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Abstract
Background: Several techniques are used for surgical treatment of gastric cancer (GC), but the e�cacy
and safety of these approaches have not been compared. Methods: We systematically searched articles
of randomized controlled trials (RCTs) through PubMed, Embase, Cochrane Library and ISI-Web of
Science databases. The primary outcome was safety using overall morbidity as the main indicator of
safety. The secondary outcome was e�cacy using the number of harvested lymph nodes (HLNs) as an
indicator of e�cacy. Multiple surgical treatment comparisons based on Bayesian network integrated the
safety and e�cacy of all included approaches. The ranking probability was appraised by the probability
of the surgical approaches. Results: The 19 eligible RCTs with 4309 patients were included in the network
meta-analysis (NMA). There were no differences in overall morbidity between open gastrectomy (OG) and
laparoscopic-assisted gastrectomy (LAG) [odds ratio (OR) 1.09, 95% credible interval (Crl): 0.86-1.64], OG
and robotic gastrectomy (RG) (OR 1.16, 95% Crl: 0.43-3.07), LAG and totally laparoscopic gastrectomy
(TLG) (OR 2.85, 95% Crl: 0.67-12.52), RG and LAG (OR 0.96, 95% Crl: 0.36-2.93), TLG and OG (OR 0.32,
95% Crl: 0.07-1.38) and TLG and RG (OR 0.35, 95% Crl: 0.06-2.01). There were also no differences in the
number of HLNs between OG and LAG [weighted mean difference (WMD) 0.91, 95% Crl: -0.24-2.43)], OG
and RG (WMD 1.55, 95% Crl: -2.58- 5.51), LAG and TLG (WMD -0.90, 95% Crl: -6.82-5.18), RG and LAG
(WMD -0.68, 95% Crl: -4.63- 3.91), TLG and OG (WMD -0.01, 95% Crl: -6.41-5.90) and TLG and RG (WMD
1.56, 95% Crl: -6.01-8.59). From the results of the rank probabilities of the four surgical treatments, TLG
had the highest probability of being the safest and the most effective surgical approaches. Conclusions:
The four surgical treatments of GC have similar safety and e�cacy. TLG had the best chance of
becoming the safest and most effective treatment.

Background
Gastric cancer (GC) remains an important cancer worldwide, with more than 1,000,000 new cases in
2018, of which an estimated 783,000 deaths, making it the �fth most commonly diagnosed cancer and
the third leading cause of cancer death [1]. Japanese gastric cancer treatment guidelines indicated that
distal gastrectomy with D2 lymph node dissection via an open approach is the current standard for
advanced gastric cancer (AGC) located in the lower or middle third of the stomach [2]. With the rapid
development of laparoscopic instruments and techniques, laparoscopy-assisted distal gastrectomy
(LADG) can be used for AGC treatment [3]. Several retrospective studies have demonstrated that totally
laparoscopic distal gastrectomy (TLDG) was safer, more feasible, and less invasive than LADG [4-7].
Additionally, Patriti et al. [8] indicated that robot-assisted laparoscopic gastrectomy with D2 lymph node
dissection for adenocarcinoma was feasible and safe.

Despite four strategies being available: (OG, LAG, TLG, and RG), some of the surgical treatments have
never been compared to each other because of the lack of head-to-head trials. Meanwhile, the traditional
meta-analysis has some limitations. Thus, the optimum surgical approach for GC is still unknown. We
performed a meta-analysis of RCTs by using NMA as a methodology [9]. Safety was used as the primary
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endpoint and e�cacy was used as the secondary endpoint. Overall morbidity was de�ned as within 30
days of surgery.

Methods
Literature screening was performed according to the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) �ow chart [10] and the report of the International Society for
Pharmacoeconomics and Outcomes Research Task Force on Indirect Treatment Comparisons Good
Research Practices [11]. Institutional review board approval was not required.

Search Strategy

PubMed, Embase, ISI-Web of Science and Cochrane Library were searched for RCTs published between
1950 and 2019. The following terms were used in combinations: Gastric cancer, Stomach Cancer, Gastric
Neoplasm, Stomach Neoplasm, Open, Open surgery, Open Procedure, Open Surgical Procedure, Hand-
Assisted Laparoscopic Surgery, Hand Assisted Laparoscopy, Hand-Assisted Laparoscopy, Hand-
Assisted Laparoscopic Surgical Procedures, Robotic Surgical Procedures, Robotic Surgical,
Robotic Surgical Procedure, Surgical Procedure, Robotic, Totally laparoscopic, entirely laparoscopic,
absolutely laparoscopic, completely laparoscopic,  fully laparoscopic, Randomized Controlled Trial,
Randomized, and Randomly.   

 

Study Selection

The only criterion for eligibility was the RCTs comparing at least 2 of the following strategies: open,
laparoscopic-assisted, totally laparoscopic, and robotic gastrectomy for GC. Duplicate studies were
removed using EndNote version X7.7 (Thomson Reuters). Additionally, for eligibility, the patient
underwent radical gastrectomy. Studies that ful�lled the eligibility criteria were evaluated in full-text form.
We exclude studies that are not RCTs and unavailable data.

 

Data Collection and Assessment of Risk of Bias

The data were extracted by two reviewers independently using the same standardized collection form.
Relevant data were collected, including the �rst author, the year of publication, country, patient
characteristics, treatment approaches, the sample size and outcomes (overall morbidity, the number of
HLNs, total blood loss, length of hospital stay, operative time, pulmonary and anastomotic
complications). Qualitative assessment was accomplished by two investigators independently, and if
there were disagreements, it will be discussed with the third investigator. Qualitative assessment of the
articles was conducted using the Cochrane Collaboration tool for assessing the risk of bias in
randomized trials [12].

http://dict.youdao.com/w/eng/entirely/#keyfrom=dict.basic.syno
http://dict.youdao.com/w/eng/absolutely/#keyfrom=dict.basic.syno
http://dict.youdao.com/w/eng/completely/#keyfrom=dict.basic.syno
http://dict.youdao.com/w/eng/fully/#keyfrom=dict.basic.syno
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Statistical Analysis

The primary outcome criterion of our NMA was overall morbidity, and the secondary outcome measure
was the number of HLNs. The treatment effect of dichotomous data was expressed as OR. The treatment
effect of continuous (mean difference) data was expressed as WMD. 95% CIs were used for the direct
meta-analysis and Crl for the estimates of the NMA.

Heterogeneity was assessed by the Cochran Q test and measured by the I2 statistic. Interpretation of the
I2 values was performed by assigning low, moderate, and high attributes in cases showing values of 0%
to 25%, 25% to 50%, and above 75%, respectively.

First, we performed a traditional pair-wise meta-analysis with Review Manager (RevMan. Version
5.3.Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014), synthesizing studies
that compared the same surgical approach with a �xed-effect model.

Second, we built a random-effects network within a Bayesian framework using Markov chain Monte Carlo
methods in ADDIS 1.16.8 (Drugis.org) [13], three different sets of starting values to �t the model, yielding
100,000 iterations (50,000 per chain) to obtain the posterior distributions of model parameters. For
overall morbidity and the number of HLNs, we used 5000 burn-ins and a thinning interval of 50 for each
chain. We also estimated the probability that each of the treatments was the best approach, by
calculating the OR for each surgical approach compared with an arbitrary common control group, and
counting the proportion of iterations of the Markov chain of the OR ranking in treatments.

A variance calculation and a node-splitting analysis provided by the software ADDIS 1.16.8 were applied
to assess inconsistency between indirect and direct comparisons in closed loops, or the comparison was
used to con�rm the inconsistency in a lack of a closed loop. The 95% Crl of the OR and WMD were used
for the estimates in the above calculations. Network plot generation and publication bias were performed
with Stata 14.2 (StataCorp, College Station, TX). Risk of bias was assessed using the dedicated Cochrane
tool of Review Manager.

Results
Study selection and characteristics

     The literature screening process is shown in Fig. 1. A total of 1120 records were identi�ed from various
databases, including PubMed, Embase, Cochrane Library and ISI-Web of Science; 223 records were
excluded because the title showed that they were identical. Among the remaining 897 studies, 807 were
excluded because, according to the title and abstract screening, the �eld of these studies was not
relevant. Ninety full-text articles were considered; among these studies, 71 were removed for the following
reasons: 8 were conference abstracts, 45 were review articles, 3 were not RCTs, 3 were case reports, and
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12 reported unextractable data. Finally, 19 studies [3, 14-31] were included for quality evaluation and
quantitative analysis.   

The characteristics of the included studies are shown in Table 1. Our analysis included 4309 patients
treated in four surgical treatments: 2092 treated with OG, 2011 treated with LAG, 151 treated with RG, and
55 treated with TLG. Fig. 2 shows the network plot of the comparison of four surgical treatments.

 

Comparisons of overall morbidity

The results of pair-wise meta-analyses are showed in Table 2. The heterogeneity and the forest plot of the
results are summarized in Fig. 3. There were no differences between OG and LAG (OR 1.02, 95% CI: 0.86-
1.20; P=0.85; heterogeneity: Chi2 =18.95, P=0.27, I2 =16%), OG and RG (OR 1.13, 95% CI: 0.52-2.43;
P=0.76) and LAG and TLG (OR 2.49, 95% CI: 0.72-8.65; P=0.15). The results of NMA are presented in
Table 3. In the NMA, there were no statistically signi�cant differences between OG and LAG (OR 1.09, 95%
Crl: 0.86-1.64), OG and RG (OR 1.16, 95% Crl: 0.43-3.07), LAG and TLG (OR 2.85, 95% Crl: 0.67-12.52), RG
and LAG (OR 0.96, 95% Crl: 0.36-2.93), TLG and OG (OR 0.32, 95% Crl: 0.07-1.38) and TLG and RG (OR
0.35, 95% Crl: 0.06-2.01). The results of the rank probabilities of the four surgical approaches are
summarized in Fig. 4 and Table 4, demonstrating that TLG had the highest probability of being the safest
surgical approaches.

 

Comparisons of the number of HLNs

The results of pair-wise meta-analyses are presented in Table 5. The heterogeneity and the forest plot of
the results are summarized in Fig. 5. There were no differences between OG and LAG (WMD 0.01, 95% CI:
-0.52-0.55; P=0.96; heterogeneity: Chi2 =12.30, P=0.42, I2 =2%), OG and RG (WMD 1.60, 95% CI: -0.69-3.89;
P=0.17) and LAG and TLG (WMD -0.90, 95% CI: -5.92-4.12; P=0.73). The results of NMA are presented in
Table 6. In the NMA, there were no statistically signi�cant differences between OG and LAG (WMD 0.91,
95% Crl: -0.24-2.43), OG and RG (WMD 1.55, 95% Crl: -2.58- 5.51), LAG and TLG (WMD -0.90, 95% Crl:
-6.82-5.18), RG and LAG (WMD -0.68, 95% Crl: -4.63- 3.91), TLG and OG (WMD -0.01, 95% Crl: -6.41-5.90)
and TLG and RG (WMD 1.56, 95% Crl: -6.01-8.59). The results of the rank probabilities of the four surgical
treatments in terms of the number of HLNs are summarized in Fig. 6 and Table 7, indicating that TLG had
the highest probability of being the most effective treatment.

 

Quality of evidence

The assessment of the risk of bias for eligible RCTs included in the NMA is presented in Fig. 7 according
to the Cochrane risk-of-bias tool, indicating no severe risk of bias. The heterogeneity of pair-wise
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comparison between the two surgical procedures is shown in Table 2 and Table 5, and no signi�cant
heterogeneity was detected. The publication bias using Begg's (P=0.091) and Egger's (P=0.001) test
showed that there may be some publication bias (Fig. 8). Because of the lack of a closed loop, the
comparison was used to con�rm the inconsistency. The results of inconsistency are summarized in Table
8. The results of the 95% Crl of random effects standard deviation of consistency are very similar to the
inconsistency, suggesting consistency within the model.

 

Sensitivity analysis

    Sensitivity analysis was performed for the group with low heterogeneity, which suggested that the
included study estimates were basically within the CI of the total effect values, indicating that the results
were relatively stable (Fig. 9).

Discussion
GC is the third leading cause of cancer death and surgical resection is still the best treatment in the
current medical care sitting [32]. Surgery is the most effective treatment for GC. Due to the lack of head-
to-head trials and the limitations of traditional meta-analysis methods, a clear statement on the best
surgical approaches for GC remains unknown. This study is the �rst, to our knowledge, to compare the 4
surgical approaches available for the treatment of GC by using an NMA. This NMA combined direct and
indirect evidence from 19 RCTs including 4309 patients with GC to estimate the relative safety and
e�cacy of 4 surgical approaches for outcomes involving overall morbidity and the number of HLNs.

    Since its introduction in 1994, minimally invasive gastrectomy (MIG) has become widely performed for
the treatment of GC worldwide [33]. The advantages of minimally invasive surgery are reduced blood
loss, promoted postoperative recovery, shorter hospital stay, and diminished morbidity [34-36]. However,
our studies showed that 4 strategies, namely, OG, LAG, TLG, and RG, had no statistically signi�cant
differences for overall morbidity, which is consistent with some previous studies [14-24, 26-30]. The
results of the rank probabilities of the 4 surgical treatments, demonstrated that TLG had the highest
probability of being the safest surgical approaches.

Since 1999, with the �rst report of laparoscopy-assisted total gastrectomy plus lymph node dissection for
GC [37], laparoscopic gastrectomy has been widely used in Japan and Korea to treat GC. However, the
application of laparoscopic techniques in AGC is still controversial because of the technical di�culty of
extragastric lymphadenectomy and the lack of data related to the procedure’s oncologic adequacy. In
previous study analysis of patients undergoing MIG versus OG, MIG was associated with equivalent
oncologic outcomes [38]. Meanwhile, a recent study showed that MIG can be safely introduced regarding
short-term oncological outcomes, with a proctoring program [39]. Multiple randomized trials have
demonstrated the oncology equivalence of laparoscopic and open gastrectomy [20, 22, 40-43]. Previous
studies have shown that there were no signi�cant differences in the total number of HLNs between the
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LADG and OG [44, 45]. They believed that LADG with D2 lymph node dissection is oncologically
consistent with OG. Recently, Yu et al. [29] concluded that there was no difference in 3-year disease-free
survival between LAG and OG in patients with locally AGC through a multicenter randomized controlled
trial.

In addition, previous studies [4, 5] have shown that there was no statistically signi�cant difference
between the LADG and TLDG groups for the number of HLNs, but the latter was super�uous. Kim et al. [6]
compared 268 patients undergoing LADG with 180 patients undergoing TLDG, and they found that there
was a statistically signi�cant difference in the number of HLNs, demonstrating that TLDG harvested
more lymph nodes than TADG. However this present study showed similar results wherein 4 surgical
treatments for GC have no statistically signi�cant differences for the number of HLNs and TLG had the
highest probability of being the most effective treatment based on the results of the rank probabilities of
the 4 surgical approaches.

 

Limitations

This NMA is acknowledged to have several limitations. First, the number and sample size of the included
studies were still inadequate and all networks had not one closed loop so that a node-splitting analysis
was not possible. Second, differences in tumor staging, tumor location and the number of examined
lymph nodes in each trial may have an effect on the results. Third, this study was not registered and there
may be some publication bias, but we still follow the steps of the systematic review strictly. Finally, some
secondary outcomes, such as total blood loss, length of hospital stay, operative time, pulmonary and
anastomotic complications, were not analyzed. Therefore, future head-to-head RCTs are necessary to
investigate the optimal surgical treatment for GC.

Conclusion
This present study is the �rst to compare the 4 surgical treatments available for GC by using an NMA and
demonstrated that the four surgical treatments of GC have similar safety and e�cacy TLG had the best
chance of becoming the safest and most effective treatment. Further clinical studies are needed to
evaluate the safety and e�cacy of TLG for GC.

Abbreviations
GC: gastric cancer; RCTs: randomized controlled trials; HLNs: harvested lymph nodes; NMA: network
meta-analysis; OG: open gastrectomy; LAG: laparoscopic-assisted gastrectomy; OR: odds ratio; Crl:
credible interval; RG: robotic gastrectomy; TLG: totally laparoscopic gastrectomy; WMD: weighted mean
difference; AGC: advanced gastric cancer; LADG: laparoscopy-assisted distal gastrectomy ; TLDG :totally
laparoscopic distal gastrectomy; PRISMA: preferred reportingitems for systematic reviews and meta-
Analyses; MIG :minimally invasive gastrectomy
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Figure Titles And Legends
Fig. 1  Study �ow diagram.
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Fig. 2  Network of the comparisons for the Bayesian network meta-analysis.

The sizes of the nodes and the thicknesses of the edges are weighted according to the number of studies
evaluating each treatment and direct comparison, respectively.

Fig. 3  Forest plots of results with pair-wise meta-analysis for four gastrectomy of overall morbidity.

Fig. 4  Ranking of treatments in overall morbidity.

Fig. 5  Forest plots of results with pair-wise meta-analysis for four gastrectomy of HLNs.

Fig. 6  Ranking of treatments in the number of HLNs.

Fig. 7  Risk of bias graph for all studies included.

Fig. 8  Begg's funnel plot.

Fig. 9  Sensitivity analysis for the group with low heterogeneity.

Figures



Page 14/20

Figure 1

Study �ow diagram.
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Figure 2

Network of the comparisons for the Bayesian network meta-analysis.The sizes of the nodes and the
thicknesses of the edges are weighted according to the number of studies evaluating each treatment and
direct comparison, respectively.
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Figure 3

Forest plots of results with pair-wise meta-analysis for four gastrectomy of overall morbidity.
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Figure 4

Ranking of treatments in overall morbidity.
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Figure 5

Forest plots of results with pair-wise meta-analysis for four gastrectomy of HLNs.

Figure 6

Ranking of treatments in the number of HLNs.

Figure 7

Risk of bias graph for all studies included.
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Figure 8

Begg's funnel plot.
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Figure 9

Sensitivity analysis for the group with low heterogeneity.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

PRISMA2009checklist.pdf

https://assets.researchsquare.com/files/520f3225-303b-478f-bb40-013f3684ec0b/v1/PRISMA%202009%20checklist.pdf

