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ABSTRACT
Introduction: Gastric submucosal tumors (G-SMTs) vary in malignancy risk, with surgical resection as standard treatment. 
Although extended endoscopic resection (eER) offers a less invasive option, its outcomes relative to laparoscopic resection (LR) 
remain unclear. This study evaluates the safety and efficacy of eER and LR.
Materials and Methods: A systematic review and meta-analysis included articles comparing eER and LR for G-SMTs. The 
primary outcome was a complete resection rate.
Results: 17 studies involving 1262 eER and 990 LR patients were included. LR showed a higher complete resection rate (RR 0.98, 
95% CI 0.97–0.99, p < 0.01). eER favored operative time (95% CI -57.66 to −23.71, p < 0.01), blood loss (95% CI -63.46 to −17.45, 
p < 0.01), time to oral intake (95% CI -1.64 to −0.33, p < 0.01), and hospital stay (95% CI -1.75 to −0.13, p = 0.023). Subgroup analy-
sis comparing endoscopic full-thickness resection (EFTR) to LR showed no significant difference in complete resection (RR 0.98, 
95% CI 0.95–1.01, p = 0.18).
Conclusions: LR may offer a higher complete resection rate, but eER demonstrated better short-term outcomes. EFTR achieved 
comparable resection rates to LR, supporting broader adoption with further technical refinement.

1   |   Introduction

Gastric submucosal tumors (G-SMTs) are relatively common in 
clinical practice and encompass a wide range of histopathologi-
cal types, ranging from benign tumors, such as leiomyomas and 
schwannomas, to malignant neoplasms, most notably gastric 
gastrointestinal stromal tumors (G-GISTs) [1]. As it is known, 
the European Society of Medical Oncology (ESMO) and the 
National Comprehensive Cancer Network (NCCN) guidelines 
recommend the complete resection of the tumor without lymph-
adenectomy as the standard treatment for G-GISTs [2, 3]. When 
the treatment is required, surgical resection is the mainstay of it, 

emphasizing en bloc resection while avoiding capsule rupture to 
minimize the risk of peritoneal dissemination [4].

Endoscopic resection (ER) was first introduced in 1988 as a treat-
ment for superficial early lesions [5]. However, advancements in 
endoscopic techniques, improvements in medical devices such 
as endoscopic ultrasound (EUS), and the development of novel 
methods such as titanium clipping and the nylon rope technique 
have significantly expanded its applications [6]. These innova-
tions have facilitated the progression of ER, making endoscopic 
full-thickness resection (EFTR) or other extended ER (eER) a 
feasible approach for gastric lesions.
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Despite reports demonstrating its feasibility, concerns remain 
regarding the safety and clinical outcomes of eER, with serious 
complications and the need for emergency surgical conversion 
still being reported [4]. Moreover, there is limited evidence di-
rectly comparing the therapeutic outcomes of eER and surgical 
resection for the treatment of G-SMTs, particularly in terms of 
complete resection rates. Consequently, eER is not yet considered 
a standard treatment for G-GISTs, and its role remains contro-
versial. However, as a less invasive alternative to laparoscopic re-
section (LR), eER holds promise, and further research is needed 
to establish robust evidence supporting its efficacy for G-SMTs.

Some meta-analyses have already been conducted to compare 
the outcomes of eER and LR for gastric G-GISTs, with the most 
recent published in 2022 [7, 8]. That meta-analysis concluded 
that ER yielded perioperative and oncological outcomes compa-
rable to or better than those of LR. Additionally, the ER group in 
that study included all types of endoscopic procedures as a sin-
gle category, without stratification by specific techniques. Since 
then, five additional studies—including two that employed pro-
pensity score matching—have been published, some of which 
reported findings inconsistent with the earlier meta-analysis. 
Given these recent developments and the methodological lim-
itations of previous analyses, we conducted an updated meta-
analysis that incorporates these newer studies and separately 
evaluates outcomes by endoscopic technique, thereby providing 
a more comprehensive and clinically relevant comparison of 
eER and LR for G-SMTs.

Furthermore, even in G-SMTs without a definitive diagnosis 
of G-GISTs, resection is often considered for cases presenting 
with symptoms, progressive enlargement over time, tumor size 
exceeding 5 cm, or features suggestive of malignancy. To ad-
dress these considerations and accumulate a broader dataset, 
we expanded our meta-analysis to include all types of G-SMTs, 
provided that the necessary outcomes for this study could be ex-
tracted. To date, no meta-analysis has systematically compared 
eER and LR specifically for G-SMTs. Therefore, this study rep-
resents the first comprehensive meta-analysis to evaluate and 
compare the short-term outcomes of eER and LR across all types 
of G-SMTs. Through this approach, our study aims to provide a 
clearer understanding of the potential role of eER in the treat-
ment of G-SMTs and to assess whether it can be considered a 
viable alternative to surgical resection for these tumors.

2   |   Materials and Methods

The approach to the analysis and development of inclusion 
criteria was meticulously performed, adhering closely to the 
guidelines outlined in the Cochrane Handbook for Systematic 
Reviews of Interventions, as well as the standards established by 
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses checklist (PRISMA 2020) [9, 10] (File S1).

2.1   |   Eligibility Criteria

According to population, interventions, comparators, outcome 
measures, and setting (PICOS) criteria, we selected studies for 
our review that met the following inclusion criteria: (1) articles 

comparing endoscopic versus laparoscopic resection for gas-
tric submucosal tumors without including laparoscopy endos-
copy cooperative surgery; (2) that reported any of the variables 
of interest; (3) in the case of duplicate studies, the largest and 
complete reports were included; and (4) studies with more 
than ten patients per study arm were included. Additionally, 
(5) unless accompanied by detailed tables enabling extraction 
of essential background information and relevant outcomes, 
conference abstracts were excluded owing to insufficient data. 
In this study, as the primary endpoint was the complete resec-
tion rate of tumors, submucosal tumors of the stomach were 
included regardless of histological type, whereas tumors in-
volving the duodenum or esophagus were excluded. To max-
imize data acquisition and minimize bias, gray literature, 
including conference abstracts, was incorporated when rele-
vant information could be extracted. In the propensity score-
matched study, only the data of patients following propensity 
score adjustment was utilized. Additionally, all secondary 
analyses, such as meta-analyses or systematic reviews, were 
examined to identify any potentially overlooked articles not 
included in the primary analysis.

2.2   |   Outcomes

The primary outcome of this study was a complete resection 
rate. A complete resection was defined as a resection in which no 
residual tumor was identified in the pathological examination. 
Secondary outcomes were procedural time, blood loss, time to 
oral intake, length of hospital stays, completion rate, postopera-
tive complications, and postoperative infectious complications. 
The completion rate indicated the proportion of procedures that 
were performed as planned. Incompletion of the procedure was 
considered to be conversion to surgery in the eER group and to 
open surgery in the LR group. Additionally, subgroup analy-
sis was conducted for the EFTR group extracted from the eER 
group for the primary outcome.

2.3   |   Literature Search Strategy

The search strategy was developed in OVID Medline, 
and then its final optimized version was translated to 
Embase and Cochrane CENTRAL, and relevant arti-
cles were searched in July 2024. The keywords used in-
cluded: “Gastric,” “Gastrointestinal Stromal Tumor,” 
“Neurilemmoma,” “Schwannoma,” “Leiomyoma,” “Lipoma,” 
“Neurofibroma,” “Neuroendocrine Tumor,” “Lymphoma,” 
“Ectopic pancreas,” “Submucosal Tumor,” “Subepithelial 
Tumor,” “Endoscopic(al) resection,” “Laparoscopic resection,” 
“Endoscopic(al) Dissection,” “Endoscopic(al) excavation,” 
“Endoscopic(al) mucosectomy.” All relevant full-text or con-
ference abstracts of randomized controlled trials (RCTs) and 
observational studies (retrospective/prospective) were included. 
We selected only articles written in English.

2.4   |   Literature Screening and Data Extraction

Titles were initially screened, and abstracts of potentially rel-
evant studies were reviewed. After full-text evaluations, the 
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following data were collected: authorship, publication year, 
country, type of publication (articles or abstracts), study design, 
recruitment period, patient count, gender, age, body mass index 
(BMI), procedure performed, tumor pathology/location/size, 
complete resection rate, and completion rate. All screening and 
data extraction procedures were independently conducted by 
five authors (KH, SH, CMe, CMa, RD, CAA). To ensure con-
sistent application of inclusion/exclusion criteria among all re-
viewers and minimize bias during the screening process, an 
inter-rater agreement test was performed. This test involved all 
reviewers screening the same 10% of randomly selected articles 
and discussing any disagreements before proceeding with the 
full screening. This test helped minimize criteria differences 
between reviewers, ensuring alignment on inclusion/exclusion 
decisions. A second round of the inter-rater agreement test was 
planned in case of a high number of disagreements; however, 
it was not necessary this time as there was little discrepancy 
among the raters.

2.5   |   Quality Assessment

The methodological quality and risk of bias of each study 
were determined by all the authors according to the Cochrane 
Handbook for Systematic Reviews of Interventions v. 6.4 
(August 2023) and the Newcastle-Ottawa Scale (NOS) [11]. The 
NOS scores were assessed by two authors (KH and SH), and all 
included studies scored 7 or higher, indicating a low risk of bias 
(File S2).

2.6   |   Statistical Analysis

All analyses were performed according to the original treat-
ment allocation (intention-to-treat analysis). For binary out-
come data, the relative risks (RR) and 95% confidence intervals 
(CIs) were estimated using the Mantel–Haenszel method. For 
continuous outcome data, the mean differences (MD) and 
95% CIs were estimated using the inverse variance weight-
ing; when means and/or standard deviations (SDs) were not 
reported, they were estimated from reported medians, ranges, 
and sample size as described by Hozo et al. [12]. Heterogeneity 
was explored by the Baujat plot (showing the contribution of 
each study to the overall heterogeneity) and assessed by the I2 
measure of inconsistency, statistically significant if I2 > 50%. 
A fixed-effects model was at first used in all meta-analyses, 
whereas the random-effects model was used for the outcomes 
showing I2 > 50%. Potential sources of heterogeneity were ex-
plored by different sensitivity analyses: comparing fixed- vs. 
random-effects models (thus incorporating heterogeneity by 
using the second method); performing a subgroup analysis 
comparing the complete resection rate between EFTR and 
LR, checking the results of cumulative (sequentially including 
studies by date of publication) and influential meta-analyses 
(calculating pooled estimates omitting one study at a time). 
Publication bias was assessed by generating a funnel plot 
and performing the linear regression test on its asymmetry. 
Furthermore, when publication bias was detected, the hetero-
geneity and overall effect were assessed using the Baujat plot. 
All analyses were conducted in February 2025 by R 4.4.1 pack-
age meta (www.​r-​proje​ct.​org).

3   |   Results

Figure  1 represents The PRISMA flow diagram for this sys-
tematic review presented in the Guideline flow diagram. In 
total, 1420 studies were collected by the initial search. After 
the removal of duplications and other unsuitable titles, 1066 
articles were reviewed by titles and abstracts, and the remain-
ing 78 articles were screened by full-text reading. Finally, 17 
studies met our inclusion criteria and were incorporated into 
the meta-analysis, including a total of 2252 patients: 1262 
underwent eER (56.0%) and 990 LR (44.0%) [13–29]. All 17 
studies are retrospective observational cohort studies, and 4 
of them were analyzed using propensity score matching. The 
characteristics of the included articles in this study are sum-
marized in Table 1.

3.1   |   Primary Outcomes

We assessed the complete resection rate as the primary outcome 
of the current meta-analysis. The complete resection rate was 
reported in 14 studies, including 994 cases in eER and 810 cases 
in LR. Owing to the heterogeneity being over 50% (I2 = 78.8%), 
the random-effects model was chosen for evaluation. The result 
showed favor in LR with RR of 0.98 (95% CI 0.97; 0.99, p = 0.0014) 
(Figure  2). Egger's test indicated potential publication bias 
(p = 0,0381). In addition, the study contributing to heterogeneity 
also demonstrated a substantial impact on both heterogeneity 
and the overall effect in the Baujat plot (File S3).

3.2   |   Secondary Outcomes

Procedural time was reported in 11 studies, including 859 cases 
in eER and 630 in LR. We chose the random-effects model owing 
to the high heterogeneity (I2 = 99.1%), showing favors in eER with 
MD of −40.69 (95% CI -57.66; −23.71, p < 0.0001) (Figure  3A). 
Although heterogeneity was present among the studies, the 
Baujat plot did not suggest that any single study had a dispropor-
tionately large impact owing to publication bias (File S4A).

Blood loss was reported in four studies, including 277 cases in 
eER and 245 in LR. The random-effects model was used owing 
to the high heterogeneity (I2 = 98.8%), which showed favor in 
eER with an MD of −40.45 (95% CI -63.46; −17.45, p = 0.0018) 
(Figure 3B).

Time to oral intake was reported in eight studies, including 
784 cases in eER and 565 in LR. The random-effects model 
was used owing to the high heterogeneity (I2 = 92%), which 
showed favor in eER with MD of −0.99 (95% CI -1.64; −0.33, 
p = 0.0031) (Figure  3C). Regarding procedural time, blood 
loss, and time to oral intake, the number of studies included 
was insufficient to perform a linear regression test of the fun-
nel plot. However, no study demonstrating both high hetero-
geneity and a strong overall effect was identified in the Baujat 
plot (File S4B,C).

The length of hospital stays was reported in 16 studies, includ-
ing 1195 cases in eER and 945 in LR. Owing to the high hetero-
geneity (I2 = 99.3%), the random-effects model was chosen for 

http://www.r-project.org
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evaluation. The result showed favor in eER with an MD of −0.94 
(95% CI -1.75; −0.13, p = 0.023) (Figure 3D). The Baujat plot indi-
cated high heterogeneity and overall effect in the study by Wang 
et al. However, excluding this outlier further strengthened the 
significance of the results, suggesting that its presence did not 
compromise the overall findings (File S4D).

Completion rate was reported in 15 studies, including 1123 cases 
in eER and 865 in LR. Owing to the extremely low heterogeneity 
(I2 = 0%), the common effect model was chosen for evaluation. 
The result showed no significant difference between 2 groups 
with RR of 1.00 (95% CI 0.99; 1.01, p = 0.63) (Figure 4A).

Postoperative complications were reported in 14 studies, includ-
ing 1111 cases in eER and 826 in LR. Owing to the extremely 
low heterogeneity (I2 = 9.2%), the common effect model was 
chosen for evaluation. The result showed no significant differ-
ence between the two groups, with RR of 1.02 (95% CI 0.75; 1.38, 
p = 0.89) (Figure 4B).

Postoperative infectious complications were reported in 13 stud-
ies, including 982 cases in eER and 761 in LR. Owing to the 

extremely low heterogeneity (I2 = 0%), the common effect model 
was chosen for evaluation. The result showed no significant dif-
ference between the two groups, with RR of 0.78 (95% CI 0.44; 
1.36, p = 0.37) (Figure 4C). Regarding completion rate, postoper-
ative complications, and postoperative infectious complications, 
each of the funnel plots was symmetric, indicating no evidence 
of publication bias (File S5).

3.3   |   Subgroup Analysis

A subgroup analysis comparing the several outcomes between 
EFTR and LR included three studies (170 EFTR cases, 139 LR 
cases) for the complete resection rate. Owing to the low het-
erogeneity (I2 = 23.3%), the common effect model was chosen 
for evaluation. The result showed no significant difference be-
tween the 2 groups with RR of 0.98 (95% CI 0.95; 1.01, p = 0.18) 
(Figure 5A).

Procedural time was compared in three studies (116 EFTR cases, 
118 LR cases). Owing to the high heterogeneity (I2 = 99.7%), the 
random-effects model was chosen for evaluation. The result 

FIGURE 1    |    PRISMA flowchart diagram illustrating the systematic search and study selection strategy.
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showed favor in EFTR with MD of −50.41 (95% CI -99.64; −1.19, 
p = 0.044). (Figure 5B).

Hospital stay was compared in four studies (201 EFTR cases, 
182 LR cases). Owing to the high heterogeneity (I2 = 98.5%), the 
random-effects model was chosen for evaluation. The result 
showed no significant difference between the 2 groups with MD 
of −0.10 (95% CI -1.56; −1.36, p = 0.89). (Figure 5C).

Overall complications were compared in three studies (170 EFTR 
cases, 139 LR cases). Owing to the low heterogeneity (I2 = 3.8%), 
the common effect model was chosen for evaluation. The result 
showed no significant difference between the 2 groups with MD 
of 0.40 (95% CI 0.15; 1.06, p = 0.066). (Figure 5D).

The other outcomes could not be analyzed owing to insufficient 
extractable data across the included studies.

4   |   Discussion

In this meta-analysis, the primary outcome, the complete re-
section rate, demonstrated a slight but statistically significant 
superiority in favor of LR. Conversely, procedural time, blood 
loss, time to oral intake, and hospital stay were all significantly 
favorable for eER. Although publication bias was detected for 
the complete resection rate, suggesting that the results should be 
interpreted with caution, nearly all included studies reported a 
100% complete resection rate in LR. Therefore, the finding that 
LR achieves a higher complete resection rate appears to be rea-
sonable. Furthermore, the superiority of eER in the aforemen-
tioned four outcomes supports its minimally invasive nature 
compared to LR. Although concerns were raised regarding the 
potential need for conversion to surgery, as well as an increased 
risk of postoperative complications in eER, no significant differ-
ences were observed in overall or infectious complication rates, 
nor the completion rate.

G-SMTs are primarily concerning owing to G-GIST; however, a 
wide range of other tumors, including schwannoma, leiomyoma, 
lipoma, neurofibroma, neuroendocrine tumors, lymphoma, and 
ectopic pancreas, can also be encountered. Owing to the dif-
ficulty of obtaining a definitive preoperative diagnosis, these 
lesions are often resected as part of a diagnostic-therapeutic 
approach. Among G-SMTs, G-GISTs pose a unique challenge, 
as capsule disruption during resection carries a risk of tumor 
seeding [3, 30]. Therefore, avoiding intraoperative capsule rup-
ture is of paramount importance, and complete resection with-
out capsule damage is the fundamental principle in G-SMTs 
resection. In this study, the complete resection rate was slightly 
higher in LR; however, when eER was limited to EFTR, the out-
comes were comparable to those of LR. This finding suggests 
that, particularly for tumors with deep invasion, an initial strat-
egy of EFTR may enable eER to achieve a complete resection 
rate that is not significantly different from that of LR. In fact, 
for G-GISTs, complete resection has already been identified as 
a key prognostic factor contributing to long-term survival and 
can thus be considered the most critical short-term oncological 
outcome. Given the benefits of eER in terms of procedural time, 
blood loss, time to oral intake, and hospital stay, its minimal in-
vasiveness offers significant advantages. These findings high-
light the potential of eER as a promising treatment option for 
G-SMTs.

Recent studies have demonstrated that eER for G-GISTs offers 
superior short-term outcomes, including reduced procedural 
time, shorter hospital stay, and lower blood loss [7, 8, 31]. Our 
meta-analysis confirmed the previously reported short-term ad-
vantages of eER, including a shorter time to oral intake. On the 
other hand, the complete resection rate remains a topic of de-
bate among studies. A meta-analysis by Wang et al. reported no 
significant difference between eER and LR, whereas Liu et al. 
suggested that LR may achieve a higher complete resection rate 
[7, 8]. In our study, LR demonstrated a slightly higher complete 
resection rate than eER. Furthermore, EFTR has been reported 

FIGURE 2    |    Forest plot for complete resection rate between eER and LR.
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FIGURE 3    |    (A) Forest plot for procedural time between eER and LR. (B) Forest plot for blood loss between eER and LR. (C) Forest plot for time 
to oral intake between eER and LR. (D) Forest plot for hospital stay between eER and LR.
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FIGURE 4    |    (A) Forest plot for completion rate between eER and LR. (B) Forest plot for overall complication rate between eER and LR. (C) Forest 
plot for infectious complication rate between eER and LR.
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FIGURE 5    |    Forest plot for complete resection rate between EFTR and LR. (A) Forest plot for complete resection rate between EFTR and LR. (B) 
Forest plot for procedural time between EFTR and LR. (C) Forest plot for hospital stays between EFTR and LR. (D) Forest plot for overall complica-
tions between EFTR and LR.
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to achieve a higher complete resection rate and technical suc-
cess compared to conventional eER, making it a promising op-
tion, particularly for G-GISTs with deep muscular involvement. 
Recent studies have also reported that EFTR achieves a higher 
rate of en-bloc complete resection compared to STER, suggesting 
that EFTR may offer superior oncological safety among the var-
ious eER techniques [32]. Therefore, we conducted a subgroup 
analysis comparing EFTR with LR by including only studies in 
which outcomes specific to EFTR could be extracted. The re-
sults of this meta-analysis also support these findings, further 
highlighting the potential advantages of EFTR in such cases [4]. 
Moreover, the long-term oncological safety of eER remains a 
subject of ongoing discussion. Future studies should focus on 
refining the optimal indications for eER through detailed sub-
group analyses based on tumor location and size.

eER was originally developed as a treatment for early-stage tu-
mors confined to the superficial layers of the gastrointestinal 
tract. However, its indications have expanded with the estab-
lishment of eER, allowing for the resection of lesions that extend 
deeper into the submucosal layer. As eER, several advanced 
endoscopic techniques have been developed for the resection 
of G-SMT arising from the muscularis propria layer, including 
EFTR, submucosal tunneling endoscopic resection (STER), and 
endoscopic submucosal excavation (ESE), which are included in 
this study. EFTR, first reported in 2008, enables en bloc resec-
tion of SMTs through full-thickness excision while ensuring de-
fect closure, making it a viable alternative to surgical resection, 
particularly for anatomically challenging locations [33]. STER, 
introduced in 2012, utilizes a submucosal tunneling approach to 
excise tumors while preserving the overlying mucosa, thereby 
reducing the risk of complications such as perforation and stric-
ture [34]. This technique is particularly suitable for SMTs of the 
stomach, especially those located in the antrum or body, where 
traditional surgical resection may pose greater challenges [35]. 
ESE involves direct dissection within the submucosal layer to 
enucleate SMTs while minimizing damage to surrounding tis-
sue, achieving high complete resection rates but facing tech-
nical limitations in cases of deep invasion [36]. These evolving 
techniques have demonstrated favorable outcomes in selected 
cases, and their application continues to expand based on tumor 
characteristics, anatomical location, and operator expertise. 
However, while there are several reports comparing eER with 
LR as a treatment for G-SMTs, sufficient evidence has not yet 
been established to provide a definitive conclusion. Therefore, 
this meta-analysis was conducted to establish the current evi-
dence for this comparison.

This study aimed to comprehensively include all potentially rele-
vant studies comparing the outcomes of eER and LR for G-SMTs. 
To achieve this, we did not restrict the inclusion criteria to G-
GISTs alone but included all benign G-SMTs without a definitive 
preoperative diagnosis. As a result, this meta-analysis incorpo-
rated a larger dataset than previous meta-analyses that focused 
solely on G-GISTs, and to the best of our knowledge, it represents 
the largest meta-analysis to date comparing treatment strategies 
for G-SMTs [8, 31, 37–41]. Expanding the study population to in-
clude all G-SMTs did not lead to an increase in overall heteroge-
neity. However, similar to previous meta-analyses for G-GISTs, 
heterogeneity arising from tumor location, size, and the diversity 
of treatment modalities remained a methodological challenge. 

To minimize bias, the data included for each outcome were care-
fully reviewed by multiple independent reviewers, ensuring that 
inappropriate data were excluded. Additionally, Baujat plot anal-
ysis and linear regression tests for funnel plot asymmetry were 
conducted to assess the potential presence of publication bias. 
Despite these efforts, it was not feasible to categorize individual 
studies based on tumor size and location, and thus, some degree 
of heterogeneity remains inherent to the analysis. This limitation 
must be considered when interpreting the results. Especially, 
while our meta-analysis demonstrated a statistically significant 
difference favoring LR in terms of the complete resection rate, 
sensitivity analysis revealed that a single study had a substan-
tial impact on the findings. Excluding this study resulted in the 
loss of statistical significance, underscoring its strong influence 
on the overall results. Furthermore, the presence of publication 
bias was suggested (Egger's test, p = 0.0381), warranting cautious 
interpretation of our findings. However, as the included study 
represents a clinically meaningful dataset, we opted to retain it 
in the primary analysis while acknowledging this limitation.

eER has the potential to become a standard treatment option 
for G-SMTs, given its clear minimally invasive nature, resulting 
in favorable intraoperative and short-term postoperative out-
comes compared to LR, as demonstrated in this meta-analysis. 
However, while several studies have reported on the feasibility 
and safety of eER, concerns remain regarding the technical dif-
ficulty of the procedure and the risk of intraoperative complica-
tions necessitating conversion to surgery [1, 4, 42, 43]. Therefore, 
the widespread adoption of eER should be approached with cau-
tion. The primary challenges with eER, compared to LR, are the 
difficulty of maneuverability and the lack of auxiliary instru-
ments to create counter-traction. In rectal surgery, Transanal 
Endoscopic Microsurgery (TEM), introduced by Gerhard Buess 
in 1983, represents an intermediate approach between LR and 
eER and is widely practiced in Western countries owing to its 
effectiveness [44]. TEM is an endoluminal surgery utilizing a 
rigid proctoscope, enabling precise and dexterous resection of 
rectal tumors [45]. In the upper gastrointestinal tract, the dis-
tance from the natural orifice to the target tumor is longer and 
more complex compared to the rectum, making the application 
of TEM using rigid endoscopes challenging. However, in recent 
years, increasing attention has been given to the potential of 
endoluminal robotic surgery, with several research studies al-
ready underway [46–48]. Future innovations in endoluminal 
robotic systems may significantly lower the technical barriers 
associated with eER, making it a more accessible and feasible 
approach for G-SMTs resection. Further advancements in this 
area are expected to enhance widespread clinical adoption.

This study has several limitations. First, as mentioned earlier, 
eER encompasses various techniques, including endoscopic sub-
mucosal dissection (ESD), EFTR, STER, and ESE. Similarly, LR 
includes a wide range of procedures, such as stapled or hand-
sewn wedge resection, distal gastrectomy, proximal gastrectomy, 
and intragastric surgery. Despite the broad inclusion criteria 
applied in this study to analyze a large number of publications, 
the available data were insufficient to perform a uniform anal-
ysis considering all these variations. Likewise, tumor location 
and size may have introduced bias. However, since this current 
study focused exclusively on eER and LR as treatment modalities, 
the mean or median tumor size reported in the included studies 
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was ≤ 5 cm, suggesting that there was no substantial variation in 
tumor size across the analyzed population. Furthermore, regard-
ing tumor location, previous reports have indicated that eER is 
technically challenging in various anatomical sites, such as the 
fundus owing to its thin gastric wall, the cardia owing to limited 
accessibility, and the lesser curvature or posterior wall owing to 
endoscopic maneuverability constraints [49, 50]. However, the 
relationship between tumor location and the technical difficulty 
of eER remains inadequately elucidated and warrants further 
investigation. Notably, none of the studies included in this meta-
analysis were randomized controlled trials, and it is possible 
that the choice of resection method was influenced by the phy-
sician's discretion based on tumor location. This potential source 
of selection bias should be carefully considered when interpret-
ing the results. Second, while cost analysis would have been a 
valuable comparison, the limited number of studies reporting 
cost-related outcomes made it difficult to conduct a meaningful 
analysis. Further research on this topic is warranted to provide 
more comprehensive insights. Third, all studies included in this 
meta-analysis were retrospective. However, compared to the 
meta-analysis by Wang et al., which included a single propensity 
score-matching (PSM) study on gastric GISTs, our analysis incor-
porated three PSM studies, suggesting a slight improvement in 
the overall quality of the included evidence [7]. Nevertheless, fur-
ther accumulation of high-quality evidence, particularly through 
randomized controlled trials (RCTs), is necessary to strengthen 
the findings in this field. Moreover, this meta-analysis was pri-
marily based on retrospective studies with relatively small sam-
ple sizes, and all analyses were conducted using tabulated data 
without access to individual patient-level data. Therefore, the 
findings should be interpreted with caution owing to the inher-
ent limitations of the available evidence. Lastly, it should be noted 
that most of the included studies did not report long-term onco-
logical outcomes such as recurrence or disease-free survival. As 
these endpoints are essential to fully establish the oncological 
validity of eER and EFTR, especially in potentially malignant 
lesions like G-GISTs, the absence of such data limits the interpre-
tation of the long-term safety of these approaches.

In conclusion, this meta-analysis demonstrated that while LR 
may have a potential advantage over eER in terms of complete 
resection rate, eER showed superiority in procedural time, blood 
loss, time to oral intake, and hospital stay, highlighting its min-
imally invasive benefits. Furthermore, when eER was limited 
to EFTR, the complete resection rate was comparable to that of 
LR. Although the widespread adoption of EFTR still faces chal-
lenges, further refinement of techniques and the development 
of endoluminal surgical robots may facilitate its standardization 
and broader clinical implementation in the future.
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