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Abstract

Background To evaluate short- and long-term outcomes of robotic gastrectomy (RG) in patients with gastric cancer to
determine whether RG is an acceptable alternative to laparoscopic gastrectomy (LG).

Methods PubMed, Embase, the Cochrane Library, and Chinese Biomedical Database were searched for prospective observa-
tional studies (POSs) comparing RG with LG for gastric cancer until October 2017. We compared short-term and long-term
outcomes using systematic review with meta-analysis and trial sequential analysis (TSA).

Results Sixteen POSs including 4576 patients were included in the meta-analyses. Compared with LG, RG had longer opera-
tive time (MD 57.98 min, P <0.00001), lesser blood loss (MD —23.71 ml, P=0.005), and shorter time to first post-operative
flatulence (MD —0.14 days, P=0.03). No significant difference was found in terms of the number of harvested lymph nodes,
complications, reoperation, mortality, open conversion, proximal resection margin, and distal resection margin. The meta-
analyses of complications, overall survival, and disease-free survival did not yield any sign of statistically significant differ-
ence between the two treatments, and the cumulative Z-curve crossed neither the traditional boundary nor the trial sequential
monitoring boundary, suggesting the lack of firm evidence. TSA demonstrated that the cumulative Z-curve crossed either
the traditional boundary or the trial sequential monitoring boundary on blood loss and operative time.

Conclusions The present study demonstrates that RG is as acceptable as LG in terms of short- and long-term outcomes.
The TSA demonstrated that further studies are not needed to evaluate the operative time and blood loss differences between
these techniques.
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Laparoscopic surgery, introduced in the 1980s, is widely
accepted and currently mainstreamed as a minimally

invasive surgery (MIS) for many general surgery proce-
dures, including gastrectomy, particularly for early gastric
cancer (EGC). Laparoscopic gastrectomy (LG), first reported
in 1994 [1], has been rapidly adopted in Asian countries.
According to evidence-based medicine, meta-analyses have
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earlier discharge, and fewer pulmonary complications [2-5].
In addition, LG and open surgery reportedly have compara-
ble rates of long-term morbidity and mortality in EGC [6, 7].

Although patients benefit from laparoscopic resec-
tions, some of the factors that hinder the application
of laparoscopic surgery are two-dimensional images,
decreased sense of touch [8], long learning curve [9,
10] (especially in lymph node dissection), the intricate
manipulations of the forceps required through the fixed
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ports, and the uncomfortable position forced upon sur-
geons. Thus, robotic systems were developed to address
these limitations of laparoscopic surgery [11, 12]. Such
systems include three-dimensional views, a tremor filter
and improved dexterity with da vinci surgical system.
Since the robotic gastrectomy (RG) was firstly reported
by Hashizume et al. [13] in 2003, it has been thought to
provide undoubted technical advantages [14]. However,
although robotic systems allow precise operating in vari-
ous fields of MIS, its role for gastric cancer remains con-
troversial [15-17].

Recently, several observational clinical studies on this
topic have been published, and three updated meta-anal-
yses [18-20] showed that when compared with LG, RG
was associated with a longer operative time and lower
estimated blood loss and complications. Mortality, overall
survival (OS), and disease-free survival (DFS) for LG and
RG were similar. Nevertheless, with increasing statistical
tests being employed on the accumulated additional data,
the likelihood of observing a false-positive or false-negative
result increases [21]. Trial sequential analysis (TSA) is an
approach that retains the desired risk of random error when
conventional significance testing is repeated on accumulat-
ing data when cumulative meta-analyses are performed; this
which provides the required information size in meta-analy-
ses as well [22, 23]. Therefore, we used the TSA method to
control the risk of type I error in our meta-analyses.

Methods

The present study was registered in PROSPERO interna-
tional prospective register of systematic reviews (https://
www.crd.york.ac.uk/PROSPEROY/) and the Registration
Number is: CRD42018089637.

Criteria for considering studies for this review

The included studies met the following criteria: (1) prospec-
tive observational studies (POSs) and randomized control
trial (RCT) analyses of both RG and LG for gastric can-
cer; (2) any sample size; and (3) when more than one study
reported results from the same patient population, only the
most recent study was included.

The exclusion criteria were as follows: (1) studies pub-
lished as an abstract without the appropriate data or publica-
tion of the full paper; (2) studies with considerable overlap
between centers or patient cohorts evaluated in the published
studies, and (3) case reports, reviews, and clinical trial reg-
istrations with no result and retrospective observational
studies.
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Outcome measures

The following outcomes were used to compare the RG and
LG groups in patients with gastric cancer. Primary endpoints
were operation time (min), blood loss (ml), hospital stay
(days), complications based on the Clavien—Dindo classifi-
cation, major complications, minor complications, OS, and
DFS. Secondary endpoints were time to first flatus (days),
retrieved lymph nodes (LN), proximal resection margin
(PRM), distal resection margin (DRM), mortality, open
conversion, reoperation, and hospital expenses.

Search strategies for identification of studies

The MOOSE (Meta-analysis of Observational Studies in
Epidemiology) statement and guidelines were consulted
during the design, analysis, and reporting of this meta-
analysis. A systematic review of the medical literature was
performed with the assistance of a medical librarian to
identify all potential abstracts that compared RG to LG in
patients with gastric cancer regardless of publication status
or language. Specifically, studies published before Octo-
ber 2017 were searched for in PubMed, Embase, Science
Citation Index, Cochrane Library, and Chinese Biomedical
Database (CBM). Relevant studies were identified using the
search terms gastric cancer and gastric adenocarcinoma.
These results were combined with robotic, laparoscopic, gas-
trectomy. The “related article” function from PubMed was
used to further identify potential articles that were eligible
for inclusion in the meta-analysis. Then, manual searches
of their relevant references were performed to identify any
other potential papers or electronic links.

Data collection and analysis
Data extraction and assessment of study quality

From the potential eligible trials, two reviewers indepen-
dently selected suitable trials on the basis of their titles and
abstracts. The retrieved studies were critically appraised by
the two review authors for inclusion according to the New-
castle-Ottawa scale (NOS) [24]. Studies scored 0 in any of
the categories were classified as having a high risk of bias,
and studies scored 1 and >2 in all categories were classified
as having moderate and low risk of bias, respectively. To
evaluate the quality of evidence from the pooled results, the
Grading of Recommendations Assessment, Development,
and Evaluation system (GRADE system) was used [25],
and a summary table was created using the GRADE profiler
software (version 3.6.1). Any disagreement was resolved by
consensus discussions with the remaining members of the
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Fig. 1 The literature search and
selection

Records identified through databases search (n=599)

3 Excluded (after reading title/abstract) as
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¢ studies(n=10)

Studies included in the meta analysis(n=16)

review team. Subsequently, trial data on the pre-defined end-
points were independently extracted by the two investigators.

Statistical analysis

Analysis was conducted using Review Manager (version
5.2). Calculations of effect sizes are presented as odds ratios
with their 95% confidence intervals (CIs) for dichotomous
variables and mean differences (MD) for continuous out-
comes. For the time-to-event endpoints (OS, DFS), hazard
ratios (HRs) with the corresponding 95% CIs were cal-
culated from the available numerical data using methods
reported by Parmar et al. [26] and were combined as the
effective value to assess the summary effects. A spreadsheet
developed by Tierney et al. [27] was used to perform the
calculations. The I? measure statistic provides an estimate
of the percentage of inconsistency considered to be due to
chance. The threshold values of 2 equal 25%, 50%, and 75%,
representing low, moderate, and high heterogeneity, respec-
tively. Pooled analyses were conducted using random and
fixed effect models with the Mantel-Haenszel method when
appropriate. Statistical heterogeneity was investigated using
the Cochran’s Q test (P <0.10) and the P statistic (> 50%).

Sensitivity analysis was conducted based on the low risk
of bias. Subgroup analyses were conducted based on distal
gastrectomy and countries. Potential publication bias was
assessed by visually inspecting the funnel plots in Review
Manager.

Trial sequential analysis

Cumulative meta-analyses of trials were at the risk of pro-
ducing random errors because of insufficient data and repeti-
tive testing of the accumulating data, and thus, the require-
ment of the amount of information analogous to the sample
size of a single optimally powered clinical trial may not be
met [22, 28].

Trial sequential analysis (TSA) was applied to assess
the statistical reliability of the data in a cumulative meta-
analysis; it controlled alpha and beta values for sparse data
and repetitive testing on accumulating data. TSA was a tool
for estimating whether the currently available evidence was
conclusive enough.

Empirical evidence suggests that information size (IS)
considerations and adjusted significance thresholds may
eliminate type I error (early false-positives) findings due
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Table 3 Methodological quality

Study Selection Com-  Outcome/ Overall Bias

parabil- exposure

ity
Pugliese [31] 4 2 3 9 Low
Kim [32] 4 1 1 6 Moderate
Kim [33] 4 1 1 6 Moderate
Son [34] 4 2 1 7 Moderate
Kang [35] 4 1 1 6 Moderate
Hyun [36] 4 1 1 6 Moderate
Zhao [37] 4 1 2 7 Moderate
Xue [38] 4 1 2 7 Moderate
Son [39] 4 2 3 9 Low
Noshiro [40] 4 2 1 7 Moderate
Huang [41] 4 2 1 7 Moderate
Park [42] 4 1 1 6 Moderate
Lee [43] 4 1 3 8 Low
Kim [44] 4 1 1 6 Moderate
Okumura [45] 4 2 2 8 Low
Parisi [46] 4 2 3 9 Low

to imprecision and repeated significance testing in updated
meta-analyses [22, 23, 28, 29]. The adjusted required infor-
mation size (RIS) was calculated using a =0.05 (two-sided)
and »=0.20 (power 80%) with an empirical mean difference
for continuous outcomes, an alpha error of 5%, a beta error
of 20%, and a control group proportion obtained from the
results of our meta-analysis for binary outcomes. We can
decide whether further evidence provided by more trials is
needed based on whether the cumulative Z-curve crosses

Table4 Summary of effect on clinical outcomes

trial sequential monitoring boundaries (TSMB) or the futil-
ity zone. If the TSMB is not surpassed, it is most probably
necessary to continue doing the trials. Trial sequential analy-
sis version 0.9 beta (http://www.ctu.dk/tsa) was used for all
these analyses [30].

Results
Selected studies

Through the literature search and selection based on the
inclusion criteria, a total of 16 studies were included in the
meta-analysis (Fig. 1) [31-46]. All these studies were POSs,
with a total of 4576 patients, of which 1517 underwent RG
and 3059 underwent LG.

Baseline characteristics

Demographic and clinical characteristics of patients were
extracted and are displayed in Table 1. Operative factors and
tumor node metastasis (TNM) stages are shown in Table 2.
Quality assessment scoring of studies is shown in Table 3,
and each study had a score of > 6 points. Among the 16
POSs, three were subjects from China [37, 38, 41], nine
from Korea [32-36, 39, 42—-44], two from Japan [40, 45],
two from Italy [31, 46]. Five [30, 36, 40, 43, 45, 50-55]
were considered at low risk of bias, while the rest were at
moderate risk of bias [31, 39, 43, 45, 46].

Outcome and trials (number of studies) RG LG OR 95% C1 P (%)
Dichotomous variables
Overall complication (15) 190/1487 338/2939 1.05 0.86-1.28
Major complication (14) 72/1415 136/3007 1.18 0.87-1.59 3
Minor complication (13) 117/1399 198/2956 1.11 0.81-1.51 23
Reoperation (5) 16/754 16/1400 1.72 0.89-3.35 45
Mortality (8) 5/808 9/2087 1.35 0.49-3.76 0
Open conversion (4) 7/365 14/866 1.58 0.60-4.14 0
Continuous variables Number of studies Mean difference 95% Confidence interval P (%)
(Total N)
Operation time (min) 16 (4586) 57.98 42.96 to 73.00 94
Blood loss (ml) 16 (4586) —-23.71 —40.10to —7.32 89
Flatulence (days) 7 (1045) —-0.20 —0.42t0 —-0.02 53
Hospital stay (days) 14 (4345) —-0.49 —0.99 t0 0.02 45
Retrieved lymph nodes 14 (3434) 1.81 0.00 to 3.62 74
Proximal resection margin (mm) 6 (615) 0.34 —0.12t0 0.81 0
Distal resection margin (mm) 5(502) 0.73 —-0.471t01.93 64

@ Springer


http://www.ctu.dk/tsa

Surgical Endoscopy (2019) 33:1033-1048 1039
A Overall complications RG LG Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
Pugliese R 2010 1 16 6 48 1.5% 0.47 [0.05, 4.20] ]
Kim MC 2010 0 16 1 11 0.9% 0.21 [0.01, 5.71]
Kim KM 2012 44 436 81 861 256% 1.08[0.73,1.59] -
Son SY 2012 2 21 2 42 0.6% 2.11[0.28,16.10] —
Kang BH 2012 14 100 28 282 6.6% 1.48[0.74, 2.93] T
Hyun MH 2013 18 38 32 83 55% 1.43[0.66, 3.11] T
HueY 2014 7 50 1 64 4.3% 0.78[0.28, 2.20] -1
SonT2014 8 51 13 58 5.4% 0.64 [0.24,1.71] -1
Noshiro H 2014 2 21 16 160 1.8% 0.95[0.20, 4.45] -1
Huang KH 2014 9 72 ] 73 2.7% 1.60[0.54, 4.74] =1
ParkJY 2015 12 148 46 622 8.5% 1.10([0.57, 2.14] N
LeeJ 2015 14 133 34 167 141% 0.46 [0.24, 0.90] ==
Kim HI 2016 22 185 19 185 8.7% 1.18[0.62, 2.26] ==
Okumura N 2016 7 49 24 132 5.8% 0.75[0.30,1.87] ==
Parisi A 2017 30 151 19 151 8.0% 1.72[0.92,3.22] E
Total (95% CI) 1487 2939 100.0% 1.05[0.86, 1.28]
Total events 190 338
Heterogeneity: Chi*=14.23, df=14 (P=0.43), F= 2% t t J f f
Test for overall effect: Z=0.45 (P = 0.65) R0 0.1 ! 19 L
B Overall survival ) ) Hazgrd Ratio Ha-zard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Pugliese R 2010 0.3507 1.2199 11.4% 1.42[0.13,15.51] .
SonT 2014 -0.1054 11211 135% 0.90[0.10,8.10] —
LeeJ 2015 0157 04763 750% 1.17[0.46, 2.99]
Total (95% CI) 100.0% 1.15]0.51, 2.59]
Heterogeneity: Chi*= 0.08, df= 2 (P = 0.96); = 0% b t T t i
Test for overall effect. Z=035(P=0.73) EAEKE L ! L i
C Diease free survival Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
SonT2014 0.4447 1.23 186% 1.56([0.14,17.38] -
Okumura N 2016 0892 05885 814% 2.44[0.77,7.73] +—l—
Total (95% CI) 100.0% 2.24[0.79, 6.35] "‘
Heterogeneity: Chi*=0.11, df=1 (P = 0.74); F= 0% "0.01 uf1 1 1=o 100%

Test for overall effect. Z=1.52(P=0.13)

Fig.2 A The pooled results showed no significant decrease in overall complications with RG compared with LG. B, C The pooled results
showed no significant difference in overall survival and disease-free survival between the treatment groups

Short-term outcomes

Table 4 shows the results of meta-analysis for each outcome.
RG showed a significantly higher operative time than LG
(MD 57.98 min, P <0.00001). The pooled results showed
a significant reduction (23.71 ml) in intra-operative blood
loss among the RG group (P =0.005). RG showed a slightly
shorter duration than LG in terms of the number of days to
the first flatus (MD —0.20, P=0.07). The pooled results
showed no significant difference in the days of hospital stay
between the treatment groups (MD —0.49, P=0.06). More
lymph nodes were harvested during RG than during LG (MD

1.81, P=0.05). The pooled results showed no significant
between-group difference in PRM and DRM.

For the RG group, morbidity rates ranged from 0 to
47.4%, whereas for the LG group, morbidity rates were
4.8-38.6%. The decrease in overall complications did not
significantly differ between RG and LG on comparing the
pooled results (OR 1.05, P=0.65, Fig. 2A). Moreover, no
significant difference was found in major or minor compli-
cations between RG and LG. The pooled results showed no
significant between-group differences in terms of the need
for reoperation (OR 1.72, P=0.11), mortality (OR 1.35,
P=0.56), open conversion (OR 1.58, P=0.35), PRM (OR

@ Springer
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Fig.3 Trial sequential analysis (TSA). The adjusted required infor-
mation size was calculated using a=0.05 (two-sided), f=0.20
(power 80%), and an empirical mean difference. For hospital stay (A),
flatulence (D), neither the traditional boundary nor the trial sequen-
tial monitoring boundary (TSMB) was crossed, suggesting a lack of
firm evidence and more studies needed. For the outcomes of blood
loss (B) and operative time (C), the cumulative z-curve crossed either
the traditional boundary or the TSMB, suggesting firm evidence in
the RG group compared with the LG group. E TSA of retrieved LN
number. The cumulative Z-curve crossed the conventional boundary
for benefit, but did not cross the trial sequential monitoring bound-

0.34, P=0.15), and DRM (OR 0.73, P=0.23) between the
two groups.

Medical costs were compared in three POSs [41, 42, 44].
Huang [41] showed that the robotic group was associated
with more medical costs compared with the laparoscopic
group (RG 5714.2 +£1591.7$, LG 2, 915.1 + 1341.48). Park
[42] reported that total medical costs were significantly

@ Springer

ary or the futility boundaries. Therefore, more trials were necessary
before drawing a conclusion. F for overall complications, neither the
traditional boundary nor the trial sequential monitoring boundary was
crossed, suggesting a lack of firm evidence and more studies needed.
The meta-analyses of overall survival (G) and disease-free survival
(H) did not yield any sign of statistical significance, the cumulative
z-curve crossed neither the traditional boundary nor the trial sequen-
tial monitoring boundary and boundary alpha 5% with beta 20% was
ignored duo to too little information use, suggesting a lack of firm
evidence

lower for LG than for RG, with a difference of 4886 298
KRW or US$ 3909. Meanwhile, Kim [44] showed that
patients undergoing RG accrued significantly higher total
costs than patients undergoing LG [13,748, 422.5 KRW
(US$ 13,470) (RG) vs. 9,165,862 KRW (US$ 8980) (LG);
P <0.001].
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Fig.3 (continued)

Long-term outcomes

The pooled results showed no significant difference in OS
between the treatment groups (HR=1.15,95% CI 0.51-2.59,
P=0.73, Fig. 2B). In addition, no significant difference was
observed in DFS in between RG and LG (HR=2.24, 95%
CI10.79-6.35, P=0.13, Fig. 2C).

Trial sequential analyses
For hospital stay (Fig. 3A), flatulence (Fig. 3D), and over-

all complications (Fig. 3F), neither the traditional boundary
nor the trial sequential monitoring boundary was crossed,
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suggesting the lack of concrete evidence and the requirement
of more studies. For the outcomes of blood loss (Fig. 3B)
and operative time (Fig. 3C), the cumulative Z-curve crossed
either the traditional boundary or the TSMB, suggesting firm
evidence in the RG group compared with the LG group. The
potential false-positives of meta-analyses were found in the
number of lymph nodes harvested (Fig. 3E); the TSA of the
pooled results showed that the cumulative Z-curve crossed
the conventional boundary for benefit but did not cross the
trial sequential monitoring boundary or the futility bounda-
ries. Therefore, more trials are necessary before drawing a
conclusion. The meta-analyses of OS (Fig. 3G) and DFS
(Fig. 3H) did not yield any sign of statistically significant

@ Springer
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Robotic laparoscopic Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.2.1 Retrieved lymph nodes(China)
07 Zhao K 2013 308 6.3 30 281 5.1 30 35.4% 2.70[-0.20, 5.60) -
08 XueY 2014 28.7 5.4 50 217 9.6 64  36.3% 7.00[4.21,9.79] ——
11 Huang KH 2014 306 1286 72 281 11 73 28.4% 2.50[1.35,6.35) T
Subtotal (95% CI) 152 167 100.0% 4.20[1.16, 7.24] -~
Heterogeneity: Tau®*= 4.61; Chi*= 5.60, df= 2 (P = 0.06); F= 64%
Test for overall effect: Z=2.71 (P = 0.007)
5.2.2 Retrieved lymph nodes(Korea)
02 Kim MC 2010 411 109 16 374 10 11 43% 3.70[4.27,11.67]
03 Kim KM 2012 402 155 436 376 139 861 287% 2.60[0.87, 4.33] ——
04 Son 8Y 2012 39.7 8.8 21 465 152 42 71% -680[12.74,-086) —
06 Hyun MH 2013 328 138 38 326 133 83 8.7% 0.20[-5.04, 5.44] I T
09SonT2014 472 168 51 428 168 58 6.4% 4.40[-1.92,10.72) N
13 Leed 2015 412 131 133 389 133 267 201% 1.30[-1.44, 4.04) ==
14 Kim HI 2016 34 105 185 32 108 185 247% 200017, 4.17) | e
Subtotal (95% CI) 880 1507 100.0% 1.48[-0.27, 3.22] >
Heterogeneity: Tau®=1.98; Chi*=10.26, df=6 (P=0.11); F=41%
Test for overall effect: Z=1.66 (P=0.10)
5.2.3 Retrieved lymph nodes(Japan)
10 Noshiro H 2014 44 19 21 40 15 160 16.2% 4.00[-4.45 12.45]
15 Okumura N 2016 365 11 49 326 122 132 838% 3.90[0.18, 7.62] _-_
Subtotal (95% CI) 70 292 100.0% 3.92[0.51,7.32] -
Heterogeneity: Tau®= 0.00; Chi*=0.00, df=1 {P = 0.98), F=0%
Test for overall effect: Z=2.26 (P=0.02)
5.2.4 Retrieved lymph nodes(italy)
01 Pugliese R 2010 25 45 16 N g 48 497% -6.00[-9.16,-2.84) —i—
16 Parisi A 2017 2778 11.45 151 2458 1356 151 50.3% 3.20[0.37,6.03] —i—
Subtotal (95% Cl) 167 199 100.0% -1.37[-10.39,7.64] e —
Heterogeneity: Tau®*= 39.98; Chi*=18.07, df=1 (P < 0.0001); F= 94%
Test for overall effect Z=0.30(P=0.77)

Fig.4 Country-specific subgroup analyses of the number of lymph
nodes harvested were conducted. The studies of China and Japan
showed that RG had significantly higher number of lymph nodes har-

between-group difference; the cumulative Z-curve crossed
neither the traditional boundary nor the trial sequential mon-
itoring boundary; further, boundary alpha 5% with beta 20%
was ignored due to too little information use, suggesting the
lack of firm evidence.

Subgroup analyses

Country-specific subgroup analyses of the number of lymph
nodes harvested were conducted. The studies of China and
Japan showed that RG had significantly higher number of
lymph nodes harvested compared with LG; however, there
was no significant difference between RG and LG in studies
of Korea and Italy (Fig. 4).

To check for further differences between RG and LG,
additional subgroup analyses and trial sequential analyses
were performed for operation time, blood loss, hospital stay,

@ Springer

vested compared with LG; however, there was no significant differ-
ence between RG and LG in studies of Korea and Italy

overall complications, retrieved lymph nodes be related to
low-bias risk, distal gastrectomy, and different countries
(Table 5).

GRADE of the outcomes

The GRADE system was used to synthesize and rate the
evidence for the outcomes (Table 6). The level of evidence is
moderate in overall complication, major complication, minor
complication, reoperation, mortality, OS, and DFS, while it
is low in operation time, blood loss, hospital stay, number of
lymph nodes harvested, open conversion, PRM, and DRM.
The level of evidence is very low in flatulence.
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Table 5 (continued)

&

TSA:
The cumulative Z-curve crossed
TSMB FB RIS

CB

P value

95% CI

OES

Meta-analysis
H(PP)

No. p (R/L)

No. S

Outcome of interests

Springer

1450
6769

No

No

No

0.16
0.77

P=

0.851t02.75

OR=1.53

0.26, *=21%
P<0.0001, 7

P=

167/199

167/199

2
2

Overall complications

No No

Yes

P=

—10.39 to 7.64

—1.37

MD=

=94%

Retrieved lymph nodes

No. § no. of studies, No. p (R/L) no. of patients (RG/LG), N not reported, H (P, P) heterogeneity (P, ), OES overall effect size, CB conventional boundary, TSMB trial sequential monitoring

boundary, FB futility boundaries, RIS required information size, “-”

Evaluation of publication bias

Publication bias in this meta-analysis was assessed using a
funnel plot of overall complications. The bilaterally sym-
metrical funnel plot of overall complications indicated a lack
of publication bias (Fig. 5).

Discussion

The da Vinci surgical system was developed as a robot-
assisted surgical system for MIS, and it comprises three
components: the surgeon console, patient-side cart, and
vision system. In some studies, the learning curve was
reported among both RG and LG groups. LG showed a
steep learning curve, whereas RG showed a shallower
learning curve with better results from the beginning of
the initial case, indicating the easier adaptability of robot-
assisted surgery [10, 47]. However, the main international
guidelines [48, 49] of management of gastric cancer did
not discuss the robotic technology. Therefore, the goal of
the present analysis was to gather the available data to
examine the actual role of minimally invasive surgery.

This meta-analysis of 16 POSs including 4576 patients
with gastric cancer found that RG could be performed
safely and effectively and was associated with lesser blood
loss, shorter time to post-operative flatulence, and higher
medical costs. Although RG resulted in prolonged opera-
tive times, this did not translate into any increase in post-
operative complications, open conversions, or mortality.
Furthermore, there was no significant difference between
the two groups in terms of the number of retrieved LNs,
hospital stay, reoperation, DRM, PRM, OS, or DFS.

Based on the sequential monitoring boundary generated,
the current evidence for the potential disadvantages of RG
on operative times appeared reliable and conclusive. How-
ever, RG had the longer average operating time because
operations were conducted very carefully and surgeons were
not familiar with the docking procedure [35]. Some stud-
ies showed that the increased operating time was associated
with a higher BMI [50, 51]. However, it should also be con-
sidered that most surgeons had extensive experience of LG
but no experience of RG.

Heterogeneity was substantial, although the present
TSA showed that both the traditional boundary and the
trial sequential monitoring boundary were crossed by the
cumulative Z-curve and did not finally reach the required
information size on overall complications. To unravel
the reason for the heterogeneity, we conducted subgroup
analyses based on low-bias risk trials and demonstrated
a trend towards reduced risk of over complications in
patients receiving RG treatment; more patients need to
be studied to conclusively demonstrate this potential
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Fig.5 The bilateral symmetry shaped funnel plot of overall compli-
cations indicated a lack of publication bias

over complications benefit. Furthermore, our subgroup
analyses suggested that a possible beneficial effect of RG
was observed in distal gastrectomy, while the cumulative
Z-curve crossed the traditional boundary but not the trial
sequential monitoring boundary, which suggested the
lack of evidence for a 20% relative risk reduction in over
complications when comparing the RG group with the LG
group.

Many surgeons used a harmonic scalpel to dissect the
lymph nodes and coagulate the vessels; however, the har-
monic scalpel does not have seven degrees of freedom. With
the aid of robotic instruments, robots can help surgeons
suture intracorporeally owing to the precise 3D view and
instruments with seven degrees of freedom. Huang et al. [41]
reported that it is easier to perform lymphadenectomy than
LG, particularly in infra-pyloric and supra-pancreatic areas.
This was in agreement with what was showed in our analy-
sis that the TSMB was crossed by the cumulative Z-curve,
which was firm evidence for a higher LN retrieval number
and shorter hospital stay on RG.

Three included studies reported that medical costs were
significantly higher for RG than for LG. One way to justify
the additional expense for RG may be that the increase in
cost is balanced out by a more favorable learning curve than
LG [41].

In 2017, Obama reported a cohort analysis that revealed
no statistically significant difference in 5-year OS or DFS
(P=0.4112 and P=0.8733, respectively): 93.3% and 90.7%
after RG and 91.6% and 90.5% after LG, respectively [52].
However, our analyses showed that the cumulative Z-curve
crossed neither the traditional boundary nor the trial sequen-
tial monitoring boundary, suggesting the lack of firm evi-
dence. Further studies on the long-term oncologic outcomes

@ Springer

of robotic gastrectomy are warranted to reach more definitive
conclusions.

Our present study has several strengths. The methodol-
ogy was rigorous, with a comprehensive search to identify
the relevant POSs without language limitations. Further,
TSA incorporated both the information size and the effect
size and it was more conservative and probably more accu-
rate. In the setting of a non-significant result, TSA helped
decide whether “more evidence is needed” (when the futil-
ity boundary is not crossed), thus reducing uncertainty.

The main objective of this study was to review the
measured outcome data comparing RG and LG groups for
gastric cancer patients from the available published litera-
ture. There are several limitations that must be taken into
account when considering these results in clinical applica-
tion. First, there was no RCT included in the meta-analy-
sis, and there was no information included regarding the
quality of life. Second, the significant heterogeneity and
the non-randomized nature of all the studies limited the
confidence. Third, different levels of expertise of the inter-
vention may have produced confounding factors. Finally,
most included studies factored in the period before the
learning curve of RG.

In conclusion, the present study demonstrated that RG is
as acceptable as LG in terms of short-term and long-term
outcomes. RG is a promising approach for the treatment of
gastric cancer. TSA demonstrated that further studies are not
needed to evaluate the operative time and blood loss differ-
ences between these techniques.
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