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Background: Due to the special location of the adenocarcinoma of the esophagogastric junction (EGJ),
there has been constant controversy regarding which surgical method should be adopted. We performed this
meta-analysis to investigate the clinical efficacy and postoperative survival differences between laparoscopic
gastrectomy (LG) and open gastrectomy (OG) in patients with Siewert type II/III adenocarcinoma of EGJ
(AEG).

Methods: We searched PubMed, Embase, Web of Science, Cochrane Central Register of Controlled
Trials, and Wanfang Database through April 2022. The intraoperative conditions and postoperative recovery
of the two groups were compared. In addition, overall survival (OS) and disease-free survival (DFS) were the
main indicators to evaluate the advantages and disadvantages of the two surgical methods. The final included
literature was assessed by the Newcastle-Ottawa Scale, and publication bias was assessed by Funnel plot.
Results: A total of 2,959 patients from 12 studies were included in the final meta-analysis, of which 1,601
patients were in the LG group and 1,358 patients were in the OG group. Compared with the OG group, the
LG group patients had an increased number of dissected lymph nodes (LNs). The values of postoperative
hospital stay, recovery time of gastrointestinal function, and incidence of postoperative complications in
the LG group were smaller. In terms of 5-year OS [hazard ratio (HR) =0.68; 95% confidence interval (CI):
0.58, 0.81; P<0.00001] and DFS (HR =0.68; 95% CI: 0.59, 0.77; P<0.00001), patients in the LG group had a
reduced risk.

Conclusions: Compared with OG, LG is associated with less blood loss, fewer postoperative
complications, more LNs dissected, and longer operation time, while showing significant advantages in OS
and DFS.
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Introduction

Gastric cancer (GC) is one of the most common malignant
tumors, and it is the third leading cause of cancer death
in the world (1). From a global perspective, East Asian
countries have a high incidence of GC, among which
China accounts for half of the new cases of GC in the
world every year (2,3). It is worth noting that the incidence
of adenocarcinoma of esophagogastric junction (AEG) is
gradually increasing, which poses a serious threat to the
physical and mental health of people (4). Due to the special
location of AEG, the treatment and surgical methods
applied to AEG are more complicated than those applied at
other GC sites, and no consensus has so far been reached.
Although there is much debate about the best treatment
for patients with AEG, surgery remains the cornerstone
of different strategies (5). Overall, Siewert type I is treated
as esophageal cancer, while Siewert II/III type AEG
tends to be treated as proximal GC (6). Since Kitano er al.
reported the first laparoscopic radical gastrectomy of distal
GC in 1994 (7), this technique has been widely used in
the treatment of GC, because it not only provides good
short-term outcomes but also has a comparable tumor
prognosis (8). However, current studies on laparoscopic
gastrectomy (LG) vs. open gastrectomy (OG) mainly focus
on the treatment of distal GC. The KILLASS-01 study from
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Korea demonstrated that laparoscopic distal gastrectomy has
a lower incidence of postoperative complications, especially
wound complications, than open distal gastrectomy for
stage I GC (9). The CLASS-01 randomized clinical trial
demonstrated that in patients with locally advanced GC
indicated by preoperative clinical stage, laparoscopic distal
gastrectomy was comparable to open distal gastrectomy
with disease-free survival (DFS) (10). These findings proved
that laparoscopic surgery was safe and reliable, and provided
a strong reference for us to further explore the application
of laparoscopic technology in patients with AEG.

The surgical treatment of AEG is more complicated than
that of distal GC, and there are differences in the selection
of surgical methods, the length of esophageal dissection,
and the scope of gastrectomy, especially lymph node (LN)
dissection and other aspects. Chen ez /. (11) analyzed the
incidence of LN metastasis in each station of Siewert II/III
type AEG and found that the LN metastasis rate was 10%
in No. 110 and 1-3% in No. 111, which also confirmed
the importance of lower mediastinal lymphadenectomy.
Laparoscopy has the advantage of being performed
in a narrow space, which allows for finer dissection
of the mediastinal LNs. Theoretically, the number of
dissected LN increases, thus affecting the survival rate of
patients (12).

The intraoperative outcomes, number of dissected
LNs, postoperative outcomes, overall survival (OS), and
DFS were analyzed in the two groups, and the advantages
and disadvantages of the two surgical methods were
comprehensively compared. In addition, we also compared
OS and DFS in detail, which was lacking in previous meta-
analyses.

Although these studies have reported differences
between the two procedures, reliable evidence is still
lacking due to the small sample size of the studies. The
purpose of the study was to investigate the clinical efficacy
and postoperative survival differences between LG and
OG in patients with Siewert type II/III AEG. On this
basis, evidence-based medical evidence is provided for the
selection of clinical treatment. We present this article in
accordance with the PRISMA reporting checklist (available
at https://ales.amegroups.com/article/view/10.21037/ales-
23-39/rc).

Methods
Literature search

PubMed, Embase, Web of Science, Cochrane Central
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Figure 1 Flow chart of the literature selection.

Register of Controlled Trials, and Wanfang Database
were searched from database inception to April 2022. The
searches were performed based on the PICOS (population,
intervention, comparison, outcomes, and study design)
criteria. The search strategy included ((“Esophagogastric
Junction”) OR (((((Junction, Esophagogastric) OR
(Gastroesophageal Junction)) OR (Gastroesophageal
Junctions)) OR (Junction, Gastroesophageal)) OR (Junction,
Gastroesophageal))) AND ((open) OR (laparoscopic)))
AND (gastrectomy). Figure 1 shows the study selection
process in our meta-analysis.

Inclusion criteria

All randomized controlled trials (RCTs), prospective
and retrospective studies that met the following criteria
were included: (I) studies focusing only on patients with
Siewert type II/III AEG; (II) a comparison between LG
and OG for patients with AEG; and (III) at least one of
the intraoperative outcomes, number of dissected LN,
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* Review and case reports (n=65)
* Conference (n=13)

e Same study centre (n=3)

e Unavailable data (n=1)

postoperative outcomes, OS, and DFS should be reported.

Exclusion criteria

Studies were excluded if they were any of the following: (I)
studies without sufficient data on the outcomes mentioned,
such as case reports, literature reviews, and conference
abstracts; (II) studies without available full text; (III)
repeated studies based on the same author or center; and (IV)
studies without sufficient data on patients with Siewert type
II/IIT AEG.

Data extraction

Data from the included studies were extracted and
summarized independently by two researchers. If there was
no consensus, the study was reviewed by a third researcher.
The following data were extracted from each study: (I) basic
study information, including author, date, country, center
of study, and sample size; (II) surgery-related information,
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Table 1 Quality assessment scoring of included studies, according to NOS criterion

Selection Comparability Outcomes Quality
Study
@ @ ® @ ® ©® @ ©) scores
Hong, 2013 * * * * * * 6
Huang, 2017 * * * * * * * * 8
Shi, 2018 * * * * * * * * 8
Zhang, 2018 * * * * * * * 7
Jia, 2018 * * * * * * 6
Wang, 2019 * * * * * * 6
Zhao, 2019 * * * * * * * * 8
Lee, 2019 * * * * * * * * 8
Sugita, 2021 * * * * * * * * 8
Zhang, 2021 * * * * * * 6
Lin, 2022 x * x x x x * « x 9
Song, 2022 « x x * x * x * * 9

*, one point. D, representativeness of exposed cohort; (2), selection of nonexposed cohort; 3, ascertainment of exposure; @), outcome of
interest was not present at start of study; (), study controls for age, sex, and marital status; (6), study controls for any additional factors; (),
assessment of outcomes; (®), follow-up long enough for outcomes to occur; (9, adequacy of follow-up. NOS, Newcastle-Ottawa Scale.

including specific surgical methods (laparoscopic or open,
proximal or distal gastrectomy), Siewert type, blood loss,
operation time, number of dissected (LNs), and number
of LN metastases; (I1I) perioperative outcomes, including
postoperative hospital stay, recovery time of gastrointestinal
function, time to first ambulation, time to first liquid diet,
postoperative complications, and mortality in 30 days; and
(IV) long-term outcomes, including OS, DFS, hazard ratio
(HR), and Kaplan-Meier survival curves.

Quality assessment

Two researchers independently evaluated the articles, and
in case of disagreement, a third researcher was invited for
evaluation. The quality of all studies was evaluated by the
Newcastle-Ottawa Scale (13). If the study had a score of 6
or higher, it was defined as a high-quality study. Based on
this evaluation, all the articles in this meta-analysis were

graded as high-quality articles (Table I).

Statistical analysis

Review Manager 5.3 software was used to analyze the
data extracted in the study. Continuous variables were
effectively evaluated by weight mean difference (WMD)

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

and odds ratio (OR) with 95% confidence interval (CI).
Similarly, dichotomous variables were evaluated using
ORs and 95% ClIs. OS, DFS, and HR were used to assess
the long-term prognosis of patients. For studies that only
provided a Kaplan-Meier curve, we used Engauge Digitizer
12.1 and Get Data Graph Digitizer 2.25 to extract data
and reconstruct the curve. The HR and 95% CI between
the LG and OG groups were calculated using the Cox
proportional hazard regression model. Then, we used
Review Manager 5.3 for further analysis. I squared was used
to measure the statistical heterogeneity between studies,
and I squared values over 50% were considered high
heterogeneity. Values of P<0.05 were considered indicative
of statistical significance. Generally, a fixed-effects model
was performed, and a random-effects model was used unless
there was substantial interstudy heterogeneity. We also
created funnel plots to identify potential bias.

Results
Study selection and characteristics

After reviewing 1,020 studies, we included 12 articles
(14-25) (Table 2) about retrospective studies in this meta-
analysis. A total of 301 articles were found to be duplicates
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and were then removed. After reviewing the titles, abstracts,
and types of articles, we found that only 29 articles met
the preliminary requirements. Finally, 12 studies involving
2,959 AEG patients were included in this meta-analysis by
reviewing the full text.

Of these, 1,601 patients underwent LG and 1,358
patients underwent OG. The patients included in these
studies were mainly from China, with a small number from
Japan and South Korea. The detailed screening process is
shown in Figure 1.

Intraoperative outcomes

All selected studies recorded the operation time and
estimated blood loss, but three articles (16,21,22) were not
included in the data analysis because standard deviations
(SDs) were not provided. Meta-analysis showed that there
was no significant difference in operation time, while the
amount of intraoperative blood loss in the LG group was

significantly less than that in the OG group (Figure 24,2B).

Number of dissected LNs

The mean and SD of the number of dissected LNs were
clearly recorded in nine articles. Meta-analysis showed that
LG was superior to OG in LN dissection (Figure 2C). Due
to the difference in the scope of LN dissection between
total gastrectomy (T'G) and proximal gastrectomy, we
classified the included studies again according to the scope
of, surgery and then compared the difference between LG
and OG. Analysis of the results of three studies showed that
more LNs could still be removed during TG under LG
(Figure 2D). However, only two (18,23) articles recorded
the number of LNs dissected during proximal gastrectomy,
and they showed no difference between LG and OG
(Figure S1A). Siewert type II AEG tumors are located
1 cm above the esophagogastric junction (EGJ) to 2 cm
below, and the surgical space is extremely narrow, so LN
dissection is more difficult. By extracting and comparing
the data of the Siewert II type separately, we found that LG
had a certain trend over OG (WMD =2.06; 95% CI: -0.33,
4.45; P=0.09) (Figure 2E). In addition, two studies (15,25)
included the number of positive LNs dissected, but there
was no difference (Figure S1B). It is worth noting that a
study by Sugita (22) explored laparoscopic mediastinal LN
dissection. The results showed that LG vs. OG increased
the number of lower mediastinal LNs detected for Siewert
type IL AEG (1 vs. 0, P=0.002).

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.
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Perioperative outcomes

Postoperative hospital stay was recorded in eight articles
(14,15,17-20,23,24). This meta-analysis revealed that
patients in the LG group had significantly shorter
postoperative hospital stays than those in the OG group
(WMD =-1.96 days; 95% CI: -2.11, -1.81; P<0.001),
with little heterogeneity (I°=49%; P=0.06) (Figure 3A4).
Seven articles (14,18-20,23-25) reported the recovery time
of gastrointestinal function. From the analysis results,
the LG group was also superior the OG group, but the
heterogeneity was high (I’=98%; P<0.00001), so we adopted
the random-effects model (WMD =-0.97; 95% CI: -1.62,
-0.31; P=0.004) (Figure 3B). In five articles (15,20,23-25),
the time of the first liquid diet was recorded, and there
was no obvious difference between LG and OG (WMD
=-0.59 days; 95% CI: -1.30, 0.12; P=0.10) (Figure 3C). In
five articles (14,15,20,24,25), the time to first ambulation
was recorded, and patients in the LG group tended to start
moving earlier than patients in the OG group (WMD
—-0.84; 95% CI: ~1.56, -0.13; P=0.02) (’=99%; P<0.00001)
(Figure 3D). Information on postoperative complications was
recorded in all included articles. There was no significant
difference among the studies (I'=0%; P=0.88). According
to the meta-analysis, the overall incidence of postoperative
complications in the LG group was lower than that in
the OG group (OR =0.71; 95% CI: 0.58, 0.88; P=0.002)
(Figure 3E). Considering the variety of postoperative
complications, we conducted further subgroup analysis.

In terms of the incidence of postoperative pneumonia (OR
=0.48; 95% CI: 0.28, 0.81; P=0.006) and wound infection
(OR =0.62; 95% CI: 0.36, 1.06; P=0.08), LG had certain
advantages compared with OG, and the differences among
various studies were not significant (Figure S2A,S2B).
However, there was no significant difference between
LG and OG in the complications of anastomotic site
bleeding (Figure S2C), anastomotic stricture (Figure S2D),
anastomotic leakage (Figure S3A), abdominal abscess
(Figure S3B), intestinal obstruction (Figure S3C), and
pancreatic fistula (Figure S3D). In addition, four articles
(14,15,20,24) included data mortality within 30 days of
surgery and showed no difference between LG and OG (OR
=0.47; 95% CI: 0.12, 1.92; P=0.30) (Figure S3E).

Long-term outcomes

Seven papers included Kaplan-Meier curves for 5-year
survival, but some did not provide HR. Therefore, we used
Engauge Digitizer 12.1 and Get Data Graph Digitizer 2.25
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Figure 2 Forest plots of intraoperative outcomes and number of dissected LNs showing significant differences between LG and OG. (A)
Operative time; (B) estimated blood loss; (C) number of dissected LNs; (D) number of dissected LNs in T'G; (E) number of dissected LN
in Siewert type II AEG. LG, laparoscopic gastrectomy; OG, open gastrectomy; SD, standard deviation; IV, inverse variance; CI, confidence

interval; LN, lymph node; TG, total gastrectomy; AEG, adenocarcinoma of esophagogastric junction.
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Figure 3 Forest plots of perioperative outcomes showing significant differences between LG and OG. (A) Postoperative hospital stay; (B)
recovery time of gastrointestinal function; (C) time of first liquid diet; (D) time to first ambulation; (E) postoperative complications. LG,

laparoscopic gastrectomy; OG, open gastrectomy; SD, standard deviation; IV, inverse variance; CI, confidence interval; M-H, Mantel-Haenszel.
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Figure 4 Forest plots of long-term outcomes showing significant differences between LG and OG. (A) OS; (B) DFS. LG, laparoscopic

gastrectomy; OG, open gastrectomy; SE, standard error; IV, inverse variance; CI, confidence interval; OS, overall survival; DFS, disease-free

survival.

to extract data and estimate HR. The final meta-analysis
showed that the OS in the LG group was significantly
better (HR =0.68; 95% CI: 0.58, 0.81; P<0.00001) than that
in the OG group, and there was little heterogeneity (I'=0%;
P=0.51) (Figure 44). In addition, there were four articles
in which the Kaplan-Meier curves of DFS for 5 years were
described. We found that DFS (HR =0.68; 95% CI: 0.59,
0.77; P<0.00001) in the LG group was still better than
that in the OG group with statistical significance and low
heterogeneity ([=0%; P=0.48) (Figure 4B).

Sensitivity analysis

Sensitivity analyses identified overall results with significant
sources of heterogeneity by removing individual studies
from the data and analyzing their effects on patients. These
exclusions did not alter the results obtained.

Publication bias

The funnel plots based on postoperative complications,
OS and DEFS is shown in Figure 5. There was no extensive
evidence of publication bias as none of the studies exceeded
the 95% CI range.

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

Discussion

In recent years, increasing attention has been given to
the AEG. Compared with the downward trend of the
global incidence of GC, the global incidence of AEG is
on the rise, and the prognosis is poor (4,26,27). Due to
the particularity of the tumor site and biological behavior,
the early diagnosis, typing, and treatment of AEG are still
controversial at present. The multidisciplinary collaborative
treatment model is considered to be the trend and hope in
treatment development, while the complete resection of
tumors and standardized LN dissection are still the basis
of the treatment (5). Although LG has been in use for
more than 20 years, its development has been limited because
successful reconstruction of the digestive tract is difficult to
achieve laparoscopically. However, with technological progress
and economic development, the application of laparoscopy in
the field of GC has been greatly promoted. The application
of laparoscopic radical gastrectomy has gradually expanded
from distal gastrectomy to T'G. Additionally, RCTs in Korea
(KLASS-03) (28), Japan (JCOG1401) (29), and China
(CLASS-02) (30) in recent years have demonstrated the safety
and feasibility of laparoscopic TG. These studies provided a
certain reference for further exploring the application effect of
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Figure 5 Funnel plots show the publication bias of the included
studies. (A) Funnel plot of postoperative complications; (B) funnel
plot of OS; (C) funnel plot of DES. SE, standard error; OR, odds

ratio; OS, overall survival; DFS, disease-free survival.

laparoscopy in patients with AEG.

Siewert typing is currently the most widely recognized AEG
typing method, and has good guiding importance for tumor
staging and the selection of treatment strategies (31). Siewert
type 11 is considered to be a true AEG as, the tumor center
is within the area extending 1 to 2 cm around the EGJ, with
Siewert type I being 1 to 5 cm above the EGJ and Siewert

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.
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type III being 2 to 5 cm below the EGJ. The surgical
approach for Siewert type II has been controversial due to
the proximity of the tumor to the EGJ. In the fifth edition
of the Japanese Guidelines for Gastric Cancer (32), the
abdominal transhiatal approach (TH) is recommended for
AEG with esophageal infiltration <3 c¢m, while a combined
thoracoabdominal approach is recommended for AEG with
esophageal infiltration >3 cm, considering the curability.
At present, the international view of type III AEG tends
to be consistent, and the TH approach is recommended
for surgical treatment. The scope of Siewert type II/I11
AEG resection focused on the choice of TG or proximal
gastrectomy. A meta-analysis (33) of Siewert type II/III
AEG patients after TG or proximal gastrectomy showed no
significant difference in 5-year survival and postoperative
complications between the two resection scopes. However,
for advanced AEG with a large tumor volume, low location
and high risk of peripheral LN metastasis, clinical experts
still recommend TG. It was precisely because of the
special anatomical location of AEG and the great trauma
of traditional surgery that an increasing number of experts
have begun to try minimally invasive surgery, especially
with the rapid development of laparoscopic technology,
which made minimally invasive treatment of AEG possible.
For Siewert II/III AEG, it has been controversial
whether LG as a minimally invasive procedure is more
advantageous than OG. Although RCTs are ideal
cornerstones for meta-analysis, due to factors such as
intraoperative variability, learning curve effect, and patient-
informed consent, there are currently no high-quality RCTs
to compare the advantages and disadvantages of these two
surgical methods. However, we collected and collated high-
quality multicenter retrospective studies in recent years
to preliminarily evaluate the effectiveness and feasibility
of LG in patients with AEG. In this study, we compared
intraoperative outcomes, number of LNs dissected,
perioperative outcomes, and long-term outcomes. From
the literature available at present, our study is the most
comprehensive and includes the largest number of studies.
In terms of intraoperative conditions, both LG and OG
have their advantages. We found that there was significantly
less surgical blood loss in the LG group but slightly more
operation time than in the OG group. From a technical
point of view, laparoscopy has the advantages of visual
magnification and a high-definition surgical field of view,
to better expose and locate blood vessels and nerves, which
also provides a powerful weapon for surgeons to perform fine
operation and reduce unnecessary intraoperative injuries. In
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addition, abdominal incisions of LG tend to be smaller than
those of OG, which is one reason for reduced intraoperative
blood loss. We also analyzed the reasons for the operation
time of LG being slightly longer than that of OG. The main
reasons are the higher technical requirements of laparoscopy
and the learning curve, which are related to the experience
of surgeons, their familiarity with surgical instruments and
the cooperation of assistants (34). Although laparoscopy
requires a certain amount of time to train, especially in the
area of digestive tract reconstruction and LN dissection,
our analysis found that experienced teams, such as Professor
Huang’s team (15), could operate in less time than required
in the OG group. Further advances in surgical techniques,
especially those related to stapling devices and new
instruments, may further reduce the operation time.

LN metastasis in AEG is associated with poor prognosis,
and standardized LN dissection is an important part of
surgery (35). LN metastasis in Siewert III type is mainly
abdominal, but the rule of LN metastasis in Siewert II
type is still under investigation, especially in the aspect
of mediastinal LN dissection. Lower mediastinal LN
dissection may improve survival in patients with esophagus-
predominant AEG (36). Therefore, lower mediastinal LN
dissection should be performed for any GC invading the
esophagus as recommended by the Japanese guidelines
for the treatment of GC (32). Japanese scholar Kurokawa
et al. (37) analyzed mediastinal LN metastasis in Siewert
type I AEG patients in a multicenter study, and the results
suggested that the lower mediastinal LN metastasis rate was
approximately 18%, and the longer the invasion distance
of the esophagus, the greater the chance of mediastinal
metastasis. Theoretically, laparoscopy has the advantages
of an enlarged field of vision and a variable angle of view,
which is conducive to LN dissection in a narrow space.
The results of our meta-analysis were also consistent with
this view. In general, the number of LNs dissected in the
LG group was significantly higher than that in the OG
group. In a separate analysis of Siewert type II lesions, we
found that patients in the LG group still exhibited a higher
number of LNs dissected. Different tumor sites, different
pathological types, different stages, and different surgical
techniques must have different LN dissection ranges,
which may also be related to the surgical habits of the
surgical team. Since our research data came from published
research results, and they did not reflect detailed data such
as the a of LN and LN dissection scope, we only carried
out comparative analysis on the number of LNs dissected
(Figure 2C). 'To make the results less biased, we performed
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an independent analysis of TG patients and proximal
gastrectomy patients and found no statistical difference
between the open and endoscopic group (Figure 2D
and Figure SIA). In the study we included, only Sugita’s
cohort (22) in Japan demonstrated that LG vs. OG
increased the number of lower mediastinal LNs detected
for Siewert type II AEG (1 vs. 0, P=0.002). However, data
from only one cohort cannot be used for further meta-
analysis, which is also one of the limitations of this study.
Although there is now evidence that laparoscopy can
remove more LNs than OG, more clinical trials are needed
for lower mediastinal LN dissection. Indeed, the CLASS10
prospective study in China is designed to explore the answer
to this question, and I believe that all of this will be verified
in the near future.

Postoperative recovery of patients is an important
index to evaluate these two surgical methods. Through
analysis, the postoperative hospital stay and postoperative
recovery time of gastrointestinal function in the LG
group were significantly less than those in the OG group,
which was mainly related to the low surgical trauma of
laparoscopic surgery. Similarly, laparoscopic surgery is
associated with a reduced incidence of overall postoperative
complications. In the subgroup analysis, pneumonia and
wound infection rates were lower in the LG group than in
the OG group, but there were no differences in anastomotic
leakage, anastomotic stenosis, pancreatic fistula, intestinal
obstruction, and abdominal abscess. Because the abdominal
incision of laparoscopic surgery is smaller than that of
open surgery, the postoperative pain response of patients
subjected to LG is smaller, so these patients will cough and
expectorate actively, and the time to get out of bed will
be shorter, which further reduces the incidence of crash
pneumonia and wound infection. In addition, because
laparoscopic digestive tract reconstruction has always been
a difficult problem and the technical requirements of the
surgeons are extremely high, sometimes doctors choose to
perform anastomosis at the incision where the specimen is
taken, so there is no difference in anastomotic complications
between the two groups.

The survival of patients after surgery is the focus of
our comparison, and it is also a favorable reference to
evaluate the feasibility of surgical methods. Compared with
the OG group, AEG patients in the LG group achieved
better OS and DFS. The prognosis of patients is related to
tumor-node-metastasis (TINM) stage, tumor size and age
of patients (38,39). Two articles (21,25) involved separate
comparisons of the survival of patients with stage III AEG,
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and they revealed that patients in the LG group had a
survival advantage compared with patients in the OG group.
Another major prognostic issue in AEG surgery is obtaining
RO resection, including the proximal esophagus and distal
duodenal margin. Eight of the included studies reported
the status of tumor resection margins, and only one (24)
reported positive resection margins, but there was no
significant difference between LG and OG in patients with
AEG. There are several possible explanations for the benefit
of laparoscopy on OS. First, a lower stress response and
a higher level of immune function in patients undergoing
minimally invasive surgery may contribute to the long-
term survival advantage of laparoscopic rectal surgery over
open surgery (40). In addition, improved recovery after
laparoscopic surgery may allow for earlier initiation of
adjuvant therapy. Timely postoperative adjuvant therapy
may improve the survival of patients with GC (41).

Our meta-analysis has some limitations. First, all
included studies were retrospective studies, and there
was a lack of RCTs. Second, all the study centers were
from Asia, and most of them were concentrated in China,
so the results of the study lack broad applicability. In
addition, the included studies. did not reach a consensus
on surgical approach, LN dissection range, digestive tract
reconstruction and other aspects, which also brought some
heterogeneity to the data statistics.

In recent years, with the continuous promotion of
multi-disciplinary treatment (MDT) diagnosis and
treatment modes, the comprehensive treatment of AEG
has gradually become standardized, and individualized.
For advanced AEG, neoadjuvant therapy has become the
treatment strategy of most surgeons. However, there are
still no unified standards. The choice of surgical methods,
the technical points of laparoscopy surgery, digestive
reconstruction mode, short- and long-term safety of
patients after neoadjuvant therapy have become hot topics
of controversy and discussion in recent years. In 2012, the
first RCT comparing open surgery and totally laparoscopic
surgery for esophageal cancer after neoadjuvant therapy
was conducted in Europe, and the results showed that
thoracoscopic surgery had better short-term outcomes,
but there was no significant difference in 3-year OS and
DEFES (42). Similar results were obtained in another French
trial comparing conventional open surgery with a hybrid
approach (laparoscopic plus open thoracotomy) for the
treatment of esophageal cancer of the middle or lower
third (43). Although there are no similar trials to provide
enough evidence-based medical evidence for Siewert II/I11
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AEG after neoadjuvant therapy, these trials also point out
the direction for us to further explore the feasibility and
safety of laparoscopic technology. With the wide application
of neoadjuvant therapy in clinical practice, clinical trials
involving gastrointestinal surgery, thoracic surgery,
oncology and other disciplines will provide practitioners
such as myself a better reference for the treatment of AEG.

Our meta-analysis is the first to compare the effect of LG
and OG on the number of dissected LNs in AEG patients
in subgroups. Considering the different extent of LN
dissection in proximal gastrectomy and T'G, we compared
them separately. We compared the number of dissected
LNs between LG and OG in patients with Siewert type
II AEG for the first time. Previous studies (44,45) have
just compared the effect of LG vs. OG on the number of
dissected LNs in AEG patients, the extent of LN dissection
varies with tumor location and the extent of surgical
resection. In addition, we extracted survival data from the
Kaplan-Meier curves and calculated HR from the original
articles, and then performed the meta-analysis. Although
this meta-analysis (44) compared long-term outcomes, no
HR was calculated, and only two studies were included
in the analysis of DFS, thus the results were not highly
credible.

Conclusions

TG is a safe and reliable method for the treatment of
AEG patients, and has certain advantages in postoperative
recovery and long-term prognosis. However, more high-
quality studies are needed to prove these points.
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Song 2022 3.72 633 382 361 53 196 71.6% 0.11[-0.87,1.09] 2022
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Figure S1 Forest plots of the number of dissected LNs showing significant differences between LG and OG. (A) Number of dissected LNs
in proximal gastrectomy; (B) number of metastatic LNs dissected. LG, laparoscopic gastrectomy; OG, open gastrectomy; SD, standard

deviation; IV, inverse variance; CI, confidence interval; LN, lymph node.
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Figure S2 Forest plots of perioperative outcomes showing significant differences between LG and OG. (A) Postoperative pneumonia; (B)

wound infection; (C) anastomotic site bleeding; (D) anastomotic stricture. LG, laparoscopic gastrectomy; OG, open gastrectomy; M-H,

Mantel-Haenszel; CI, confidence interval.

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

https://dx.doi.org/10.21037/ales-23-39



A

LG oG Odds Ratio Odds Ratio
r I Events Total Events Total Weight M-H. Fix % CI Year M-H. Fix % Cl
Hong 2013 1 100 0 104 1.6% 3.15[0.13,78.26] 2013
Huang 2017 2 1M 3 171 9.7% 0.66 [0.11,4.02] 2017 -
Jia 2018 2 48 4 68 10.4% 0.70[0.12,3.96] 2018 -
Zhang 2018 1 36 1 41 3.0% 1.14[0.07,18.96] 2018
Zhao 2019 21 468 8 217 34.3% 1.23[0.53,2.82] 2019 e
Wang 2019 1 32 2 43 54% 0.66 [0.06, 7.63] 2019 - ]
Lee 2019 1 37 2 71 44%  0.96[0.08, 10.93] 2019
Zhang 2021 1 52 1 61 3.0% 1.18 [0.07, 19.29] 2021
Sugita 2021 3 50 1 29 3.9%  1.79[0.18,18.02] 2021
Lin 2022 1 93 1 93 3.3%  1.00[0.06, 16.23] 2022
Song 2022 13 382 5 196 21.0% 1.35[0.47, 3.83] 2022 B
Total (95% Cl) 1469 1094 100.0% 1.14[0.70, 1.86]
Total events 47 28 ) ) . )
Heterogeneity: Chi? = 1.53, df = 10 (P = 1.00); ? = 0% ! ' J ’ !
0.01 0.1 1 10 100
Test for overall effect: Z = 0.53 (P = 0.60) LG 0G
B
LG oG Odds Ratio Odds Ratio
r r Events Total Events Total Weight M-H. Fix % Cl Year M-H, Fix % CI
Shi 2018 4 132 8 264 67.6% 1.00[0.30, 3.38] 2018
Sugita 2021 4 50 1 29 152%  2.43[0.26,22.90] 2021 "
Song 2022 2 382 1 196 17.2% 1.03 [0.09, 11.39] 2022
Total (95% Cl) 564 489 100.0% 1.22 [0.47, 3.16]
Total events 10 10
Heterogeneity: Chi? = 0.49, df = 2 (P = 0.78); I2 = 0% f t ' t y
e v 0.01 0.1 1 10 100
Test for overall effect: Z=0.41 (P = 0.68) LG 0G
C
LG oG Odds Ratio Odds Ratio
r I Events Total Events Total Weight M-H. Fix % CI Year M-H. Fix: % Cl
Huang 2017 0 17 1 171 8.0% 0.33[0.01, 8.19] 2017 |
Jia 2018 0 48 1 68 6.6%  0.46[0.02,11.63] 2018
Zhao 2019 14 468 8 217 57.0% 0.81[0.33,1.95] 2019
Sugita 2021 4 50 2 29 125% 1.17[0.20, 6.84] 2021 -
Zhang 2021 1 52 0 61 24% 3.58[0.14,89.84] 2021
Lin 2022 0 93 2 93 13.4% 0.20[0.01, 4.13] 2022 ¢
Total (95% Cl) 882 639 100.0% 0.78 [0.39, 1.53]
Total events 19 14
Heterogeneity: Chiz = 2.24, df = 5 (P = 0.82); I = 0% y t T t y
0.01 0.1 1 10 100
Test for overall effect: Z=0.73 (P = 0.48) LG 0G
D
LG 0G Odds Ratio Odds Ratio
__Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI Year i V.
Huang 2017 2 1M 2 171 13.2% 1.00[0.14, 7.18] 2017
Zhao 2019 11 468 6 217 53.6% 0.85[0.31,2.32] 2019
Sugita 2021 1 50 4 29 33.2% 0.13[0.01, 1.20] 2021
Total (95% CI) 689 417 100.0% 0.63 [0.29, 1.38]
Total events 14 12
Heterogeneity: Chi? = 2.49, df = 2 (P = 0.29); I? = 20% y t ; y !
o v 0.01 0.1 1 10 100
Test for overall effect: Z= 1.16 (P = 0.25) LG 0G
E
LG oG Odds Ratio Odds Ratio
| i Y =} i V.
Hong 2013 0 100 1 104 252% 0.34[0.01, 8.53] 2013 -
Huang 2017 0o 1M 1 171 25.7% 0.33[0.01, 8.19] 2017 -
Zhao 2019 2 468 1 217 234% 0.93[0.08, 10.28] 2019 "
Lin 2022 0 93 1 93 257% 0.33[0.01, 8.20] 2022 ol
Total (95% CI) 832 585 100.0% 0.47 [0.12, 1.92]
Total events 2 4 ) ) ) )
Heterogeneity: Chiz = 0.43, df = 3 (P = 0.93); P = 0% ! ' J ’ !
Test for overall effect: Z = 1.05 (P = 0.30) 0.01 01 LG 1 oG 10 100

Figure S3 Forest plots of perioperative outcomes showing significant differences between LG and OG. (A) Anastomotic leakage; (B)

abdominal abscess; (C) intestinal obstruction; (D) pancreatic fistula; (E) mortality at 30 days. LG, laparoscopic gastrectomy; OG, open

gastrectomy; M-H, Mantel-Haenszel; CI, confidence interval.
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