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Laparoscopic procedure is associated with
lower morbidity for simultaneous resection
of colorectal cancer and liver metastases:
an updated meta-analysis
Long Pan1,2,3†, Chenhao Tong4†, Siyuan Fu5†, Jing Fang1,2,3, Qiuxia Gu1,2,3, Shufeng Wang1,2,3, Zhiyu Jiang1,2,3,
Sarun Juengpanich1,2,3 and Xiujun Cai1,2,3*

Abstract

Background: It has been demonstrated that simultaneous resection of both primary colorectal lesion and
metastatic hepatic lesion is a safe approach with low mortality and postoperative complication rates. However,
there are some controversies over which kind of surgical approach is better. The aim of study was to compare the
efficacy and safety of laparoscopic surgeries and open surgeries for simultaneous resection of colorectal cancer
(CRC) and synchronous colorectal liver metastasis (SCRLM).

Methods: A systemic search of online database including PubMed, Web of Science, Cochrane Library, and Embase
was performed until June 5, 2019. Intraoperative complications, postoperative complications, and long-term outcomes
were synthesized by using STATA, version 15.0. Cumulative and single-arm meta-analyses were also conducted.

Results: It contained twelve studies with 616 patients (273 vs 343, laparoscopic surgery group and open surgery group,
respectively) and manifested latest surgical results for the treatment of CRC and SCRLM. Among patients who underwent
laparoscopic surgeries, they had lower rates of postoperative complications (OR = 0.66, 95% CI: 0.46 to 0.96, P= 0.028), less
intraoperative blood loss (weight mean difference (WMD) =− 113.31, 95% CI: − 189.03 to − 37.59, P= 0.003), less time in the
hospital and recovering after surgeries (WMD= − 2.70, 95% CI: − 3.99 to − 1.40, P= 0.000; WMD=− 3.20, 95% CI: − 5.06 to −
1.34, P= 0.001), but more operating time (WMD= 36.57, 95% CI: 7.80 to 65.35, P= 0.013). Additionally, there were no
statistical significance between two kinds of surgical approaches in disease-free survival and overall survival. Moreover,
cumulative meta-analysis indicated statistical difference in favor of laparoscopic surgery in terms of morbidity was firstly
detected in the 12th study in 2018 (OR = 0.66, 95% CI: 0.46 to 0.96, P= 0.028) as the 95% CI narrowed.
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Conclusion: Compared with open surgeries, laparoscopic surgeries are safer (postoperative complications and intraoperative
blood loss) and more effective (length of hospital stay and postoperative stay), and it can be considered as the first option
for management of SCRLM in high-volume laparoscopic centers.

Trial registration: CRD42020151176

Keywords: Colorectal cancer, Synchronous liver metastasis, Laparoscopy, Meta-analysis

Introduction
Colorectal cancer (CRC) is a common and lethal disease.
Globally, CRC is the third most common cancer in males
and second in females, with 1.8million new cases and almost
861,000 deaths in 2018 according to the World Health
Organization GLOBOCAN database. In the USA, annually,
approximately 145,600 new cases of large bowel cancer are
diagnosed, of which 101,420 are colon and the remainder are
rectal cancers [1, 2]. Although CRC mortality has been pro-
gressively declining since 1990, currently, 1.7 to 1.9% per year
[1], it is still the third leading cause of cancer death in the
USA in women and the second common cause of cancer
death in men [3, 4]. More importantly, CRC is an extraordin-
ary progressive cancer, and many patients have metastatic le-
sions at the time of initial diagnosis. Liver is the primary
metastatic site for patients with CRC and 15–20% of those
patients presenting with synchronous colorectal liver metas-
tases (SCRLM) [5]. These can be resected in one operation
or as staged approach, depending on the complexity of the
hepatectomy and colectomy, comorbid diseases, and surgeon
expertise [6, 7]. The classic approach to SCRLM is to resect
the primary lesion, followed by chemotherapy, and subse-
quent hepatic resection is offered. However, recent studies
have demonstrated that simultaneous resection of both pri-
mary colorectal lesion and metastatic hepatic lesion is a safe
approach with low mortality and postoperative complication
rates [8, 9]. Moreover, there are two kinds of surgical ap-
proaches to complete simultaneous resection, laparoscopic
approach and open approach, respectively [10]. Despite the
fact that some studies indicated laparoscopic surgeries had
less operating time, intraoperative blood loss, and postopera-
tive pain, most of the studies fail to demonstrate the super-
iority of laparoscopic surgeries [11]. Moreover, in that case,
the outcomes of laparoscopic surgeries associated with
current technology and proficiency of surgeons, we believe,
will be different from previous studies after several years.
Therefore, this meta-analysis was conducted to compare
those two kinds of surgical approaches regarding intraopera-
tive and postoperative complications and long-term out-
comes on account of the current available literature.

Methods
Literature search and selection
This study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) statement [12]. The protocol for the meta-
analysis is registered at PROSPERO (CRD42020151176).
We performed a systemic search of online database in-

cluding PubMed, Web of Science, Cochrane Library, and
Embase to identify relevant studies about comparing open
surgeries with laparoscopic surgeries for simultaneous re-
sections of CRC and SCRLM until June 5, 2019. The search
strategy was performed using the following terms: colorec-
tal cancer, colorectal cancer liver metastases, synchronous,
simultaneous, minimally invasive, laparoscopy, hepatec-
tomy, laparotomy, and open. The detailed search strategy is
shown in Additional file 1: Table S1. The references associ-
ated with those relevant reviews and meta-analyses were
also searched to identify possible additional studies.
The inclusion criteria were as follows: study popula-

tion (patients with proven or suspected SCRLM (liver
metastasis was detected at the same time as detection of
CRC)), intervention (laparoscopic vs open surgeries for
simultaneous resections), study design (randomized con-
trolled studies or observational studies including cohort
and case–control studies), outcome measuring (studies
reported at least 1 outcome of the perioperative results
or long-term outcomes), the study population which in-
cluded more than 20 patients (smaller studies were ex-
cluded for poor credibility), and studies published as
full-length articles.
Some studies were excluded based on the following

criteria: abstracts from conferences, case reports, non-
comparative studies, review articles, and meta-analyses,
and commentary articles were excluded. The study did
not clearly distinguish between synchronous liver metas-
tases and metachronous liver metastases. The study
failed to distinguish between synchronous resection and
staged resection, i.e., hepatectomy only.

Data extraction and quality assessment
Data were evaluated and extracted by 2 investigators in-
dependently (LP and CHT). All the important informa-
tion were recorded in a Microsoft excel database, such
as baseline details, postoperative complications, intraop-
erative complications (blood loss and operating time),
and long-term outcomes (mortality, overall survival rate,
and length of hospital stay and postoperative stay). In
terms of postoperative complications, they are graded on
the Clavien-Dindo Classification, and grade ≥ 3
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represents severe complications requiring surgical inter-
vention, the use of organ support, and fatality [13].
Regarding quality assessment of included studies, the

Newcastle–Ottawa scale (NOS) were used to evaluate
the quality of those twelve studies [14]. The results of
quality assessment of included studies are displayed in
Additional file 1: Table S2. Disagreements were solved
by mutual consensus.

Statistical analysis
For dichotomous outcomes and continuous outcomes,
we used the odds ratio (OR) with 95% confidence inter-
vals (95% CIs) and weight mean difference (WMD) or
standardized mean difference (SMD) with 95% CIs to
evaluate, respectively. Single-arm meta-analyses and cu-
mulative meta-analyses were conducted for evaluating
the postoperative complications between laparoscopic
surgery and open surgery groups. Heterogeneities among
studies were tested using Cochran Chi-square test and
I2, in which I2 ≥ 50% suggested significant heterogeneity.
A random effects model was used to pool the results
when I2 ≥ 50%, while a fixed effects model was used
when low heterogeneity (I2 < 50%). We also used the
Funnel plots, Harbord tests, Peters tests, and Egger tests
to detect any publication bias. Harbord tests and Peters
tests were used to evaluate the binary data; on the other
hand, enumeration variables were processed by Egger
tests. P < 0.05 was considered as statistical significance
(2-sided). All the statistical analyses were conducted by

using STATA, version 15.0 (Stata Corporation, College
Station, TX).

Results
Study selection and quality assessment
Based on the previous search strategy, there were 648
studies after searching from the online databases. More-
over, searching the reference lists and relevant reviews
also included fifteen additional publications. Four hun-
dred eleven records remained in all after eliminating du-
plicates. Next, by means of reading the titles and
abstracts, we excluded 366 studies, and there were 45 re-
cords to read thoroughly to evaluate the eligibility.
Among those 45 records, 33 articles were excluded due
to several reasons. The specific reasons of why 33 arti-
cles were excluded are displayed in Additional file 1:
Table S3. Eventually, we included 12 studies into this
meta-analysis [15–26] (Fig. 1). The baseline characteris-
tics and quality evaluation of the included studies are
summarized in Tables 1 and 2.

Intraoperative outcomes
All the included studies reported the intraoperative
blood loss and operating time. Patients who received
laparoscopic surgeries had less intraoperative blood loss
according to the results (WMD = − 113.31, 95% CI: −
189.03 to − 37.59, P = 0.003). This meta-analysis also in-
dicates that the operating time surgeons spent on pa-
tients who underwent laparoscopic surgeries were much
longer (WMD= 36.57, 95% CI: 7.80 to 65.35, P = 0.013).

Fig. 1 A flow diagram of the inclusion criteria of studies eligible for meta-analysis

Pan et al. World Journal of Surgical Oncology          (2020) 18:251 Page 3 of 10



Ta
b
le

1
D
em

og
ra
ph

ic
s
an
d
qu

al
ity

as
se
ss
m
en

ts
of

in
cl
ud

ed
st
ud

ie
s

St
ud

y,
ye

ar
C
ou

nt
ry

St
ud

y
p
er
io
d

St
ud

y
d
es
ig
n

C
ri
te
ri
a

M
at
ch

ed
fa
ct
or
sb

N
o.

of
p
ar
ti
ci
p
an

ts
(M

H
,%

)

A
g
e,

M
ea

n
(S
D
),
y

Fe
m
al
e,

N
o.

(%
)

Q
ua

lit
y

sc
or
e

In
cl
us
io
n

Ex
cl
us
io
n
a

La
p

O
p
en

La
p

O
p
en

La
p

O
p
en

M
a
et

al
.[
23
],
20
18

C
hi
na

20
14
–2
01
7

PS
M

(R
,S
)

Pr
im

ar
y
C
RC

an
d
SC

RL
M

1–
3

1–
3,
5,
7,
11
,1
2,
15
–1
7,

21
,2
2,
24
–2
6

12
(2
5)

12
(3
3)

3c
(2
5)

1c
(8
)

3
(2
5)

4
(3
3)

8

Iv
an
ec
z
et

al
[2
0]
,.
20
18

Sl
ov
en

ia
20
00
–2
01
6

PS
M

(P
,S
)

Pr
im

ar
y
C
RC

an
d
SC

RL
M

4–
6

1–
3,
5,
7,
10
–1
2,
15
,2
0–
27

10
(0
)

10
(0
)

62
(8
)

65
(8
)

4
(4
0)

4
(4
0)

8

Xu
et

al
.[
26
],
20
17

C
hi
na

20
09
–2
01
4

PS
M

(R
,S
)

Pr
im

ar
y
C
RC

an
d
SC

RL
M

5,
7

1–
3,
5–
7,
9,
10
,1
2,
15
–1
7,

20
–2
2,
24
–
26
,2
8

20
(2
5)

20
(2
0)

58
(1
1)

60
(1
1)

7
(3
5)

6
(3
0)

8

C
he

n
et

al
[1
6]
,.
20
18

Ta
iw
an
,C

hi
na

20
09
–2
01
7

N
M

(R
,S
)

Pr
im

ar
y
C
RC

an
d
SC

RL
M

2,
6,
8–
11

1,
2,
7,
11
–1
3,
15
,1
7,
20
,2
1,

24
,2
5,
28
,2
9

16
(1
9)

22
(1
4)

66
(1
0)

65
(1
3)

6
(3
8)

13
(5
9)

6

G
or
gu

n
et

al
[1
7]
,.
20
17

U
SA

20
06
–2
01
5

N
M

(P
,S
)

Pr
im

ar
y
C
RC

an
d
SC

RL
M

N
R

1,
2,
3,
7,
9–
12
,1
5,
16
,1
8,

21
,2
2,
24
–
26
,2
8,
29

14
(1
4)

29
(1
4)

56
(3
)

58
(3
)

8
(5
7)

13
(4
5)

6

Ra
tt
ie
t
al
[2
4]
,.
20
16

Ita
ly

20
04
–2
01
5

PS
M

(P
,S
)

Pr
im

ar
y
C
RC

an
d
SC

RL
M

4,
12
,1
3

1–
3,
5,
10
,1
2,
16
–
18
,

20
–2
2,
24
–2
6,
28
,2
9

25
(2
4)

50
(2
0)

60
(1
1)

61
(1
0)

11
(4
4)

23
(4
6)

8

Tr
an
ch
ar
t
et

al
[2
5]
,.
20
16

Fr
an
ce

19
97
–2
01
3

PS
M

(R
,M

)
Li
ve
r
le
si
on

s
≤
5
cm

w
ith

se
gm

en
ts
II–

VI
14

1,
2,
7,
10
–1
2,
14
,1
6,
20
,

21
,2
4–
26
,2
8,
29

89
(8
)

89
(6
)

67
(1
1)

65
(9
)

47
(5
3)

49
(5
5)

8

Li
n
et

al
[2
2]
,.
20
15

C
hi
na

20
08
–2
01
2

PS
M

(P
,S
)

Pr
im

ar
y
C
RC

an
d
SC

RL
M

15
–1
8

1–
3,
5,
7–
16
,2
0,
21
,

24
–2
6,
28

7
(0
)

36
(1
7)

60
(3
)

57
(1
0)

2
(2
9)

15
(5
8)

8

Ju
ng

et
al
[2
1]
,.
20
13

Ko
re
a

20
08
–2
01
2

C
M

(P
,S
)

Pr
im

ar
y
C
RC

an
d
SC

RL
M

5,
19

1,
2,
7,
9–
12
,1
6,

19
–
21
,2
4,
25
,2
7,
28

24
(2
5)

24
(2
5)

60
(4
3–
75
)

60
(3
7–
80
)

11
(4
6)

7
(2
9)

6

H
u
et

al
.[
18
],
20
12

C
hi
na

20
04
–2
00
8

C
M

(R
,M

)
M
et
as
ta
si
s
re
st
ric
te
d
to

th
e

le
ft
lo
be

or
a
se
gm

en
t
in

th
e

rig
ht

lo
be

w
ith

si
ze

<
6
cm

6,
20
,2
1,
22

1,
2,
7,
8,
10
,1
1,
15
,

17
–1
9,
28

13
(1
5)

13
(1
5)

54
(1
0)

53
(1
1)

3
(2
3)

4
(3
1)

8

H
uh

et
al
[1
9]
,.
20
11

Ko
re
a

20
03
–2
00
8

C
M

(P
,S
)

Pr
im

ar
y
C
RC

an
d
SC

RL
M

N
R

1–
3,
5,
7,
9–
16
,2
5,
28

20
d
(N
R)

20
(N
R)

63
(3
6–

71
)

62
(4
4–
85
)

7
(3
5)

5
(2
5)

8

C
he

n
et

al
[1
5]
,.
20
11

C
hi
na

19
99
–2
00
5

C
M

(R
,S
)

Re
ct
al
tu
m
or

fit
fo
r
D
ix
on

’s
su
rg
er
y
an
d
th
e
nu

m
be

r
of

liv
er

le
si
on

s
≤
2

21
,2
3,
24

1–
10
,1
3–
16

23
(2
6)

18
(N
R)

55
(1
0)

53
(9
)

5
(2
2)

4
(2
2)

8

CR
C
C
ol
or
ec
ta
lc
an

ce
r,
SC

RL
M

Sy
nc
hr
on

ou
s
liv
er

m
et
as
ta
se
s,
CM

C
as
e-
m
at
ch
ed

,P
SM

Pr
op

en
si
ty

sc
or
e
m
at
ch
in
g,

M
H
M
aj
or

he
pa

te
ct
om

y
(≥

3
se
gm

en
ts
),
P
pr
os
pe

ct
iv
el
y
co
lle
ct
ed

da
ta
,R

re
tr
os
pe

ct
iv
el
y

co
lle
ct
ed

da
ta
,M

m
ul
tic
en

te
rs
,S

si
ng

le
ce
nt
er
,N

R
no

t
re
po

rt
a E
xc
lu
si
on

cr
ite

ria
ar
e
de

fin
ed

as
fo
llo
w
s:
(1
)
lo
ss

to
fo
llo
w
-u
p;

(2
)
w
ith

ot
he

r
m
al
ig
na

nt
tu
m
or
s;
(3
)
co
m
bi
ne

d
m
ul
tip

le
or
ga

n
re
se
ct
io
n;
(4
)
tw

o
st
ag

e
ap

pr
oa

ch
es

(c
ol
or
ec
ta
lf
irs
t
or

liv
er

fir
st
;(
5)

co
m
bi
ne

d
ra
di
of
re
qu

en
cy

ab
la
tio

n;
(6
)
ex
tr
ah

ep
at
ic
m
et
as
ta
se
s;
(7
)
th
e
ap

pl
ic
at
io
n
of

m
ix
ed

ap
pr
oa

ch
es
,i
ni
tia

lly
un

re
se
ct
ab

le
SC

RL
M
;(
8)

w
ith

he
pa

tic
ce
llu
la
r
ca
nc
er
;(
9)

w
ith

ne
ur
oe

nd
oc
ri
ne

tu
m
or
;(
10

)
w
ith

be
ni
gn

liv
er

tu
m
or
;(
11

)
w
ith

pe
rit
on

eu
m

se
ed

in
g;

(1
2)

m
ix
ed

ap
pr
oa

ch
(la
pa

ro
sc
op

ic
co
lo
re
ct
al

re
se
ct
io
n
an

d
op

en
he

pa
te
ct
om

y
or

vi
ce

ve
rs
a)
;(
13

)
fo
llo
w
-u
p<

12
m
on

th
s;
(1
4)

tu
m
or
s
cl
os
e
to

th
e
po

rt
al

pe
di
cl
e
or

he
pa

tic
ve
in
s;
(1
5)

in
co
m
pl
et
e
m
at
er
ia
l;
(1
6)

w
ith

ob
st
ru
ct
iv
e
co
lo
re
ct
al

ca
nc
er
;(
17

)
w
ith

ca
nc
er

pe
rf
or
at
io
n;

(1
8)

w
ith

T4
co
lo
re
ct
al

ca
nc
er
;(
19

)
m
in
or

pr
oc
ed

ur
es

pe
rf
or
m
ed

by
co
lo
re
ct
al

su
rg
eo

n
on

ly
(li
ve
r

bi
op

sy
or

w
ed

ge
re
se
ct
io
n
of

sy
nc
hr
on

ou
s
liv
er

m
et
as
ta
se
s
in

th
e
liv
er

ed
ge

);
(2
0)

liv
er

m
et
as
ta
si
s
lo
ca
te
d
in

th
e
rig

ht
he

m
ili
ve
r
at

a
si
ze

of
>
6c
m

or
re
qu

iri
ng

th
e
re
se
ct
io
n
of

>
2
se
gm

en
ts
;(
21

)
w
ith

a
pr
ev
io
us

hi
st
or
y
of

ab
do

m
in
al

su
rg
er
y
or

tu
be

rc
ul
ou

s
pe

rit
on

iti
s;
(2
2)

w
ith

se
rio

us
ca
rd
io
pu

lm
on

ar
y
in
su
ff
ic
ie
nc
y;
(2
3)
th
e
re
ct
al

tu
m
or

fit
fo
r
M
ile
’s
su
rg
er
y;
(2
4)

th
e
nu

m
be

r
of

liv
er

le
si
on

s
≥
3

b
M
at
ch
ed

fa
ct
or
s
m
ea
ns

th
e
co
va
ria

te
w
as

m
at
ch
ed

or
th
e
di
ff
er
en

ce
of

th
e
co
va
ria

te
w
as

no
t
st
at
is
tic
al
ly

si
gn

ifi
ca
nt

be
tw

ee
n
tw

o
gr
ou

ps
an

d
ar
e
de

fin
ed

as
fo
llo
w
s:
(1
)
ag

e;
(2
)
se
x;
(3
)
ca
rc
in
oe

m
br
yo

ni
c

an
tig

en
;(
4)

di
st
an

ce
be

tw
ee

n
re
ct
al

tu
m
or
s
an

d
an

us
;(
5)

tu
m
or

di
ff
er
en

tia
tio

n;
(6
)
ch
ild

cl
as
s;
(7
)
liv
er

m
et
as
ta
se
s
si
ze
;(
8)

lo
ca
tio

n
of

liv
er

m
et
as
ta
se
s
(s
eg

m
en

ts
1,

2
,3
,4

b,
4a
,5

,6
,7

,8
);
(9
)
pr
im

ar
y
tu
m
or

si
ze
;(
10

)
lo
ca
tio

n
of

pr
im

ar
y
tu
m
or

(c
ol
on

/r
ec
tu
m
);
(1
1)

bo
dy

m
as
s
in
de

x;
(1
2)

A
m
er
ic
an

So
ci
et
y
of

A
ne

st
he

si
ol
og

is
ts
;(
13

)
ly
m
ph

ov
as
cu
la
r
in
va
si
on

;(
14

)
de

pt
h
of

pr
im

ar
y
tu
m
or

in
va
si
on

;(
15

)
po

st
op

er
at
iv
e

ch
em

ot
he

ra
py

;(
16

)
di
st
rib

ut
io
n
of

m
et
as
ta
se
s
(u
ni
lo
ba

r/
bi
lo
ba

r)
;(
17

)
pr
im

ar
y
tu
m
or

st
ag

e;
(1
8)

co
m
or
bi
d
di
se
as
e;

(1
9)

pr
ev
io
us

ab
do

m
en

su
rg
er
y;
(2
0)

ty
pe

s
of

co
lo
re
ct
al

an
d
he

pa
tic

su
rg
er
y;
(2
1)

nu
m
be

r
of

liv
er

m
et
as
ta
se
s;
(2
2)

pr
eo

pe
ra
tiv

e
ch
em

ot
he

ra
py

;(
23

)
lo
ca
tio

n
of

liv
er

m
et
as
ta
se
s
(a
nt
er
ol
at
er
al
/p
os
te
ro
su
pe

rio
r)
;(
24

)
pr
im

ar
y
tu
m
or

T
st
ag

e;
(2
5)

pr
im

ar
y
no

da
ls
ta
tu
s;
(2
6)

ne
oa

dj
uv

an
t
ch
em

ot
he

ra
p
y;
(2
7)

ha
rv
es
te
d
ly
m
ph

no
de

s;
(2
8)

th
e
ty
pe

of
he

pa
to
en

te
re
ct
om

y;
(2
9)

re
cu
rr
en

ce
c T
he

nu
m
be

r
(%

)
of

pa
tie

nt
s
>
60

ye
ar
s

d
Se
ve
n
of

th
e
20

pa
tie

nt
s
un

de
rw

en
t
a
to
ta
lo

ne
-s
te
p
la
pa

ro
sc
op

ic
pr
oc
ed

ur
e
w
hi
le

13
pa

tie
nt
s
un

de
rw

en
t
la
pa

ro
sc
op

ic
co
lo
re
ct
al

re
se
ct
io
n
an

d
op

en
liv
er

re
se
ct
io
n

Pan et al. World Journal of Surgical Oncology          (2020) 18:251 Page 4 of 10



Ta
b
le

2
C
lin
ic
op

at
ho

lo
gi
ca
lc
ha
ra
ct
er
is
tic
s
of

in
cl
ud

ed
st
ud

ie
s

St
ud

y
In
te
rv
en

ti
on

Lo
ca
ti
on

of
p
ri
m
ar
y
tu
m
or

(c
ol
on

/r
ec
tu
m
)

Pr
im

ar
y
tu
m
or

si
ze
,m

ea
n

(S
D
),
cm

N
o.

of
C
RL

M
,

m
ea

n
(S
D
)

C
RL

M
lo
ca
ti
on

(u
ni
lo
b
er
/

b
ilo

b
ar
)

C
RL

M
si
ze

R0
ra
te

(li
ve

r/
co

lo
re
ct
um

)

N
eo

ad
ju
va
nt

th
er
ap

y
M
or
ta
lit
y

C
on

ve
rs
io
ns

M
a
et

al
.[
23
]

La
p

7/
5

N
R

1.
6
(0
.9
)

7/
5

3.
73

±
2.
91

10
0/
10
0

3
(2
5)

0
0

O
pe

n
7/
5

N
R

3.
1
(1
.8
)

5/
2

3.
02

±
1.
62

10
0/
10
0

3
(2
5)

0

Iv
an
ec
z
et

al
.

[2
0]

La
p

4/
6

N
R

1.
4
(0
.9
)

9/
1

2.
0
±
1.
2

10
0/
10
0

7
(7
0)

0
0

O
pe

n
6/
4

N
R

1.
4
(0
.9
)

9/
1

2.
9
±
1.
5

10
0/
10
0

3
(3
0)

0

Xu
et

al
.[
26
]

La
p

15
/5

3.
2
(1
.0
)

6a
18
/2

2.
99

±
1.
55

10
0/
10
0

6
(3
0)

0
0

O
pe

n
15
/5

3.
8
(1
.2
)

6
17
/3

3.
19

±
1.
53

10
0/
10
0

4
(2
0)

0

C
he

n
et

al
[1
6]
.

La
p

N
R/
N
R

4.
0
(2
.0
)

4a
N
R

5.
5
±
4.
2

N
R/
N
R

N
R

0
1

O
pe

n
N
R/
N
R

5.
0
(3
.0
)

3
N
R

4.
7
±
3.
7

N
R/
N
R

N
R

0

G
or
gu

n
et

al
.

[1
7]

La
p

6/
8

3.
7
(0
.7
)

1.
6
(0
.3
)

12
/2

2.
4
±
0.
7

86
/N
R

6
(4
3)

0
0

O
pe

n
14
/1
5

3.
7
(0
.5
)

2.
1
±
0.
2

19
/1
0

2.
7
±
0.
2

93
/N
R

19
(6
6)

1

Ra
tt
ie
t
al

[2
4]
.

La
p

13
/1
2

N
R

2.
40

±
1.
27

13
/1
2

3.
65

±
2.
67

96
/1
00

20
(8
0)

0
1

O
pe

n
27
/2
3

N
R

2.
35

±
1.
34

27
/2
3

3.
94

±
2.
47

98
/9
8

39
(7
8)

0

Tr
an
ch
ar
t

et
al
.[
25
]

La
p

48
/4
1

N
R

1.
4
±
0.
6

78
/1
1

2.
9
±
1.
9

83
/N
R

11
(1
2)

2
6

O
pe

n
51
/3
8

N
R

1.
5
±
0.
7

81
/8

2.
8
±
2.
0

90
/N
R

20
(2
2)

0

Li
n
et

al
[2
2]
.

La
p

3/
4

5.
3
(1
.1
)

1.
9
±
0.
9

N
R

3.
3
±
1.
8

10
0/
N
R

3
(2
7)

0
0

O
pe

n
19
/1
7

5.
7
(1
.9
)

2.
1
±
1.
0

N
R

4.
2
±
2.
2

10
0/
N
R

13
(3
6)

0

Ju
ng

et
al

[2
1]
.

La
p

18
/6

5.
23

(2
.1
3)

N
R

23
/1

2.
81

±
1.
72

10
0/
96

N
R

0
0

O
pe

n
16
/8

5.
56

(1
.9
3)

N
R

18
/6

3.
23

±
2.
21

10
0/
10
0

N
R

0

H
u
et

al
[1
8]
.

La
p

8/
5

N
R

N
R

N
R

3.
2
±
1.
0

N
R/
N
R

0
(0
)

0
0

O
pe

n
8/
5

N
R

N
R

N
R

3.
5
±
0.
9

N
R/
N
R

0
(0
)

0

H
uh

et
al

[1
9]
.

La
p

7/
13

4
(2
–1
0)

2
(1
–7
)

17
/3

2
(0
.9
–5
.5
)

10
0/
N
R

N
R

0
0

O
pe

n
11
/9

4.
7
(3
–7
)

2
(1
–8
)

16
/4

2.
4
(1
–1
0)

10
0/
N
R

N
R

0

C
he

n
et

al
[1
5]
.

La
p

0/
23

2.
5
(0
.9
)

N
R

N
R

5.
5
±
1.
2

N
R/
N
R

N
R

0
0

O
pe

n
0/
18

2.
3
(1
.0
)

N
R

N
R

5.
6
±
1.
4

N
R/
N
R

N
R

0

La
p
La
pa

ro
sc
op

ic
su
rg
er
y,
N
R
N
ot

re
po

rt
a T
he

nu
m
be

r
of

pa
tie

nt
s
w
ith

C
RL
M

≥
3

Pan et al. World Journal of Surgical Oncology          (2020) 18:251 Page 5 of 10



Detailed results of intraoperative outcomes were dis-
played in the Table 3 and Additional Figure S1.

Postoperative complications
The postoperative complications rate between laparo-
scopic surgeries and open surgeries was 0.208 (95% CI:
0.161 to 0.254) and 0.325 (95% CI: 0.275 to 0.375), re-
spectively. This meta-analysis suggested that the postop-
erative complications were significantly lower among
patients who underwent laparoscopic surgeries (OR =
0.66, 95% CI: 0.46 to 0.96, P = 0.028) (Fig. 2a), without
heterogeneity (I2 = 3.1%, P = 0.414). When it comes to
the laparoscopic surgery, we assume that the results may
be associated with current technology and proficiency of
general surgeons. Hence, we did a cumulative meta-
analysis, and it indicated statistical difference in favor of
the laparoscopic surgery which was firstly detected in
the 12th study in 2018 (OR = 0.66, 95% CI: 0.46 to 0.96,
P = 0.028) as the 95% CI narrowed (Fig. 2b).
Subsequently, we did subgroup analyses according to

the type of morbidity. Although there was no statistical
significance in each subgroup (bile leakage: OR = 0.87,
95% CI: 0.38 to 1.99, P = 0.74; ileus: OR = 0.59, 95% CI:
0.25 to 1.44, P = 0.248; wound infection: OR = 0.52, 95%
CI: 0.18 to 1.50, P = 0.224; anastomotic leakage: OR =
1.02, 95% CI: 0.51 to 2.00, P = 0.965; intra-abdominal in-
fection: OR = 0.64, 95% CI: 0.30 to 1.37, P = 0.250), the
tendencies in the ileus, wound infection, and intra-
abdominal infection were in favor of laparoscopic
surgery (Fig. 3).
Additionally, these outcomes were also divided into 2

subgroups based on their study types (Propensity vs
Non-propensity). Despite the fact that there was no stat-
istical significance on postoperative complications in the
Propensity group (OR = 0.81, 95% CI: 0.51 to 1.30, P =
0.388), the result in the Non-propensity group showed
that those patients with laparoscopic surgeries were less
likely to develop postoperative complications (OR = 0.49,
95% CI: 0.27 to 0.88, P = 0.016). However, the outcomes

in each subgroup still showed consistency, compared
with the overall outcomes. When we subdivided postop-
erative complications to 2 groups based on the Clavien
classification, both grade ≥ III complications and grade <
III complications showed no statistical significance be-
tween 2 kinds of surgeries (OR = 0.94, 95% CI: 0.52 to
1.71, P = 0.835; OR = 0.69, 95% CI: 0.41 to 1.16, P =
0.159, respectively). Detailed results of subgroup analyses
were displayed in the Additional Figure S1.

Other outcomes
Based on those twelve studies, this meta-analysis sug-
gested that there was no statistical significance between
laparoscopic surgery and open surgery in disease-free sur-
vival (1 year: OR = 1.05, 95% CI: 0.59 to 1.86, P = 0.86; 3
years: OR = 0.66, 95% CI: 0.41 to 1.08, P = 0.097) and over-
all survival (1 year: OR=0.56, 95% CI: 0.23 to 1.33, P =
0.187; 3 years: OR = 0.94, 95% CI: 0.53 to 1.65, P = 0.822;
5 years: OR = 0.69, 95% CI: 0.29 to 1.68, P = 0.417). Re-
garding to length of hospital stay and postoperative stay,
the results indicated that patients who had laparoscopic
surgeries spent less time in the hospital and recovering
after surgeries (WMD= − 2.70, 95% CI: − 3.99 to − 1.40,
P = 0.000; WMD= − 3.20, 95% CI: − 5.06 to − 1.34, P =
0.001). Detailed results of other outcomes were displayed
in Table 3 and Additional file Figure S1.

Sensitivity analysis and publication bias
In consideration of the influence of adjuvant chemother-
apy on the overall survival and disease-free survival, the
administration of postoperative chemotherapy was com-
parable between the laparoscopic and open groups in nine
studies, while the remaining three studies [21, 24, 25] did
not report the details about postoperative chemotherapy.
Therefore, we did a sensitivity analysis by removing those
three studies, and the results were consistent with original
outcomes (overall survival: 1 year, 0.54 (95% CI 0.16–1.59;
5 years, 0.66 (95% CI 0.16–2.69); disease-free survival: 1
year, 1.31 (95% CI 0.50–3.41); 3 years, 0.80 (95% CI 0.34–

Table 3 Secondary outcomes in this meta-analysis

Outcome of interest No. of studies WMD/OR 95% CIs P value I2 (%)

Operative time 12 36.57 7.80 to 65.35 0.013 82.4

Blood loss 12 − 113.31 − 189.03 to − 37.59 0.003 91.4

Hospital stay 7 − 2.70 − 3.99 to − 1.40 < 0.001 53.6

Postoperative stay 4 − 3.20 − 5.06 to − 1.34 0.001 55.2

1-year DFS 4 1.05 0.59 to 1.86 0.86 0

3-year DFS 4 0.66 0.41 to 1.08 0.097 7.5

1-year OS 5 0.56 0.23 to 1.33 0.187 0

3-year OS 6 0.94 0.53 to 1.65 0.822 0

5-year OS 3 0.69 0.29 to 1.68 0.417 0

DFS Disease-free survival, OS Overall survival
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1.86)). Besides, general sensitivity analyses by omitting
each study have confirmed this meta-analysis has
good stability and strong robustness. Funnel plots of
all those results showed a symmetric distribution.
Harbord, Peters, and Egger tests were used to demon-
strate that there was no publication bias among those
studies of primary outcomes. Specifically, the funnel
plot of postoperative complications is symmetric and
none of the included studies was outside the 95% CI
(Harbord test P = 0.524; Peter’s test P = 0.155). De-
tailed results of sensitivity analysis and publication
bias are shown in Additional file 1: Figure S2 and S3.

Discussion
This meta-analysis included studies from 2009 to
2018 to compare the efficacy and safety of laparo-
scopic surgeries and open surgeries in patients with
CRC and SCRLM. It includes twelve studies with
616 patients (273 vs 343) and manifests latest surgi-
cal results for the treatment of CRC and SCRLM.
All included studies were of relatively high quality,
and the heterogeneity among primary outcomes was
very low. Besides, sensitivity analyses indicated that
the results were not affected by any individual
study.

Fig. 2 Meta-analysis for primary outcomes. a Forest plot of meta-analysis in postoperative complications. b Cumulative meta-analysis of
postoperative complications
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Recently, there is a meta-analysis about this issue
published in June 2019 by Ye et al. [27]. Their
study showed that the laparoscopic surgery group had
less intraoperative blood loss and blood transfusions and
quicker postoperative recovery. However, there was no
significant difference between the two groups in postop-
erative complications. Compared with their meta-
analysis, our study has a positive result over the rate of
overall postoperative complications. We found the fact
that this presenting meta-analysis included 3 more stud-
ies, Xu et al. [26], Jung et al. [21], and Huh et al.’s [19]
and excluded one of their studies, Takasu et al.’s [28],
due to the small size of samples (7 vs 7). This meta-
analysis indicated that postoperative complications were
significantly less among patients who underwent laparo-
scopic surgeries (P = 0.028). Since the fact that laparo-
scopic surgery is a relatively newly developed surgical

approach compared with laparotomy, and requires spe-
cial equipment and skilled general surgeons who must
have rich experience, the outcomes can be influenced by
the time and the quality of medical care of each included
study. Therefore, we conducted a cumulative meta-
analysis to confirm our point. It indicated that statistical
difference in favor of laparoscopic surgery was firstly de-
tected in the 12th study in 2018 (the latest one) as the
95% CI narrowed. This result illustrated the reason why
prior systemic reviews and meta-analyses did not have
statistical significance of this variable. Then, in order to
further explore the differences in different types of com-
plications between laparoscopic procedure and open pro-
cedure, a subgroup meta-analysis was performed. We
found that laparoscopic procedure can reduce ileus,
wound infection, and intra-abdominal infection compared
with open approach to a certain degree, although they did

Fig. 3 Subgroup analysis based on the types of morbidity
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not reach statistical differences, which may provide useful
value for clinical practice. We also conducted another
subgroup analysis based on their study types (Propensity
vs Non-propensity). Even though in the Propensity sub-
group, there was no statistical significance (P = 0.388), it
still showed consistency, compared with the overall out-
comes. The result in the Non-propensity group showed
that those patients with laparoscopic surgery were less
likely to develop postoperative complications (P = 0.016).
Besides, a randomized controlled trial is ongoing compar-
ing robotic versus open surgery for simultaneous resection
of CRC and CRLM (NCT02642978), and the mid-term
outcomes (58 vs 57) indicated lower liver-related compli-
cation morbidity (10.3% vs 28.1%, P = 0.016) was observed
in robotic group [29]. Hence, we believe that as more
studies are included, the effect sizes will be stable, and
95% CI will become narrower.
We also analyzed the intraoperative outcomes, specif-

ically intraoperative blood loss. As we expected, patients
receiving laparoscopic surgeries had less intraoperative
blood loss (P = 0.003). This result is quite convincing
due to the fact that laparoscopic surgery is a less invasive
intervention than laparotomy, and it has smaller inci-
sions, less blood transfusions, and fewer chances to
cause additional injuries. Subsequently, due to less intra-
operative and postoperative complications, when it
comes to the length of hospital stay and postoperative
stay, patients with laparoscopic surgeries spent less time
in the hospital and recovering after surgeries (P =
0.000; P = 0.001). Another important factor that
should be considered is long-term outcomes. This
meta-analysis suggested that the results were similar
between laparoscopic surgeries and open surgeries in
disease-free survival and overall survival. This result
also demonstrated that the approaches of surgeries
only affected intraoperative and postoperative compli-
cations but not long-term outcomes.
Certain limitations presenting in this meta-analysis

have an impact on the outcomes. Firstly, none of the in-
cluded studies were randomized controlled trials and the
number of included studies was not large enough, which
will both definitely increase selection and procedure
bias. Secondly, one of the most important limitations is
heterogeneity, and several situations may cause this.
There are twelve different studies included and 616
patients with different conditions are treated by dif-
ferent surgeons with various experience. Even though
all patients had SCRLM, their oncological conditions,
different locations of liver metastasis, and underlying
diseases may affect the outcomes. Although the pri-
mary outcomes showed low heterogeneity, other out-
comes such as intraoperative bleeding, operating time,
and postoperative and hospital stay demonstrated high
heterogeneities.

Conclusion
Compared with open surgeries, laparoscopic surgeries
are safer (postoperative complications and intraoperative
blood loss) and more effective (length of hospital stay
and postoperative stay). These findings suggest that lap-
aroscopic surgeries should be considered the first option
for the management of SCRLM, especially when con-
fronted with eligible cases.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12957-020-02018-z.

Additional file 1: Figure S1. Forest plot of meta-analysis. (A) Blood loss.
(B) Operating time. (C) Subgroup analysis of postoperative complications.
(D) Clavien grade<III complications. (E) Clavien grade ≥III complications.
(F) Hospital stay. (G) Postoperative stay. (H) One-year overall survival rate.
(I) Three-year overall survival rate. (J) Five-year overall survival rate. Figure
S2. Sensitivity of all the outcomes. (A) Blood loss. (B) Operating time. (C)
Postoperative complications. (D) Clavien grade<III complications. (E) Cla-
vien grade ≥III complications. (F) Hospital stay. (G) Postoperative stay. (H)
One-year overall survival rate. (I) Three-year overall survival rate. (J) Five-
year overall survival rate. Figure S3. Publication bias of all the outcomes.
(A)-(J) Funnel plot of Blood loss, Operating time, Postoperative complica-
tions, Clavien grade<III complications, Clavien grade ≥III complications,
Hospital stay, Postoperative stay, One-year overall survival rate, Three-year
overall survival rate, Five-year overall survival rate. (K) Quantitative assess-
ment for publication bias. Table S1. Search Strategy for Each Database.
Table S2. Quality Assessment of Included Studies. Table S3. Excluded
Articles and Reasons for Exclusion.
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