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ABSTRACT

Background. The laparoscopic approach to liver resection
has experienced exponential growth in recent years; how-
ever, its application is still under debate and objective,
evidence-based guidelines for its safe future progression
are needed.
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Objective. The aim of this study was to perform a sys-
tematic review and meta-analysis comparing the short- and
long-term outcomes of laparoscopic and open liver resec-
tions for hepatocellular carcinoma (HCC).

Methods. To identify all the comparative manuscripts
reporting on laparoscopic and open liver resection for
HCC, all published English-language studies with more
than 10 cases were screened. In addition to the primary
meta-analysis, four specific subgroup analyses were per-
formed on patients with Child—Pugh A cirrhosis, resections
for solitary tumors, and those undergoing minor and major
resections. The quality of the studies was assessed using
the Scottish Intercollegiate Guidelines Network (SIGN)
methodology and the Newcastle-Ottawa Scale.

Results. From the initial 361 manuscripts, 28 were inclu-
ded in the meta-analysis. Five of these 28 manuscripts were
specific to patients with Child-Pugh A cirrhosis (321
cases), 11 focused on solitary tumors (1003 cases), 16
focused on minor resections (1286 cases), and 3 focused on
major resections (164 cases). Three manuscripts compared
1079 cases but could not be assigned to any of the above
subanalyses. In general terms, short-term outcomes were
favorable when using a laparoscopic approach, especially
in minor resections. The only advantage seen with an open
approach was reduced operative time during major liver
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resections. No differences in long-term outcomes were
observed between the approaches.

Conclusions. Laparoscopic liver resection for HCC is
feasible and offers improved short-term outcomes, with
comparable long-term outcomes as the open approach.

Liver resection is a first-line option in very early- and
early-stage disease, and a secondary option in intermediate-
stage hepatocellular carcinoma (HCC).'"™ In 1995 and
1996, the first minimally invasive liver resection series for
HCC was reported.”® Since then, a minimally invasive
approach to liver resections has been used in the treatment
of a myriad of conditions, and exponential dissemination
has been experienced.7 However, at the last Consensus
Conference held in Morioka in 2014, the laparoscopic
approach for HCC was still considered in need of stan-
dardization to allow for its safe development.

A laparoscopic approach to liver resections offers
improved short-term outcomes compared with the tradi-
tional open approach.” Recent meta-analyses specific to
HCC have reported that a laparoscopic approach is asso-
ciated with improved outcomes, however these studies
have considered all resections and lesions as a single
homogenous group, which may result in potential bias and
hence inaccuracies in the conclusions.””'? In addition,
these studies have only considered either short- or long-
term outcomes, leaving a need for a detailed, holistic
assessment of the role of laparoscopic liver resection
(LLR) in the management of HCC. A recent multicenter
study by Cipriani et al."* demonstrated that a laparoscopic
approach provided the same short-term outcomes in
patients with both Child—Pugh A and Child—Pugh B cir-
rhosis, and suggested that the current guidelines regarding
resections in cirrhosis could be expanded using a laparo-
scopic approach.

In the context of the European Guidelines Meeting on
Laparoscopic  Liver Surgery (EGMLLS) held in
Southampton, UK, from 9 to 11 February 2017, an updated
meta-analysis was prepared in which five sub-meta-analy-
ses were performed after assessing the patterns of all
available studies comparing the laparoscopic and open
approaches in the management of HCC.

PATIENTS AND METHODS
Aims of the Study

Our primary aim was to amalgamate, weigh, and sum-
marize the current evidence regarding the short- and long-
term outcomes of laparoscopic and open liver resections
for the management of HCC, by systematic review and
meta-analysis, while our secondary aims were to assess the

distribution of available studies with regard to disease stage
and resection type, and perform secondary subgroup meta-
analyses by grouping like studies in order to increase the
level of evidence for specific disease stages and resection

types.

Search Strategy and General Considerations

This systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.'* The Pubmed,
Embase, Cochrane Library, and Web of Science electronic
databases were searched using the following search strat-
egy: ((hepatocellular[Title] OR HCCO) AND
(laparoscopic[Title] OR laparoscopy[Title] OR mini-
mally[Title] OR hybrid[Title])) and their associated
combinations of controlled vocabulary (Medical Subject
Heading [MeSH]) terms. The final search was performed
on 20 June 2017.

Study Selection

Inclusion criteria were human comparative studies
written in English that included only laparoscopic versus
open procedures from the last 15 years and selected the last
largest series in case of detection of duplicates. Reviews,
editorials, case reports, or letters were excluded, as were
manuscripts in which radiofrequency, chemoembolization,
liver transplant, and robotic or hybrid procedures were
performed. Review articles were examined for potential
additional references, and duplicates were identified by
matching both author names and publication centers. After
initial screening, full-text versions of the selected manu-
scripts were obtained. Two reviewers (RC and IG-L), as
well as an independent third reviewer (MH or FC) in cases
where consensus could not be reached, individually
assessed each manuscript and rejected those that failed to
meet the inclusion criteria.

Definitions

Considering the aims of our study, the following defi-
nitions and patterns were considered:

1. Resection type was based on the proposal from the
Louisville Consensus meeting in 2008 15 with minor
resections involving two or fewer Couinaud segments
and major resections involving three or more contin-
uous Couinaud segments.

2. Each manuscript was assessed to establish if results
reported could be applicable to more than one of the
subgroups. If so, the results were separated and indi-
vidually analyzed within their subgroups.
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3. Combined series were defined as those reporting a
mixture of minor/major resections that could not be
separated and analyzed separately, and hence could not
be included within the above subgroups.

Variables and Endpoints (endpoints shown in bold).

1. Short-term outcomes (intraoperative parameters):
operative time (minutes), operative blood loss (mL),
and number of patients requiring blood transfusion
(%).

2. Short-term outcomes (postoperative parameters): total
number of early (< 30 days) complications (%),
duration of postoperative hospital stay (days), mean
resection margin (mm), post-hepatectomy liver failure
(PHLF) [and subcategories as defined by the Interna-
tional Study Group of Liver Surgery (ISGLS) in
2011"® and perioperative (30-day, 90-day, or unde-
fined) mortality.

3. Long-term outcomes. 1-, 3-, and 5-year overall sur-
vival (OS); 1, 3-, and 5-year disease-free recurrence.

Quality Assessment of the Studies Included in the Meta-
Analysis

First Quality Assessment The first quality assessment
was performed in accordance with the Scottish
Intercollegiate Guidelines Network (SIGN)."”

Second  Quality Assessment The second quality
assessment was performed in accordance with the
Newcastle-Ottawa Quality Assessment Scale (NOS) for
cohort and case—control studies (Ottawa Hospital Research
Institute; available at http://www.ohri.ca/programs/clinica
1_epidemiology/oxford.htm). The criteria for
‘representativeness of cases’ were considered as
consecutive, or representative series of cases without
potential selection bias. Specifically, no star was given if
cases included were not matched by year of inclusion (due
to potential selection bias) and/or different surgeons and/or
an inclusion period > 10 years (due to potential technical
bias). Similarly, equal distribution of type and severity of
underlying liver disease was an exclusion criteria that was
given a star. For the ‘control for important factor’ rating,
two stars were given if laparoscopic and open cases were
matched by age, sex, American Society of
Anesthesiologists (ASA) score, body mass index, type of
resection, Child—Pugh score, and number and size of the
lesions. If any of these factors were not specifically
mentioned or were not correctly matched, only one star
was given. If two or more of these factors were not
correctly matched or were not mentioned, no stars were
given.

Statistical Analysis

Analyses were performed using log odds ratios (OR)
with 95% confidence intervals (Cls) for dichotomous
variables, and weighted mean differences (WMD) with
95% ClIs for continuous variables. For dichotomous vari-
ables in which any observed value was 0, it may not be
possible to calculate the OR, and thus rate differences were
used. The standard heterogeneity test used was the I-square
statistic. Based on the method reported by DerSimonian
and Laird,18 substantial significance was set when the
p value was < 0.10 and a random-effects model was
used.'” An I-square value of < 25% was defined to repre-
sent low heterogeneity, between 25 and 50% was defined
as moderate heterogeneity, and > 50% was defined as high
heterogeneity. Publication bias was also assessed visually
using a funnel plot for standard error by effect size. Each
calculation for every group had a specific funnel plot. Data
that were not significantly heterogeneous (p > 0.1) were
calculated using a fixed-effects model using the Mantel—
Haenszel method.”® OpenMEE software, based on Open
MetaAnalyst Software, was used for statistical analy-
ses.”’"*?] To perform meta-analyses, means and standard
deviations (SDs) were needed, and estimations of means
and SDs were performed to avoid discarding important
studies. According to a recent publication from Wan
et al.”, in the event that a manuscript reported data in
different measures other than mean and SD, two different
scenarios were considered, as reported in our previous
meta-analysis.” For the meta-analysis, the authors decided
to perform calculations only if at least three series could be
identified for each variable, avoiding results derived from
analyses of two reports.

RESULTS
Eligible Studies and Final Count

From the initial 361 manuscripts identified in the sear-
ches, 34 comparative studies remained after the inclusion
and exclusion criteria were applied (electronic supple-
mentary material [ESM] 1). Six manuscripts**=° did not
reach a minimum requirement of acceptable quality (by
SIGN scoring) or 6 points (by NOS) and were subsequently
discarded (Table 1), resulting in 28 manuscripts being
considered for the systematic review and meta-analysis.
Five of these 28 manuscripts were specific to patients with
Child—Pugh A cirrhosis (321 cases),‘go*34 16 focused on
minor resections (1286 cases),3’3 246 three focused on
major resections (164 cases),SO’M‘48 and 11 focused on
solitary tumors (1003 cases).”' 3?4349 The remaining
three manuscripts (comparing 1079 cases) could not be
individually classified as they were propensity score or 2:1
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TABLE 1 Overall quality analysis from all comparative studies including NOS and SIGN scores
Characteristics of the studies included in the meta-analysis for HCC patients
Author Year |Nlap Nopen |Etiol |Conversion |Quality assessment by NOS SIGN
(city/province, ogy
country) Selection Comparability |Exposure Quality
judgment
Adequate  |Representat |Selection |Definition |Control for Ascertain |Same Non- (maximum
definition of |iveness of |of of controls |important ment of |method of |response nine stars)
cases cases controls factors exposure |ascertainm |rate
ent for
cases and
controls
Child—Pugh A
Zhang et al.* +
2016 20 25 HCC - - £d - £d | H £d £d LSESTT]
(China) Acceptable
Ahnetal’! ++
2014 | 52(51) [150 (51)| HCC| Excluded £ £ - £ £2d B £ £ EEEESSEEY
(Daegu, Korea) High
Kim et al.* +
2014 29 29 HCC 23.3% - £ - £ H H £ £ [OTETT]
(Seoul, Korea) Acceptable
Truant et al. > +
2011 36 53 HCC| 7(19.4%) - - - £ BE H £ LY [STTTTS
(Lille, France) Acceptable
24
Lee et al. i
(Hong Kong, 2011 33 50 HCC| 6(18.2%) - - - £ H H £ £ LEETEY
A Acceptable
China)
Laurent et al.** +
2003 13 14 HCC| 2(15%) - £ - £ H £ £ £ [ETTTTY
(Créteil, France) Acceptable
Minor-only
Sposito et al.> ++
2016 | 43 (43) {226 (43)|HCC| Excluded £ W - £ FEOH H £ H [EETETTEY
(Italy) High
Zhang et al.” +
2016 31 33 HCC 0 (0%) - L - £ £ £ £ L [STETT]
(China) Acceptable
Luo etal*® +
2015 53 53 HCC| Excluded - £ - £ o H £ £ EESETTY
(Chengdu, China) Acceptable
Beppu et al.”’ ++
2015 | 89(52) |180(52) | HCC| 2(2.2%) £ L - £ £ £ £ L [STTSTT]
(Kumamoto, Japan) High
Xiao et al.”® ++
2015 41 86 HCC| 3(7.32%) - L - L £ £ L L FREERE
(China) High
Cheung et al. ™ +
2015 24 29 HCC - - £d - £d £d H £d Ed ESESEL]
(Hong Kong, China) Acceptable
Yamashita et al.*’ +
2014 63 99 HCC - - £d - £d £d H £d £d PR
(Fukuoka, Japan) Acceptable
Memeo et al.*’ +
2014 45 45 HCC 0 - Ed - £d £d H £d £d PR
(Créteil, France) Acceptable
Kim et al. +
2014 29 29 HCC 23.3% - £d - £d £d H £d £d ETEEET]
(Seoul, Korea) Acceptable
Kanazawa et al.*! : +
2013 28 28 HCC 5/53 hy?nd - - - £d O H £d £d TEEET]
(Osaka, Japan) (21.73%) Acceptable
Cheung et al.” _acci +
2013 32 64 HCC 6 h:;nd zSSlSt - - - £ £2d H £ £ EESETTY
(Hong Kong, China) (18.8%) Acceptable
Kobayashi et al.** +
2013 24 27 HCC - - £ - £ £ H £ £ EESETTY
(Osaka, Japan) Acceptable
Hu et al.” -
2011 30 30 HCC - - £ - £ £ H £ £ ECEELTY
(Jiangsu, China) Low
Truant et al.”> +
2011 36 53 HCC| 7(19.4%) - - - £ R H £ L [CTETT]
(Lille, France) Acceptable
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TABLE 1 continued

(Oita, Japan)

Lee et al.?* N
2011 33 50 HCC| 6(18.2%) - H Ed EEEELS
(Hong. Kong, Acceptable
China)
27 +
Keretal© | o010 | 116 | 208 |HCC| 6(5.2%) - ® - e
(Kaohsiung, China) Acceptable
. . 28 +
Aldrighetti etal. ™| ) 0| 16 |HCC| 1(6.25%) - ® - e
(Milan, Italy) Acceptable
E 12 (Oi +
ndo etal.” (Oita, | 500 | 1o 11 |HCC | Lap-assisted - P - BT
Japan) Acceptable
Belli etal.* o
2007 23 23 HCC| 1(43%) - H O PR
(Naples, Italy) High
Kaneko et al.* +
2005 30 28 HCC 3.3% - H Ed EEEEETY
(Tokyo, Japan) Acceptable
Laurent et al.** +
2003 13 14 HCC| 2(15%) - £ E LETTETY
(Créteil, France) Acceptable
Shimada et al.*® +
2001 17 38 HCC 0 - H £ CEETEY
(Fukuoka, Japan) Acceptable
Major- only
Zhang et al.** +
2016 20 25 HCC - - H £d EETEEEY
(China) Acceptable
Komatsu et al."” +
2016 38 38 HCC - - H ES EEEEEEEY
(France) Acceptable
Cho et al.* +
2015 24 19 HCC| 3(12.5%) - H £ R
(Seoul, Korea) Acceptable
Solitary tumors
Luo etal.*® +
2015 53 53 HCC| Excluded - o Ed ECSETT
(Chengdu, China) Acceptable
Xiao et al.” ++
2015 41 86 HCC| 3(7.32%) - Ed Ed R
(China) High
Ahn etal”! ++
2014 | 52(51) [150(51)|HCC| Excluded - H L3 EETTETTTY
(Daegu, Korea) High
Kim et al.* ++
2014 70 76 HCC| 6(8.57%) - Ed L3 EETTTTTY
(Seoul, Korea) High
Aietal® +
2013 97 178 |HCC 9.3% - H £d EEEELT]
(Putian, China) Acceptable
Hu et al.”® -
2011 30 30 HCC - - H £ EEEETE]
(Jiangsu, China) Low
Kim et al.”' +
2011 26 29 HCC| 3(10.3%) - H £ LETEST]
(Gwangju, Korea) Acceptable
Nguyen et al.”* +
2011 17 20 HCC - - | £ ESTSEL]
(Pittsburgh, USA) Acceptable
Ker et al.”’ +
2011 116 208 |HCC| 6(5.2%) - Ed - R
(Kaohsiung, China) Acceptable
Tranchart et al.” +
2010 42 42 HCC| 2(4.7%) - H L] [STEET]
(Paris, France) Acceptable
. . 28 ’
Aldrighetti et al =} 1, |y 16 |HCC| 1(625%) - B - totot
(Milan, Italy) Acceptable
Endo et al.” +
2009 10 11 HCC | Lap-assisted - H - R

Acceptable
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TABLE 1 continued
Laietal™
+
(Chai Wan, Hong 2009 25 33 HCC 1 (4%) - LS i Cd L3 E Ed ECTTTSY
Acceptable
Kong)
Kaneko et al.* +
2005 30 28 HCC 3.3% - £ £ £d £d £ ES EEEEEEY
(Tokyo, Japan) Acceptable
Laurent et al.** T
2003 13 14 HCC| 2(15%) - £ £ L £ £ E ESTTTT]
(Créteil, France) Acceptable
Shimada et al.** +
2001 17 38 HCC 0 - £ £ £ £ £ Ed ECTEEE]
(Fukuoka, Japan) Acceptable
Combined
Takahara et al.” 0 ++
2015 436 2969 HCC| 25(6.5%) W E E H £ E £ ECETEETEY
(Japan) (387) | (387) High
Han et al.”® ++
2015 |232(88)[157(88)| HCC| 8(9.1%) W £ £ H H W £ PETTEETY
(Seoul, Korea) High
Leeetal.”’ ++
2015 43 86 HCC| 6(14%) - £ W H £ W £ [STTET]
(Toronto, Canada) High

Studies marked in bold were discarded because they had NOS < 7 stars or low scoring in the SIGN analysis

SIGN Scottish Intercollegiate Guidelines Network, NOS Newcastle-Ottawa Scale, HCC hepatocellular carcinoma, lap laparoscopic surgery,

open open surgery

matched, and hence independent results could not be
obtained;*™’ these were analyzed as ‘combined’ resec-
tions. All baseline results are depicted in ESM 2 and 3.

Solitary Tumors

A total of 11 studies were identified, including 562 open
resections and 441 LLRs for solitary HCC. Operative times
were equal between the groups, but all other short-term
outcomes, including complication rates (heterogeneity
p value = 0.095; I-squared = 38%; OR 242 [95% CI
1.695-3.456]; p < 0.001), blood loss (heterogeneity
p value < 0.001; I-squared = 78%; standardised mean dif-
ference [SMD] —0.476 [95% CI —0.828 to —0.124];
p < 0.008), transfusions (heterogeneity p value = 0.75; I-
squared = 0%; OR 1.703 [95% CI 1.067-2.717];
p < 0.026), hospital stay (heterogeneity p value < 0.001; I-
squared = 78%; SMD —0.786 [95% CI —1.089 to —0.483];
p < 0.001), and resection margins (heterogeneity p-value =
0.88; I-squared = 0%; SMD 0.218 [95% CI 0.064-0.371];
p = 0.005), favored a laparoscopic approach (Figs. 1, 2).
Mortality and PHLF were not significantly different between
the groups (ESM 4), and there were no significant differ-
ences in 1-, 3-, and 5-year OS and DFS (Figs. 3, 4).

Child—Pugh A Resections

Five studies including 172 open procedures and 149
laparoscopic procedures were analyzed. Both complication

rates (heterogeneity p value < 0.001; I-squared = 81%;
OR 0.256 [95% CI 0.066-0.446]; p = 0.008) and hospital
stay (heterogeneity p value < 0.001; I-squared = 87%;
SMD —1.037 [95% CI —1.718 to —0.357]; p = 0.003)
favored a laparoscopic approach (Figs. 1, 2). Perioperative
mortality was equivalent in both the open and laparoscopic
approaches (ESM 4). Long-term outcomes were insuffi-
ciently reported, and hence only three manuscripts were
analyzed. These demonstrated no difference in OS and
disease-free survival (DFS) between the two groups
(Figs. 3, 4).

Minor-Only Liver Resections

Sixteen manuscripts were identified that included 628
open procedures and 658 laparoscopic procedures. The
short-term outcomes for complication rates (heterogeneity
p value < 0.001; I-squared = 75%; OR 0.175 [95% CI
0.093-0.257]; p < 0.001), blood loss (heterogeneity
p value < 0.001; I-squared = 85%; SMD —0.685 [95% CI
—1.012 to —0.357]; p < 0.001), transfusion rate (hetero-
geneity p value = 0.13; I-squared = 20%; OR 0.027 [95%
CI 0.001-0.053]; p < 0.001), and hospital stay (hetero-
geneity p value < 0.001; I-squared = 75%; SMD —0.837
[95% CI —1.083 to —0.590]; p < 0.001) all favored a
laparoscopic approach (Figs. 1, 2), with no difference in
operative time and resection margin (Fig. 3). As with
solitary resections, mortality and PHLF were not different
between the groups (ESM 4). Long-term outcomes
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SHORT-TERM OUTCOMES
Complications Blood loss Transfusions
Solitary
Child A
Minor-only
Major-only
Combined =

FIG. 1 Meta-analysis of short-term outcomes (I)

(Figs. 3, 4) were similar between both approaches, except
for the 1-year DFS (heterogeneity p value = 0.019; I-
squared = 66%; OR 0.133 [95% CI 0.001-0.265];
p < 0.048), which was in favor of the laparoscopic
approach.

Major-Only Liver Resections

Only limited data were available for major liver resec-
tions and no long-term data could be retrieved. Regarding
short-term outcomes, the complication rate was lower
when using a laparoscopic approach (heterogeneity
p value = 0.232; I-squared = 31%; OR 0.277 [95% CI
0.149-0.406]; p < 0.001) [Fig. 1]. However, operative
time was shorter for OLR (heterogeneity p value = 0.015;
I-squared = 76%; SMD 0.835 [95% CI 0.155-1.516];
p = 0.016) [Fig. 2]. There was a trend towards a shorter
hospital stay in the laparoscopic group, but this did not
reach statistical significance.

Combined Studies

The three manuscripts that contained combined studies
did not have any long-term data available. Regarding short-
term outcomes, the rate of complications (heterogeneity
p value = 0.469; I-squared = 0%; OR 0.076 [95% CI
0.036-0.115]; p < 0.001) [Fig. 1] and hospital stay
(heterogeneity p value < 0.001; I-squared = 92%; SMD
—0.788 [95% CI —1.339 to —0.237]; p = 0.005) favored a
laparoscopic approach, but the remaining short-term out-
comes (operative time and blood loss) were not different.

Publication Bias Analysis
All the series allocated to each subanalysis were inde-

pendently assessed for bias in each variable (ESM 5, 6, 7,
and 8).
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SHORT-TERM OUTCOMES
Operative time Hospital Stay Mean resection margin
Solitary = :
Child A .t —
Minor-only .. ——
Major-only ™ . - - .
Combined . . . -

FIG. 2 Meta-analysis of short-term outcomes (II)

DISCUSSION

The largest meta-analysis to date suggests that a sig-
nificant proportion of LLRs are performed for the
management of HCC, as 3072 of 6190 LLRs for malig-
nancies were performed for HCC ’. In 2017, Southampton
hosted the EGMLLS, with the specific aim of presenting
and validating the first set of evidence-based guidelines for
laparoscopic liver surgeons °°. In this setting, the aim of
our study was to perform a high-quality meta-analysis
examining the short- and long-term outcomes after LLR for
HCC. The results of our meta-analysis demonstrate that for
most short-term outcomes, a laparoscopic approach pro-
vides better results than an open approach.

During and after liver resection, blood loss and trans-
fusions are important factors that impact not only early
postoperative outcomes but also long-term results with an
increased risk of cancer recurrence and decreased patient
survival >”°°. When it came to these variables (blood loss
and transfusions), our meta-analysis showed that the

laparoscopic approach did better than the open route,
especially within the subgroup analyses for solitary tumors
and minor resections. Similarly, the complication rate was
favorable for a laparoscopic approach in all analyses. These
results suggest that a laparoscopic approach is similar, if
not better than, the open approach for the management of
HCC in patients with Child-Pugh A cirrhosis, solitary
tumors, and those undergoing minor resections in terms of
short-term outcomes.

It should be remarked that limited information was
available for specific postoperative variables such as mor-
tality (not clearly defined as perioperative, or 30- or
90-days) and PHLF. Because of this, perioperative mor-
tality was all put together in our analysis. Similarly, PHLF
could not be individually screened by the ISGLS groups
and was thus analyzed as a single category. It should be
encouraged that all research teams perform statistics for
their manuscripts using currently validated classifications
rather than institutional or self-raised criteria. In addition,
limited information was available for long-term outcomes
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LONG-TERM OUTCOMES
1y overall survival 3y overall survival Sy overall survival
Solitary e i S .
Child A —=
Minor-only = = : &
Major-only
Combined

FIG. 3 Meta-analysis of long-term outcomes (I)

of the surgical management of HCC. Only data for 3- and
S-year survival provided sufficient detail for analysis. For
this, a trend towards improved survival was associated with
a laparoscopic approach, however this did not reach sta-
tistical significance. DFS followed a similar pattern, with
the noteworthy exception of an improved rate at 1 year for
laparoscopic minor resections. Although statistically sig-
nificant, this difference should be considered with caution
and no strong conclusions should be drawn from this
finding as only five studies with a slight dispersion were
included in the analysis.

Previous meta-analyses have already reported the results
of open resection versus LLR for HCC;“H}’61 however,
most of them focused only on short-term outcomes. Only
the studies by Zhou et al.'” and Fancellu et al.'" analyzed
long-term OS and DFS (both in 2011), including few
reports in which different types of resection were mixed.
To give stronger evidence to the results currently available,
we put together short- and long-term outcomes in each
category that we could identify. It should be noted that the

12 score was high in many of the comparisons and thus
decreased confidence in the estimates may be considered a
limitation to our manuscript. In order to minimize this
heterogeneity, our meta-analysis included several steps that
tried to minimize biases. As per the EGMLLS methodol-
ogy, we initially performed an extensive literature review
with strong quality discrimination. For this purpose, we
used two well-validated quality assessment tools to obtain
the best quality of evidence—the SIGN methodology and
the NOS. Manuscripts that were rated as low quality in the
SIGN and/or received less than six stars in the NOS were
discarded. Second, we performed subgroup meta-analyses
specifically examining patients with Child-Pugh A cir-
rhosis, solitary tumors, and those undergoing minor and
major liver resections. Additional literature searches were
performed for ‘portal hypertension’ (using platelet count
and/or esophageal varices), multicentric HCC, Barcelona
Liver Clinic (BCLC)-A or -B, or severe cirrhosis, but no
comparative series were available. Finally, all meta-anal-
yses performed to date used the methodology of Hozo
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FIG. 4 Meta-analysis of long-term outcomes (II)

et al.®?, however we have chosen to use the methodology of
Wan et al.>®, which has recently been demonstrated to
achieve more precise calculations of mean and SD, and
which in turn allows for more accurate conclusions.

CONCLUSIONS

Liver surgery for HCC in cirrhotic patients is considered
more dangerous due to the potential for increased mor-
bidity, especially liver decompensation, and higher
postoperative mortality. Due to refinements in surgical
technique, anesthetic management, and perioperative care,
liver resections are now considered a standard practice for
early-stage tumors in cirrhotic patients with well-compen-
sated liver function. The results of the present meta-
analysis demonstrate that a minimally invasive approach
may be superior to an open approach with respect to short-
term outcomes for patients with Child—Pugh A cirrhosis,
solitary tumors, and minor resections. In the long-term
setting, the results demonstrate that a minimally invasive

approach is comparable to an open approach in terms of
overall and DFSs. Considering the current evidence, it may
be concluded that LLRs for HCC are safe and may be
considered a standard practice in specific settings.
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