recurrence. Metachronous and synchronous 
recurrences were defined as cancer diagnosed at previously 
uninvolved sites after and within 12 months of initial treat-
ment, respectively. Local recurrence was defined as cancer 
recurrence at the ESD or the surgical anastomosis site. Local 
and metachronous recurrences were classified as gastric 
recurrences, and regional LN and distant recurrences were 
classified as extragastric recurrences.

Data synthesis and statistical analysis

The risk ratio (RR) with 95% confidence interval (CI) was 
calculated using the Mantel–Haenszel fixed-effect model 
to compare outcomes between ESD and surgery. This was 
because RR was available in all included studies, while haz-
ard ratio (HR) was available in only two studies. The meta-
analysis results were presented using forest plots. Study 
heterogeneity was assessed using Cochrane’s Q test and the 
I2 statistics. Where P < 0.10 for Q test or I2 > 50%, the ran-
dom effects model was used. We conducted a pre-specified 
subgroup analysis to compare outcomes between the two 
main pathological subtypes of UD histology: PDA and 
SRC. A post hoc sensitivity analysis was conducted using 
HR instead of RR as an effect measure. In studies where HR 
was not available, it was estimated using a method suggested 
by Tierney et al. [26]. We planned to evaluate publication 
bias for any comparison made with ≥ 10 studies. However, 
post hoc funnel plots were generated for all meta-analyses 
although they included four or five studies. The certainty in 
the synthesized outcomes was assessed independently by 
two investigators (H.J.Y. and J.H.K.) using GRADEpro GDT 
software to generate a summary of findings tables [27]. The 
statistical analysis was performed using Review Manager 
(RevMan, version 5.3, Cochrane Collaboration, Copenha-
gen, Denmark).

Results

Study selection and characteristics

The search strategy returned 1479 results, which were nar-
rowed to 34 articles after the removal of duplicates and 
review of study titles and abstracts (Fig. 1). During the 
full-text review, 29 articles were excluded. The charac-
teristics of the excluded studies are listed in Supplemen-
tal Table 2. Based on these, five articles that fulfilled the 
eligibility criteria were included [13, 14, 28–30]. None of 
the studies were RCTs; they were all retrospective cohort 
studies.

The five studies from Korea and China included 2050 
patients with UD EGC from 2005 to 2017 (Table 1). The 
mean age was significantly higher in the ESD group than in 
the surgery group in four of the five studies with a median 
difference of 5.2 years (range 3.6–7.5 years). Furthermore, 
patients in the ESD group had more underlying illnesses 
than those in the surgery group in three studies. The median 
follow-up duration ranged from 47.1 to 75.6 months, and 
the survival and recurrence outcomes were retrieved from 
all five studies. Four studies conducted PSM analysis. 
Because two studies included patients who underwent 
noncurative ESD for UD EGC, we contacted the authors 
and provided data for patients with curative ESD only 
[13, 30]. In addition, there were some data duplications 
between the two studies [14, 29]. Therefore, we contacted 
the authors and provided data after excluding duplicated 
records. Finally, we included 1863 patients with UD EGC 
meeting the expanded criteria who underwent curative ESD 
(n = 549) or surgery (n = 1314) for meta-analysis of over-
all cohort and 908 patients who underwent ESD (n = 400) 
or surgery (n = 508) for meta-analysis of PSM cohort. All 
studies were included in all outcome syntheses.

The risk of bias assessment of all included studies is 
provided in Supplemental Fig. 1. Although these were ret-
rospective cohort studies, we scored all the studies with 
low risk of bias associated with selection of participants, 
classification of interventions, deviations of interventions, 
and outcome measurement. There were several studies 
with moderate risk of bias due to confounding, missing 
data, or selective reporting, and one study had a serious 
risk of bias due to confounding.

Overall survival

The OS rate was significantly lower in the ESD group 
(515/549, 94.2%) than in the surgery group (1283/1314, 
97.6%), with an RR for mortality of 2.11 (95% CI 
1.26–3.55; I2 = 0%) in the overall cohort (Fig. 2). How-
ever, in the PSM cohort, OS rates were not significantly 
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different between the ESD (383/400, 95.8%) and surgery 
(492/508, 96.9%) groups with a decreased RR of 1.18 
(95% CI 0.60–2.32; I2 = 0%). These results suggest that 
the increased RR for mortality associated with the ESD 
group in the overall cohort might be attributable to the 
potential selection bias of the individual studies. No sta-
tistical heterogeneity was detected in the analysis of OS in 
both the overall and PSM cohorts.

Disease‑free survival and recurrence

DFS rate was significantly lower in the ESD group than 
in the surgery group both in the overall cohort (88.9% 
[488/549] vs. 97.1% [1276/1314]; RR 3.27; 95% CI 
2.14–4.99; I2 = 0%) and in the PSM cohort (90.5% [362/400] 
vs. 96.7% [491/508]; RR 2.49; 95% CI 1.42–4.35; I2 = 0%) 
(Fig. 3).

The ESD group showed a higher risk of recurrence than 
the surgery group both in the overall cohort (6.0% [33/549] 
vs. 0.6% [8/1314]; RR 9.17; 95% CI 4.02–20.92; I2 = 2%) 
and in the PSM cohort (6.3% [12/400] vs. 0.2% [1/508]; 
RR 12.61; 95% CI 3.43–46.37; I2 = 0%) (Fig. 4a, b). Most 
recurrences were gastric recurrences. Thus, the ESD group 
was associated with a significantly higher risk of gastric 
recurrence compared to the surgery group in the overall 
cohort (5.1% [28/549] vs. 0.5% [7/1314]; RR 8.39; 95% 

CI 3.66–19.22; I2 = 21%) and in the PSM cohort (5.5% 
[22/400] vs. 0.2% [1/508]; RR 11.25; 95% CI 3.06–41.40; 
I2 = 0%) (Fig. 4c, d). The ESD group also showed a signifi-
cantly higher risk of extragastric recurrence compared to the 
surgery group in the overall cohort (0.9% [5/549] vs. 0.1% 
[1/1314]; RR 5.15; 95% CI 1.10–24.03; I2 = 0%) (Fig. 4e). 
Among the extragastric recurrences, three of five patients 
(0.5%) in the ESD group and one patient (0.1%) in the sur-
gery group had a metastatic recurrence, all of whom died 
of gastric cancer. In particular, metastatic recurrence devel-
oped 75, 76, and 84 months after ESD, whereas it devel-
oped 31 months after surgery. The other two patients in the 
ESD group had LN recurrence without distant metastasis. 
One patient did not die of gastric cancer during the study 
period. However, the other patient who developed LN and 
local recurrence at the same time underwent salvage radical 
surgery but developed distant recurrence and died of gastric 
cancer. The increased risk of extragastric recurrence was not 
statistically significant in the PSM cohort (RR 4.23; 95% 
CI 0.47–37.93; I2 = 0%) (Fig. 4f). No heterogeneity was 
observed in the DFS and recurrence analyses.

Disease‑specific survival

Overall, six patients died of gastric cancer: four in the ESD 
group and two in the surgery group. Three patients in the 
ESD group and one patient in the surgery group developed 

Fig. 1  Flow chart of study enrollment. UD EGC undifferentiated-type early gastric cancer
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distant recurrence, while the other two developed local 
recurrence. DSS rates were 99.3% (545/549) in the ESD 
group and 99.8% (1312/1314) in the surgery group in the 
overall cohort (Fig. 5). Two studies were not included in 
the meta-analysis of DSS because no gastric cancer deaths 
occurred in either group. The RR for gastric cancer death 
was not significantly different between the ESD and sur-
gery groups both in the overall cohort (RR 4.21; 95% CI 
0.74–24.02; I2 = 0%) and in the PSM cohort (RR 4.23; 95% 
CI 0.47–37.93; I2 = 0%).

Subgroup analysis and sensitivity analysis

In the subgroup analysis, there were no significant dif-
ferences in the long-term outcomes associated with ESD 
compared with surgery between the PDA and SRC sub-
groups (all P for subgroup difference > 0.05) (Fig. 6, Sup-
plemental Figs. 2–5). Particularly, OS was similar between 
the ESD and surgery groups not only in the SRC subgroup 
(RR 1.07; 95% CI 0.44–2.57; I2 = 0%) but also in the PDA 
subgroup (RR 1.28; 95% CI 0.53–3.13; I2 = 0%) of the 
PSM cohort (P for subgroup difference = 0.77). In addi-
tion, DFS was lower in the ESD group than in the surgery 
group for both PDA (RR 2.70; 95% CI 1.23–5.95; I2 = 0%) 
and SRC (RR 2.00; 95% CI 0.93–4.27; I2 = 0%) of the 
PSM cohort (P for subgroup difference = 0.59).

In the sensitivity analysis, HR was directly derived from 
two studies [14, 29] while being indirectly estimated in the 
others [13, 28, 30]. The results were consistent with those 
in the main analysis (Supplemental Table 3 and Figs. 6–9). 
The HR (95% CI I2) for OS was 2.07 (1.04–4.11, 0%) in 
the overall cohort and 1.15 (0.54–2.44, 0%) in the PSM 
cohort favoring surgery. In the PSM cohort, HR (95% CI 
I2) for DFS and recurrence was 2.61 (1.28–5.30, 0%) and 
4.96 (0.82–29.90, 05%) favoring surgery, respectively.

Publication bias and certainty of evidence

We generated funnel plots for the outcomes (Supplemental 
Figs. 10–13). Although the number of studies was limited, 
no publication bias was suggested.

The certainty of the evidence was very low in the over-
all cohort because of the very serious risk of bias and 
serious imprecision. In the PSM cohort, the certainty of 
the evidence was low because greater protection against 
the risk of bias was provided using PSM. However, the 
certainty of the evidence was still limited because of 
remained risk of bias and imprecision (Supplemental 
Tables 4–5).
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Fig. 2  Forest plot of overall survival for endoscopic submucosal dissection and surgery for undifferentiated-type early gastric cancer (a) in the 
overall cohort and (b) in the propensity score matching cohort. ESD endoscopic submucosal dissection

Fig. 3  Forest plot of disease-free survival for endoscopic submucosal dissection and surgery for undifferentiated-type early gastric cancer (a) in 
the overall cohort and (b) in the propensity score matching cohort. ESD endoscopic submucosal dissection
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Fig. 4  Forest plot of (a) recurrence in the overall cohort, (b) recur-
rence in the propensity score matching cohort, (c) gastric recurrence 
in the overall cohort, (d) gastric recurrence in the propensity score 
matching cohort, (e) extragastric recurrence in the overall cohort, and 

(f) extragastric recurrence in the propensity score matching cohort for 
endoscopic submucosal dissection and surgery for undifferentiated-
type early gastric cancer. ESD endoscopic submucosal dissection
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Fig. 4  (continued)

Fig. 5  Forest plot of disease-specific survival for endoscopic submucosal dissection and surgery for undifferentiated-type early gastric cancer (a) 
in the overall cohort and (b) in the propensity score matching cohort. ESD endoscopic submucosal dissection
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Discussion

This systematic review and meta-analysis assembled data 
from 1863 patients who underwent curative ESD or surgery 
for UD EGC meeting the expanded criteria from five stud-
ies. We demonstrated that the ESD group had a worse OS 
than the surgery group in the overall cohort but not in the 
PSM cohort. However, the ESD group was associated with 
inferior DFS, recurrence, and gastric recurrence compared 
to the surgery group. The higher risk of extragastric recur-
rence associated with ESD was significant in the overall 
cohort but not in the PSM cohort. Moreover, DSS did not 
differ between the two groups. In addition, there were no 
significant subgroup differences between PDA and SRC in 
the long-term outcomes associated with ESD in comparison 
with surgery.

In our study, we found that ESD was associated with 
inferior OS to surgery in the overall cohort but not in the 

PSM cohort. These results are consistent with the results of 
the most recent and largest cohort study [14]. Prior studies 
suggested no significant difference in the OS between ESD 
and surgery both before and after PSM, which indicates the 
possible low study power of these studies [13, 28–30]. The 
difference in OS between the overall and PSM cohorts in our 
study may be explained by the differences in age and under-
lying illness because these differences were considerably 
attenuated after PSM. This is also supported by the fact that 
gastric cancer deaths were rare in both groups and that DSS 
was not significantly different in both the overall and PSM 
cohorts. The OS in our study was lower than the results from 
a recent Japanese prospective study (5 years OS, 99.3%) [4]. 
This may be because the prospective study included patients 
with good performance status (ECOG 0 and 1) and excluded 
those with severe underlying illness. Our results are also 
consistent with recent systematic reviews that compared 
ESD or endoscopic resection with surgery for EGC meeting 
the expanded criteria [17–20]. Therefore, our study suggests 
that the OS after curative ESD may be comparable to that 
after surgery for UD EGC.

In our meta-analysis, extragastric recurrence occurred 
more frequently after ESD than after surgery, although this 
did not compromise DSS in the ESD group. However, this 
result should be interpreted along with a few other points. 
First, although it was not evaluated in our study, radical 
gastrectomy was associated with an approximately twofold 
higher risk of postoperative complications compared to 
endoscopic resection or ESD [17, 19]. Second, in a multi-
center prospective study with central pathology review, there 
was no extragastric recurrence for 5 years after curative ESD 
for UD EGC [4]. Because our study was a meta-analysis of 
retrospective cohort studies, it was not possible to conduct a 
pathological review for potential pathological misclassifica-
tion. Nevertheless, three patients in the ESD group and one 
patient in the surgery group with distant recurrence resulted 
in gastric cancer deaths. In particular, distant recurrences 
in the ESD group developed after 5 years of follow-up (75, 
76, and 84 months). A previous study suggested that recur-
rence of primary cancer seemed to develop more slowly after 
ESD for EGC than after surgery for advanced gastric cancer 
[31]. Another study that investigated long-term outcomes 
after noncurative ESD for EGC also suggested a need for 
long-term follow-up data [32]. For example, the Dutch trial 
that compared D1 versus D2 dissection for gastric cancer 
followed patients for a median of 15.2 years [33]. Therefore, 
further prospective long-term follow-up studies are neces-
sary to verify the risk of late extragastric recurrence after 
curative ESD for UD EGC.

The ESD group was associated with inferior DFS and 
higher recurrence and gastric recurrence compared to the 
surgery group in our study. The lower DFS and higher recur-
rence in the ESD group were because of a higher rate of 

Fig. 6  Subgroup analysis comparing poorly differentiated adenocar-
cinoma and signet ring cell carcinoma in the long-term outcomes 
between endoscopic submucosal dissection and surgery. PDA poorly 
differentiated adenocarcinoma, SRC signet ring cell carcinoma, PSM 
propensity score matching, ESD endoscopic submucosal dissection
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gastric recurrence rather than extragastric recurrence. The 
gastric recurrence comprised the majority of the overall 
recurrence and occurred 8.4 times more frequently in the 
ESD group than in the surgery group. This was because 
gastric mucosa was preserved in ESD and from which 
metachronous gastric cancer developed. A previous study 
reported the risk of metachronous recurrence was 6.7 times 
higher after endoscopic resection compared to surgery for 
EGC [34]. Our results are consistent with this report and 
previous systematic reviews [17–20]. It was reported that 
UD EGC was associated with a lower risk of metachronous 
recurrence compared to differentiated-type EGC [35, 36]. A 
recent post hoc analysis of a prospective study reported that 
the 5-year cumulative incidence of metachronous recurrence 
was 1.0% [37]. In contrast, UD EGC has been suggested as 
a risk factor for local recurrence after complete endoscopic 
resection [38]. Scheduled regular surveillance endoscopy 
after ESD was suggested to help detection of recurrence at 
an early stage enough for curative resection [39]. Therefore, 
endoscopy surveillance may still be important for UD EGC 
after curative ESD.

Interestingly, in our study, the long-term outcomes asso-
ciated with ESD compared with surgery were not affected 
by the histologic subtypes of PDA and SRC. It has been 
hypothesized that PDA might be associated with a higher 
risk of distant metastasis or mortality compared with SRC 
after curative ESD [13, 14]. However, we observed simi-
lar numbers of extragastric recurrences and gastric cancer 
deaths between the PDA and SRC subgroups. Thus, there 
was insufficient evidence in our study to suggest that ESD 
indications for UD EGC should be different between PDA 
and SRC.

Our study has several limitations. First, the included stud-
ies were retrospective cohort studies. Although four of the 
five studies performed PSM analysis, the lack of prospec-
tive cohort studies or RCTs might have led to an inevitable 
selection bias. Second, we used RR instead of HR as an 
effect measure because HR was available only in two of the 
five studies. However, in the sensitivity analysis where some 
HRs were indirectly estimated, the results were consistent 
with the main analysis using OR. Third, the included stud-
ies were conducted in Korea and China. Because there were 
no Western studies, the current results may not be directly 
applicable to patients or clinical settings in Western coun-
tries. Fourth, we excluded several studies that included both 
differentiated-type EGC and UD EGC but did not provide 
subgroup analysis data for UD EGC. Therefore, the data 
from these studies may have been underrepresented, leading 
to a potential publication bias. Lastly, there may be clini-
cal heterogeneity, especially in pathological tissue handling 
between ESD and surgical specimens. In particular, section 
intervals are wider for surgical specimens (5–7 mm) than 
for ESD specimens (2–3 mm) [1, 2, 25], which might have 

led to the underestimation of submucosal invasion or lym-
phovascular invasion in the surgical specimens [40]. Thus, 
the risk factor assessment for extragastric recurrence might 
not be comparable between the ESD and surgery groups 
even after PSM, and our long-term outcome data should be 
interpreted with caution and validated in further prospective 
studies.

In conclusion, OS after curative ESD for UD EGC meet-
ing the expanded criteria was not significantly different 
from that after surgery in the PSM cohort. DSS was not 
significantly different between the ESD and surgery groups. 
However, DFS and recurrence were inferior after ESD than 
after surgery. In addition, extragastric recurrences that led 
to gastric cancer deaths occurred in both the ESD and sur-
gery groups. Therefore, more evidence is needed, a longer 
period of observation, further matched cohort studies, and 
eventually, prospective RCTs with longer and standardized 
follow-up.
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