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Abstract
Background  Laparoscopy-assisted gastrectomy (LAG) is a well-established surgical technique in treating patients with early 
gastric cancer. However, the efficacy and safety of LAG versus open gastrectomy (OG) in patients with advanced gastric 
cancer (AGC) remains unclear.
Methods  We systematically searched PubMed, Embase, and Cochrane Library in June 2023 for RCTs comparing LAG 
versus OG in patients with AGC. We pooled risk ratios (RR) and mean differences (MD) with 95% confidence intervals 
(CI) for binary and continuous endpoints, respectively. We performed all statistical analyses using R software version 4.3.1 
and a random-effects model.
Results  Nine RCTs comprising 3827 patients were included. There were no differences in terms of intraoperative complica-
tions (RR 1.14; 95% CI 0.72 to 1.82), number of retrieved lymph nodes (MD −0.54 lymph nodes; 95% CI −1.18 to 0.09), 
or mortality (RR 0.91; 95% CI 0.30 to 2.83). LAG was associated with a longer operative time (MD 49.28 minutes; 95% 
CI 30.88 to 67.69), lower intraoperative blood loss (MD −51.24 milliliters; 95% CI −81.41 to −21.06), shorter length of 
stay (MD −0.83 days; 95% CI −1.60 to −0.06), and higher incidence of pancreatic fistula (RR 2.44; 95% CI 1.08 to 5.50). 
Postoperatively, LAG was also superior to OG in reducing bleeding rates (RR 0.44; 95% CI 0.22 to 0.86) and time to first 
flatus (MD −0.27 days; 95% CI −0.47 to −0.07), with comparable results in anastomotic leakage, wound healing issues, 
major complications, time to ambulation, or time to first liquid intake. In the long-term analyses at 3 and 5 years, there were 
no significant differences between LAG and OG in terms of overall survival (RR 0.99; 95% CI 0.96 to 1.03) or relapse-free 
survival (RR 0.99; 95% CI 0.94 to 1.04).
Conclusion  This meta-analysis of RCTs suggests that LAG may be an effective and safe alternative to OG for treating AGC; 
albeit, it may be associated with an increased risk for pancreatic fistula.
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Introduction

Gastric cancer is one of the most prevalent cancers and a 
leading cause of mortality, ranking fifth among all malig-
nant tumors worldwide [1]. Surgical resection with lymph 
node dissection is the most effective treatment for gastric 
cancer [2]. Since laparoscopy-assisted gastrectomy (LAG) 
was first described in 1994 by Kitano and colleagues [3], 
laparoscopic procedures have gained popularity for early 
gastric cancer (EGC) treatment, providing better short-
term outcomes and similar survival rates compared with 
open gastrectomy (OG) [4–6].

The latest Japanese gastric cancer treatment guidelines 
recognize LAG as standard of care for patients with EGC 
[7]. This was mostly driven by the short-term benefits of 
LAG and established safety demonstrated by JCOG 0703 
led by certified surgeons with substantial expertise in lapa-
roscopic techniques [8]. Even so, the role of LAG versus 
OG for patients with advanced gastric cancer (AGC) rather 
than EGC remains unclear, since recent randomized con-
trolled trials (RCTs) yielded conflicting results [5, 9].

Previous meta-analyses have addressed this matter and 
retrieved comparable short-term surgical outcomes and 
survival rates between LAG and OG for patients with 
AGC [10–15]. Nevertheless, some of them included RCTs 
and observational studies or combined data from early 
and advanced disease, as well as cases treated combin-
ing alternative surgical techniques, such as splenic hilar 
lymphadenectomy without gastrectomy [10–13]. This 
may have introduced bias and confounding to the analy-
sis, retrieving less generalizable results for the specific 
population of patients with AGC [10] Moreover, these 
meta-analyses were unable to compare longer-term sur-
vival rates of LAG versus OG, which is a key component 
for the decision-making on surgical technique in the real-
world setting [10, 11].

Recently, large RCTs on this topic released long-term 
post hoc analyses and shed light on more short-term out-
comes of patients with AGC who underwent LAG versus 
OG [9, 16]. Therefore, we performed an updated meta-
analysis evaluating the efficacy and safety of LAG com-
pared with OG for patients with AGC, particularly explor-
ing distal resection as a subgroup of interest.

Material and Methods

This systematic review, meta-analysis, and reporting were 
conducted in accordance with the Cochrane Handbook of 
Systematic Reviews of Interventions recommendations 
and Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) guidelines [17, 18]. Its protocol 

was prospectively registered with the International Pro-
spective Register of Systematic Reviews (PROSPERO) 
database under registration number CRD42023439925 
on July 12, 2023.

Eligibility Criteria

We included restricted inclusion in this meta-analysis to 
the following eligibility criteria: (1) RCTs, (2) comparing 
LAG with OG, (3) in patients with AGC, and (4) reporting 
any of our outcomes of interest. We excluded observational 
studies, secondary analyses of included trials, and studies 
enrolling patients who underwent gastrectomy for EGC or 
benign lesions.

Search Strategy and Data Extraction

In accordance with PRISMA guidelines, we systematically 
searched PubMed, Embase, and Cochrane Library in June 
2023 for RCTs comparing LAG versus OG in patients with 
AGC using the following search: “advanced gastric cancer,” 
“GC,” “AGC,” “laparoscopic,” “laparoscopy-assisted,” 
“laparoscopy,” “LADG,” “LDG,” “LG”,” “gastrectomy,” 
“open surgery,” and “ODG.” In addition, we performed 
a backward snowballing search using the references of 
included studies and systematic reviews. Two authors 
independently extracted data following predefined search 
criteria and quality assessment.

Endpoints and Subanalyses

Our outcomes of interest may be stratified as follows: (1) 
intraoperative outcomes; (2) postoperative complications; 
(3) in-hospital and short-term outcomes; (4) long-term 
survival rates. We performed a prespecified subanalysis in 
patients undergoing distal gastrectomy.

Quality Assessment

We performed quality assessment using the Cochrane Col-
laboration’s tool for assessing risk of bias in randomized 
studies (Rob 2), which allows categorization of each study 
as low risk, some concerns, or high risk for bias in five 
domains: selection bias, performance bias, detection bias, 
attrition bias, and reporting bias [19]. Two authors (M.A.P.B. 
and K.M.R.) performed the risk of bias assessment indepen-
dently, and disagreements were resolved through consensus. 
We further assessed potential small study effects (publica-
tion bias) using funnel plot analysis for the outcome of over-
all postoperative complications.
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Statistical Analysis

We pooled risk ratios (RR) and mean differences (MD) with 
95% confidence intervals (CI) for binary and continuous end-
points, respectively. A random-effects model was applied 
accounting for demographical and methodological heteroge-
neity among included RCTs, as per Cochrane recommenda-
tions [17]. Heterogeneity was evaluated through Cochran Q 
test and I2 statistics; I2 ≥ 25% and p-values for heterogeneity 
inferior to 0.10 were considered significant for heterogeneity. 
High heterogeneity was explored using leave-one-out analyses. 
P-values inferior to 0.05 were considered statistically signifi-
cant for treatment effects. We performed all statistical analyses 
following the intention-to-treat principle whenever available 
and using the meta and metafor packages in R software 4.3.1 
(R Foundation for Statistical Computing, Vienna, Austria).

Results

Study Selection and Characteristics

As detailed in Fig. 1, 2347 studies were initially identified 
through our literature search. After removal of duplicate 
articles and unrelated studies, 42 were fully reviewed for 
the inclusion and exclusion criteria. Fifteen studies from 
nine trials comprising 3827 patients were included, of 
whom 1922 (50.2%) were randomized to LAG. Individual 
studies characteristics are displayed in Table 1 (Supple-
mentary Material 1).

No significant differences in baseline characteristics 
were found and the total follow-up ranged from 30 days 
to 8  years. Operation techniques varied between each 
trial, and seven trials performed distal gastrectomy [9, 16, 

Fig. 1   PRISMA flow diagram 
of study screening and selection
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20–27]. One RCT focused on hand-assisted laparoscopic 
surgery [28, 29]. In addition, two included total or partial 
gastrectomy [30–32].

Of all the patients included, 2642 (69%) were male sex, 
and the age remained in the range of 60 years old. The tumor 
size was reported in five studies, ranging from 3.6 to 6.2 cm. 
Moreover, BMI was around 22 kg/m2 in the patients, and 
most of them were classified as TNM stages I, II,  or III in 
most of studies.

Pooled Analysis of All Studies

Intraoperative Outcomes

LAG was associated with a significantly longer opera- 
tive time compared with OG (MD 49.28 minutes; 95% CI 
30.88 to 67.69; p < 0.001; I2 = 96%; Fig. 2a). In addition, 
patients undergoing LAG had a significantly lower intraop-
erative blood loss as compared with OG (MD −51.24 mil-
liliters; 95% CI −81.41 to −21.06; p < 0.001; I2 = 95%; 
Fig. 2b). Of note, there was a particularly high between-
study heterogeneity in these outcomes.

There were no significant differences between groups 
with regards to intraoperative complications (RR 1.14;  
95% CI 0.72 to 1.82; p = 0.576; I2 = 2%), need for blood 

transfusion (RR 0.76; 95% IC 0.56 to 1.03; p = 0.075; 
I2 = 32%), or absolute number of retrieved lymph nodes 
(MD −0.54 lymph nodes; 95% CI −1.18 to 0.09; p = 0.095; 
I2 = 0%) (Fig. S1, Supplementary Material 2).

Postoperative Endpoints

Postoperative bleeding rates, both intra-abdominal and 
intra-luminal, were significantly lower in the LAG arm 
as compared with OG (RR 0.44; 95% CI 0.22 to 0.86; 
p = 0.017; I2 = 0%; Fig. 3a), while there was a higher inci- 
dence of pancreatic fistula (RR 2.44; 95% CI 1.08 to 5.50; 
p = 0.032; I2 = 0%; Fig. 3b). There was a comparable inci-
dence of overall postoperative complications between LAG 
and OG (RR 0.82; 95% CI 0.66 to 1.01; p = 0.062; I2 = 35%; 
Fig. 3c), anastomotic leakage (RR 1.18; 95% CI 0.68 to 2.06; 
p = 0.561; I2 = 0%), and wound healing issues (RR 0.72; 95% 
CI 0.48 to 1.07; p = 0.107; I2 = 0%) between groups (Fig. S2, 
Supplementary Material 2).

Major postoperative complications were evaluated 
using the Clavien-Dindo grade 3 or higher in most tri-
als, but in the COACT 1001 trial was assessed using the 
Accordion Severity Classification of Postoperative Com-
plications (ASCPC) [20]. There were no significant dif-
ferences between groups in overall major complications 

Fig. 2   a Operative time was significantly longer in the LAG group. b Intraoperative blood loss was significantly lower in the LAG group
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(RR 0.94; 95% CI 0.65 to 1.36; p = 0.740; I2 = 2%) and 
life-threatening complications requiring intensive care 
unit (ICU) admission (based on Clavien-Dindo grade 
4; RR 1.29; 95% CI 0.47 to 3.52; p = 0.622; I2 = 0%) 
(Fig. S2, Supplementary Material 2).

In‑Hospital and Short‑Term Endpoints

There was no significant difference between laparoscopic 
and open techniques in 90-day mortality rates (RR 0.91; 95% 
CI 0.30 to 2.83; p = 0.876; I2 = 0%; Fig. 4a). Moreover, LAG  

Fig. 3   a Postoperative bleeding was significantly lower in the LAG group. b Pancreatic fistula was significantly higher in the LAG group. c 
There were no differences between LAG and OG group
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was associated with a significantly shorter length of stay  
as compared with OG (MD −0.83  days; 95% CI −1.60 
to −0.06; p = 0.035; I2 = 87%; Fig. 4b).

As for postoperative recovery, time to first flatus was  
significantly lower in the LAG group (MD −0.27 days; 95% 
CI −0.47 to −0.07; p = 0.009; I2 = 81%), while there was no 
significant difference in time to ambulation (MD −0.44 days; 
95% CI −1.00 to 0.13; p = 0.130; I2 = 97%) or time to first 
liquid intake (MD −0.39  days; 95% CI −0.79 to 0.02; 
p = 0.061; I2 = 83%) (Fig. S3, Supplementary Material 2).

Long‑Term Survival

At 3 years, overall survival rates were comparable between 
LAG and OG (85.2% versus 85.5%; RR 1.00; 95% CI 0.96 
to 1.03; p = 0.770; I2 = 0%; Fig. 5a). The two techniques 
also yielded similar relapse-free survival rates (77.5% 
versus 78.6%; RR 0.99; 95% CI 0.94 to 1.03; p = 0.506; 
I2 = 0%; Fig. 5b).

Results remained consistent at 5 years, with comparable 
overall survival (75.3% versus 76.4%; RR 0.99; 95% CI 0.96 
to 1.03; p = 0.640; I2 = 0%; Fig. 6a) and relapse-free survival 
rates (69.4% versus 70.2%; RR 0.99; 95% CI 0.94 to 1.04; 
p = 0.687; I2 = 0%; Fig. 6b).

Subanalyses in Selected Populations

Predefined subgroup analyses were performed to 
evaluate the safety and efficacy specific to laparoscopic 
distal gastrectomy (LDG) and advanced distal gastric 
cancer. Intraoperative complications, operation time, 
blood loss, and blood transfusion were not significantly 
different in the subanalysis of LDG (Figs. S4 and S5, 
Supplementary Material 2). However, the number 
of retrieved lymph nodes was significantly lower 
in the LAG group (MD −1.04 lymph nodes; 95% 
CI −1.91 to −0.18; p = 0.018; I2 = 0%; Fig. S5) in distal 
gastrectomy.

The length of stay and time to first flatus was signifi-
cantly shorter in the LDG groups as compared to OG, and 
no differences were found between them in terms of time to 
first liquid intake (Fig. S6, Supplementary Material 2). As 
well as the overall postoperative complications, including 
type of complications, such as bleeding, anastomotic leak-
age, wound problems, and pancreatic fistula outcomes were 
not affected by distal gastrectomy approach (Figs. S7 and 
S8, Supplementary Material 2).

Similarly, no significant differences were found in terms  
of major complications, life-threatening complications 
requiring ICU  management, and short-term mortality 

Fig. 4   a There were no differences between LAG and OG group. b The length of postoperative stay was significantly shorter in the LAG group
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between LDG and OG (Fig. S9, Supplementary Material  
2). The extent of distal resection also had no effect in the 
long-term outcomes, such as 3-year RFS and 5-year OS 
(Fig. S10, Supplementary Material 2).

Quality Assessment

Supplementary Fig. S11 (Supplementary Material 2) out-
lines the quality appraisal of each individual RCT. One RCT 

Fig. 5   a There were no differences between LAG and OG group. b There were no differences between LAG and OG group

Fig. 6   a There were no differences between LAG and OG group. b There were no differences between LAG and OG group
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was considered at high risk of selection bias because it was 
unclear whether the allocation sequence was concealed [32]. 
Two studies were judged to be at high risk of performance 
bias due to lack of information about the analysis used to 
estimate effect of assignment or adherence to intervention 
[29, 30], while one was considered at high risk of reporting 
bias due to retrospectively registering the trial protocol [29]. 
In addition, one was judged to be at high risk of reporting 
bias due to not citing a protocol or trial registration in the 
full text paper (Fig. S12, Supplementary Material 2) [30].

In the funnel plot analysis, there was a symmetrical dis-
tribution among the studies according to weight and con-
verged to the pooled effect as weight increased. There was 
no evidence of publication bias demonstrated by Egger’s 
regression test (Fig. S13, Supplementary Material 2). Leave-
one-out analyses were performed for operative time, blood 
loss, and length of stay, revealing persistent high heterogene-
ity in all studies for each outcome (Figs. S14, S15, and S16, 
Supplementary Material 2). However, the results for blood 
loss and length of stay remained statistically significant in 
favor LAG group, even upon the exclusion of each individual 
study from the analysis.

Discussion

In this meta-analysis comprising 3827 patients and from 
nine RCTS, we compared outcomes after LAG versus OG 
for patients with AGC. Our main findings were as follows: 
LAG was associated with (1) lower intraoperative and post-
operative blood losses; (2) higher operative time; (3) higher 
incidence of pancreatic fistula; (4) shorter in-hospital stay; 
(5) similar short and long-term survival rates as compared 
with OG.

Although the incidence of gastric cancer has decreased 
globally, it remains high in some regions, and there is a 
concerning trend of increasing risks and incidence rates in 
younger generations worldwide [33]. Despite considerable 
improvements, survival rates for this patient population 
remain low [34]. To address this public health issue, LAG 
and OG have been compared in patients with AGC, and it 
has been recently suggested that the two techniques have 
comparable cost-effectiveness [35]. Whether this translates 
into comparable long-term outcomes remains uncertain.

Previous meta-analysis of RCTs addressed this 
comparison with regards to intraoperative and short-term 
postoperative outcomes, mortality, and adverse events, but 
yielded conflicting results [13–15]. Worth mentioning, these 
meta-analyses included studies comprising patients with 
heterogeneous cancer staging and surgical approach, which 
may impair generalizability of the results to patients with 
AGC in particular. Our study addressed this limitation by 
comparing LAG with OG specifically in patients with AGC, 

further exploring long-term subanalyses and restricting 
inclusion to RCTs to avoid confounding. As a result, our 
meta-analysis stands as the most comprehensive analysis up 
to date. Overall, our findings are consistent with previous 
meta-analyses, demonstrating that LAG contributes with 
feasible short-term outcomes and further showing similar 
long-term outcomes compared to with OG for patients with 
AGC [10–15].

Hence, we herein reinforce the safety and efficacy of 
LAG as an alternative to OG in this patient population. Even 
so, operative time was significantly longer in the LAG arm 
with high between-study heterogeneity (I2 = 96%), which 
may suggest differences in performance owing to experi-
ence or center preferences. Achieving proficiency typically 
requires about 50 procedures performed, and surgeons have 
been shown to enhance surgical outcomes while reducing 
complications over time, as the number of procedures per-
formed increases [36]. Of note, this higher mean operative 
time may be also attributable to the higher complexity of 
laparoscopy compared with open procedure, given the need 
to change instruments, lack tactile sensation, and the elabo-
rateness of esophagojejunostomy [31, 37–39].

Our meta-analysis found no significant differences over-
all in postoperative complications. Noteworthy, there was 
a significantly higher incidence of pancreatic fistula in 
patients undergoing LAG. This may be partially explained 
by the unsuitable operating angle and field of view of sur-
gical instruments associated with LAG [40]. On the other 
hand, blood losses may be halved by this technique owing 
to the more precise dissection, careful control, and wider 
surgical field provided by advanced instruments [21, 23]. 
Moreover, LAG was associated with a faster recovery, with 
a shorter length of postoperative stay and a shorter time to 
first flatus.

According to the current American Joint Committee on 
Cancer manual, it is recommended to retrieve a minimum 
of 16 lymph nodes during dissection, while obtaining 30 
lymph nodes is considered preferable [41]. Of note, stud-
ies found that retrieving 29 lymph nodes is associated with 
benefits in survival rates in patients undergoing surgery for 
gastric cancer [42]. Interestingly, this association is indi-
rectly corroborated by our findings, considering that there 
were no significant differences between LAG and OG both 
in number of lymph nodes retrieved and long-term survival. 
Therefore, LAG has shown promising results as an alterna-
tive with OG for this patient population.

Our study has limitations. First, the robustness of our 
findings may be hindered by our limited sample size, het-
erogeneous laparoscopic skills among surgeons across 
included trials, and lack of masking in study design. Second, 
all included trials were performed in East Asia, which could 
be a potential source of selection bias, impairing generaliz-
ability to a more diverse real-world population in western 
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countries. Finally, the surgeons’ experiences, surgical tech-
niques and procedures, perioperative chemotherapy, and 
classifications systems for major complications were also  
heterogeneous among studies. Nonetheless, our meta-analysis  
further assessed subanalyses of distal gastrectomy and  
different definitions of post-operative complications, which 
retrieved consistent results.

Conclusion

In this meta-analysis of RCTs, LAG was superior to OG 
in reducing length of hospital stay, bleeding rates, time to 
first flatus, while yielding similar postoperative complica-
tion rates and long-term survival as compared to OG, albeit 
increasing risks of pancreatic fistula. This suggests that LAG 
may be an effective alternative to OG in treating AGC.
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