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Abstract

Background: Advanced minimally invasive techniques including robotic surgery are being employed with increasing
frequency around the world, primarily in order to improve the surgical outcomes of laparoscopic gastrectomy (LG). We
conducted a systematic review and meta-analysis to evaluate the feasibility, safety and efficacy of robotic gastrectomy (RG).

Methods: Studies, which compared surgical outcomes between LG and RG, were retrieved from medical databases before
May 2017. Outcomes of interest were estimated as weighted mean difference (WMD) or risk ratio (RR) using the random-
effects model. The software Review Manage version 5.1 was used for all calculations.

Results: Nineteen comparative studies with 5953 patients were included in this analysis. Compared with LG, RG was
associated with longer operation time (WMD = —49.05 min; 95% Cl: -58.18 ~ —3991, P < 0.01), less intraoperative blood
loss (WMD = 24.38 ml; 95% Cl: 12.32 ~ 3643, P < 0.01), earlier time to oral intake (WMD = 0.23 days; 95% Cl: 0.13 ~ 0.34,
P < 001), and a higher expense (WMD = —3944.8 USD; 95% Cl: -4943.5 ~ —2946.2, P < 0.01). There was no significant
difference between RG and LG regarding time to flatus, hospitalization, morbidity, mortality, harvested lymph nodes, and
cancer recurrence.

Conclusions: RG can be performed as safely as LG. However, it will take more effort to decrease operation time

and expense.
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Background
Laparoscopic gastrectomy (LG) has been widely used for
the treatment of gastric cancer and a number of other
different minimally invasive procedures have been devel-
oped to date [1, 2]. There are several benefits for pa-
tients; including better cosmesis, reduced pain, early
recovery of intestinal function, and shorter hospital stay,
while maintaining comparable oncologic safety [1-4].
Robotic surgery was first put into practice in 2000,
after being approved by the US Food and Drug Adminis-
tration (FDA). It plays an essential role in ergonomics
and offers advantages such as motion scaling, less fa-
tigue, tremor filtering, seven degrees of wrist-like mo-
tion, and three-dimensional vision [5, 6]. Surgeons
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hoped that such innovative technology could overcome
some limitations innate to traditional laparoscopic sur-
gery. Thus, experienced laparoscopic surgeons are in-
creasingly trying to develop new procedures that best
exploit the capabilities of robotic surgery in the treat-
ment of gastric cancer [7].

Nonetheless, the present status of robotic gastrectomy
(R@) is, as of the writing of this paper, still restricted
and this is in part to due to the lack of randomized con-
trolled trials (RCTs). Several previous studies including
meta-analyses have argued that RG can be a more effect-
ive and safer operation in comparison with conventional
LG. In spite of these studies, many questions still need
to be answered, most notably, RG’s efficacy with regard
to oncologic, long-term survival outcomes and its cost-
effectiveness. Moreover, a series of studies on RG for the
treatments of gastric cancer have been recently pub-
lished. These studies are meaningful in highlighting the
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status of RG in the treatment of gastric cancer. There-
fore, this paper’s current research is intended to conduct
a comprehensive systematic review of all the currently
available literature and a meta-analysis of RG in com-
parison to LG in order to assess the feasibility, security
and efficacy of RG.

Methods

Search strategy

A systematic search of Web of Science, Cochrane Library,
Embase, and PubMed was conducted to find studies com-
paring RG and LG for gastric cancer treatment published
up until May 2017. Search terms included “gastric car-
cinoma”, “gastric cancer”, “laparoscopic”, “robotic”, and
“gastrectomy”. The links in search results and references
were also reviewed to find the additional literature. Based
on the language competencies of the reviewers, English
and Chinese were the only languages of searched papers.

Eligibility criteria

The standards for research were comparative, using
peer-reviewed studies of RG versus LG in gastric cancer
for which the full texts were available. The most recent
study or the study with the most subjects was chosen if
overlapping research studies were found. Articles including
any of the following were excluded: (1) Non-comparative
studies such as letters, reviews, comments, posters, proto-
cols, et al. (2) Studies including non-gastric carcinoma cases
such as gastrointestinal stromal tumors, or benign gastric
diseases; (3) Studies in which less than 2 of the interesting
indices were reported.

Data extraction and quality assessment

Two reviewers (Chen K and Pan Y) reviewed the publi-
cations thoroughly and independently. Data extracted
included the following items: author, region, operation
time, intraoperative estimated blood loss (EBL), time to
flatus, time to oral intake, length of hospital stay (LOS),
morbidity, mortality, costs, retrieved lymph nodes (RLN),
proximal and distal margin distance, and long-term onco-
logic outcomes. In accordance with the morbidity reporting
system of Memorial Sloan-Kettering Cancer Center [8],
postoperative complications were categorized into medical
complications (respiratory, cardiovascular, metabolic events,
deep venous thrombosis, phlebitis, et al.) or surgical com-
plications (bleeding, any complication required reoperation,
anastomotic leakage or stricture, delayed gastric emptying,
et al.). The means and standard deviations (SDs) were esti-
mated as described by Hozo et al. [9] if the research offered
medians and ranges. The choice of the articles included
in this review adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses statement
(PRISMA). The Newcastle-Ottawa Quality Assessment
Scale (NOS) was utilized to evaluate the research quality
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(http://www.ohri.ca/programs/clinical_epidemiology/oxford
.asp). The scale ranges from O to 9 stars: research with a
score higher than or equal to 6 could be deemed as meth-
odologically sound.

Subgroup analysis

The uneven distribution of the surgical extension between
the groups could affect the outcomes. Therefore, to elimin-
ate the bias, a subgroup analysis of total or distal gastrec-
tomy was conducted. It has been reported that robotic
surgery may benefit obese patients, because of improved
visualization, instrumentation, and ergonomics [10].
Therefore, we conducted a subgroup analysis to analyze
the impact of operation-related factors on body mass
index (BMI).

Statistical analysis

The risk ratio (RR) was utilized to analyze the dichotomous
variables and the weighted mean difference (WMD)
was utilized to assess the continuous variables. Based
on DerSimonian and Laird’s approach, the random-
effects model was utilized to account for clinical het-
erogeneity, which refers to diversity in a sense that is
relevant for clinical situations. According to the overall
complication, the potential publication bias was deter-
mined by carrying out an informal visual inspection of
funnel plots. The software of Review Manager version
5.1 (RevMan 5.1) was used to conduct data analysis.
P < 0.05 was considered statistically significant.

Results

Studies selected

A total of 378 potential articles, which were published
from 1996 to 2017, were found. 37 articles were chosen
based on the titles and abstracts, and then a thorough
check of each text was conducted. Seven of them failed
to meet our standards and were excluded. A further
eleven papers were excluded due to overlapping patient
cohorts (one from Hospital Niguarda Ca Granda, Italy
[11]; one from Fujita Health University, Japan [12]; one
from Taipei Veterans General Hospital, Taiwan [13]; four
from Yonsei University, Korea [14—17]; four from National
Cancer Center, Korea [18-21]). Finally, a total of nineteen
studies were included for final meta-analysis [22-40]. A
flow chart of the search strategies, which contains reasons
for the exclusion of studies, is elucidated in Fig. 1.

Study characteristics and quality

A total of 5953 patients were included in the analysis
with 4123 undergoing LG (69.3%) and 1830 undergoing
RG (30.7%). Most of the studies came from East Asia
(10 Korea, 2 Japan, 4 China, 1 Taiwan) and 2 research
studies came from Italy. The baseline features of the in-
cluded studies are shown in Table 1; the evaluation of
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Initial literature seach (n=378)

Abstracts excluded because of not
comparing LG and RG

A 4

Articles retrieved for full-text
evalution (n=37)

Articles excluded because of failure
to meet inclusion criteria (n=7)
Reasons: comparison of two robotic
systems, protocol, letter, review,
comments

A 4

Articles  suitable  for  further
evaluation (n=30) """

Articles excluded because of
overlap patient cohorts (n=11)!"">"]

A 4

Articles suitable for meta-analysis
(n=19) 2240

Fig. 1 Flow chart of literature search strategies

Table 1 Summary of studies included in the meta-analysis

Author Region  Study Year  Study Sample size Level of Surgical Reconstruction  Conversion (%)
design period G G lymphadenectomy  extension G rc
Pugliese [taly OCS (R) 2010 2000-2009 48 16 D2 D R-Y 3(6) 2(12)
Kim MC  Korea OCS (P) 2010 2007-2008 11 16 D1+, D2 D B, B-Il 0 0
Kim KM Korea OCS (P) 2012 2005-2010 861 436 D1 +o/B, D2 DT B, B-Il, R-Y NR NR
Son SY Korea OCS (R) 2012 2007-2011 42 21 D1+ B, D2 D,PT B-I, B-ll, R-Y NR NR
Kang Korea OCS (P) 2012 2008-2011 282 100 D1+ o/B, D2 DT B-l, B-ll, R-Y E 0
Zhang China OCS (R) 2012 2009-2011 70 97 D2 D,PT B-l, B-ll, R-Y 0 0
Hyun Korea OCS (P) 2013 2009-2010 83 38 D1 + o/B, D2 DT B-l, B-ll, R-Y 0 0
Son T Korea OCS(R) 2014  2003-2010 58 51 D2 T R-Y 0 0
Noshiro Japan OCS (P) 2014 2010-2012 160 21 D1 + o/B, D2 D B-l, B-ll, R-Y 0 0
Huang Taiwan ~ OCS(P) 2014  2008-2014 73 72 D1 + o/B, D2 DT B, R-Y NR NR
Zhou China OCS (R) 2014 2010-2013 394 120 D1+ o/B, D2 D,PT B-l, B-ll, R-Y E E
Liu China OCS (R) 2014 2012-2013 100 100 D2 D,PT B, B-ll, R-Y (1) 0
Lee Korea OCS (P) 2015 2003-2010 267 133 D2 D B, B-ll, R-Y NR NR
Han Korea OCS(R) 2015  2008-2013 68 68 DI+ PPG GG 0 0
Park Korea OCS (P) 2015 2009-2011 612 145 D1+ a/B DT B-l, B-ll, R-Y 10(1.6) 3(2.0)
Suda Japan OCS (R) 2015 2009-2012 438 88 D1 + o/B, D2 DT B-l, B-ll, R-Y 0 0
Kim HI Korea OCS (P) 2016 2011-2012 185 185 D1 + o/B, D2 DT B-l, B-ll, R-Y 2(1.1) 1(0.5)
Shen China OCS (R) 2016 2011-2014 330 93 D1 + o/B, D2 DT B-l, B-ll, R-Y 0 0
Cianchi [taly OCS (R) 2016 2008-2015 41 30 D1 + o/B, D2 D B-ll, R-Y 0 0

OCS observational clinical study, P prospectively collected data, R retrospectively collected data, D distal gastrectomy, P proximal gastrectomy, T total gastrectomy,
PPG pylorus-preserving gastrectomy, B-/ Billroth-I, B-l Billroth-Il, R-Y Roux-en-Y, GG gastro-gastro anastomosis, E exclude, NR not reported
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quality according to the NOS is shown in Table 2. NOS
shows that four out of the 19 studies observed had 9
stars, one had 8 stars, seven had 7 stars and the
remaining seven had 6 stars.

Intraoperative effects and postoperative recovery
As shown in Table 1, three studies did not report the
information of conversion; two studies excluded the
conversion cases, whereas another nine research studies
had no conversion. The pooled data based on four studies,
which reported conversion cases, showed similar conver-
sion rates between groups (RR = 0.88, 95% CI: 0.36 ~ 2.17,
P = 0.78). A longer operation time for RG than for LG was
reported in the majority of research and meta-analysis
revealed that the average operation time of LG was
49.05 min shorter than RG (WMD = -49.05 min; 95%
CIL: -58.18 ~ -39.91, P < 0.01) (Fig. 2a). Intraoperative
EBL was reported in eighteen of the research studies,
which was lower in RG than LG (WMD = 24.38 ml;
95% CI: 12.32 ~ 36.43, P < 0.01) (Fig. 2b).

The pooled mean time to first flatus indicated no signifi-
cant difference between the two groups (WMD = 0.09 days;
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95% CI: -0.10 ~ 0.27, P = 0.36) (Fig. 2c). Nonetheless, ac-
cording to the meta-analysis, the mean time to restart oral
intake was longer in LG than in RG (WMD = 0.23 days;
95% CI: 0.13 ~ 0.34, P < 0.01) (Fig. 2d). All studies re-
ported the LOS. According to the pooled data, a signifi-
cant difference did not exist between the two groups with
regard to LOS (WMD = 0.35 days; 95% CI: -0.25 ~ 0.95,
P = 0.25) (Fig. 2e). All intraoperative effects and postoper-
ative recovery outcomes are summarized in Table 3.

Morbidity and mortality

All studies reported adverse incidents ranging from 0%
to 47.4% in RG and from 4.3% to 38.6% in LG. No sig-
nificant difference in the rate of overall postoperative
complications was identified between the groups of RG and
LG (RR = 0.96, 95% CI: 0.82 ~ 1.13, P = 0.65) (Fig. 3a).
Symmetry was shown in the visual inspection of the
funnel plot, showing no severe publication bias (Fig. 4).
After further analysis, surgical complications were simi-
lar between groups (RR = 0.87, 95% CI: 0.72 ~ 1.05,
P = 0.15) (Fig. 3b), as were the medical complications
(RR = 1.34, 95% CI: 0.75 ~ 2.40, P = 0.32) (Fig. 30).

Table 2 Quality assessment based on the NOS for observational studies

Author Selection (Out of 4) Comparability Outcomes (Out of 3) Total
® o) ® @ (Out of 2) ® ® o) (Out of 9)
Pugliese % * * % P * * * 9
Kim MC * * * * * * 6
Kirn KM * * * * * * 6
Son SY * * * % *x * 7
Kang * * * * * * 6
Zhang * * * * xx * 7
Hyun * * * * * * 6
Son T * * * * *x * * * 9
Noshiro * * * * ** * 7
Huang * * * * * * 7
Zhou * * * * *x * * * 9
Liu * * * * s * 7
Lee * * * * * * * * 8
Han * * * * *x * * * 9
Park * * * * * * 6
Suda * * * * * * * 7
Kim HI * * * * * * 6
Shen * * * * xx * 7
Cianchi * * * * * * 6

(representativeness of exposed cohort
®@selection of nonexposed cohort
®ascertainment of exposure

@outcome not present at the start of the study
(®assessment of outcomes

®length of follow-up

®@adequacy of follow-up
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2039 11 2602
Pugliese 48 344 62 16
Son SY 1667 413 42 2672 545 21
Kim KM 176 63 861 226 54 438
Zhang 2403 891 70 2723 461 97
Kang 1735 512 282 2021 523 100
Hyun 606 83 2344 48 38
SonT 2103 611 58 2641 467 51
Zhou 2213 448 394 2348 424 120
Huang 3198 1137 73 3578 1078 72
Liu 188 52 100 237 48 100
Noshiro 315 %0 160 439 8 21
Suda 361 1053 438 381 1088 88
Lee 171 524 267 2175 378 133
Park 1886 €92 612 2645 757 145
Han 1939 323 68 2683 379 68
Cianchi 2626 88 41 3128 157 30
Kim Hl 178 825 185 221 543 185
Shen 2262 613 330 2571 745 9
Total (95% CI) 4123 1830

Hotorogeneity: Tau® = 316.75; Chi* = 148,64, of = 18 (P < 0.00001);
Test for overall effect: Z = 10.53 (P < 0.00001)

41% 6530 [-84.04,-26.56] 2010

38% -100.00 [-140.07, -77.93] 2010
44% -100.50 [-126.95,-74.05) 2012
66%  -50.00(-56.59, 4341] 2012
48%  -32.00(-54.80,-9.20] 2012
6.1%  -28.60(-40.47,-16.73] 2012
5.1%  -1440(-34.47,567) 2013
5.1%  -5380[-74.00,3351] 2014
64%  -13.50(-2228,4.72) 2014
33%  -38.10(-74.16,-204] 2014
59%  -49.00(-62.61,-3539) 2014
3.0% -124.00 (-163.34, -84.66] 2014
46% 2000 (44.78,4.78] 2015
64% 4650 (-55.49,37.51] 2015
60%  -66.00[-79.49, 5251 2016
61%  -64.40(-76.24,5256] 2015
66%  -50.00[:66.20, 43.80] 2016
59%  -43.00:57.23,2877] 2016
56%  -30.90(47.42,-14.38] 2016

100.0%  49.05(-58.18, -39.91)

P=o8%

Iy 3

14.40 [-8.74, 37.54) 2010

L4
N
-100 50 50 100
Favours LG Favours RG

st
Kim MC “7 a1 03 151 16 6.1% ~—
Pugliese 148 53 48 00 48 16 55%  58.00(30.11,8588) 2010 —_
Znang 1537 264 70 808 531 97 73% 7290(6086,8514) 2012 -
SonSY 1166 768 42 1732 983 21 35% -56.60[-104.63,-8.57) 2012 —_—
Kang 1735 1452 282 933 846 100 6.0% 8020 [56.48, 10391] 2012 -
Kim KM 112 229 881 B85 160 438 63%  27.00[5.56,48.44) 2012 —
Hyun 1306 178 83 1313 101 38 78%  -080[-680,420) 2013
Zhou 1376 618 394 1183 558 120 73%  19.30(7.61,3099] 2014 -
SonT 2107 2549 58 1634 2551 61  13% 47.30 (4864, 14324] 2014 1T
Noshiro 15 174 160 98 114 21 29% 19.00[3672,7472) 2014 —
Huang 116 1353 73 798 774 72 4T%  3640(062,7216] 2014 —
™ % 17 100 16 100  7.8% 38.00(33.42 4256) 2014 -
Park 1455 1345 612 1713 1415 145 58% -2580(5118,-042) 2015 —
Suda 34 1695 438 46 1557 88  46% -12.00(48.20,2420] 2015 —/_
Loo 871 2169 267 47 579 133 56%  40.10(12.28,67.92) 2015 —
Shen 2125 1988 330 1766 2172 93  34% 35901318, 84.96] 2016 T
Clanchi 187 107 41 995 76 30 7.8% 10.20(14.94,23.46] 2016 v
Kim HI s5 1373 185 S0 825 185 6.1%  500(-18.08,28.06] 2016 T
Total (95% C) 4055 1762 100.0%  24.38 [12.32, 3643 *
Heterogenelty: Tau? = 470.65; Ch* = 257.54, af = 17 (P < 0.00001); = 93% T 40 P
Test for overal effect: Z = 3.96 (P < 0.0001) s 0 R RO
e RG Mean Difference
s 1\ :
Kim MC 040[-0.36,1.16] 2010
0.30[:0.05,085] 2012
Son SY 020[-062,022) 2012
Uy 0.30[0.15, 045) 2014
Zhou 020[:0.02,042] 2014
SonT 0.30[-0.15,0.75] 2014
Shen -0.30[-097,037] 2016
Kim HI Y 0.00(-0.26,0.26] 2016 T
Cianchi 41 32 03 30 165% -020[-034,-0.06) 2016 -
Total (95% C1) 1231 713 100.0%  0.09[-0.10,027] 4
Haterogeneity: Tau® = 0.05; Chi* = 30.46, df = 8 (P = 0.0002): F = 74% P S
Tost for overal effect: Z = 0.92 (P = 0.36) Favouwrs LG Favous RG
e RG Mean Differsnce
dy tal Me: !
Puglicse 508 48 48 13 16 24%  020[-0.48,088] 2010 —
Kam KM 47 22 861 44 18 436 222%  030[0.08,052) 2012 -
Zhang 3612 70 3208 97 107%  040[0.08,072) 2012 —
Zhou 4109 384 39 1 120 27.9%  020[000,040] 2014 il
SonT 4822 58 5795 51 02% -090[-357,1.77] 2014 ]
Han 542 68 44 09 68 11%  060[-0.42,162 2015 —
Shen 3424 330 3835 9 19% -040[-1.16,036] 2016 —
Kim HI 408 185 453 185 18%  0.00[-0.77,077] 2016 e
Cianchi 54 05 41 52 03 30 31.8%  020[001,039) 2016 il
Total (95% C1) 2055 1096 100.0%  0.23[0.13,0.34] L4
Haterogeneity: Tau* = 0.00; Ch = 5,83, df = 8 (P = 0.67); I*= 0% T a0 o5 3
Tost for overall effect: Z = 4.29 (P <0.0001) Favours LG Favours
6 RG Moan Difference
Kim MC 65 08 11 61 03 16 7.9% -
Pugliese 10 26 48 10 3 16 51% -1
Znang 69 23 70 61 28 97 74% ~
SonSY 59 22 42 64 34 21 52%  -050(-210,1.10) 2012 -
Kang 81 41 282 098 122 100 35%  -1.70(4.14,0.74) 2012 T
Kim KM 78 85 861 7.5 137 436 57%  030[1.11,1.71) 2012 T
Hyun 119 103 8 105 59 38 28%  140(-1.50,430] 2013 -T—
SonT 79 48 58 86 12 51 21%  -070(422,282) 2014 —
Zhou 79 23 384 78 3 120 78%  010(-048,068] 2014 r
Noshiro 13 30 160 8 5 21 12% 600(0.1210.12] 2014 —
Huang 132 111 73 11 118 72 20%  220(-1.53,593] 2014 T
Ly 61 31 100 53 26 100 7.3%  0.80[0.01,1.59) 2014 ~
Park 79 41 612 79 41 145 74%  000(074,074) 2015 T
Suda 15 213 438 14 48 88 38%  100(-123,323] 2015 T
™ 7 64 267 62 38 133 68%  0.80(-020,1.80) 2015 —
Han 91 61 68 86 42 68 49%  050(-1.26,226) 2015 -
Cianchi 81 05 41 95 1 30 B81% -140[-179,-1.01) 2016 -
Shen 106 109 330 94 75 63 45%  120(-073,3.13] 2016 ™
Kim Hi 6 58 185 6 52 185 65%  000(1.12,1.12] 2016 T
Total (95% C1) 4123 1830 1000%  0.35[-0.25,0.95] »
Hetarogenedty: Tau® = 1.11; ChP = 102.14, df = 18 (P < 0.00001); F = 82% B o

5 5
Favours LG Favours RG

Fig. 2 Forest plot of the meta-analysis for intraoperative effects and postoperative recovery. a Operation time. b Estimated blood loss
first flatus. d Time to restart oral intake. e Length of postoperative hospital stay

.c Time to
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Table 3 Results of the meta-analysis
Outcomes No. of Sample size Heterogeneity Overall 95% Cl of P
studies G RG (GH3) effect size overall effect
Conversion 4 16 6 0.68, 0% RR =0.88 036 ~ 217 0.78
Operation time (min) 19 4123 1830 <0.001, 88% WMD = —49.05 -58.18 ~ =39.91 <0.01
Blood loss (mL) 18 4055 1762 <0.001, 93% WMD =24.38 1232 ~ 3643 <001
Time to first flatus (days) 9 1231 713 <0.001, 74% WMD =0.09 -0.10 ~ 0.27 0.36
Time to oral intake (days) 9 2055 1096 0.67, 0% WMD =0.23 013 ~ 034 <0.01
Hospital stay (days) 19 4123 1830 <0.001, 82% WMD =0.35 -0.25 ~ 0.95 0.25
Overall complications 19 4123 1830 0.82, 0% RR =0.96 082~1.13 0.65
Surgical complications 17 3234 1552 0.52, 0% RR =0.87 0.72 ~ 1.05 0.15
Medical complications 12 2137 907 0.82, 0% RR =134 0.75 ~ 240 0.32
Reoperation 7 1796 789 0.35, 11% RR =0.69 029 ~ 162 0.39
Mortality 7 2131 838 0.91, 0% RR =0.67 026 ~ 174 041
Retrieved lymph nodes 17 3229 1585 <0.001, 86% WMD = -144 -3.26 ~ 037 0.12
Proximal margin (cm) 9 2006 1024 021, 26% WMD = -0.14 -0.36 ~ 0.07 0.18
Distal margin (cm) 8 1948 973 <0.001, 81% WMD =0.09 -046 ~ 0.65 0.74
Recurrence 3 500 187 039, 0% RR =1.09 057 ~2.05 0.80
Cost (USD) 4 390 384 <0.001, 93% WMD = —-3944.8 -4943.5 ~ —2946.2 <001

Reoperation cases were reported in seven studies, and
there was no significant difference in the reoperation
rates (RR = 0.69, 95% CI: 0.29 ~ 1.62, P = 0.39) (Fig. 3d).
Also, seven studies reported mortality and no significant
difference could be found in postoperative mortality
(RR = 0.67, 95% CI: 0.26 ~ 1.74, P = 0.41) (Fig. 3e). The
specific reoperation and causes of mortality reported in
the studies are summarized in Table 4. The meta-analysis
results on morbidity and mortality are outlined in Table 3.

Oncologic outcomes and long-term survival

The differences in the average number of RLNs were not
considerable in the pooled statistics with a tendency to-
wards a reduction in the LG group when compared to
the RG group (WMD = -1.44; 95% CIL: -3.26 ~ 0.37,
P = 0.12) (Fig. 5a). The distal or proximal margin dis-
tances were described in nine studies. Meta-analysis of
the proximal margin distances showed no significant dif-
ference between the two groups (WMD = -0.14 cm;
95% CI: -0.36 ~ 0.07, P = 0.18) (Fig. 5b), the same ap-
plies to the distal margin distance (WMD = 0.09 cm;
95% CI: -0.46 ~ 0.65, P = 0.74) (Fig. 5¢). Cancer recur-
rence was reported in three research studies and the
pooled data indicated that the difference between RG
and LG was not significant (RR = 1.09, 95% CL
0.57 ~ 2.05, P = 0.80). Long-term survival rates were re-
ported in three research studies, and no considerable
difference in the survival rates between the LG group
and RG group could be found. In addition, during the
follow-up time, no significant difference in the survival
rates between both of the groups could be found in the

studies of Lee et al. [34] and Han et al. [35] though they
failed to report the particular survival rates. The meta-
analysis of survival rates cannot be done due to the lim-
ited data. The systematic review outcomes of follow-up
time, recurrence patterns and sites, and long-term sur-
vival rates are summarized in Table 5.

Total cost

Only four studies recorded their total cost and they all
reported a higher cost for RG than LG. The meta-
analysis demonstrated that the total cost of RG groups
was significantly higher than LG groups (WMD = -3944.8
USD; 95% CI: -4943.5 ~ —-2946.2, P < 0.01) (Fig. 6).

Subgroup analysis of distal or total gastrectomy

For the subgroup analysis of distal gastrectomy (DG),
the RG group still holds the longer operation time
(P < 0.01), lower EBL (P < 0.05) and with similar LOS,
overall complications, mortality as well as RLN (P > 0.05).
However, there was a reduced time to oral intake for RG,
but with only a marginal difference compared to the LG
group (P = 0.05). As for total gastrectomy (TG), there is
no large difference between the outcomes of operation
time, EBL, time to oral intake, LOS, overall complications
and mortality against DG subgroup analysis, the number
of RLNs of RG was more than that of LG with a signifi-
cant difference (P = 0.03). The subgroup analysis results
of surgical extension are summarized in Table 6. Generally
speaking, the difference in surgical extension had little ef-
fect on the overall meta-analysis results.
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Fig. 4 Funnel plot of the overall postoperative complications

Subgroup analysis of weight influence

Only two studies had data for subgroup analysis based
on weight [28, 34]. The patients were divided based on
preoperative BMI into non-overweight (BMI < 25 kg/m?)
and overweight (BMI >25 kg/m?) groups. In the non-
overweight subgroup, the RG group still had a longer op-
eration time (P < 0.01), while in the overweight subgroup;

the operation time was similar between groups (P = 0.27).
In addition, there was no significant difference between
LG and RG for the outcomes of EBL and RLNSs regardless
of overweight or non-overweight subgroup. Other peri-
operative outcomes cannot be analyzed due to the limited
data. The subgroup analysis results based on weight are
summarized in Table 7.

Table 4 Systematic review of the specific reoperation and death reasons

Author Group Reoperation Death
Pugliese LG Enterocutaneous leak (n = 1) Severe bleeding due to hepatic failure (n = 1)
RG NC Hemorrhagic stroke (n = 1)
Kim KM LG Leak-related (n = 4)* Leak-related (n = 2)*
RG Leak-related (n = 6)* NC
RG Leakage and obstruction (n = 5) NC
Lee LG Anastomotic leakage (n = 1) NC
RG Anastomotic leakage (n = 1), Anastomotic bleeding (n = 1)
anastomotic bleeding (n = 1)
Huang LG NC Duodenal stump leakage (n = 1)
RG NC Gastrojejunostomy leakage (n = 1)
Han LG Intra-abdominal bleeding due NC
to liver capsular injury (n = 1)
Park LG NC Immediate postoperative bleeding (n = 1),
mesenteric infarction (n = 1), septic shock
caused by afferent loop syndrome (n = 1)
Cianchi LG NC Duodenal stump leakage with peritonitis
and sepsis (n = 1), acute myocardial infarction
(n=1)
RG Intestinal occlusion (n = 1) Cerebral vascular accident (n = 1)
NC no case

2 included anastomotic leakage and duodenal stump leakage



Chen et al. BMC Surgery (2017) 17:93

Page 9 of 14

Test for overall effect: Z = 1.34 (P = 0.18)

39

45

62

74

Test for overall effect: Z = 0.33 (P = 0.74)

Fig. 5 Forest plot of the meta-analysis for oncologic outcomes. a Num
distance. d Cancer recurrence

\

a LG RG Mean Difference Mean Differe
Pugliese 31 8 48 25 45 16 63%  6.00[284,9.16) 2010 —
Kim MC 374 10 11 411 108 16 31% -370[-11.67,427] 2010 S [
Son 8Y 465 152 42 397 88 21 43%  680(0.86,1274) 2012 ———
Zhang 20 43 70 231 54 97 74% -3.10[457,-163) 2012 -

Kim KM 376 139 861 402 155 436 7.3%  -2.60(4.33,-087) 2012 -

Hyun 326 133 83 328 138 38 47%  -0.20(5.44,5.04) 2013 S (R

Ly 276 92 100 284 83 100 69%  -0.80(-3.23, 163] 2014 .

SonT 428 168 58 472 168 51 40% -4.40(-10.72,182) 2014 T

Zhou 327 112 394 346 109 120 7.0%  -1.90(4.14,034] 2014 ==

Huang 281 11 73 306 126 72 58%  -250(-6.35,1.35) 2014 —
Noshiro 40 15 160 4 19 21 29% -4.00[-1245,4.45] 2014 - 1
Han 365 123 68 334 119 68 56%  3.10(-0.97,7.17) 2015 I
Suda 38 168 438 40 13 88 63%  -200(5.14,1.14) 2015 -

Leo 399 133 267 412 131 133 66%  -1.30 [4.04, 1.44] 2015 —=[r
Cisnchi 305 2 41 301 37 30 75% -8.60[-10.06,-7.14) 2016 e

Kim HI 32 108 185 34 105 185 7.0%  -200(4.17,0.17] 2016 =

Shen 313 95 330 33 85 93 7%  -1.70(-3.71,031) 2016 =

Total (95% CI) 3229 1585 100.0%  -1.44[-3.26,0.37) Al
Heterogenedty: Tau® = 10.95; Ch? = 116.49, df = 16 (P < 0.00001); P = 86% 05 0 & B
Test for overal effect: Z = 1.56 (P = 0.12) Favours RG F LG

b LG RG Mean Difference Moan Difference
Study or Subg lean 0 jlean O5i Of pght B dgom, 90% 7 i mmg
Kim KM 37 26 861 38 28 436 229%  -0.10(-0.42,022) 2012 -

Son SY 47 16 42 5929 21 24%  -120[-253,0.13] 2012 m————l
Zhang 4821 70 5215 97 104%  -040(-098,0.18] 2012 =
Hyun 57 37 8 5636 38 22%  0.10[-129,149) 2013 1
SonT 326 58 3425 51 44% -040[1.36,056 2014 ]
Ly 48 37 100 53 38 100 40%  -0.50(-1.51,051) 2014 /1
Zhou 56 22 394 65 12 120 236%  0.10[0.21,041] 2014 ™
Han 29 17 68 2615 68 11.5%  030[-0.24,084] 2015 ™
Shen 54 18 330 58 16 93 186% -0.40(0.78,-0.02) 2016 =
Total (95% C1) 2006 1024 100.0%  -0.14[-0.36,0.07)

Heterogeneity: Tau* = 0.02; Chi* = 10.84, df = 8 (P = 0.21); I* = 26%

am -
Zhang 5117 70 47 19 97 161%  040[-0.15,095) 2012 o
Son SY 77 42 42 6331 21 62%  140[-0.44,324) 2012 Y s
Hyun 7283 8 7352 38 41% -0.10[-253,233 2013 S
Uy 56 51 100 54 49 100 87%  020[-1.19,1.50) 2014 =
Zhou 56 22 394 52 12 120 181% 0.40 [0.09, 0.71) 2014 o

Han 3825 68 421 68 139% -020[-098,058 2015 -
Shen 56 16 330 5123 93 165% 0.50 (0.0, 1.00] 2016 -
Total (95% CI) 1948 973 100.0%  0.09 [-0.48, 0.65) L 2
Heterogenedty: Tau® = 0.42; Chi* = 36.20, df = 7 (P < 0.00001); I = 81% _4 2 S 2 p

Favours RG Favours LG

Mean Difference
R =¥

-1.20 [-1.70, -0.70] 2012

Favours RG Favours LG

ber of retrieved lymph nodes. b Proximal margin distances. ¢ Distal margin

Discussion

The cost-effectiveness and definite advantages of RG
have not been well documented, which is different when
compared to the evolution of LG versus conventional
open surgery [20]. However, the number of publications
on RG has gradually increased in recent years. The on-
cologic outcomes, postoperative outcome, intraoperative
effects and costs of a total of 1830 patients who under-
went RG for gastric cancer treatment in 19 studies were
reviewed as we believe such research would contribute
to a more objective and comprehensive assessment of
the current RG surgical status.

In spite of the considerable heterogeneity, the pro-
longed operating time in RG was shown in almost all
the included research studies. The prolonged exposure
time to pneumoperitoneum and the associated increased
time of anesthesia is a major concern. Few publications
describe the effect of longer operation times during RG.

However, previous research of LG in senior patients has
shown that longer operation time did not result in detri-
mental effects with regard to surgical results [41]. There-
fore, a prolonged operating time should not affect
surgeons directly on conducting research on RG’s new
utility. Inevitably, the docking time was considered as an
essential factor, which enhanced the operating time. The
docking time was between 20 min to 60 min as reported
in our study [7, 13, 15, 31], We found RG had longer op-
eration times than LG by 49 min, which suggested the
‘true’ time spent on operations was similar or even
shorter than LG. Furthermore, with the increased
utilization of the new robotic surgical system, operation
times are expected to shorten. Several studies have re-
ported that the da Vinci Xi robotic platform is more
user-friendly and is easier to install in rectal and neph-
ritic surgery [42, 43]. As a result, we believed that RG is
technically feasible with regard to operation time.
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Table 5 Systematic Review of Recurrence and Long-term Survivals

Author Group Stage Chemotherapy Follow-up (mo) Recurrence Survival (%)
Pugliese LG Any TNM, Ts orany TN, 53 (3-112) 8° 3y-0S: 85; 5y-05: 83*
RG 28 (2-44) 4° 3y-05: 78%
Son T LG Any TNMg NR 70 3P 5y-DFS: 91.2; 5y-0S: 91.1
RG 3P 5y-DFS: 90.2; 5y-0S: 89.5
Zhou LG Any TNMg Routinely” 17(3-41) 28 1,2,3-0S:873,77.1,699
3y-05 N_:82.6, 3y-0S N,:60.3
RG 5 1,2,3-0S5:90.2, 78.1,67.8
3y-0S N_: 844, 3y-OS N,: 57.5
Lee LG Any TNMg NR 75 NR NSD
RG
Han LG cT1oNoMo 3 cases (4.4%)° 193 0 NSD
RG 3 cases (4.4%)° 227 0

Follow-up time were shown as median (range) or median only
DFS disease-free survival, OS overall survival, y year, N_ negative nodal metastasis, N, positive nodal metastasis, NR not report, NSD only reported no significant

difference between two groups without specific survival rate

?some patients had mixed tumor recurrence, identified recurrence in LG: local (n = 2), peritoneum (n = 2), liver (n = 1), lung (n = 2), bone (n = 1); identified
recurrence in RG: peritoneum (n = 1), liver (n = 1), bone (n = 1). & for overall patients, 5y-0S N_: 97%, 5y-OS N.: 52%
PLG, peritoneum (n = 2), lung (n = 1); RG, breast (n = 1), splenic hilum (n = 1), ovary (n = 1). #: 5-fluorouracil + oxaliplatin intravenous chemotherapy. $: because of

advanced disease status after surgery

Surgeons have to go through a learning curve to master
a technique. The surgical results, such as operation time,
oncological outcomes and postoperative complications
can be affected by surgeon’s familiarity with the instru-
ment, experience and assistant compliance. In general,
before stabilization, LG should be conducted on around
40 to 60 cases [44]. The learning curve for RG was shorter
for experienced surgeon who had performed LG, which is
forecasted to be only 10 to 20 cases [12, 13, 18, 26]. A
surgeon experienced in laparoscopic surgery can con-
duct robotic surgery securely even in their first case
[16]. Several studies investigated in this meta-analysis
compared the initial and later experiences of robotic
surgery [12, 13, 18, 26]. The later cases performed by
the same surgical team could progress toward shorten-
ing operation times.

Postoperative morbidity is the main indicator for
assessing the safety and feasibility of one procedure. It is
widely accepted that laparoscopic surgery for gastric
cancer is safer and could have fewer complications than
open surgery [45]. Our meta-analysis demonstrated a

comparable complication rate in RG versus LG group,
and the low heterogeneity regardless of overall, surgical
or medical complications encourages us to believe that
RG indeed is as safe as LG. Improvements such as
three-dimension images and tremor filtering could the-
oretically contribute to safer implementations of the
robotic system for gastrectomy and lymphadenectomy.
According to the multivariate analyses in the Suda study,
the application of RG was an important independent
protective factor in regards to the postoperative compli-
cation [37]. Tokunaga et al. [46, 47] reported the inci-
dences of overall adverse events after RG which were
14.2% and 22.2% based on their two-phase II studies,
which are comparable to the rates of 19-27% in previous
studies of LG [48, 49].

Obesity is one of the most significant health problems
today and rates are still increasing around the world.
Some studies claim obesity causes increased blood loss,
operation time, and wound infection rate et al. [50, 51],
whereas others did not observe any negative effect on
surgical outcomes [52]. Recently, Harr et al. [10] showed

LG RG
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Fig. 6 Forest plot of the meta-analysis for total cost
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Table 6 Results of the subgroup analysis of distal or total gastrectomy

Outcomes No. of Sample size Heterogeneity Overall 95% Cl of P
studies ﬁ CH! effect size overall effect
Operation time (min)
DG 8 1635 453 <0.001, 78% WMD = -57.08 —68.62 ~ —45.54 <0.01
TG 5 448 166 0.004, 74% WMD = —42.62 —66.72 ~ —18.52 <0.01
Blood loss (mL)
DG 8 1635 453 <0.001, 77% WMD =19.27 3.86 ~ 34.68 0.01
TG 5 448 166 0.54, 0% WMD =23.77 1.97 ~ 4556 0.03
Time to oral intake (days)
DG 3 344 116 049, 0% WMD =0.18 0.00 ~ 0.36 0.05
TG 3 251 100 0.71, 0% WMD = -0.18 -055~020 036
Hospital stay (days)
DG 8 1635 453 <0.001, 92% WMD =0.52 -069 ~ 174 040
TG 5 448 166 0.75, 0% WMD =0.28 -0.80 ~ 136 061
Overall complications
DG 8 1635 453 0.86, 0% RR=1.19 083 ~ 1.71 0.34
TG 4 330 140 049, 0% RR =132 0.80 ~ 2.18 0.27
Mortality
DG 4 942 213 0.84, 0% RR =0.84 021 ~ 330 0.80
TG 2 194 81 0.55, 0% RR =0.15 0.02 ~ 141 0.10
Retrieved lymph nodes
DG 8 1635 453 <0.001, 92% WMD = -2.10 -590 ~ 1.70 0.28
TG 5 448 166 0.63, 0% WMD = -2.51 —4.83 ~ -0.19 0.03

DG distal gastrectomy, TG total gastrectomy

that the benefits of robotic methods were more evident
in high versus normal BMI patients when performing a
colostomy. The authors concluded that robotic surgery
might overcome the difficulties associated with thick ab-
dominal walls and excessive intra-abdominal fat, thanks
to improved visualization, instrumentation, and ergo-
nomics [10]. However, compared to other operations
such as the colorectal or prostatic surgeries, which are
in relatively narrow regions, the superiority of da Vinci

Table 7 Results of the subgroup analysis of weight

over the laparoscopy may not be obvious, in that gastric
surgery is conducted in the upper abdomen of a rela-
tively spacious location. In our study, the overall mean
operation time of RG and LG were similar in the over-
weight subgroups, contrasting with those in the non-
overweight subgroups, which implied RG to be superior
to LG when used on overweight patients. However, the
sample size of the overweight subgroups was not large
enough to be conclusive.

Outcomes No. of Sample size Heterogeneity Overall 95% Cl of P
studies ﬁ PP effect size overall effect
Operation time (min)
non-overweight 2 232 127 0.06, 72% WMD = -37.63 —62.82 ~ —1243 <0.01
overweight 2 118 44 0.008, 86% WMD = —28.58 —79.11 ~ 2194 0.27
Blood loss (mL)
non-overweight 2 232 127 0.11, 60% WMD =0.90 —1344 ~ 1525 0.90
overweight 2 118 44 0.03, 80% WMD =39.84 —4171 ~121.39 0.34
Retrieved lymph nodes
non-overweight 2 232 127 0.34, 0% WMD = —1.88 —4.78 ~ 1.01 0.20
overweight 2 118 44 0.03, 79% WMD =432 —4.10 ~ 1274 031
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The traditional straight forceps in LG fail to enable
surgeons to reach deep-seated vessels and other areas,
like the supra pancreatic one, in which the dissection of
lymph nodes around the splenic hilum, splenic artery,
and hepatic artery areas is deemed extremely hard. The
tremor filtering, wristed instruments, as well as stable
exposure and high-solution image can help surgeons
thoroughly retrieve the lymph nodes around the delicate
areas [21]. According to one included study, the amount
of RLNs was considerably higher with robotic surgery in
the splenic hilum and splenic artery areas [29]. Our
meta-analysis shows adequate RLNs with means of 35.4
and 36.1 in the LG and RG groups, respectively. The
mean number of RLNs of RG was more than that of LG
with a marginal difference observed in the pooled data,
even though most studies had been done during initial
implementation of the robotic technique. Therefore, we
believe that robotic technique could be superior to the
conventional laparoscopic technique for lymphadenec-
tomy. Since the history of the clinical application of RG
is a short one, few reports have compared long-term
survival outcomes with other methods. Coratti et al. [53]
demonstrated that the 5-year survival rate after RG
stratified with Stage IA, IB, II, and IIT was 100%, 84.6%,
76.9%, and 21.5%, respectively. Pugliese et al. [11] re-
ported a cumulative overall 5-year survival rate of 78%
with a mean follow up of 30 months (range 2-86) after
R@G for gastric cancer.

The application of robotic surgery remains controver-
sial, mainly due to the considerable expense. The total
difference in cost between the LG and RG groups has
been predicted to be around 3900 USD [18, 31, 38],
which is mainly derived from the robotic system itself.
According to the opinions of some investigators, the
higher cost of robotic surgery is not enough to justify
the theoretical advantages of this technology [54]. If RG
can reduce complications and shorten hospital stay, the
higher costs of the robotic system would be partially off-
set. Based on this, it is essential for robotic operators to
inspect whether the potential advantages of the robotic
approach justifies its high cost in the treatment of gastric
cancer.

Our research has the following limitations: (1) Selec-
tion bias: As no RCT was available to be included in the
meta-analysis due to the higher cost of robotic surgery,
selection biases are inevitable in surgical abstention
which should be carefully interpreted. (2) Clinical het-
erogeneity: The homogeneity test for the continuous
variables exhibited substantial heterogeneity due to the
inherent flaws of a retrospective study, the uneven surgi-
cal skills of the different surgeons, as well as regional
differences, etc. More importantly, for surgeons in the
East, radical distal gastrectomy for middle and distal gas-
tric cancer is popular [55], while the distal subtotal is
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preferred in the West [56]. Thus we cataloged distal gas-
trectomy and subtotal gastrectomy as a subgroup.
Though it brings some interesting results due to the ex-
pansion of sample size, such a combination would result
in clinical heterogeneity. (3) Regional difference: The
majority of the included studies came from East Asia,
because East Asia has the highest prevalence of gastric
cancer, while gastric cancer is relatively uncommon in
Western countries. Besides, in East Asia, particularly
Korea, Japan and some areas of China, the proportion of
early gastric cancer has increased as a result of the im-
proved surveillance of gastric cancer in these regions
[57, 58]. On the other hand, although increasing evi-
dence continues to show no difference between patients
undergoing open or laparoscopic surgery for oncologic
outcomes, the Japanese Gastric Cancer Association still
classifies minimal invasive surgery as investigational
treatment and only recommends minimal invasive sur-
gery for early stage gastric cancer patients [55]. There-
fore, the cases in our studies, especially those from East
Asia, were mainly early stage cases. All of the above lim-
itations must be kept in mind when interpreting the re-
sults of our study.

Conclusions

Except for the longer operation time and higher costs,
RG for the patients with gastric cancer was not inferior
to LG. Besides; RG holds the potential benefits for larger
numbers of lymph node dissection and reduced intraop-
erative blood loss. Further prospective studies are
needed in order to confirm these advantages. In addition,
long-term results are needed, particularly for the onco-
logical adequacy of robotic gastric cancer resections.
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