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Abstract
Background Robotic gastrectomy (RG) using the da Vinci Surgical System for gastric cancer was approved for national 
medical insurance coverage in Japan in April 2018, and its number has been rapidly increasing since then.
Aim We reviewed and compared current evidence on RG and conventional laparoscopic gastrectomy (LG) to identify the 
differences in surgical outcomes.
Methods Three independent reviewers systematically reviewed the data collected from a comprehensive literature search by 
an independent organization, focusing on the following nine endpoints: mortality, morbidity, operative time, estimated blood 
loss volume, length of postoperative hospital stay, long-term oncologic outcome, quality of life, learning curve, and cost.
Results Compared to LG, RG has lower intraoperative blood loss volume, shorter length of hospital stay, and shorter learning 
curve, but both procedures have similar mortality. Contrarily, its disadvantages include longer procedural time and higher 
costs. Although the morbidity rate and long-term outcomes are almost comparable, RG showed superior potentials. Cur-
rently, the outcomes of RG are considered comparable to or better than LG.
Conclusion RG might be applicable to all gastric cancer patients who fulfill the indication of LG at institutions that meet 
specific criteria and are approved to claim the National Health Insurance costs for the use of the surgical robot in Japan.
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Background

Gastric cancer (GC) is the fifth most common malignant 
tumor and the fourth leading cause of cancer-related deaths 
worldwide [1]. Surgical resection is the only curative treat-
ment option, and regional lymphadenectomy is recom-
mended as part of radical gastrectomy [2, 3]. Recently, 
laparoscopic gastrectomy (LG) has gained widespread use 
as it is a minimally invasive and safe curative procedure 
for both early and advanced GC with comparable out-
comes to open gastrectomy (OG) [4–9]. However, LG has 
several limitations, including limited range of motion with 
straight forceps and tremors in the hand. Therefore, a novel 
technology that can overcome these limitations is required.

The da Vinci Surgical System (DVSS; Intuitive Surgi-
cal, Sunnyvale, the USA) is an advanced robotic technol-
ogy that plays a pivotal role in robotic surgery. DVSS has 
the following three components: (i) surgeon console, (ii) 
patient cart, and (iii) vision cart. It provides the surgeon 
with a three-dimensional, tenfold magnified view of the 
operating field, replicates the natural hand–eye coordina-
tion axis in the ergonomically designed surgeon’s console, 
offers a high degree of freedom through its articulating 
surgical instruments, stabilizes the surgeon’s tremor and 
scales motion [10]. Since the first report of robotic gas-
trectomy (RG) by Hashizume et al. in 2003 [11], newer RG 
techniques have been developed based on those used for 
LG. Furthermore, RG was approved for national medical 
insurance coverage in Japan in April 2018 [12]; since then, 
the number of RG procedures has significantly increased 
nationwide. We have previously performed a systematic 
review about the current status of RG for GC in 2019 
[13]. We found that RG was a safe and feasible procedure 
that may reduce postoperative morbidity, but RG was still 
not highly recommended for patients with clinical stage 
I/II GC at institutions that meet specific criteria at that 
time. Recently, prospective studies including randomized 
controlled trials (RCTs) [14–23] and large-scaled multi-
institutional retrospective studies that focused on RG have 
increased worldwide [24–29], and we considered that the 
time was ripe to conduct a new literature review about the 
clinical efficacy of RG for GC.

Materials and methods

This systematic review was performed according to the 
Minds manual for clinical practice guideline development 
2020 ver.3.0 [30]. A comprehensive search of electronic 
databases, including MEDLINE, Cochrane Library, and 
Japan Medical Abstracts Society (Ichushi), was performed 

by the Japan Medical Library Association using the search 
terms “Stomach neoplasms,” “Robotics,” “Surgery,” 
“Cohort studies,” “Meta-Analysis,” “Randomized con-
trolled trial,” “Multicenter study,” “Comparative study,” 
and “Practice guideline.” Based on the previous system-
atic review [13], all English articles published between 
January 1, 1990 and March 31, 2022 were included. The 
reference lists of the included articles were also reviewed 
to identify relevant reports missed during the primary 
search. Articles that should be included were selected by 
three independent reviewers (S.S., S.H., and K.S.) who 
were part of the cooperative guideline committees for the 
Japan Society for Endoscopic Surgery, and they evaluated 
evidence for the following categories: mortality, morbid-
ity, operative time, estimated blood loss volume, length of 
postoperative hospital stay, oncologic long-term outcome, 
quality of life (QOL), learning curve, and cost. When the 
data were insufficient after the primary search, second-
ary hand-searches were conducted by each reviewer from 
January 1, 1990 to December 31, 2022.

Results

Literature search and characteristics of reviewed 
articles

The primary literature search identified 258 papers; 24 
papers were selected after excluding duplicate studies, 
those in written in languages other than English, animal 
studies, conference proceedings, and review articles. As 
nine more publications were included during the second-
ary search, 33 papers were finally selected for review 
(Fig. 1). Among them, 15 papers overlap with the previ-
ous review. The details of the selected publications are 
provided in Table 1. The 33 selected studies included four 

Fig. 1  Flow chart of literatures selection
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RCTs [14–17], three multi-institutional prospective stud-
ies [18–20], three single-center prospective cohort stud-
ies [20–22], six large-scale multi-institutional retrospec-
tive studies [24–29], and 15 single-center retrospective 
studies [31–45]. The single-center retrospective studies 
were selected because they were large-scale, single-center, 
retrospective studies that included > 200 RG cases using 
the propensity score matching (PSM) analysis for short-
term outcome evaluation [31–37], that included > 100 
RG cases with a median follow-up period of ≥ 30 months 
for long-term outcomes evaluation after RG [26, 29, 33, 

36–40], or they have assessed the learning curve of RG 
[27, 41–44], and cost [18, 19, 26, 36, 39, 45]. In addition 
to the previous systematic review [13], one meta-analysis 
assessing the differences in outcomes between RG and LG 
was included [46]. To evaluate the patient characteristics, 
the proportions of patients diagnosed with stage ≥ II GC 
and who underwent total gastrectomy (TG) or proximal 
gastrectomy (PG) were investigated for each of the 24 
included studies. Additionally, the follow-up periods were 
also investigated for each of the nine included studies to 
evaluate the long-term oncological outcomes.

Table 1  Summary of the selected articles on RG

RG,robotic gastrectomy, QOL quality of life
*Newly added references that were not included in our previous review article

Study design Authors Year Country Patients 
of RG 
(n)

Short-term Long-term Learning curve QOL Cost

Randomized control trial Wang G et al. [14] 2016 China 158 ✓ –
Pan HF et al. [15] 2017 China 102 ✓ – – – –
Lu J et al. [16] 2021* China 150 ✓
Ojima T et al. [17] 2021* Japan 119 ✓

Prospective (multi-institution) Kim HI et al. [18] 2016 South Korea 223 ✓ ✓
Uyama I et al. [19] 2019 Japan 328 ✓ ✓ ✓
Okabe H et al. [20] 2019 Japan 115 ✓

Prospective (single-center) Park JY et al. [21] 2014 South Korea 30 ✓
Tokunaga M et al. [22] 2016 Japan 120 ✓
Hikage M et al. [23] 2020* Japan 120 ✓

Retrospective (multi-institu-
tion)

Parisi A et al. [24] 2017 Italy 222 ✓
Ryan S et al. [25] 2020* USA 631 ✓
Li ZY et al. [26] 2021* China 1829 ✓ ✓ ✓
Suda K et al. [27] 2022* Japan 2675 ✓
Shimoike N et al. [28] 2022* Japan 336 ✓ ✓
Suda K et al. [29] 2022* Japan 326 ✓

Retrospective (single-center) Wang WJ et al. [31] 2019 China 254 ✓
Shibasaki S et al. [32] 2020* Japan 359 ✓
Hikage M et al. [33] 2021* Japan 345 ✓ ✓
Li ZY et al. [34] 2021* China 519 ✓
Omori T et al. [35] 2022* Japan 210 ✓
Tian Y et al. [36] 2022* China 463 ✓ ✓ ✓
Gao G et al. [37] 2022* China 441 ✓ ✓
Obama K et al. [38] 2018 South Korea 315 ✓
Gao Y et al. [39] 2019 China 163 ✓ ✓
Nakauchi M et al. [40] 2021* Japan 157 ✓
Park SS et al. [41] 2012 South Korea 60 ✓
Huang KH et al. [42] 2014 Taiwan 72 ✓
Zhou J et al. [43] 2015 China 105 ✓
Shibasaki S et al. [44] 2022* Japan 100 ✓
Suda K et al. [45] 2015 Japan 88 ✓

Meta-analysis/Systematic 
review

Guerrini GP et al. [46] 2020* ✓ ✓ ✓ ✓ ✓
Shibasaki S et al. [13] 2020* ✓ ✓ ✓ ✓ ✓
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Mortality

As shown in Table 2, the four RCTs and four prospective 
studies reported no mortality after RG [14–20, 22]. In sev-
eral large-scale multi-institutional retrospective analyses 
from East Asia, the mortality rate of RG was very low rang-
ing from 0% to 0.2%, with no significant differences between 
RG and LG [26–28]. Similarly, eight large-scale single-
center retrospective analyses have reported low mortality 
rates that ranged from 0% to 0.9%, showing no significant 
difference between RG and LG [31, 32, 34–37] (Table 3). 
Although a large-scale multi-institutional retrospective 
analysis from the US indicated a slightly higher mortal-
ity rate of RG (4.5%), that of LG (2.7%) was also slightly 
higher, indicating no significant difference [25]. A recent 
meta-analyses by Guerrini et al. reported a mortality rate 
for RG of 0.36% (16/4378), which was comparable to that 
of LG (0.30, 31/10354), with odds ratio (OR) of 1.43 [95% 
confidence interval (CI) 0.77–2.65, p = 0.25] [46] (Table 3).

Morbidity

To reproducibly evaluate morbidity, Clavien–Dindo classifi-
cation (CD) grade ≥ IIIa complications were included during 
analysis, as these complications can be life-threatening and 
require surgical, endoscopic, or radiological interventions 
which could result in significantly extended hospital stay 
and increased medical cost [47, 48]. As shown in Table 2, 
three out of four RCTs showed no significant differences 
in morbidity between RG and LG [14–16]. Contrarily, the 
RCT reported by Ojima et al. showed that the rate of total 
complications for RG was significantly lower than that of 
LG (5.3% vs. 16.2%, p = 0.01) [17], although the primary 
endpoint of intra-abdominal infectious complications, 
including anastomotic leakage, pancreatic fistula, and intra-
abdominal abscess, was not met. When CD grade II com-
plications were included, the recent two RCTs reported by 
Lu et al. (7.7% vs. 16.9%, p = 0.006) and Ojima et al. (8.8% 
vs. 19.7%, p = 0.02) demonstrated the superior outcomes of 
RG to LG [16, 17]. The non-randomized prospective study 
by Kim et al. reported a morbidity rate for RG of as low as 
1.1%, which was comparable to that of LG (1.1%, p = 0.999) 
[18]. Our prospective multi-institutional study has shown 
that RG significantly reduced the morbidity rate from 6.4% 
after LG to 2.45% after RG (p = 0.0018), which was the 
primary endpoint of this non-randomized prospective trial 
[19]. The two single-arm prospective studies by Okabe et al. 
and Tokunaga et al. reported a CD grade ≥ IIIa morbidity 
rate of 2.6% and 3.3% after RG, respectively [20, 22]. The 
four large-scaled multi-institutional retrospective studies 
showed a low morbidity rate ranging from 1.3% to 5.4% [24, 
26–28] (Table 3). These findings were almost comparable 
to those of LG, ranging from 2.9% to 4.7%. Among them, 

two retrospective cohort studies using real-world big data 
demonstrated comparable morbidity rates between RG and 
LG (Li et al. RG 2.5% vs. LG 2.9%; Suda et al. RG 4.9% vs. 
LG 3.9%) [26, 27]. Among the single-center, large-scaled, 
and retrospective comparative studies that used PSM analy-
ses, three studies demonstrated that RG significantly reduced 
morbidity, as compared to LG (Wang et al. 8.9% vs. 17.5%, 
p = 0.002; Shibasaki et al. 3.7% vs. 7.6%, p = 0.033; Omori 
et al. 1.0% vs. 4.8%, p = 0.007) [31, 32, 35]. Additionally, 
Hikage et al. showed that RG had a significantly lower rate 
of CD grade ≥ II intra-abdominal infectious complications 
than LG (4.4% vs. 9.4%, p = 0.015), but not in total com-
plications (RG vs. LG 13.2% vs. 18.4%, p = 0.074) [33]. A 
meta-analyses by Guerrini et al. showed that the rate of CD 
grade ≤ IIIa surgical complications was significantly lower in 
RG than in LG [4.13% (150/3631) vs. 6.44 (498/7727), OR 
0.66, 95% CI 0.49–0.88, p = 0.005] [46] (Table 3).

Duration of procedure

As shown in Table 2, three RCTs have indicated that the 
RG duration was significantly longer than that for LG 
(Wang et al. 242.7 vs. 192.4 min, p = 0.002; Lu et al. 201.2 
vs. 181.6 min, p < 0.001; Ojima et al. 297 vs. 245 min, 
p = 0.001) [14, 16, 17], whereas only one RCT reported 
by Pan et al. showed comparable operative time between 
RG and LG [15]. The non-randomized prospective study 
by Kim et al. also indicated that the RG duration was sig-
nificantly longer than the LG duration (RG: 221 vs. LG: 
178 min, p < 0.001) [18]. Three prospective studies reported 
an RG duration that ranged from 313 to 372 min [19, 20, 
22]. Most multi-institutional and single-center retrospective 
studies have shown that the RG duration was significantly 
longer than the LG duration [24, 26, 27, 32–34, 36, 37], as 
shown in Table 3. Most of these studies have shown that the 
differences in operative time between RG and LG ranged 
from approximately 20–50 min. Liu et al. have reported the 
reasons for the longer RG duration; they demonstrated that 
while the effective time and number of exchanging instru-
ments did not differ between RG and LG, junk time, i.e., 
instrument setup and docking or positioning of surgical 
arms, and the time required for exchanging instruments 
was significantly longer for RG than for LG [49]. A previ-
ous meta-analysis showed that the mean operative times of 
RG and LG were 267.34 and 220.48 min, respectively. The 
operative time was also significantly shorter in LG than in 
RG (p < 0.001) [46]. In contrast, Wang et al. have indicated 
that there were no significant differences in the total opera-
tive time between RG and LG [31]. Furthermore, Omori 
et al. recently reported that the operative time of RG was 
significantly shorter than that of LG [35], suggesting that 
the duration of RG could be shortened through training and 
expertise.



329Robotic gastrectomy for gastric cancer: systematic review and future directions  

1 3

Ta
bl

e 
2 

 S
ho

rt-
te

rm
 o

ut
co

m
es

 in
 ra

nd
om

iz
ed

 c
on

tro
l t

ria
ls

 (R
C

Ts
) o

r p
ro

sp
ec

tiv
e 

stu
di

es

TG
 to

ta
l g

as
tre

ct
om

y,
 P

G
 p

ro
xi

m
al

 g
as

tre
ct

om
y,

 R
C

T  
ra

nd
om

iz
ed

 c
on

tro
lle

d 
tri

al
, R

G
 ro

bo
tic

 g
as

tre
ct

om
y,

 L
G

 la
pa

ro
sc

op
ic

 g
as

tre
ct

om
y,

 O
G

 o
pe

n 
ga

str
ec

to
m

y,
 N

.D
. n

ot
 d

es
cr

ib
ed

1  M
or

bi
di

ty
 in

cl
ud

ed
 th

e 
C

la
vi

en
–D

in
do

 c
la

ss
ifi

ca
tio

n 
gr

ad
e 

II
Ia

 ≤
 co

m
pl

ic
at

io
ns

Re
fe

re
nc

e 
(y

ea
r/

co
un

try
)

St
ud

y 
de

si
gn

En
ro

lle
d 

pa
tie

nt
s 

(n
)

Pa
tie

nt
s f

or
 

an
al

ys
is

 (n
)

 ≥
 S

ta
ge

 II
 (%

)
TG

 o
r P

G
 (%

)
M

or
ta

lit
y 

(%
)

M
or

bi
di

ty
1  (%

)
O

pe
ra

tiv
e 

tim
e 

(m
in

)
Es

tim
at

ed
 

bl
oo

d 
lo

ss
 

(m
L)

Po
sto

p.
 

ho
sp

ita
liz

at
io

n 
(d

ay
s)

W
an

g 
G

 e
t a

l. 
[1

4]
 

(2
01

6/
C

hi
na

)
RC

T 
(s

in
gl

e-
ce

nt
er

)
RG

: 1
58

O
G

: 1
53

RG
: 1

51
O

G
: 1

45
76 79

37 31
0 0 (N

.D
.)

2.
6

2.
8

(p
 =

 0.
75

6)

24
3

19
2

(p
 =

 0.
00

2)

94 15
3

(p
 <

 0.
00

1)

5.
6

6.
7

(p
 =

 0.
02

1)
Pa

n 
H

F 
et

 a
l. 

[1
5]

 
(2

01
7/

C
hi

na
)

RC
T 

(s
in

gl
e-

ce
nt

er
)

RG
: 1

02
LG

: 6
1

RG
: 1

02
LG

: 6
1

78 89
65 74

0 0 (N
.D

.)

1.
0

6.
6

(N
.D

.)

15
3

15
2

(p
 =

 0.
71

7)

41 84 (p
 <

 0.
00

1)

3.
8

5.
4

(p
 <

 0.
00

1)
Lu

 J 
et

 a
l. 

[1
6]

 
(2

02
1/

C
hi

na
)

RC
T 

(s
in

gl
e-

ce
nt

er
)

RG
: 1

50
LG

: 1
50

RG
: 1

41
LG

: 1
42

N
.D

0 0
0 0 (N

.D
.)

1.
4

1.
4

(N
.D

.)

20
1

18
2

(p
 <

 0.
00

1)

41 56 (p
 =

 0.
04

5)

7.
9

8.
2

(p
 =

 0.
06

2)
O

jim
a 

T 
et

 a
l. 

[1
7]

 
(2

02
1/

Ja
pa

n)
RC

T 
(tw

o-
ce

nt
er

)
RG

: 1
19

LG
: 1

22
RG

: 1
13

LG
: 1

17
42 40

41 32
0 0 (p

 =
 1.

00
0)

5.
3

16
.2

(p
 =

 0.
01

)

29
7

24
5

(p
 =

 0.
00

1)

25 25 (p
 =

 0.
18

)

12 13 (p
 =

 0.
93

)
K

im
 H

I e
t a

l. 
[1

8]
 

(2
01

6/
So

ut
h 

K
or

ea
)

Pr
os

pe
ct

iv
e 

(m
ul

ti-
in

sti
tu

tio
n)

RG
: 2

23
LG

: 2
11

RG
: 1

85
LG

: 1
85

19 10
16 16

0 0 (N
.D

.)

1.
1

1.
1

(p
 =

 0.
99

9)

22
1

17
8

(p
 <

 0.
00

1)

50 55 (p
 =

 0.
31

8)

6 6 (p
 =

 0.
86

2)
U

ya
m

a 
I e

t a
l. 

[1
9]

 
(2

01
9/

Ja
pa

n)
Pr

os
pe

ct
iv

e,
 

(m
ul

ti-
in

sti
tu

tio
n)

RG
: 3

28
RG

: 3
26

12
22

0
2.

45
31

3
20

9

O
ka

be
 H

 e
t a

l. 
[2

0]
 

(2
01

9/
Ja

pa
n)

Pr
os

pe
ct

iv
e 

(m
ul

ti-
in

sti
tu

tio
n)

RG
: 1

15
RG

: 1
15

30
37

0
2.

6
37

2
15

12

To
ku

na
ga

 M
 e

t a
l. 

[2
2]

 (2
01

6/
Ja

pa
n)

Pr
os

pe
ct

iv
e 

(s
in

gl
e-

ce
nt

er
)

RG
: 1

20
RG

: 1
20

1
12

0
3.

3
34

8.
5

19
9



330 S. Shibasaki et al.

1 3

Ta
bl

e 
3 

 S
ho

rt-
te

rm
 o

ut
co

m
es

 in
 re

tro
sp

ec
tiv

e 
stu

di
es

Re
fe

re
nc

e 
(y

ea
r/

co
un

try
)

St
ud

y 
de

si
gn

En
ro

lle
d 

pa
tie

nt
s 

(n
)

Pa
tie

nt
s f

or
 

an
al

ys
is

 (n
)

 ≥
 S

ta
ge

 II
 (%

)
TG

 o
r P

G
 (%

)
M

or
ta

lit
y 

(%
)

M
or

bi
di

ty
1  (%

)
O

pe
ra

tiv
e 

tim
e 

(m
in

)
Es

tim
at

ed
 

bl
oo

d 
lo

ss
 

(m
L)

Po
sto

p.
 

ho
sp

ita
liz

at
io

n 
(d

ay
s)

Pa
ris

i A
 e

t a
l. 

[2
4]

 (2
01

7/
Ita

ly
)

Re
tro

sp
ec

tiv
e 

(m
ul

ti-
in

sti
tu

tio
n)

RG
: 2

22
LG

: 2
27

O
G

: 5
77

RG
: 1

51
LG

: 1
51

O
G

: 3
02

(P
SM

)

44 44 53

26 32 32

(N
.D

.)
1.

3
4.

7
6.

0
(N

.D
.)

36
5

22
0

19
9

(p
 <

 0.
00

1)
*

11
8

96 12
7

(p
 =

 0.
00

2)
*

8.
9

9.
1

12
.7

(p
 <

 0.
00

1)
*

Ry
an

 S
 e

t a
l. 

[2
5]

 (2
02

0/
U

SA
)

Re
tro

sp
ec

tiv
e 

(m
ul

ti-
in

sti
tu

tio
n)

RG
: 6

31
LG

: 1
26

2 
(P

SM
)

RG
: 6

31
LG

: 1
26

2
(P

SM
)

66 66
28 28

4.
5

2.
7

(p
 =

 0.
10

1)

N
.D

N
.D

N
.D

10
.2

11
.6

(p
 <

 0.
00

1)
Li

 Z
Y

 e
t a

l. 
[2

6]
 

(2
02

1/
C

hi
na

)
Re

tro
sp

ec
tiv

e 
(m

ul
ti-

in
sti

tu
tio

n)

RG
: 1

82
9

LG
: 3

57
3

RG
: 1

77
6

LG
: 1

77
6

(P
SM

)

35 35
31 31

0.
2

0.
1

(p
 =

 1.
00

0)

2.
5

2.
9

(N
.D

.)

24
8.

5
22

0
(p

 <
 0.

00
1)

12
7

14
3

(p
 <

 0.
00

1)

9.
2

9.
3

(p
 =

 0.
37

1)
Su

da
 K

 e
t a

l. 
[2

7]
 (2

02
2/

Ja
pa

n)

Re
tro

sp
ec

tiv
e 

(m
ul

ti-
in

sti
tu

tio
n)

RG
: 2

67
5

LG
: 7

20
6

RG
: 2

67
1

LG
: 2

67
1

(P
SM

)

N
.D

14 14
0.

2
0.

1
(p

 =
 0.

75
4)

4.
9

3.
9

(p
 =

 0.
08

4)

35
4

26
8

(p
 <

 0.
00

1)

20 15 (p
 =

 0.
14

9)

10 11 (p
 <

 0.
00

1)
Sh

im
oi

ke
 N

 
et

 a
l. 

[2
8]

 
(2

02
2/

Ja
pa

n)

Re
tro

sp
ec

tiv
e 

(m
ul

ti-
in

sti
tu

tio
n)

RG
: 3

36
RG

: 3
36

33
24

0
5.

4
37

0
0

10

W
an

g 
W

J e
t a

l. 
[3

1]
 (2

01
9/

C
hi

na
)

Re
tro

sp
ec

tiv
e 

(s
in

gl
e-

ce
nt

er
/

PS
M

)

RG
: 2

54
LG

: 2
81

RG
: 2

23
LG

: 2
23

(P
SM

)

76 76
43 44

0.
9

0.
4

(p
 =

 0.
55

9)

8.
9

17
.5

(p
 =

 0.
00

2)

24
2

23
8

(p
 =

 0.
24

6)

14
9

14
4

(p
 =

 0.
31

1)

10
.2

11
.6

(p
 <

 0.
00

1)

Sh
ib

as
ak

i S
 e

t a
l. 

[3
2]

(2
02

0/
Ja

pa
n)

Re
tro

sp
ec

tiv
e 

(s
in

gl
e-

ce
nt

er
/

PS
M

)

RG
: 3

59
LG

: 1
04

2
RG

: 3
54

LG
: 3

54
(P

SM
)

38 37
30 29

0.
6

0.
3

(p
 >

 0.
99

9)

3.
7

7.
6

(p
 =

 0.
03

3)

36
0

34
7

(p
 =

 0.
00

1)

37 28 (p
 =

 0.
00

5)

12 13 (p
 =

 0.
00

1)

H
ik

ag
e 

M
 e

t a
l. 

[3
3]

 (2
02

1/
Ja

pa
n)

Re
tro

sp
ec

tiv
e 

(S
in

gl
e-

ce
nt

er
/

PS
M

)

RG
: 3

45
LG

: 8
35

RG
: 3

42
LG

: 3
42

 
(P

SM
)

7 5
16 15

N
.D

13
.2

#

18
.4

#

(p
 =

 0.
07

4)

32
1

28
2

(p
 <

 0.
00

1)

15 14 (p
 =

 0.
41

2)

8 9 (p
 =

 0.
04

1)

Li
 Z

Y
 e

t a
l. 

[3
4]

 
(2

02
1/

C
hi

na
)

Re
tro

sp
ec

tiv
e 

(s
in

gl
e-

ce
nt

er
/

PS
M

)

RG
: 5

19
LG

: 9
57

RG
: 5

16
LG

: 5
16

(P
SM

)

59 60
0 0

0 0.
2

(p
 =

 1.
00

0)

2.
7

3.
7

(p
 =

 0.
37

6)

22
8

20
1

(p
 <

 0.
00

1)

11
2

13
9

(p
 <

 0.
00

1)

7.
2

7.
5

(p
 =

 0.
10

4)

O
m

or
i T

 e
t a

l. 
[3

5]
 (2

02
2/

Ja
pa

n)

Re
tro

sp
ec

tiv
e 

(s
in

gl
e-

ce
nt

er
/

PS
M

)

RG
: 2

10
LG

: 9
79

RG
: 2

10
LG

: 2
10

(P
SM

)

48 48
32 35

0 0.
5

1.
0

4.
8

(p
 =

 0.
00

7)

20
8

23
1

(p
 =

 0.
00

5)

13 42 (p
 <

 0.
00

1)

7 8 (p
 <

 0.
00

1)

Ti
an

 Y
 e

t a
l. 

[3
6]

 
(2

02
2/

C
hi

na
)

Re
tro

sp
ec

tiv
e 

(s
in

gl
e-

ce
nt

er
/

PS
M

)

RG
: 4

63
LG

: 8
77

RG
: 4

56
LG

: 4
56

(P
SM

)

65 68
20 21

0.
2

1.
0

(p
 =

 0.
33

9)

2.
7

3.
2

(p
 =

 0.
91

6)

20
5

18
5

(p
 <

 0.
00

1)

74 78 (p
 <

 0.
00

1)

7.
3

7.
6

(p
 =

 0.
21

8)



331Robotic gastrectomy for gastric cancer: systematic review and future directions  

1 3

Blood loss

As shown in Table 2, three RCTs have reported significantly 
lower intraoperative estimated blood loss during RG than 
during either LG or OG (Wang et al. 94.2 vs. 152.8 ml; Pan 
et al. 41.3 vs. 83.7 ml; Lu et al. 41.2 vs. 55.7 ml) [14–16], 
whereas the RCT conducted by Ojima et al. showed no 
significant difference between RG and LG (RG 25 vs. LG 
25 ml, p = 0.18) [17]. The non-randomized prospective study 
by Kim et al. has also shown no significant difference in 
the estimated blood loss between RG and LG (RG 50 vs. 
LG 55 ml, p = 0.318) [18]. Other prospective studies from 
Japan have shown that RG had a low intraoperative blood 
loss, ranging from 15 to 20 ml [19, 20, 22]. The results were 
different among two multi-institutional retrospective studies 
using big real-world data; Li et al. demonstrated that RG had 
significantly lower intraoperative blood loss than LG (126.8 
vs. 142.5 ml, p < 0.0001) [26], whereas we have shown no 
significant differences between RG and LG (20 vs. 15 ml, 
p = 0.149) [27], as shown in Table 3. Among seven single-
center retrospective studies, four showed the superiority of 
RG in decreasing the amount of intraoperative blood loss 
[34–37], whereas the other two studies showed comparable 
values between RG and LG [31, 33]. Most of these studies 
have shown the difference in estimated intraoperative blood 
loss between RG and LG, which was approximately 20 ml. 
Although our previous study indicated that RG increased 
the intraoperative blood loss than LG (RG 37 vs. LG 28, 
p = 0.005) [32], the amounts in both groups were too small to 
determine a practical significance. A meta-analysis revealed 
significantly lower estimated blood loss in RG than in LG 
(98.77 vs. 115.02 ml, p < 0.001) [46].

Length of postoperative hospital stay

As shown in Table 2, two RCTs reported shorter postopera-
tive hospital stay after RG than after LG or OG (Wang et al. 
3.75 vs. 5.36 days; p < 0.001; Pan et al. 5.6 vs. 6.7 days; 
p = 0.002) [14, 15], whereas two RCTs and one non-rand-
omized prospective study have reported comparable dura-
tion between RG and LG (Lu et al. 7.9 vs. 8.2 days; Ojima 
et al. 12 vs. 13 days; Kim et al. 6 vs. 6 days) [16–18]. The 
study conducted in Japan [17] showed a relatively longer 
duration in both groups which could be attributed to its uni-
versal coverage of the health insurance system [50]. In fact, 
prospective studies from Japan reported that the duration 
after RG ranged from 9 to 12 days [19, 20, 22]. Most multi-
institutional and single-center retrospective studies reported 
shorter postoperative hospital stay after RG than after LG 
with a difference of 1 day [24, 25, 27, 31–33, 35], or com-
parable outcomes [26, 34, 36, 37], as shown in Table 3. The 
meta-analysis showed that the duration was insignificantly TG
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shorter in the RG group than in the LG group (RG 8.67 vs. 
LG 9.29 days, p = 0.11) [46].

Oncologic long‑term outcomes

The number of studies on the long-term outcomes has 
increased along with the increase in the reports on the 
short-term outcomes. Altogether, nine studies and one 
meta-analysis were selected for the evaluation of the onco-
logical long-term outcomes [23, 26, 29, 33, 36–40, 46], as 
shown in Table 4. Only one prospective study evaluated the 
oncologic long-term outcomes after RG [23]. Hikage et al. 
demonstrated a favorable prognosis of RG, with a 5-year 
overall survival (OS) and 5-year recurrence-free survival 
(RFS) rates of 96.7% each, despite the fact that 12.5% of 
patients were diagnosed with advanced GC [23]. Two multi-
institutional retrospective studies were analyzed [26, 29]. 
Li et al. demonstrated that the 3-year OS and disease-free 
survival and 5-year OS and disease-free survival rates were 
comparable between RG and LG [26]. Contrarily, we dem-
onstrated that the 3-year OS of RG was significantly supe-
rior to that of LG (96.3% vs. 89.6%, p = 0.009), as observed 
using the inverse probability of treatment weighting method, 
whereas a trend toward an increase in 3-year RFS of RG was 
observed, as compared to LG (92.3% vs. 87.2%, p = 0.073) 
[29]. Additionally, sub-analyses revealed that RG improved 
both the 3-year OS (99.7% vs. 94.4%, p = 0.004) and 3-year 
RFS (99.7% vs. 93.7%, p = 0.003) rates in patients with 
pStage IA disease [29]. Furthermore, after propensity 
matching, RG significantly improved both the 3-year OS 
(RG 97.1% vs. LG 89.2%; p < 0.001) and 3-year RFS (RG 
94.2% vs. LG 86.7%, p = 0.002) rates [29]. Six single-center 
retrospective studies compared the long-term oncological 
outcomes between RG and LG. In all these six studies, there 
were no significant differences in the long-term outcomes, 
including 3-year/5-year OS and RFS rates, between RG and 
LG [33, 36–40]. However, we demonstrated that both 5-year 
OS and RFS rates of RG were significantly improved, as 
compared with LG (OS 70.4% vs. 50.2%, p = 0.039; RFS 
74.1% vs. 44.5%, p = 0.005, respectively) among pStage II/
III GC patients after PSM [40]. The meta-analysis showed 
that the recurrence rate was insignificantly lower in the 
RG group than in the LG group (RG 9.9% vs. LG 13.5%, 
p = 0.25) [46].

Learning curve

To evaluate the learning curve of RG, retrospective studies 
[28, 41–44] and a review [13] were included. Zhou et al. 
have evaluated the learning curve for two surgeons skilled in 
LG using the cumulative summation score. They found that 
the number of cases required for reaching a learning plateau 
for the two surgeons was 12 and 14, respectively [43]. Park 

et al. have reported that the learning curve for three experi-
enced laparoscopic surgeons, as assessed using a nonlinear 
least-squares method, showed that a stable operating time 
was achieved after 9.6, 18.1, and 6 cases, respectively [41]. 
Huang et al. demonstrated that both operative and docking 
times for RG decreased and stabilized after 25 procedures 
in experienced surgeons, whereas the operative time for LG 
stabilized only after 41 cases [42]. A multi-insititutional ret-
rospective study by Shimoike et al. evaluated the learning 
process of well-experienced surgeons who started robotic 
surgery after acquisition of the Endoscopic Surgical Skill 
Qualification System (ESSQS)-qualification, which certi-
fies them as having sufficient skills and experience in LG 
[44]. In this study, more than half of the 20 operating sur-
geons had ≥ 100 LG experience, whereas only 5 performed 
RG on their own for the first time after previously acting as 
an assistant surgeon for RG. This study suggested that ≥ 11 
cases were needed for the participants to reach a learning 
plateau in terms of operative time and surgeon fatigue [28]. 
On the other hand, we have reported the learning curves 
of five surgeons belonging to a younger generation who 
started RG after 50 or more experiences of RG procedures 
as an assistant surgeon. Although they had also acquired 
the ESSQS qualification prior to their first experience with 
robotic surgery, their learning plateaus were achieved after 
5, 7, 7, 8, and 11 cases (median, 7 cases) [44]. Given that 
several studies have documented that at least 40–60 surgical 
procedures were required to overcome the learning curve 
for LG [51, 52], RG has been found to be associated with a 
shorter learning curve, especially for those who had abun-
dant experience in an assistant surgeon for RG and were 
familiar with RG ever since the beginning of their career. 
Shimoike et al. have also indicated that the number of prior 
LG experiences was not associated with the operative time 
and incidence of morbidity [28].

QOL

To evaluate the data on postoperative QOL after RG, only 
two prospective studies and review articles were included 
[13]. Park et al. have administered the QLQ-C30 and QLQ-
STO22 before the procedure, at 1 week post-procedure, and 
at 1, 3, 6, and 12 months postoperatively [21]. Compared to 
the preoperative scores, most parameters on both the QLQ-
C30 and QLQ-STO22 initially deteriorated at 1 week after 
surgery but recovered to baseline levels within 3 months. 
The factors with values that returned to baseline level after 
3 months include fatigue, dysphagia, pain, and eating restric-
tion, and these reverted to baseline levels at 1 year postoper-
atively. Only patients with diarrhea did not recover at 1 year 
postoperatively [21]. Our multi-institutional prospective trial 
in Japan evaluated the health outcomes measured using the 
EuroQol 5 Dimension (EQ-5D) [19]. The EQ-5D score was 
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1.0 (0.5920–1.0) preoperatively, 0.8040 (0.3940–1.0) on 
postoperative day 7, and 1.0 (0.3940–1.0) on postoperative 
day 30 [19]. However, no comparative study has yet exam-
ined postoperative QOL, and the impact of RG at this point 
cannot yet be determined.

Cost

To evaluate the total cost of RG, six studies plus one meta-
analysis were included [18, 19, 26, 36, 39, 45, 46], as shown 
in Table 5. Kim et al. reported that the per-patient cost was 
higher for RG than for LG (RG 13,470 vs. LG 8980 US 
dollars, p < 0.001) [18]. Our multi-institutional single-arm 
prospective trial reported that the surgical cost and per-
patient cost of RG were 1,063,800 (950,000–1,158,970) and 
1,799,628 JPY [19], respectively, with the total medical cost 
being higher in patients with morbidity than in those without 
[morbidity ( +): 2,936,159 (2,522,180–5,173,706) vs. mor-
bidity ( −): 1,795,506 (1,530,170–3,268,218) JPY, p = 0.004] 
[19]. The multi-institutional retrospective study in China by 
Li et al. showed that the per-patient cost was higher for RG 
than for LG (14,185 vs. 10,637 US dollars, p < 0.001) [26]. 
Other single-center retrospective studies have also reported 
that the per-person operation cost was higher for RG than for 
LG [36, 39, 45]. A meta-analysis by Guerrini et al. showed 

that the cost was significantly higher for RG than for LG 
(12,224.5 vs. 8292.8 US dollars, p < 0.001) [46].

Discussion

Compared to our previous review [13], the number of pro-
spective and large-scaled multi-institutional retrospective 
studies has been increasing. Moreover, the number of large-
scaled single-center retrospective studies using PSM analy-
sis has been increasing. In fact, almost half (18/33) of papers 
included in our review have been published since 2020. 
This suggests that RG has been widely used worldwide in a 
short period. Most recent papers have been reported mainly 
from Japan and China. Therefore, it seems that RG plays 
an important role in curative resection for GC especially 
in these two countries. Overall, compared to LG, RG has 
the advantages of lower intraoperative blood loss volume 
(approximately 10–40 ml), shorter length of hospital stay 
(approximately 1 day), shorter learning curve (approxi-
mately 6–20 cases), and similar mortality. Contrarily, its dis-
advantages include longer procedural time (approximately 
20–50 min) and higher costs (approximately 1000–5000 US 
dollars). These outcomes seem to be highly reproducible. 
Meanwhile, the advantages of RG in terms of the morbid-
ity rate and long-term outcomes seem controversial. Several 

Table 5  Summary of the cost for RG vs. LG

RG robotic gastrectomy, LG laparoscopic gastrectomy, PSM propensity score matching, USD US dollar, RMB Renminbi, N.D not described

Reference (year) Study design Enrolled patients (n) Patients for analysis (n) Cost per patient

Kim HI et al. [18] (2016/
South Korea)

Prospective (multi-institution) RG: 223
LG: 211

RG: 185
LG: 185
(PSM)

Total cost: 13,470 USD
Total cost: 8980 USD
(p < 0.001)

Uyama I et al. [19] (2019/
Japan)

Prospective (multi-institution) RG: 328 (Single arm) RG: 326 (Single arm) Surgical cost: 1,063,800 
(950,000–1,158,970) JPY

Total cost: 1,799,628 
(1,530,170–5,173,706) JPY

Li Y et al. [26] (2021/China) Retrospective (multi- 
institution)

RG: 1829
LG: 3573

RG: 1776
LG: 1776
(PSM)

Total cost: 14,185 USD
Total cost: 10,637 USD
(p < 0.001)

Suda K et al. [45] (2015/
Japan)

Retrospective (Single-center) RG: 88
LG: 438

RG: 88
LG: 438

Surgical cost: 7655 USD
Surgical cost: 6870 USD
(N.D.)

Gao Y et al. [39] (2019/
China)

Retrospective (single-center) RG: 163
LG: 339

RG: 163
LG: 163
(PSM)

Total cost: 1,333,800 (416,200) 
RMB

Total cost: 953,400 (293,900) 
RMB

(p < 0.001)
Tian Y et al. [36] (2022/

China)
Retrospective (single-center) RG: 463

LG: 877
RG: 456
LG: 456
(PSM)

Total cost: 13,607 USD
Total cost: 10,928 USD
(p < 0.001)

Guerrini GP et al. [46] (2020) Meta-analysis RG
LG

682
1373

12,224.5 USD
8292.8 USD
(p < 0.001)



335Robotic gastrectomy for gastric cancer: systematic review and future directions  

1 3

RCTs and single-center retrospective studies as well as one 
meta-analysis demonstrated the superior efficacy of RG, as 
compared to LG, in reducing the morbidity rate [16, 17, 
31–33, 35], whereas some RCTs and real-world big data 
have shown comparable outcomes [14, 15, 18, 26, 27]. Simi-
larly, although most studies have demonstrated that the long-
term outcomes were comparable between RG and LG, our 
multi-institutional study and our single-center retrospective 
study demonstrated the superiority of RG to LG [29, 40]. 
Although these findings are similar to our previous review 
[13], the gathered evidence levels have clearly become more 
robust. Therefore, we consider that the technical feasibil-
ity and oncological safety of RG are at least comparable, 
or rather have a potential to exceed those of LG. However, 
some issues need to be discussed further.

First, the impact of the differences in proficiency levels 
between RG and LG remains unclear. LG was first intro-
duced by Kitano et al. 30 years ago [53]. During these peri-
ods, LG was greatly developed by numerous surgeons; thus, 
it has become a common procedure. Especially in Japan, half 
of distal gastrectomy cases and a quarter of TG cases were 
performed by laparoscopic surgery according to the National 
Clinical Database in 2020 [54]. So far, LG has been recog-
nized as one of the standard treatment options of curative 
gastrectomy for clinical stage I GC, based on the results of 
the multi-institutional prospective clinical trials [4, 55], as 
shown in the Japanese Gastric Cancer Treatment Guidelines 
2021 [3], and the indication for LG is likely to expand and 
include more advanced GC following the positive results of 
the Japanese randomized trial [9]. These findings suggest 
that LG has come to the ripening stage. Technical principles 
and appropriate surgical concepts are shared among many 
surgeons and many institutions. In fact, many studies have 
reported very low morbidity rates for LG at ≤ 5% [14, 16, 
18, 26, 27, 34–36]. Contrary to LG, RG has a relatively short 
history. Especially in Japan, the national medical insurance 
coverage of RG was approved at last in 2018, based on the 
results of our clinical trial [19]; since then, the number of 
RG has been rapidly increasing and RG has been weakly 
recommended as a standard treatment option under cer-
tain conditions in the present guidelines [3]. However, the 
number of RG conducted annually for GC remains to be far 
less than that of LG for GC [27]. Accordingly, RG seems 
to be still at the developing stage; thus, there is plenty of 
room for further improvement. Despite this situation, no 
reports have indicated that RG worsened the surgical out-
comes as compared with LG, as shown in this review. We 
have successfully proven the safe implementation of RG 
with a comparable morbidity rate of LG in a Japanese large 
database study [27]. Collectively, the safety of RG is firmly 
confirmed. Moreover, most studies conducted in the lead-
ing institutions indicated the superiority of RG over LG in 
terms of morbidity [31–33, 35], suggesting that the discreet 

implementation of RG could result in the improved safety 
of gastrectomy in the real clinical setting. We believe that 
the skills required to fully operate a robot considering the 
appropriate surgical concept could play a key role in enhanc-
ing the clinical benefits of RG [29].

Second, the impact of RG on long-term outcomes needs 
to be investigated further. The benefits of RG in improving 
survival were identified only in our studies [29, 40], although 
most previous reports failed to demonstrate the prognostic 
benefit of RG over LG. This may be at least partly due to 
the possibility that RG reduces the risk of some postopera-
tive complications. Various reports have shown that severe 
postoperative morbidities are associated with impaired long-
term prognosis [56]. Additionally, the magnified and clear 
surgical view and improved range of motion brought about 
by the DVSS might enable gentler tumor resection along the 
optimal dissectable layers to be traced. These better oper-
abilities could contribute to reducing the risk for intraopera-
tive dissemination of circulating tumor cells and decreasing 
systemic inflammatory responses, leading to better recovery 
and prognosis with a lesser tumor recurrence risk [29]. How-
ever, these studies have several major limitations. Further 
research is required to examine the mechanisms through 
which RG improves survival and to determine if RG is truly 
less invasive than LG.

Third, the impact of the LG experience of each operating 
surgeon on the outcomes of RG needs to be determined. 
In the present situation, RG is usually launched and subse-
quently performed by operating surgeons with extensive LG 
experience [41–44], which might help surgeons to compre-
hend the principal anatomical knowledge and surgical con-
cept required to complete a gastrectomy safely and precisely 
with high reproducibly. Contrarily, Shimoike et al. showed 
that the number of prior LG experiences (≤ 50 vs. > 50 
cases) was not associated with operative time and morbidity 
rate [28]. Similarly, we have successfully proven the safety 
of RG performed by non-ESSQS–qualified surgeons, who 
are relatively regarded as inexperienced LG surgeons after 
satisfactory training to completely utilize the unique charac-
teristics of the DVSS [57]. These findings suggest that prior 
LG experience may not be mandatory for a surgeon who 
wishes to learn RG, provided an adequate training system 
could be established and generalized. Hopefully, this encour-
ages future young surgeons who are interested to learn RG.

The future of RG would depend on the following three 
important aspects. First, it is necessary to clarify further 
the efficacy of RG, especially whether RG could lower 
the degree of difficulty for technically demanding pro-
cedures (e.g., TG [58], PG [59], transhiatal procedure 
for esophagogastric junction cancer [60], radical resec-
tion after neoadjuvant chemotherapy [61], and so on). In 
the retrospective study using the PSM analysis limited 
to TG, we demonstrated that RTG significantly reduced 



336 S. Shibasaki et al.

1 3

the incidence of total (3% vs. 13%, p = 0.019) and intra-
abdominal infectious (1% vs. 9%, p = 0.023) complica-
tions, as compared to LTG [58]. The OR of complica-
tion risk in non-robotic TG was approximately 2–4 times 
greater, as compared to that in non-robotic minimally 
invasive gastrectomy in our previous study in which 
approximately 60%–70% of the entire cohort was distal 
gastrectomy cases [32, 58]. These findings suggest that 
TG becomes a good indication for robotic surgery. Further 
studies are needed to prove that robotic system has greater 
clinical advantage in technically demanding procedures. 
Second, we should consider how cost-effectiveness of RG 
could be improved. To solve this issue, definite evidence 
that RG improves the long-term outcomes, including the 
patient’s QOL, needs to be established [29, 62]. Now, the 
current review found that only two retrospective studies 
from Japan clearly demonstrated the clinical benefits of 
RG in the long-term. A multicenter RCT is warranted to 
confirm the reproducibility of these studies. However, at 
least ≥ 3 years is required to prove this. Therefore, explor-
ing a novel surrogate marker, instead of the OS and RFS, 
or something worthwhile corresponding to its higher costs 
is important. Technological advancements in precision 
medicine (e.g., comprehensive genomic analysis [63] and 
liquid biopsy [64]) may be of great help in such aspects. 
Third, further research and development of the novel 
robotic innovations are essential. As an alternative surgi-
cal robotic system to DVSS,  hinotori™ Surgical Robot 
System (HSRS, Medicaroid, Kobe, Japan), of which the 
commercial license was issued in August 2020 in Japan 
[12, 65], and the safety and feasibility of robotic surgery 
using the HSRS have already been documented in the 
urological field [66]. Even in the abdominal gastrointes-
tinal and gynecological fields, the national medical insur-
ance coverage has been approved in HSRS in December 
2022. This novel robotic system also has a great poten-
tial to realize telesurgery. We successfully established a 
novel telesurgical platform using this surgical robot, and 
through a leased optic-fiber network, preclinical distal 
gastrectomy using a porcine model was safely completed 
[65]. With the maturity of this telesurgical technology, 
we hope that telesurgical training, teleproctoring and tel-
ementoring become more widely available in addition to 
telesurgery. Further, many companies have accelerated 
the development of surgical robots, indicating that mas-
sive surgical data obtained from robotic surgery, called 
surgical intelligence [65], attracts developers. By using 
surgical intelligence and fusion to the artificial intelli-
gence in collaboration with these companies, we sincerely 
hope further evolution of robotic surgery to enhance the 
robotic potencies and facilitate improvement in the total 
outcomes among patients in the near future.

Conclusion

RG for GC is a promising procedure that can reduce post-
operative morbidity and improve long-term outcomes. The 
outcomes of RG are comparable to or better than those of 
LG. Accordingly, RG might be highly recommended for 
all patients with GC who fulfill the indication of LG at 
institutions that meet specific criteria and are approved to 
claim the National Health Insurance costs for the use of 
the surgical robots in Japan.
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