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Abstract 

Background  Outcomes of laparoscopic surgery in advanced gastric cancer patients who received neoadjuvant 
therapy represent a controversial issue. We performed an updated meta-analysis to evaluate the perioperative and 
long-term survival outcomes of laparoscopic gastrectomy (LG) versus conventional open gastrectomy (OG) in this 
subset of patients.

Methods  Electronic databases including PubMed, Embase, Web of Science, the Cochrane Central Register of 
Controlled Trials and China National Knowledge Infrastructure were comprehensively searched up to May 2023. The 
short-term and long-term outcomes of LG versus OG in advanced gastric cancer patients undergoing neoadjuvant 
therapy were evaluated. Effect sizes with 95% confidence intervals were always assessed using random-effects model. 
The prospective protocol was registered with PROSPERO (CRD42022359126).

Results  Eighteen studies (2 randomized controlled trials and 16 cohort studies) involving 2096 patients were 
included. In total, 933 patients were treated with LG and 1163 patients were treated with OG. In perioperative out‑
comes, LG was associated with less estimated blood loss (MD = − 65.15; P < 0.0001), faster time to flatus (MD = − 0.56; 
P < 0.0001) and liquid intake (MD = − 0.42; P = 0.02), reduced hospital stay (MD = − 2.26; P < 0.0001), lower overall 
complication rate (OR = 0.70; P = 0.002) and lower minor complication rate (OR = 0.69; P = 0.006), while longer opera‑
tive time (MD = 25.98; P < 0.0001). There were no significant differences between the two groups in terms of proximal 
margin, distal margin, R1/R2 resection rate, retrieved lymph nodes, time to remove gastric tube and drainage tube, 
major complications and other specific complications. In survival outcomes, LG and OG were not significantly differ‑
ent in overall survival, disease-free survival and recurrence-free survival.

Conclusion  LG can be a safe and feasible technique for the treatment of advanced gastric cancer patients receiving 
neoadjuvant therapy. However, more high-quality randomized controlled trials are still needed to further validate the 
results of our study.
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Background
Gastric cancer (GC) is the third leading cause of cancer-
related deaths worldwide [1, 2]. For patients with locally 
advanced gastric cancer (AGC), radical gastrectomy 
combined with D2 lymphadenectomy has been regarded 
as the only promising technique for curing the disease in 
both eastern and western countries [3]. In addition, the 
implementation of perioperative multi-mode therapy 
can also improve the oncological outcomes of patients 
[4]. Currently, several large-scale clinical trials such as 
MAGIC [5], FLOT4 [6], RESONANCE [7] and RESOLVE 
[8] have confirmed that neoadjuvant therapy (NAT) com-
bined with surgical resection can improve the chances of 
R0 resection, eliminating possible micro-metastases and 
improve long-term survival relative to upfront surgery 
[9, 10]. The National Comprehensive Cancer Network 
(NCCN) recommends that NAT should be adminis-
tered to all AGC patients, and it has been included in 
the standardized multi-mode treatment of AGC in many 
countries around the world [11].

Since Kitano et  al. [12] first reported the application 
of laparoscopic technique for distal gastrectomy (LG) in 
1994, LG has emerged as a standard surgical approach for 
the treatment of early GC due to the comparable surgi-
cal and long-term results relative to open gastrectomy 
(OG). In recent years, three large-scale randomized 
controlled trials (RCTs) from JLSSG0901 [13], KLASS-
02 [14] and CLASS-01 [15] have further extended the 
indications of LG to AGC. However, in the context of 
NAT, therapy-induced tissue edema and fibrosis, vascu-
lar fragility, and normal anatomic disappearance pose 
new challenges to the application of laparoscopic tech-
nique in those patients [16, 17]. Laparoscopic technique 
has the advantages of a magnified surgical field and good 
maneuverability. A previous meta-analysis by Liao et al. 
[18] demonstrated that patients in the LG group had a 
quasi-significantly less complication rate and faster time 
to flatus than patients in the OG group, while other clini-
cal outcomes were not significantly different between the 
two groups. Nevertheless, this meta-analysis included 6 
studies with only 704 patients available, making many 
of the findings less statistically powerful. Therefore, it 
remains uncertain whether laparoscopic techniques can 
be used as an alternative to open surgery in AGC patients 
receiving NAT.

In the last 2 years, a growing body of additional 
research has been addressed to further explore the appli-
cation value of LG in neoadjuvant gastric cancer patients. 
Therefore, based on existing evidence, we performed 

an updated meta-analysis to investigate the periopera-
tive and survival outcomes of LG relative to OG in AGC 
patients following NAT.

Methods
Our meta-analysis was accomplished in line with the 
requirements from PRISMA statement, to identify stud-
ies comparing the perioperative and long-term outcomes 
of LG vs. OG for AGC patients who underwent NAT. The 
prospective protocol was registered with PROSPERO 
(CRD42022359126).

Search strategy
Electronic datasets including PubMed, Embase, Web of 
Science, the Cochrane Central Register of Controlled 
Trials and China National Knowledge Infrastructure 
were systematically examined for relevant studies until 
to May 31, 2023. The following search strategy was used 
to perform the study retrieval: (“open” [Title/Abstract] 
OR “laparotomy” [Title/Abstract]) AND (“laparoscopic” 
[Title/Abstract] OR “laparoscopy” [Title/Abstract]) 
AND (“neoadjuvant” [Title/Abstract] OR “preoperative” 
[Title/Abstract] OR “perioperative” [Title/Abstract]) 
AND (“gastric cancer” [Title/Abstract] OR “stomach 
cancer” [Title/Abstract] OR “stomach neoplasm” [Title/
Abstract]). During the search process, language restric-
tions were not applied. Moreover, references to previ-
ously published reviews and included studies were also 
manually searched for additional reports. The literature 
search was conducted by two investigators independently 
(HY-P and XF-C).

Inclusion and exclusion criteria
The inclusion criteria were formulated through the 
PICOS approach [19] as follows. P: AGC patients who 
underwent NAT; I: laparoscopic gastrectomy; C: open 
gastrectomy; O: perioperative and survival outcomes; S: 
comparative studies including RCTs, cohort studies and 
case-controlled studies.

The exclusion criteria were studies (1) reported as case 
reports, conferences, reviews, and abstracts; (2) with 
mixed cancers; (3) with overlapping data.

Data extraction
A standardized EXCEL form was designed for data 
extraction. Two independent reviewers (HY-P and 
XF-C) performed this procedure and cross-checked all 
the results. Any discrepancies were resolved by a third 
reviewer (H S). The following data from each study were 
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extracted and recorded: first author, publication year, 
study interval, country, study design and sample size, age, 
sex, body mass index (BMI), American Society of Anes-
thesiologists (ASA) classification, neoadjuvant regimen, 
tumor size, gastrectomy extent, follow-up time, periop-
erative outcomes and survival outcomes.

Outcome of interest and definitions
Perioperative and long-term survival outcomes between 
the LG and OG groups were assessed in this study. Perio-
perative outcomes included (1) intraoperative and post-
operative recovery outcomes: operative time, estimated 
blood loss, proximal margin, distal margin, R1/R2 rate, 
number of retrieved lymph nodes, time to first flatus, 
time to first liquid intake, time to remove gastric tube, 
time to remove drainage tube, and postoperative hospital 
stay; and (2) postoperative complications which occurred 
during hospitalization or within 30  days after gastrec-
tomy were defined and graded by Clavien-Dindo (CD) 
classification system [20], including total complications 
(CD I-V), minor complications (CD I-II), major compli-
cations (CD III-V), anastomotic leakage, pancreatic com-
plications, intra-abdominal hemorrhage, intra-abdominal 
abscess, surgical site infection, lymphatic leakage, pulmo-
nary infection and Ileus. Long-term survival outcomes 
included overall survival (OS), disease-free survival 
(DFS) and recurrence-free survival (RFS).

Quality assessment
In terms of the literature quality of included studies, 
the Cochrane Risk-of-Bias 2.0 tool (ROB 2.0) [21] were 
utilized to evaluate the risk of bias for included RCTs, 
which consists of five domains: randomization pro-
cess, deviations from intended intervention, missing 
data, outcome measurement and selection of reported 
result. While for cohort studies, the Risk of Bias in Non-
Randomized Studies-of Interventions tool (ROBINS-I) 
[22] was applied, which consists of seven domains: con-
founding factors, selection of participants, classification 
of interventions, deviation from intended interventions, 
missing data, outcome measurement and selection of the 
reported result.

Statistical analysis
Dichotomous variables, continuous variables, and sur-
vival outcomes were analyzed with using the odds ratios 
(ORs), mean differences (MDs) and hazard ratios (HRs) 
with their 95% confidence intervals (CIs), respectively. 
For studies reporting continuous variables as median 
with range or inter-quartile range, we converted data 
into mean with standard deviation (SD) according to the 
approach described by McGrath et  al. [23]. For studies 
that HRs with 95% CIs were not provided, we extracted 

data from survival curves and calculated them following 
the methods developed by Tierney et al. [24]. Heteroge-
neities of pooled outcomes were assessed using I2 statis-
tic [25]. A random-effects model was always performed, 
due to common clinical and conceptual variance across 
included studies. In addition, meta-regression analysis 
and subgroup analysis were performed to investigate the 
source of heterogeneity and robustness of pooled results. 
Begg’s funnel plots were applied to test potential publica-
tion bias of pooled outcomes when there were at least ten 
studies included. The pooled results were considered sta-
tistically significant at two tailed P < 0.05. Review Man-
ager Software, version 5.3 (Cochrane, London, UK) and 
Stata, version 12.0 (Statacorp, College Station, TX) were 
used to perform all statistical analyses.

Results
Study characteristics and risk of bias
As shown in Fig. 1, a total of 1576 potential studies were 
yielded after systematically searching. Through careful 
title, abstract and full text assessment, 2 RCTs [26, 27] 
and 16 cohort studies [28–43] were ultimately enrolled in 
this study. As shown in Table 1, a total of 2096 patients 
(933 in the LG group and 1163 in the OG group) were 
included in the present study. These studies were pub-
lished between 2014 and 2023, with a sample size ranging 
from 44 to 270. Of these studies, 15 originated in China 
and another 3 were from Japan, Egypt and Europe. The 
median follow-up time of included studies ranged from 
31 to 69 months. For neoadjuvant therapy, most studies 
used chemotherapy as a preoperative treatment and a 
few studies [29, 31, 37, 42] also included targeted therapy 
and concurrent chemoradiation in the preoperative treat-
ment strategy. As for the baseline characteristics includ-
ing age, sex, ASA score, BMI, tumor size and gastrectomy 
extent between the two groups, 15 studies did not report 
statistically significant differences in these variables. 
However, 2 studies were not matched according to tumor 
size, where the tumor size in the LG group was smaller 
in the study by Ge et al. [30], but larger in the study by Li 
et al. [35]. Besides, one study by Wu et al. [40] showed a 
difference in gastrectomy extent, with the total gastrec-
tomy being larger on average in the OG group (Table 2).

Risk of bias
The 2 RCTs were evaluated using the ROB 2.0 tool, and 
both were deemed to be at high risk in the domain of the 
outcome measurement due to the surgical nature of these 
trials, which made it impossible to blind participants and 
investigators to the procedure (Fig.  2A). The 16 cohort 
studies were evaluated using the ROBINS-I tool, and 
7 of them were moderate risk in the overall risk of bias 
due to 6 of them had a moderate risk in the domain of 



Page 4 of 13Pang et al. European Journal of Medical Research          (2023) 28:224 

confounding factors and 4 of them had a moderate risk in 
the domain of missing data (Fig. 2B).

Meta‑analysis of outcomes
Intraoperative and recovery outcomes
As shown in Fig.  3 and Table  3, patients in the LG 
group had a significantly less estimated blood loss 
(MD = − 65.15; 95% CI − 91.02 to − 39.27; P < 0.0001; 
I2 = 96%) but longer operative time (MD = 25.98; 95% CI 
18.42–33.53; P < 0.00001; I2 = 78%) than the OG group. 
There were no significant differences between the two 
groups in number of retrieved lymph nodes (MD = − 0.16; 
95% CI − 1.43 to 1.10; P = 0.80; I2 = 55%), proximal 
margin (MD = − 0.20; 95% CI − 0.65 to 0.25; P = 0.38; 
I2 = 0%), distal margin (MD = − 0.26; 95% CI − 0.60 to 
0.08; P = 0.13; I2 = 0%) and R1/R2 rate (OR = 1.47; 95% CI 
0.67–3.20; P = 0.34; I2 = 0%). In postoperative recovery, 
patients in the LG group had a shorter length of hospi-
tal stay (MD = − 2.26; 95% CI -3.60 to − 0.92; P < 0.0001; 
I2 = 97%), time to first flatus (MD = − 0.56; 95% CI − 0.77 

to − 0.35; P < 0.0001; I2 = 66%) and time to first liquid 
intake (MD = − 0.42; 95% CI − 0.76 to − 0.08; P = 0.02; 
I2 = 53%) than those in the OG group. While the time 
to pull gastric tube (MD = − 0.73; 95% CI − 2.17 to 0.72; 
P = 0.32; I2 = 69%) and drainage tube (MD = − 0.69; 95% 
CI − 1.46 to 0.08; P = 0.08; I2 = 0%) were not significant 
different between the two groups.

Postoperative complications
As shown in Fig. 4 and Table 4, a lower overall postop-
erative complication rate (OR = 0.70; 95% CI 0.56–0.88; 
P = 0.002; I2 = 0%) and a lower minor complication rate 
(OR = 0.69; 95% CI 0.53–0.90; P = 0.006; I2 = 0%) were 
observed in the LG group. While for major compli-
cations, there was no significant difference observed 
between the two groups (OR = 0.90; 95% CI 0.55–1.47; 
P = 0.67; I2 = 16%). In terms of specific postoperative 
complications, we found that the incidence of anasto-
motic leakage (OR = 0.74; 95% CI 0.44–1.26; P = 0.27; 
I2 = 0%), pancreatic complications (OR = 0.63; 95% CI 

Fig. 1  The PRISMA Flowchart of study selection
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0.21–1.94; P = 0.43; I2 = 0%), intra-abdominal abscess 
(OR = 0.91; 95% CI 0.45–1.84; P = 0.80; I2 = 0%), intra-
abdominal bleeding (OR = 0.82; 95% CI 0.41–1.64; 
P = 0.58; I2 = 0%), lymphatic leakage (OR = 1.26; 95% 
CI 0.46–3.47; P = 0.66; I2 = 0%), ileus (OR = 0.77; 95% 
CI 0.27–2.19; P = 0.62; I2 = 0%), surgical site infection 
(OR = 0.74; 95% CI 0.35–1.57; P = 0.43; I2 = 0%) and pul-
monary infection (OR = 0.74; 95% CI 0.48–1.15; P = 0.62; 
I2 = 0%) were all comparable between the two groups.

Long‑term outcomes
As shown in Fig.  5 and Table  5, the pooled analysis 
showed that there was no significant difference between 
the LG and OG groups in terms of OS (HR = 0.87; 95% 
CI 0.72–1.05; P = 0.16; I2 = 0%). Consistently, the 1-year 
OS rate (OR = 1.21; 95% CI 0.40–3.65; P = 0.73; I2 = 50%), 
3-year OS rate (OR = 1.40; 95% CI 0.87–2.26; P = 0.17; 
I2 = 56%) and 5-year OS rate (OR = 1.40; 95% CI 0.85–
2.31; P = 0.19; I2 = 19%) were also comparable between 
the two groups. Similarly, the DFS was also comparable 
between the two groups (HR = 1.03; 95% CI 0.76–1.40; 

P = 0.84; I2 = 0%). And the 1-year DFS rate (OR = 2.06; 
95% CI 0.77–5.52; P = 0.15), 3-year DFS rate (OR = 1.06; 
95% CI 0.46–2.45; P = 0.90; I2 = 70%) and 5-year DFS rate 
(OR = 1.25; 95% CI 0.72–2.16; P = 0.42; I2 = 0%) were all 
comparable between the two groups. In addition, the 
pooled analysis revealed that the RFS was not signifi-
cantly different between the two groups (HR = 1.21; 95% 
CI 0.85–1.62; P = 0.28; I2 = 0%), with comparable 3-year 
RFS rate (OR = 0.85; 95% CI 0.45–1.62; P = 0.62).

Meta‑regression and subgroup analyses
Since high heterogeneity was observed in the meta-
analyses, especially in operative time, estimated blood 
loss, retrieved lymph nodes, time to first flatus, time to 
first liquid intake and postoperative hospital stay, mul-
tivariate meta-regression analyses based on publica-
tion year (≥ 2020 vs. < 2020), county (China vs. Others), 
study design (RCT/PSM cohort vs. Others), sample size 
(> 100 vs. ≤ 100), the extent of gastrectomy (total gas-
trectomy vs. others) and baseline features (matched vs. 
unmatched) were performed. As shown in Additional 

Table 1  Basic information of included studies

LG: laparoscopic gastrectomy; OG: open gastrectomy; R: retrospective; P: prospective; RCT: randomized controlled trial; S: single center; M: multiple center; PSM: 
propensity score matching analysis; TG: total gastrectomy; PG: proximal gastrectomy; DG: distal gastrectomy; NA: not available

References Country Study design Study interval Sample size (LG/OG) Neoadjuvant regimen Follow-up, months

Cui et al. 2022 [28] China R; S 2012–2019 136 (61/75) SOX; XELOX; SF; DCF 69 (range, 1–112)

Fujisaki et al. 2020 [29] Japan R; S 2009–2018 49 (20/29) SP; SOX; Trastuzumab + SOX; 
Trastuzumab + CAPOX

38 (range, 3–115)

Ge et al. 2022 [30] China R; S 2017–2019 153 (77/76) XELOX; FOLFOX; SOX; FLOT NA

Hu et al. 2022 [31] China R; S; PSM 2011–2018 138 (69/69) SOX; XELOX; CS; FOLFOX; TP; 
ECF; DCF; DCX; Chemoradio‑
therapy with S-1

45 (range, 3–94)

Hu et al. 2022 [32] China R; S; PSM 2018–2020 66 (34/32) SOX; FLOT NA

Khaled et al. 2021 [34] Egypt R; M NA 84 (41/43) XELOX NA

Li et al. 2016 [35] China P; S 2012–2014 44 (20/24) SOX; CAPOX; FOLFOX7 NA

Li et al. 2019 [26] China RCT; S 2015–2017 95 (45/50) XELOX NA

Shen et al. 2020 [33] China R; S 2018–2020 90 (45/45) XELOX NA

van der Wielen et al. 2020 
[27]

Europe RCT; M 2015–2018 96 (47/49) ECC; ECF; EOX; FOLFOX; 
FLOT

NA

Wang et al. 2014 [36] China R; S 2011–2014 120 (68/52) XELOX NA

Wang,2016 [37] China R; S 2013–2014 134 (67/67) XELOX NA

Wang et al. 2020 [38] China R; S 2007–2016 270 (49/221) XELOX; FOLFOX; SOX; SP; 
TXT + XELOX; TCF; DOS; 
TXT + SP; Fluoropyrimidine-
based chemoradiotherapy

NA

Wang et al. 2021 [39] China R; S; PSM 2013–2018 69 (23/46) DC; DS; DX; EP; FOLFIRI; POS; 
S1; SEEOX; SOX; CAPOX

NA

Wu et al. 2022 [40] China R; S 2017–2020 154 (52/102) SOX; XELOX; DCF; XP 31 (range, 2–60)

Xi et al. 2020 [41] China R; S; PSM 2013–2016 90 (45/45) SOX; XELOX OG:39 (range, 12–49)
LG: 33 (range, 9–58)

Zheng et al. 2023[42] China R; S 2008–2018 146 (89/57) SOX; XELOX; DS; FOLFOX4; 
Oxaliplatin + Apatinib

NA

Zhong et al. 2023[43] China R; S; PSM 2015–2019 162 (81/81) SOX; FLOT; DOS; DCF NA
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file 1: Table S1, sample size was the major source of het-
erogeneity of retrieved lymph nodes (P = 0.022), while 
study design (P = 0.035) and baseline features (P = 0.009) 
were the major source of heterogeneity of postoperative 
hospital stay.

Furthermore, subgroup analyses stratified by those 
covariates were performed to investigate the discrepant 
treatment effect of different subsets. As shown in Addi-
tional file 1: Figs. S1–6, the findings of all subgroup analy-
ses were consistent with the results of subgroup analyses 
and suggested that these perioperative outcomes in the 
LG group were not inferior to those in the OG group, 
except that the LG group showed a lower rate of retrieved 
lymph nodes in the subset with a sample size of no more 
than 100 (MD = − 1.94; 95% CI − 3.32 to − 0.56; P = 0.006; 
I2 = 14%).

Publication bias
For pooled outcomes with at least ten studies included, 
the Begg’s funnel plot was applied to assess the potential 

publication bias. As shown in Tables  3, 4, 5 and Addi-
tional file 1: Fig. S7, all of the pooled outcomes showed 
no significant risk of publication bias, with all p-values 
greater than 0.05.

Discussion
In clinical practice, laparoscopic gastrectomy has been 
widely accepted as an alternative to open gastrectomy 
for AGC in both Eastern and Western countries due to 
its relatively better short-term outcomes without com-
promising long-term outcomes. [44–46]. Nowadays, 
the application of NAT to AGC patients has rapidly 
increased owing to its potential oncological benefits [5, 
28, 31]. Nevertheless, before applying LG as the standard 
treatment option for AGC patients receiving NAT, much 
more evidence is required to confirm the true benefits of 
LG over OG, thereby aiding surgical decision-making.

In the present meta-analysis, we enrolled 18 stud-
ies with 2096 patients and demonstrated that LG offers 
better perioperative outcomes and comparable survival 
results compared to OG. In detail, the present study 
highlighted less estimated blood loss, faster time to liq-
uid intake, shorter length of hospital stay, fewer minor 
complication rate, but longer operative time in the LG 
group, except for a reduced overall complication rate 
and faster time to flatus. Nonetheless, the previous meta-
analysis [18] failed to detect these differences due to the 
limited number of studies included. Also, benefiting from 
a larger sample size, informative meta-regression and 
subgroup analyses can be further performed to inves-
tigate sources of heterogeneity and robustness of these 
pooled results with significant heterogeneities. As shown 
in Additional file 1: Figs. S1–S6, nearly all of those subset 
analyses revealed that these perioperative outcomes in 
the LG group were not inferior to those in the OG group. 
In addition, Begg’s tests showed no significant risk of bias 
in those pooled results, which further convincing us of 
the feasibility of LG in AGC patients following NAT.

Surveying the surgical parameters, the estimated 
blood loss in the LG group was significantly less than 
that in the OG group. This result may be related to the 
fine dissection and meticulous hemostasis of edema-
tous and fibrotic tissue under a magnified surgical view 
by advanced laparoscopic instruments [26]. In addition, 
the LG group showed a faster recovery of gastrointestinal 
function, as indicated by the earlier onset of flatus and 
oral intake. Time to pull gastric tube and drainage tube, 
however, was similar between the two groups. Moreo-
ver, LG was also associated with a significant reduction 
in hospital stay, which may be a combined result of less 
blood loss, faster recovery of bowel function and lower 
postoperative complication rate. On the other hand, a 
longer operative time was observed in the LG group. 

Fig. 2  Bias risk summary of each element in the included 
randomized controlled trials (A) and cohort studies (B)
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Fig. 3  Forest plot assessing intraoperative and recovery outcomes between the LG and OG groups. A Operative time; B estimated blood loss; C 
proximal margin; D distal margin; E R1/R2 resection rate; F number of retrieved lymph nodes; G. time to first flatus; H time to first liquid intake; I time 
to remove gastric tube; J time to remove drainage tube and K postoperative hospital stay

Table 3  Results of the meta-analysis of intraoperative and recovery outcomes

Pooled outcomes Studies (n) Sample size, n (LG:OG) Effect size with 95% CI P value Heterogeneity 
(I2, %)

Publication 
bias (Begg’s 
Test)

Intraoperative outcomes

 Operative time, min (MD) 18 2096 (933:1163) 25.98 (18.42–33.53) < 0.0001 78 0.820

 Estimated blood loss, ml (MD) 18 2096 (933:1163) − 65.15 (− 91.02 to − 39.27) < 0.0001 96 0.325

 Proximal margin, cm (MD) 5 364 (167:197) − 0.26 (− 0.60 to 0.08) 0.13 0 –

 Distal margin, cm (MD) 5 364 (167:197) − 0.20 (− 0.65 to 0.25) 0.38 0 –

 R1/R2 rate, n (OR) 10 1026 (484:542) 1.47 (0.67 to 3.20) 0.34 0 0.368

 Number of retrieved lymph 
nodes, n (MD)

16 1672 (832:840) − 0.16 (− 1.43 to 1.10) 0.80 55 0.620

Postoperative recovery outcomes

 Time to first flatus, day (MD) 12 1240 (605:635) − 0.56 (− 0.77 to − 0.35) < 0.0001 66 0.062

 Time to first liquid intake, day 
(MD)

10 955 (473:482) − 0.42 (− 0.76 to − 0.08) 0.02 53 0.371

 Time to remove gastric tube, 
day (MD)

3 452 (138:314) − 0.73 (− 2.17 to 0.72) 0.32 69 –

 Time to remove drainage tube, 
day (MD)

4 317 (146:171) − 0.69 (− 1.14 to 0.08) 0.08 0 –

 Postoperative hospital stay, day 
(MD)

18 2096 (933:1163) − 2.26(− 3.60 to − 0.92)  < 0.0001 97 0.363
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Numerous studies have shown that the prolonged 
operative time is closely associated with the technical 
complexity as well as a relatively long learning curve of 
laparoscopic surgery [47], which may be particularly true 
in the context of NAT. With the popularization of laparo-
scopic technique and the improvement of surgical profi-
ciency of surgeons, the operative time is expected to be 
shortened in future clinical practice.

Regarding postoperative morbidity, LG was related 
to a lower overall complication rate and a lower minor 
complication rate. These results may be related to the 
inherent benefit of laparoscopy in terms of better expo-
sure and visual magnification, which allows delicate 
manipulation of the organs, vessels and nerves during 
LG [48]. In addition, the use of sophisticated equipment 
such as Harmonic Scalpel and Ligasure during LG may 

Fig. 4  Forest plot assessing postoperative complications between the LG and OG groups. A Overall complications; B minor complications; C major 
complications; D anastomotic leakage; E pancreatic complications; F intra-abdominal hemorrhage; G intra-abdominal abscess; H surgical site 
infection; I lymphatic leakage; J pulmonary infection; and K Ileus

Table 4  Results of the meta-analysis of postoperative complications

Pooled outcomes Studies (n) Sample size, n (LG: OG) Effect size with 95% CI P value Heterogeneity 
(I2, %)

Publication bias
(Begg’s Test)

Total complications, n (OR) 17 2006 (888:1118) 0.70 (0.56–0.88) 0.002 0 0.064

Minor complications, n (OR) 15 1687 (819:868) 0.69 (0.53–0.90) 0.006 0 0.075

Major complications, n (OR) 15 1687 (819:868) 0.90 (0.55–1.47) 0.67 16 0.583

Anastomotic leakage, n (OR) 14 1738 (756:982) 0.74 (0.44–1.26) 0.27 0 0.502

Pancreatic complications, n (OR) 8 937 (462:475) 0.63 (0.21–1.94) 0.43 0 –

Intra-abdominal hemorrhage, n (OR) 13 1602 (695:907) 0.82 (0.41–1.64) 0.58 0 0.945

Intra-abdominal abscess, n (OR) 11 1350 (582:768) 0.91 (0.45–1.84) 0.80 0 0.858

Surgical site infection, n (OR) 10 1280 (570:710) 0.74 (0.35–1.57) 0.43 0 0.474

Lymphatic leakage, n (OR) 9 1063 (487:576) 1.26 (0.46–3.47) 0.66 0 –

Pulmonary infection, n (OR) 14 1724 (775:949) 0.74 (0.48–1.15) 0.19 0 0.274

Ileus, n (OR) 8 1279 (546:733) 0.77 (0.27–2.19) 0.62 0 –
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facilitate decreasing the surgery damage to normal tis-
sues, therefore reducing morbidity [49]. Nevertheless, it 
is not surprising that in our pooled result, the minimally 
invasive nature of LG had less impact on reducing major 
complications, because accumulating reports have sug-
gested that the occurrence of major complications may 
be mainly related to the proficiency of the surgeons as 
well as the surgical devices, rather than the surgical 
approach [48, 50]. In terms of specific complications, 
although there were no significant differences between 
the two groups found in our study, lower odds ratios for 
most complications were observed in the LG group, such 
as pulmonary infection. Certainly, part of the reason for 
this evidence can be explained by the minimally invasive 

nature of laparoscopic approach, which allows minor sur-
gical incision length and less immune-suppression [48]. 
Besides, the minor tension sutures can reduce postop-
erative pain, thereby improving the patient’s respiratory 
dynamics and leading to fewer pulmonary infection [51].

With respect to the evaluation of oncological ade-
quacy, our results demonstrated that LG was equal to 
OG in the proximal margin, distal margin, R1/R2 resec-
tion rate and number of harvested lymph nodes. In par-
ticular, retrieving enough lymph nodes for pathological 
examination and achieving identical extent of lymphad-
enectomy to OG have been regarded as the most essen-
tial index for assessing the feasibility of LG in gastric 
cancer patients [52–54]. The 8th AJCC guideline 

Fig. 5  Forest plot assessing long-term survival outcomes between the LG and OG groups. A OS; B DFS; C RFS; D 1-year OS rate; E 3-year OS rate; F 
5-year OS rate; G 1-year DFS rate; H 3-year DFS rate; and I 5-year DFS rate

Table 5  Results of the meta-analysis of long-term survival outcomes

Pooled outcomes Studies (n) Sample size, n (LG:OG) Effect size with 95% CI P value Heterogeneity 
(I2, %)

Publication bias
(Begg’s P value)

Overall survival, month (HR) 11 1391 (588:803) 0.87 (0.72–1.05) 0.16 0 1.000

 1-year, n (OR) 4 522 (175:347) 1.21 (0.40–3.65) 0.73 50 –

 3-year, n (OR) 6 888 (366:522) 1.40 (0.87–2.26) 0.17 56 –

 5-year, n (OR) 3 457 (138:319) 1.40 (0.85–2.31) 0.19 19 –

Disease-free survival, month (HR) 4 539 (171:368) 1.03 (0.76–1.40) 0.84 0 –

 1-year, n (OR) 2 336 (83:253) 2.06 (0.77–5.52) 0.15 – –

 3-year, n (OR) 3 490 (151:339) 1.06 (0.46–2.45) 0.90 70 –

 5-year, n (OR) 2 319 (69:250) 1.25 (0.72–2.16) 0.42 0 –

Recurrence-free survival, month (HR) 2 308 (170:138) 1.21 (0.85–1.72) 0.28 0 –

 3-year, n (OR) 1 162 (81:81) 0.85 (0.45–1.62) 0.62 – –
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recommends that at least 16 lymph nodes are required 
for GC patients to ensure accurate N staging, regard-
less of receiving NAT or not [11]. In addition, a recent 
study involving 4337 cases suggested that the retrieval 
of at least 23 lymph nodes could provide a better sur-
vival for patients receiving NAT [55]. In our study, the 
mean number of lymph nodes retrieved in the LG and 
OG groups was 31.84 and 31.87, indicating that LG is 
as oncologically adequate as OG in patients undergoing 
NAT. Consistently, the OS, DFS and RFS rates between 
the two approaches were unsurprisingly comparable. 
Therefore, once the basic principles of negative margins 
and adequate lymphadenectomy have been secured, the 
survival results are largely determined by the biologi-
cal characteristics of the tumor itself rather than by the 
surgical approach [47].

This meta-analysis has several limitations. First, 
among included studies, there were only 2 RCTs and 
most of them were retrospective in nature, which may 
increase the risk of selective bias. Second, the quality of 
the included studies varied. Even though those pooled 
results were of low heterogeneities or remained con-
sistent in the subgroup of high-quality studies (RCTs 
and propensity-score matched studies), this may have 
some effect on the strength of evidence of our study. 
Third, the preoperative treatment regimens varied a 
lot among the included studies. This heterogeneity may 
have an impact on the perioperative and survival out-
come analyses.

Conclusions
This meta-analysis suggests that LG is a safe and fea-
sible technique for AGC patients who received NAT in 
terms of superior short-term and comparable long-term 
results. Nevertheless, high-quality multicenter RCTs are 
warranted to validate our findings.
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