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Abstract

g endoscopic and laparoscopic resection for small gastrointestinal
Background:Despite the recent large number of studies comparin
stromal tumors (GISTs) (diameter �5 cm), the results remain conflicting. The objective of this work was to perform a cumulative
meta-analysis to assess the advantages and disadvantages of endoscopic resection vs. laparoscopic resection.
Methods: The meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. We
searchedmedical databases up to January 2020.Meta-analytical random or fixed effects models were used in pooled analyses.Meta-
regression, cumulative meta-analyses, and sub-group analyses were performed to improve the accuracy of the conclusion. Sensitivity
analyses were applied to assess the robustness of the results.
Results: A total of 12 cohort studies with 1383 participants comparing endoscopic resection and laparoscopic resection were
identified, while three cohort studies with 167 participants comparing endoscopic resection and laparoscopic and endoscopic
cooperative surgery were found.We found that endoscopic resection had shorter operation times (weightedmean difference [WMD]
= –27.1 min, 95% confidence interval [CI]: –40.8 to –13.4 min) and lengths of hospital stay (WMD = –1.43 days, 95%CI: –2.31 to
–0.56 days) than did laparoscopic resection. The results were stable and reliable. There were no significant differences in terms of
blood loss, hospitalization costs, incidence of complications or recurrence rates. For tumor sizes 2 to 5 cm, endoscopic resection
increased the risk of positive margins (relative risk [RR] = 5.78, 95% CI: 1.31–25.46). Although operation times for endoscopic
resection were shorter than those of laparoscopic and endoscopic cooperative surgery (WMD = –41.03 min, 95% CI: –59.53 to
–22.54 min), there was a higher incidence of complications (RR= 4.03, 95% CI: 1.57–10.34).
Conclusions: In general, endoscopic resection is an alternative method for gastric GISTs �5 cm. Laparoscopic and endoscopic
cooperative surgery may work well in combination. Further randomized controlled trials are recommended to validate or update
these results.
Keywords: Endoscopic resection; Laparoscopic resection; Gastrointestinal stromal tumors; Meta-analysis

Introduction Traditionally, surgical resection is the mainstay for

treatment of GISTS. With the rapid development of
Gastrointestinal stromal tumors (GISTs) are common
mesenchymal neoplasms of the digestive system.[1] They
can occur throughout the digestive tract, with the stomach
being the most frequently involved site (60%–70%).[2,3]

Because of their malignant potential, GISTs larger than
2 cm in size are recommended for resection.[4,5] Neverthe-
less, it has been shown that even GISTs smaller than 2 cm
may have a high mitotic index.[6,7] Furthermore, long-term
surveillance increases psychological pressures of malig-
nancy and economic costs. For these reasons, early
treatment of GISTs is thought to be worthwhile.
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minimally invasive methods, laparoscopic resection (LAP)
is believed to have similar long-term effects to those of
open surgery for GISTs and to have advantages in terms of
blood loss and length of hospital stay.[8,9] Because small
GISTs show indolent growth behavior and rarely
metastasize to lymph nodes,[10] endoscopic resection
(ER), including endoscopic full-thickness resection
(EFR), endoscopic submucosal dissection (ESD), and
submucosal tunneling endoscopic resection (STER), has
also become a viable option for small GISTs.[11,12]
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A large number of studies have demonstrated advantages
and disadvantages of ER over those of LAP for small GISTs

blood loss, length of hospital stay, hospitalization costs,
complication, microscopic positive margin, and recur-
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(�5 cm).[10,13-22] Nevertheless, the results of head-to-head
comparison are conflicting, especially with respect to long-
term outcomes. Although laparoscopic and endoscopic
cooperative surgery (LECS) that combines laparoscopic
and endoscopic methods has become popular in recent
years, it remains debatable as to whether it has an
advantage over the two original methods.

To resolve these controversies and to improve the
generalizability of outcomes, we conducted a meta-
analysis to assess the differences between ER and LAP.

Methods
Data sources and search strategies

This meta-analysis was registered on PROSPERO (No.
CRD42020167417).[23] We searched for studies that
described the comparison between ER and LAP for GISTs
from medical and biological databases (Medline,
EMBASE, and Science Citation Index andWeb of Science).
A comprehensive search strategy was developed. We used
the following keywords: “endoscopic resection,” “endo-
scopic submucosal dissection,” “endoscopic full-thickness
resection,” “submucosal tunneling endoscopic resection,”
“laparoscopic resection,” “surgery” or “laparoscopic and
endoscopic cooperative surgery” and “gastrointestinal
stromal tumors.” Duplicate articles were collapsed into a
single and unique entry. Additionally, we scanned
reference lists of all relevant published studies. Two
independent researchers (Xian-Lei Cai and Xue-Ying Li)
conducted this work. Discrepancies between the two
researchers were resolved by Xiu-Yang Li if required.

Inclusion and exclusion criteria
Inclusion criteria were as follows: (1) randomized
controlled trial (RCT), cohort or case-control study; (2)
comparison of short-term outcomes or long-term out-
comes between ER and LAP/LECS; (3) GISTs (gastric
GISTs and intestinal GISTs) smaller than 5 cm; and (4)
original studies in English indexed up to January 2020.

Exclusion criteria were as follows: (1) original study did
not involve the comparison between ER and LAP; (2)
patients undergoing open surgery; (3) other gastrointesti-
nal benign tumors in addition to GISTs; (4) reviews,
comments, letters, and animal studies; and (5) low-quality
studies (we applied the Cochrane collaboration’s tool to
assess risk of bias for RCTs and used the Newcastle-
Ottawa scale to assess the quality of cohort studies with a
“star system”

[24-26]).

Data extraction
732
All data were extracted by two researchers independently
using a standardized form. The characteristics of the
included studies were recorded as follows: name of first
author, published year, country, study design, gender, age,
tumor size, number of ER group, number of LAP group,
comparison items (including operation time, estimated
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rence), method of ER, method of LAP, tumor location,
tumor mitotic index, types and severity of complication,
and time of follow-up.

Statistical analysis
Mean value and standard deviation (SD) were extracted to
present the differences in operation time, estimated blood
loss, length of hospital stay, and hospitalization costs. This
study converted some data from median and interquartile
range to mean and SD using the method of Hoze et al.[27]

Relative risk (RR) and 95% confidence interval (CI) were
used to show the differences in incidence of total
complication, possibility of positive margin, and recur-
rence rate.

Meta-regression was applied to assess sources of hetero-
geneity, considering tumor size. Q-test and I2 statistics
were applied to examine the heterogeneity, and the pooled
effects were calculated using a random-effects model
(P� 0.05 and I2> 50%)[28] or fixed-effects model
(P> 0.05 and I2� 50%).[29] A cumulative meta-analysis
was performed considering year of selected studies. In the
order of published year, the trials were added one at a time
to compute the pooled estimates sequentially. Because ER
is a new technology with a relatively short development
time, we assumed that endoscopic techniques would
improve over time. The pooled effects of included studies
were presented as weighted mean difference (WMD) with
95% CI in common meta-analysis for operation time,
estimated blood loss, length of hospital stay and
hospitalization costs, and as standardized mean difference
with 95%CI in cumulative meta-analysis. Forest plots and
funnel plots were produced. Publication bias was assessed
using the weighted Egger test and Begg test.[30,31]

Sensitivity analysis was used to assess whether the pooled
results were undue influenced by an individual study. All
analyses were performed using software STATA version
12.0 (StataCorp LP, College Station, TX, USA).

Results
Study characteristics

The selection process was described in amodified Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses diagram [Figure 1]. Finally, a total of 12 high-
quality cohort studies with 1383 participants comparing
ER and LAP were identified, while three cohort studies
with 167 participants comparing ER and LECS were
found. One was a prospective cohort study[5]; the others
were retrospective cohort studies. There were no RCTs or
case-control studies. Among these studies, except for the
three studies from Korea,[5] Russia,[18] and Japan,[32] all
other studies were from China. Tables 1 and 2 display the
summaries of each study in this cumulative meta-analysis.
Other clinical and pathologic characteristics (method of
ER, method of LAP, tumor location, tumor mitotic index,
types and severity of complication, and follow-up times)
are displayed in Supplementary Table 1, http://links.lww.
com/CM9/A298.
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Comparison of operation time to 1.74 mL, as shown in Figure 3). Heterogeneity was
detected in the pooled analysis (P< 0.001; I2= 91.0%).

Figure 1: Flow diagram of the studies search process. ER: Endoscopic resection; LAP: Laparoscopic resection; LECS: Laparoscopic and endoscopic cooperative surgery.
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A total of 11 trials for operation time were included in the
meta-analysis. Meta-regression was performed to assess
potential sources of heterogeneity from tumor size of each
study. We found that tumor size was not an influencing
factor (P= 0.374). Therefore, all eleven estimates were
incorporated into the meta-analysis.

When comparedwith LAP, ER had shorter operation times
(WMD = –27.1 min, 95% CI: –40.8 to –13.4 min, as
shown in Figure 2). There was substantial heterogeneity in
the pooled analysis (P< 0.001; I2= 90.3%). The funnel
plot suggested no evidence of publication bias (Begg test
zc= 0.16, P= 0.876; Egger test t= –0.56, P= 0.592)
[Supplementary Figure 1A, http://links.lww.com/CM9/
A299]. The sensitivity analysis showed that the meta-
analysis results were robust [Supplementary Figure 2A,
http://links.lww.com/CM9/A300]. The result of cumula-
tive meta-analysis is shown in Supplementary Figure 3,
http://links.lww.com/CM9/A301.

Comparison of estimated blood loss
733
A total of five trials for estimated blood loss during
operation were included in the meta-analysis. Meta-
regression results indicated that tumor size was not an
influencing factor (P= 0.967). Therefore, all five estimates
were incorporated into the meta-analysis.

There was no difference between ER and LAP in terms of
estimated blood loss (WMD = –9.19 mL, 95% CI: –20.13
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The funnel plot suggested that we could rule out the
publication bias (Begg test zc= 1.22, P= 0.221; Egger
test t= –1.82, P= 0.166, as shown in Supplementary
Figure 1B, http://links.lww.com/CM9/A299). The sensi-
tivity analysis showed that the meta-analysis results were
robust [Supplementary Figure 2B, http://links.lww.com/
CM9/A300]. The result of cumulative meta-analysis is
shown in Supplementary Figure 4, http://links.lww.com/
CM9/A302.

Comparison of length of hospital stay
A total of 12 trials for length of hospital stay were
included. The result of meta-regression indicated that
tumor size was not an influencing factor (P= 0.059).
Therefore, we brought these twelve estimates into the
meta-analysis.

When compared with LAP, ER had shorter lengths of
hospital stay (WMD= –1.43 days, 95%CI: –2.31 to –0.56
days) [Figure 4]. There was substantial heterogeneity
among the included studies (P< 0.001; I2= 83.1%). The
funnel plot suggested no evidence of publication bias (Begg
test zc= 0.21, P= 0.837; Egger test t= 0.37, P = 0.717)
[Supplementary Figure 1C, http://links.lww.com/CM9/
A299]. The meta-analysis results were robust [Supplemen-
tary Figure 2C, http://links.lww.com/CM9/A300]. The
result of cumulative meta-analysis is shown in Supplemen-
tary Figure 5, http://links.lww.com/CM9/A303.
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Table 1: Characteristics of cohort studies on comparison between endoscopic resection and laparoscopic resection.

Author Year Country Design
Gender
(n)

Age
(years)

Tumor
diameter
(cm)

ER
(n)

LAP
(n ) Comparison Quality

∗

Wang et al[13] 2011 China Retrospective
cohort

M/F: 54/55 35–52 <4.0 66 53 Operation time
LOHS
Hospitalization cost
Complications

8

Jeong et al[5] 2012 Korea Prospective
cohort

M/F: 36/48 Mean 55.4 Mean 3.1 27 57 Operation time
LOHS
Positive margins
Complications
Recurrence

8

Dong et al[14] 2014 China Retrospective
cohort

M/F: 7/11 32–74 <5.0 10 8 Operation time
LOHS
Blood loss

7

Wu et al[15] 2015 China Retrospective
cohort

M/F: 61/31 Mean 43.5 2.5–5.0 50 42 Operation time
LOHS
Complications
Recurrence

8

Meng et al[16] 2016 China Retrospective
cohort

M/F: 30/45 Mean 52.6 Mean 1.1 27 48 Operation time
LOHS
Hospitalization cost
Blood loss
Complications
Recurrence

9

Dai et al[17] 2017 China Retrospective
cohort

M/F: 136/199 Mean 57.0 <3.5 262 73 Operation time
LOHS
Hospitalization cost
Complications
Recurrence

7

Meng et al[22] 2017 China Retrospective
cohort

M/F: 60/66 Mean 52.2 <2.0 75 51 Operation time
LOHS
Blood loss
Complications
Recurrence

8

Gluzman et al[18] 2017 Russia Retrospective
cohort

NA Mean 61.2 <5.0 22 40 Operation time
LOHS
Blood loss
Complications

7

He et al[19] 2018 China Retrospective
cohort

M/F: 92/54 Median 54 ER: 3.4
LAP: 3.7

62 84 Operation time
LOHS
Hospitalization cost
Complications

8

Yin et al[20] 2018 China Retrospective
cohort

M/F: 42/49 Mean 57.6 <5.0 46 30 Operation time
LOHS
Blood loss
Positive margins
Complications
Recurrence

7

Chen et al[21] 2018 China Retrospective
cohort

M/F: 39/62 ER: 57
LAP:61

2.0–5.0 35 66 Operation time
LOHS
Hospitalization cost
Complications
Recurrence

7

Zhao et al[10] 2019 China Retrospective
cohort

M/F: 60/89 ER: 57.0
LAP:57.7

<5.0 85 64 LOHS
Complications
Positive margins

7

∗
The “star system” of the Newcastle-Ottawa scale. ER: Endoscopic resection; F: Female; LAP: Laparoscopic resection; LOHS: Length of hospital stay;

M: Male; NA: Not available.
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Comparison of hospitalization costs neity was detected in the pooled analysis (P< 0.001;
I2= 97.6%). The funnel plot suggested that we could rule

Figure 2: Forest plots of meta-analysis on operation time. CI: Confidence interval; ER: Endoscopic resection; LAP: Laparoscopic resection; WMD: Weighted mean difference.

Table 2: Characteristics of cohort studies on the comparison between endoscopic resection and laparoscopic and endoscopic cooperative
surgery.

Author Year Country Design
Gender
(n )

Age
(years)

Tumor
diameter (cm)

ER
(n)

LECS
(n) Comparison Quality

∗

Balde et al[38] 2017 China Retrospective
cohort

M/F: 28/32 Mean 49.0 <2.0 30 30 Operation time
Blood loss
LOHS
Hospitalization cost
Positive margins

9

Yin et al[20] 2018 China Retrospective
cohort

M/F: 42/49 Mean 57.6 <5.0 46 15 Operation time
LOHS
Blood loss
Positive margins
Complications
Recurrence

7

Ojima et al[32] 2018 Japan Retrospective
cohort

M/F: 19/27 ER: 64
LECS:73

ER: 2.3
LECS: 2.5

25 21 Operation time
Blood loss
Complications
Recurrence

8

∗
“Star system” of the Newcastle-Ottawa scale. ER: Endoscopic resection; F: Female; LECS: Laparoscopic and endoscopic cooperative surgery; LOHS:

Length of hospital stay; M: Male.
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A total of five trials for hospitalization costs were included
in the meta-analysis. Meta-regression showed tumor size
was not an influencing factor (P = 0.131). Therefore, all
five estimates were incorporated into the meta-analysis.

There was no difference between ER and LAP in terms of
hospitalization costs (WMD = –1191.25 RMB yuan, 95%
CI: –3109.51 to 727.01 RMB yuan) [Figure 5]. Heteroge-

2

out the publication bias (Begg test zc= –0.24, P= 1.000;
Egger test t= –0.08, P= 0.942) [Supplementary Figure 1D,
http://links.lww.com/CM9/A299]. The sensitivity analysis
showed that results were robust [Supplementary
Figure 2D, http://links.lww.com/CM9/A300]. The result
of cumulative meta-analysis is shown in Supplementary
Figure 6, http://links.lww.com/CM9/A304.
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Comparison of total complication rate analysis. There was no difference between ER and LAP in
terms of total complication incidence (RR = 1.30, 95%CI:

Figure 4: Forest plots of meta-analysis on length of hospital stay. CI: Confidence interval; ER: Endoscopic resection; LAP: Laparoscopic resection; WMD: Weighted mean difference.

Figure 3: Forest plots of meta-analysis on blood loss. CI: Confidence interval; ER: Endoscopic resection; LAP: Laparoscopic resection; WMD: Weighted mean difference.
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Eleven cohort studies were eligible for total complication
incidences. The results of meta-regression did not show the
source of heterogeneity from tumor size (P= 0.931).
Therefore, we brought these 11 estimates into the meta-

2

0.88–1.91) [Figure 6]. Heterogeneity was not detected in
the pooled analysis (P= 0.593; I2= 0.0%). The funnel plot
was symmetrical [Supplementary Figure 1E, http://links.
lww.com/CM9/A299], and there was no evidence of
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publication bias (Begg test zc= 0.31, P= 0.755; Egger test
t= –0.03, P= 0.974). The results were not overly affected

Comparison of positive margin incidence

Figure 6: Forest plots of meta-analysis on total complications. CI: Confidence interval; ER: Endoscopic resection; LAP: Laparoscopic resection; RR: Relative risk.

Figure 5: Forest plots of meta-analysis on hospitalization costs. CI: Confidence interval; ER: Endoscopic resection; LAP: Laparoscopic resection; WMD: Weighted mean difference.
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737
by one publication according to sensitivity analyses
[Supplementary Figure 2E, http://links.lww.com/CM9/
A300]. The result of cumulative meta-analysis is shown
in Supplementary Figure 7, http://links.lww.com/CM9/
A305.

2

Only three trials for positive margin incidence were
included. The result of meta-regression indicated that
tumor size was not an influencing factor (P= 0.502).
Therefore, these three estimates were incorporated into the
meta-analysis.
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The result of pooled analysis showed that ER gave higher
risk of positive margins than did LAP (RR = 5.78, 95%CI:

Comparison of recurrence rate
Five cohort studies were eligible for recurrence rate. The

Figure 7: Forest plots of meta-analysis on positive margins. CI: Confidence interval; ER: Endoscopic resection; LAP: Laparoscopic resection; RR: Relative risk.

Figure 8: Forest plots of meta-analysis on recurrences. CI: Confidence interval; ER: Endoscopic resection; LAP: Laparoscopic resection; RR: Relative risk.
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1.31–25.46) [Figure 7]. There was no heterogeneity among
the included studies (P= 0.751; I2= 0.0%). Because there
were fewer than five studies, we did not draw a funnel plot.
The meta-analysis result was not robust because of the
small number of included studies [Supplementary
Figure 2F, http://links.lww.com/CM9/A300]. The result
of cumulative meta-analysis is shown in Supplementary
Figure 8, http://links.lww.com/CM9/A306.

2

results of meta-regression did not show the source of
heterogeneity from tumor size (P = 0.547). Therefore, we
brought these five estimates into the meta-analysis. There
was no difference between ER and LAP in terms of
recurrence rate (RR = 0.73, 95%CI: 0.28–1.93) [Figure 8].
Heterogeneity was not detected in the pooled analysis
(P= 0.903; I2= 0.903%). The funnel plot was symmetri-
cal [Supplementary Figure 1F, http://links.lww.com/CM9/
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A299], and there was no evidence of publication bias (Begg
test zc= –0.24, P= 1.000; Egger test t= 0.53, P= 0.632).

hospital stay, hospitalization costs, complications or
recurrences. However, only the “2 to 5 cm” group

Table 3: Sub-group analysis of tumor size for comparison between endoscopic resection and laparoscopic resection.

Items

Tumor size �2.0 cm 2.0 cm < Tumor size �5 cm

n WMD/RR (95% CI) I2 n WMD/RR (95% CI) I2

Operation time (min) 2 –18.1 (–30.4, –5.7) 0.0 9 –24.6 (–28.1, –21.2) 94.3
Blood loss (mL) 2 –7.8 (–12.9, –2.7) 0.0 5 –16.4 (–19.9, –12.8) 94.6
LOHS (days) 2 –3.1 (–4.1, –2.1) 78.8 10 –1.4 (–1.7, –1.1) 81.8
Hospitalization cost 1 –882.5 (–1469.7, –295.3) NA 4 –1558.8 (–4221.2, 1103.6) 98.2
Complications 2 3.04 (0.86, 10.77) 0.0 9 1.18 (0.78, 1.78) 0.0
Positive margins 0 NA NA 3 5.78 (1.31, 25.46) 0.0
Recurrence 2 1.03 (0.20, 5.23) 0.0 3 0.61 (0.18, 2.06) 0.0

WMD: Weighted mean difference; RR: Relative risk; CI: Confidence interval; LOHS: Length of hospital stay; NA: Not available.

Figure 9: Forest plots of meta-analysis on comparison between ER and LECS: (A) operation time; (B) blood loss; (C) length of hospital stay; (D) total complications. CI: Confidence interval; ER:
Endoscopic resection; LECS: Laparoscopic and endoscopic cooperative surgery; RR: Relative risk; WMD: Weighted mean difference.
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The results were not overly affected by one publication
[Supplementary Figure 2G, http://links.lww.com/CM9/
A300]. The result of cumulative meta-analysis is shown
in Supplementary Figure 9, http://links.lww.com/CM9/
A307.

Sub-group analyses stratified by tumor size
739
Traditionally, 2 cm was regarded as the boundary of
treatment options. Hence, we performed sub-group
analyses stratified by tumor size of 2 cm (Table 3). We
found there were no differences between the two groups in
terms of operation times, estimated blood loss, lengths of

2

presented a comparison on positive margins and returned a
statistically significant result.

Comparison between ER and LECS
Only three trials focused on comparison between ER and
LECS. The results of meta-analysis indicated that when
compared with LECS, ER had shorter operation time
(WMD = – 41.03 min, 95% CI: –59.53 to –22.54 min,
P= 0.001; I2= 86.3%) [Figure 9A] and higher risk of total
complication incidence (RR = 4.03, 95% CI: 1.57–10.34,
P= 0.146; I2= 48.0) [Figure 9D]. There were no differ-
ences between ER and LECS in terms of estimated blood
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http://links.lww.com/CM9/A300
http://links.lww.com/CM9/A300
http://links.lww.com/CM9/A307
http://links.lww.com/CM9/A307
http://www.cmj.org


loss (WMD= 4.52mL, 95% CI: –24.91 to 33.96 mL,
P= 0.001; I2= 86.4%) [Figure 9B] and length of hospital

Our meta-analysis showed that ER gave a higher risk of
positive margins than LAP; however, there was no

Chinese Medical Journal 2020;133(22) www.cmj.org
stay (WMD = –0.23 days, 95% CI: –1.26 to 0.79 days,
P= 0.892; I2= 0.0%) [Figure 9C]. Because of the small
number of included studies, we did not perform analysis of
publication bias or sensitivity analysis.

Discussion
740
In general, ER minimizes the damage to the gastric wall
and preserves the integrity of the structure and function of
the stomach. It also reduces the anxiety and concern of
patients and is more easily accepted by patients.

The results of this meta-analysis suggested that, in terms of
short-term effect, ER gave shorter operation time and
shorter lengths of hospital stay than did LAP, with similar
outcomes in terms of blood loss, hospitalization costs, and
total complication with LAP. However, ER increased the
risk of positive margins for the tumor size of 2 to 5 cm. In
terms of long-term effects, ER and LAP had similar
recurrence rates. According to the relatively good
prognosis of small GISTs, the data of overall survival
was insufficient, and it was difficult to carry out relevant
meta-analysis. When compared with LECS, ER had
shorter operation times but higher risk of total complica-
tion incidence. Nevertheless, the paucity of data reduced
the accuracy of the results.

The results of cumulative meta-analysis provided abun-
dant and valuable information. For example, in the
comparison of operation time, since 2017, all the results
suggested that ER reduces the operation time. This finding
was stable and reliable, thereby reducing the debate on this
issue. Similar results were seen in the comparison of lengths
of hospital stay. From 2018, all results suggested that ER
reduces the length of hospital stay. For another example, in
the comparison of estimated blood loss, at first, ER had
more intra-operative blood loss than did LAP; however,
with the passage of time, the difference between the two
methods narrowed, until there was no significant differ-
ence. The forest plots of the cumulative meta-analysis
suggested that, with the addition of new research in the
future, intra-operative blood loss of ER might be
significantly lower than that of LAP, which benefited
from the rapid development of endoscopic technology and
equipment. The cumulative meta-analysis had its unique
advantages; it allowed recognition of trend in the results,
and provided more reliable conclusions.

We performed a meta-regression to assess potential
sources of heterogeneity from the tumor size of each
study. Tumor location was also an important affecting
factor of clinical outcome. However, in the original studies,
tumors in various locations were combined for statistical
purposes, and the clinical data of tumors in each location
were not listed separately. It was difficult to perform meta-
regression analysis. On the other hand, the proportions of
tumors in various locations in the ER and the LAP groups
were balanced in the original studies, and there was no
statistical difference. In other words, the introduction of
bias was relatively small. Therefore, we did not perform
meta regression analysis of tumor location.

2

difference between ER and LAP in terms of recurrence
rate. We think that the reasons for this are as follows. First,
some patients underwent remedial surgery; second, the use
of imatinib and radiotherapy[33] could reduce the recur-
rence rate. Finally, the insufficient number of relevant
articles focusing on positive margin and recurrence rate
may have affected the accuracy of the results. Moreover,
the recurrence of GISTs was more dependent on tumor
biology (mitotic index) than on tumor size. Because of the
absence of mitotic index data in some original studies, or
combing GISTs with different mitotic indexes in the
statistical analysis, it was difficult to carry out sub-group
analysis based on mitotic index stratification.

In our study, the hospitalization costs and total complica-
tion rates were similar between the ER and LAP groups. In
general, different complications lead to different costs of
treatment, especially serious complications. However,
there were no detailed analyses of the cost of various
complications in the original studies. It was difficult for us
to conduct sub-group meta-analysis of cost based on
complication stratification. After systematic review, we
found that the safety of ER and LAP were relatively high,
and there were no life-threatening complications. Hospi-
talization costs were also within reasonable ranges,
suggesting that both methods were safe and reliable.

Traditionally, for GISTs of more than 2 cm, surgery was
recommended. For GISTs less than 5 cm, laparoscopic
surgery was considered to be a suitable choice.[10] In recent
years, with the further maturity of endoscopic technology,
endoscopists have tried to expand the indications of ER for
GISTs[34,35]; for these reasons, we identified many relevant
studies. Our meta-analysis also found that there was no
significant difference between ER and LAP in terms of
blood loss, hospitalization costs, complications, recurrence
rate. ER was more advantageous in terms of operation
time and length of hospitalization stay. Nevertheless,
ensuring complete resection without tumor rupture and
negative margins remains crucial.[1] Positive margins or
tumor rupture meant that patients acquired high-risk
status directly. The follow-up targeted treatment not only
introduced side-effects of drugs, but also increased
economic burdens. Therefore, we believe that for 2 to
5 cm GISTs, before choosing ER as a treatment,
endoscopists should consider the size and location
comprehensively and select the appropriate patients
carefully.

LECS is a new technology; it combines the advantages of
ER and LAP and requires the cooperation of endoscopists
and laparoscopic surgeons. It is not only conducive to the
guarantee of optimal surgical margins, but also to the
retention of residual gastric function.[36,37] In the present
study, we found that, although LECS increased operation
time over that of ER, it reduced the occurrence of
complications. Nevertheless, there were only three relevant
articles in this field, insufficient to draw conclusions, and
requiring further verification in follow-up studies. ER can
be sub-divided into many ways, including ESD, EFR, and
STER. As for which method is superior, there is no
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consensus. We believe that doctors should choose the most
appropriate method according to the particular situation
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