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Laparoscopic procedure is associated with
lower morbidity for simultaneous resection
of colorectal cancer and liver metastases:
an updated meta-analysis
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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
(CRQ) 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% Cl: 046 to 0.96, P=0.028), less
intraoperative blood loss (weight mean difference (WMD) = — 113.31, 95% ClI: — 189.03 to — 37.59, P=0.003), less time in the
hospital and recovering after surgeries (WMD = — 2.70, 95% Cl: — 3.99 to — 140, P=0.000; WMD = — 3.20, 95% Cl: — 506 to —
1.34, P=0.001), but more operating time (WMD = 3657, 95% Cl: 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% Cl: 046 to 0.96, P=0.028) as the 95% Cl narrowed.

(Continued on next page)

* Correspondence: srrsh_cxj@zju.edu.cn

Long Pan, Chenhao Tong and Siyuan Fu contributed equally to this work.
'Key Laboratory of Laparoscopic Technique Research of Zhejiang Province,
Department of General Surgery, Sir Run Shaw Hospital, Zhejiang University
School of Medicine, Hangzhou 310016, China

Zhejiang Province Medical Research Center of Minimally Invasive Diagnosis
and Treatment of Abdominal Diseases, Hangzhou 310016, China

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12957-020-02018-z&domain=pdf
http://orcid.org/0000-0002-6457-0577
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:srrsh_cxj@zju.edu.cn

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

Page 2 of 10

(Continued from previous page)

Trial registration: CRD42020151176

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.
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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 1.8 million 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-
jority 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
CRQ)), 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% ClIs) and weight mean difference (WMD) or
standardized mean difference (SMD) with 95% ClIs 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
P, in which I” >50% suggested significant heterogeneity.
A random effects model was used to pool the results
when I”>50%, while a fixed effects model was used
when low heterogeneity (P <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
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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% CIL: -
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).

N

Records identified through
database searching
(n=648)

Additional records identified
through other sources
(n=15)

(n=411)

Records after duplicates removed

Records screened
(n=411)

Records excluded after

Full-text articles
assessed for eligibility
(n=45)

reading title and abstract
(n=366)

Full-text articles excluded(n=33)

Studies included in
quantitative synthesis
(meta-analysis)
(n=12)

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

-Meta-analysis(n=5)

-Case report(n=9)

-Conference summary(n=13)
-Not meeting inclusion criteria or
meeting exclusion criteria(n=6)




Page 4 of 10

251

(2020) 18

Pan et al. World Journal of Surgical Oncology

UO1353) JAAI| USMO pue UOI1d3s3I [€13310]0D didodsosede| Jusmiapun swuaied €1 djiym aunpadoid didodsosede| dals-auo [e103 e JudMIPUN sludled OZ BY1 JO UIASS,

s1eak 09 < sjuaned Jo (%) Jaquinu ayl,

9dUaLINdAI (67) ‘Awoldaiaiudoieday Jo adAy ayl (87) ‘sepou ydwA| paisaniey

(£2) ‘Adesayrowayd jueanfpeoau (9g) ‘snieis [epou Atewnd () ‘9beis | Jowny Arewnd () ‘(Joadnsoialsod/|elaiejoialue) saselseldw JaAl Jo uonedol (gg) ‘Adessyiowayd aanesadoaid (zg) ‘saseiserdw Janl|
Jo Jaquinu (1) ‘A1abins dineday pue |e3102.10]0d Jo sadAy (07) ‘A19bins uswopge snolraid (1) ‘Dseasip pigiowod (81) ‘obels Jowny Arewnd (/1) {(Jeqojig/ieqojiun) saseiselaw Jo uonnguisip (91) ‘Adessylowayd
annesadoysod (1) ‘uoiseaur Jowny Arewnd jo yidap (¢71) ‘uoiseaur JejndsearoydwA| (€1) ‘s1s1bojoisayisauy Jo A191205 ueduswy (Z1) xapul ssew Apoq (1 1) {(wnidai/uojod) Jowny Arewnd Jo uonedol (0L) ‘azis
Jown) Aewnd (6) (8 ‘£ ‘9 G "B ‘qp ‘€’ T 'L SIUBWIHIS) SISLISEIDW JIAI| JO UOILDO| (8) ‘DZIS SISISEIDW JAAI| (£) ‘SSBD P|IYD (9) ‘UOIEIUIDYIP JowN] (S) ‘ShUe pue Siown) [B1dd) USIMIDQ ddUeISIP (1) ‘uabiue
dluokiquisourdied (g) xas (g) ‘abe (1) :smoj|oy se pauyap aie pue sdnoib omy usamiaq Juedyiubis Ajjesiisiels J0u sem 1eLBAOD SU) JO SDUISYIP SY3 JO PIYDIEW SeM S1RLEAOD dY) SUBSW SI01DB) PAYDIRN,

€ Z SUOIS3| JDAI| JO Jaquinu 3y} (42) ‘A196ins s3I 104 1) Jown] |13 dYY(€) ‘Aduamiynsul Areuowindolpied snouds Yum (zg) ‘siuoiuad snojnaiagny Jo A1abins [euiwopge jo A1oisiy snoiaaid

e YuMm (L7) ‘suswbas g < Jo uondasal ayy buuinbal 1o wdg < Jo azis e 1e JaAljIwaY 1Ybu 9yl Ul PaIed0| SISeISeIaW JBAL (07) {(26Pa J9AIl 3Y1 Ul SISISEIDW JDAI| SNOUOIYDUAS JO UOIIIRsaI 9bpam Jo Asdolq
J9AI)AJUO uoabINs |L12910]0d Agq pawlouad sainpadoid Joulw (61) 43DURD [B12310|0D 1] YUM (8L) ‘uoielouad Jsdued Yum (/1) “495ued |e1d310]0d SAIIDNIISAO YIM (91) ‘eusiew 219|dwodul (G1) ‘sulda dneday
Jo dpipad |eyod ay3 01 9502 siowny (1) ‘syruow z | >dn-moj|oy (€1) ‘(esidn 3dIA 40 Awoldeieday uado pue uondasal [e12a10]0d didodsolede)) yoeosdde paxiw (z1) ‘Buipass wnauoiuad Yum (L) Jowny JaAl
ublusqg Yyum (L) 4owny aULDOPUS0INAU YUM (6) ‘19dued Jejn||ad dieday Yyum (8) ‘TS 3|ge1dasatun Ajjeniul ‘ssydeosdde paxiw jo uonedijdde ayi (£) ‘saseiselsw dnedayesixa (9) ‘uonejge A>uanbaijoipes
pauIquIOd () 1S4l J9AI] JO 1511 [B1D310]02) saydeoidde abeis omy ():uondasal uebio sjdinw pauIquiod (£) ‘siownl Jueubijew JaY1o YUMm () ‘dn-mojjo) 01 $SO| (1) :SMOJ|04 SB PAUISP dJe BLISID UOISN|dXT,
uodas Jou YN ‘191U 9BUIS § ‘SIBIUBDNINW Y ‘eleP PI1ID||0D

KjoAndadsounas y ‘elep palda)jod AjpAndadsoid 4 ‘(siuswbas € <) Awoldaieday Jofey Hy ‘Buiydiew 310ds Alsuadoid WSd ‘PaY2I1BW-3seD jy) ‘SISeISEIDW JSAI| SNOUOIYDUAS J/74DS “19oued [e1d310[0D) DY)

7S SUo|Is3| Jan|
JO JaqWinu Yy pue A19bins

8 (@v (s (6) €5 (01) 55 (UN) 8L 97 €¢ ol-€l '0l-1L 2 '€T 1T S,uoX|id 10 1} Jowny [e1o9y (S") WD S00T-6661 eulys 1107 ‘[S1] [e 19 uayd
8 (G0 (S92, (S8¥h) 79 (1£-9€) €9 (IN) 0 (N) x0T 87 'SC9L-6 'L 'S 'e-L 4N INTHDS pue DD Alewid (S'd) WD 800C—-€00T ©3.10) L10Z ‘l6l] e 19 ynH
w2 9> 9IS Yum 39o| ybu
8C '6l-/1 9Y1 Ul JUSWH3S e 1o 3q0| YI)|
8 (9v (€0¢ (L1) €5 o vs (el (S1) €L ‘SLLL'ol's’LTl Te'le'or 9 9y} 0} pa1oLIsal siselseIdlN - (I 'Y) WD 800C—#00C eulys z10Z ‘[81] ‘e 12 NH
8 '/[T'STvT 1T -6l
9 60/ ©Ov) Ll (08-££)09 (S/~€¥) 09 (SO ¥ (SO ¥¢C gLTI-6'L'T'L 6L'S INTHDS pue DD Alewid (S'd) WD Z107-800¢C e3I0) €10z '[12] [e 38 Bunr
8C '9¢-¢C
8 (89Sl (60¢ (oL) £5 (€) 09 (£1)9¢ 0 ¢ 120791, 'S 'e-L 81-6G1l INTHDS pue DYD Alewld (S 'd) WSd  ¢10Z-800C eulys SL0Z '[ezl e e un
67'8C '9¢-¥C'LT IA =1l syuswibas
8 (96 (€9) L¥ (6) S9 (L) 29 ©) 68 (8) 68 ‘09l vl 'Tl-0L LT 'L ¥l UM WD G5 SUOISS JaAIT (N Y) WSd €102-£661 9dueld 9107 '[S7] [e 19 Weyduel]
6C '8 '9¢—¥C 't¢-0¢
8 Ok e )Ll (oL) 19 (Ll1) 09 (00) 05 (¥0) ST ‘8L —9L ‘Tl 0L 'S 'e-L cLel'y INTHDS pue DYD Alewld (S 'd) WS §10Z-+00C Aley 910T '[ird] 12 39 ey
6C '8C '9C 't 'L
9 (Shel (98 (€) 85 (€)9s Wb er (L) ¥l 8LOL'SLTI-6'L'€'T'L N INTHDS pue DD Alewid (S'd) WN  §102-900¢ vsn £10T 'I£1] [e 33 unbiog
6C '8C 'ST v
9 (9¢cl (899 (€1) 59 (01)99 Wl e (BUOL ‘le'oz'ZL'SLel=LL'2"T'L 11-8'9'C INTHYDS pue DD Alewid (S"d) WN  £10Z-600C eulyD ‘uemie| 810Z ‘911 [p 39 USYD
8C '9¢ —¥C'tc-0¢
8 (099 (s9)¢ (L1) 09 (L1)8s (00 oz (S0 0 L1-GL'TL0L 6 L=S 'L L'S INTHDS pue DYD Alewld (S ¥) WS #102-600C eulys £102'[97] ‘e 39 nX
g Oy OV (8) 59 ©®cw (ol (0oL £z-0T'SLTl-0L'2'S'e-L 4 INTDS pue DYD Alewild (S 'd) WS 9102-000¢ BIUSAOIS  810T '[07] [e 12 Zo3ueA|
9t—vC'te 1T
8 ((€9v (GO¢ @®) 1 (S0 -,¢ (€9l (Crax4? L1-SLTLLLL S L €=l INTHDS pue DYD Alewid (S ) WS £10Z-+10C eulys 810¢ '[eC] p 10 BN
uado de uado de7 uado de
(% ‘HW)
2100s (%) sjuedpiaed eUoIsnIPX3 uoisnpul ubisap pouad

Ajend ‘ON ‘ajewd4 £ ‘(as) ueay ‘aby jo "'oN 510108} paydle euR) Apms Apms Anuno> 1eak ‘Apmig
SaIpN1s Papn|dul JO s1UaWssasse Alljenb pue soiydeibows( L ajqelL




Page 5 of 10

(2020) 18:251

Pan et al. World Journal of Surgical Oncology

€< 14D yum syuaned jo Jsquinu ay|,
1odai JoN YN ‘A19bins didodsosede dp

0 N UNIN - ¥LFOS N 4N ot 81/0 uado 61l

0 0 N UNAN - TLFSS UN 4N 60) ST €2/0 der e UAYD

0 4N uN/00L  (0L-1) ¥T /91 8-t (=) Lv 6/11 uado o1

0 0 uN UN/00L  (56-60) T /L1 -ne o0+ €L/L den [e 39 ynH
0 o NN 60FS€ UN N uN /8 uado

0 0 (@) UNIN - OLFCE N N uN /8 de1 [8ll e nH

0 UN 001/00L |TTFETE 9/31 N (€6'1) 95°S 8/91 uado 11z

0 0 4N 96/00L T/LF 18T L/€C UN (€10 €5 978l de7 e 33 bunr
0 (99) €1 UN/OOL  TTF T¥ N 0L FLT 61 s [1/61 uado

0 0 (o ¢ UN/OOL  §LF €€ N 60F61 ) €s v/€ de1 fedlieioun

0 (o) ot UN/06 0T F 8T 8/18 [O0FGSL UN 8¢/15 uado [cz] & 10

9 z @1l UN/ES  61F 6T LL1/8L 90F VL uN L¥/8 de Meyduel]

0 (82) 6¢ 86/86 [YTFY6E €e/LT VELFSET uN €e/1T uado 7]

L 0 (08) 0T 001/96 (9T FS9°€ 4V LTLFOVT UN 4y de 212 ey

ﬁ (99) 61 UN/E6  TOFLT oL/6l TOF 1T (S0) £€ Sipl uado m

0 0 (€9 UN/98  LO0FHT Wl (€0) 9L (L0) L€ /9 de7 ‘e 1s unbion

0 uN UNAN - LEF LY UN € 0¢€) 0§ UN/UN uado 1]

L 0 UN UNAN - TP FSS uN o 0007 UN/N de7 e U
0 00 v 001/00l €S1F6LE /L1 9 @) 8¢ S/SL uado

0 0 (0g) 9 00L/00L SS'LF66T /8l 9 once S/S1 de1  [9¢] '|e 1@ nX

0 09 € 00L/00L  S1F6T L/6 ©0) ¥'L uN /9 usdo 7]

0 0 02) L 00L/00L TLF 0T L/6 60) 7'l UN Y4 de7  |e1a z28uRA|
0 (S0 € 00L/00L T9'LFC0°€ s @ Le UN S/t usdo

0 0 (S0 € 00L/00L L6TFELE S/t ©60) 9L uN S/t den  [ez] e 1o e

(wn)>a.10]0> (1eqojiq wd ‘(as)
Adesayy J49AI1]) 9zIs /Iaqojiun) uonedo| (@s) uesw ueaw ‘aziIs (wn3234/u0j0D)
suoisIaAuo) Kyjenopw jueAn(peosN 3jes 0y WD W4 ‘4D JO "ON Jowny Arewd Jown) Arewd Jo uoned0T UOIUBAIRIU| Apnis

Salpn3s papnpaul Jo sopsideIeyd [edibojoyiedodiuld € ajqeL



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

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 (I*=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% CL
0.25 to 1.44, P =0.248; wound infection: OR = 0.52, 95%
CL 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

Table 3 Secondary outcomes in this meta-analysis
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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% CIL: 0.52 to
1.71, P=0.835; OR=0.69, 95% CI: 041 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 (1year: 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;
5years: OR=0.69, 95% CIL 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;
5years, 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—

Outcome of interest No. of studies WMD/OR 95% Cls P value P (%)
Operative time 12 36.57 7.80 to 65.35 0.013 824
Blood loss 12 - 11331 —189.03 to —37.59 0.003 914
Hospital stay 7 -2.70 -399to - 140 <0.001 536
Postoperative stay 4 -3.20 —-506to —-1.34 0.001 552
1-year DFS 4 1.05 0.59 to 1.86 0.86 0
3-year DFS 4 0.66 041 to 1.08 0.097 75
1-year OS 5 0.56 023 to 1.33 0.187 0
3-year OS 6 0.94 0.53 to 1.65 0.822 0
5-year OS 3 0.69 029 to 1.68 0417 0

DFS Disease-free survival, OS Overall survival
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postoperative complications
A

A
Study %
ID OR (95% Cl) Weight
Ma et al. (2018) € 0.28 (0.04,1.88) 5.85
Ivanecz et al. (2018) 0.43(0.07,2.68) 4.91
Xu et al (2017) E 0.53 (0.11,2.60) 5.96
Chen et al. (2017) 0.58 (0.14,2.43)  7.09
Gorgun et al. (2017) €=+ 0.09 (0.01,0.82) 11.03
Ratti et al. (2016) —T_ 1.00(0.32,3.08) 8.53
Tranchart et al. (2015) —_— 1.00 (0.52, 1.92) 25.23
Lin et al. (2015) s 0.91(0.15,5.43) 359
Jung et al. (2013) 0.28 (0.07,1.08)  11.70
Hu et al. (2012) E > 3.24(0.12,87.13) 0.63
Huh et al. (2011) —.——o— 150 (0.43,5.25) 5.61
Chen et al (2009) : 0.35(0.09, 1.35) 9.86
Overall (l-squared = 3.1%, p = 0.414) <> 0.66 (0.46, 0.96)  100.00
T . T
.05 15
Favors Laparoscopic surgery Favors Open surgery
B
Study
D OR (95% Cl)
Chen et al (2009) ( 0.35(0.09, 1.35)
Huh et al. (2011) —_— 0.77 (0.31, 1.87)
Hu et al. (2012) —_—— 0.86 (0.37, 2.01)
Jung et al. (2013) —_— 0.62 (0.31, 1.25)
Lin et al. (2015) —_— 0.65 (0.34, 1.25)
Tranchart et al. (2015) —_—— 0.81(0.51, 1.28)
Ratti et al. (2016) —_— 0.83 (0.54, 1.27)
Gorgun et al. (2017) —— 0.72 (0.48, 1.09)
Chen et al. (2017) —_— 0.71 (0.48, 1.06)
Xu et al (2017) —— 0.70 (0.48, 1.03)
Ivanecz et al. (2018) —— 0.69 (0.47, 1.00)
Ma et al. (2018) 0.66 (0.46, 0.96)
T T
.0892 1 11.2

Fig. 2 Meta-analysis for primary outcomes. a Forest plot of meta-analysis in postoperative complications. b Cumulative meta-analysis of

Favors Open surgery

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.
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p
Study %
ID OR (95% CI) Weight
Bile leakage
Ivanecz et al. (2018) *> 0.16 (0.01, 3.85) 19.88
Xu et al (2017) * 0.32 (0.01, 8.26) 12.20
Ratti et al. (2016) —_—— 1.36 (0.21, 8.73) 15.32
Tranchart et al. (2015) —— 1.00 (0.24, 4.13) 31.82
Jung et al. (2013) *> 1.00 (0.06, 16.97) 7.98
Huh et al. (2011) + 3.15(0.12, 82.16) 3.87
Chen et al (2009) * 0.77 (0.05, 13.27) 8.94
Total (l-squared =0.0%, p = 0.887) > 0.87 (0.38, 1.99) 100.00
lleus
Xu et al (2017) *> 3.15(0.12, 82.16) 3.47
Chen et al. (2017) ——— 0.42 (0.04, 4.48) 17.68
Gorgun et al. (2017) + 0.15 (0.01, 2.99) 26.46
Ratti et al. (2016) *> 3.03 (0.12, 75.48) 3.67
Lin et al. (2015) * 0.92 (0.04, 21.20) 6.22
Jung et al. (2013) ———— 0.17 (0.02, 1.54) 35.78
Huh et al. (2011) 2.11(0.18,25.35)  6.72
Chen et al (2009) (Excluded) 0.00
Total (I-squared =0.0%, p =0.517) - 0.59 (0.25, 1.44) 100.00
Wound infection
Ivanecz et al. (2018) * 0.30 (0.01, 8.33) 14.08
Xu et al (2017) + 0.32 (0.01, 8.26) 14.40
Chen et al. (2017) *> 0.67 (0.06, 8.06) 15.53
Gorgun et al. (2017) *> 0.66 (0.03, 17.11) 9.51
Lin et al. (2015) * 0.92(0.04,21.20)  8.19
Jung et al. (2013) * 0.13 (0.01, 2.57) 33.73
Huh et al. (2011) *> 3.15(0.12, 82.16) 4.57
Total (l-squared =0.0%, p = 0.879) _— 0.52 (0.18, 1.50) 100.00
Anastomotic leakage
Ma et al. (2018) + 0.31(0.01, 8.31) 8.75
Ivanecz et al. (2018) 1.00 (0.05, 18.57) 5.46
Gorgun et al. (2017) *> 6.56 (0.25,171.58) 1.82
Ratti et al. (2016) —— 0.72(0.17, 2.97) 28.46
Tranchart et al. (2015) 1.26 (0.33, 4.87) 22.89
Lin et al. (2015) 1.58 (0.06, 42.61) 3.03
Jung et al. (2013) —— 1.00 (0.13, 7.75) 11.12
Huh et al. (2011) * 2.11(0.18, 25.35) 5.46
Chen et al (2009) *> 0.36 (0.03, 4.37) 13.02
Total (I-squared = 0.0%, p = 0.925) < 1.02 (0.51, 2.00) 100.00
Intra-abdominal infection
Xu et al (2017) *> 2.11(0.18, 25.35) 5.23
Chen et al. (2017) *> 0.67 (0.06, 8.06) 9.17
Gorgun et al. (2017) * 0.20 (0.01, 3.89) 16.85
Ratti et al. (2016) D e — 1.36 (0.21, 8.73) 10.69
Tranchart et al. (2015) ——— 0.24 (0.03, 2.20) 22.98
Lin et al. (2015) + 0.64 (0.03, 13.71) 6.78
Huh et al. (2011) —_—— 1.00 (0.13, 7.89) 10.46
Chen et al (2009) ——— 0.48 (0.07, 3.21) 17.85
Total (I-squared = 0.0%, p = 0.871) [ =] 0.64 (0.30, 1.37) 100.00
I I
.00583 1 172
Favors Laparoscopic surgery Favors Open surgery
Fig. 3 Subgroup analysis based on the types of morbidity
J

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
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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.
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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). 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.
1186/512957-020-02018-z.
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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<lil complications. (E) Clavien grade 2IIl 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<Ill complications. (E) Cla-
vien grade Il 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<lll complications, Clavien grade 2IIl 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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