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Does laparoscopic liver resection provide better outcomes than
thermoablation in patients with hepatocellular carcinoma?—A
systematic review
Roberto Santambrogio1, Matteo Barabino2, Valentina D’Alessandro1, Elisa Galfrascoli1, Marco Antonio Zappa1
1

UOC di Chirurgia Generale, ASST Fatebenefratelli Sacco, Milano, Italy; 2UOC di Chirurgia Epato-bilio-pancreatica e Digestiva, ASST Santi Paolo

e Carlo, Università di Milano, Milano, Italy
Contributions: (I) Conception and design: R Santambrogio, M Barabino, MA Zappa; (II) Administrative support: R Santambrogio, M Barabino,
MA Zappa; (III) Provision of study materials or patients: R Santambrogio, V D’alessandro, E Galfrascoli; (IV) Collection and assembly of data:
R Santambrogio, V D’alessandro, E Galfrascoli; (V) Data analysis and interpretation: R Santambrogio, M Barabino, MA Zappa; (VI) Manuscript
writing: All authors; (VII) Final approval of manuscript: All authors.
Correspondence to: Dr. Roberto Santambrogio. Ospedale Fatebenefratelli, Piazza Principessa Clotilde 3, 20121 Milano, Italy.
Email: rsantambrogio@mclink.it.

Background: A systematic review has been accomplished to compare the outcomes of laparoscopic hepatic
resection (LHR) with those of thermo-ablation (TA) therapies for hepatocellular carcinoma (HCC).
Methods: A literature search has been accomplished to choose relevant studies published analyzing the
EMBASE and PubMed databases and the Cochrane Library. Studies comparing the outcomes of LHR versus
TA for HCC were included in the analysis.
Results: The present meta-analysis included 9 studies for a total of 918 patients. It found that the
complication rate in the TA group was significantly lower than that of the LHR group (OR: 0.52, 95% CI:
0.36–0.75, P=0.0005). Severe complications occurred in a range of 0–10% in the LHR group and in a range
of 0–5% in the TA group. No postoperative mortality has been shown in both groups. The meta-analysis
of the nine studies showed that the local recurrence rates were lower in LHR group than in TA group (OR:
6.43; 95% CI: 4.01–10.29; P<0.00001). Finally, meta-analysis revealed that overall survival (OS) rate in LHR
group was higher than in TA group (OR: 2.07; 95% CI: 1.49–2.87; P<0.0001).
Conclusions: Patients submitted to LHR had a better OS and a lower local recurrence rate than those
submitted to TA. However, TA treatments have a low impact in the postoperative course of cirrhotic
patients. In the future guidelines, LHR should have a primary role in first-line treatment for HCC, while in
the situations that the condition of patients is not suitable to perform operation, TA might be the solution.
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Introduction
The current EASL/AASLD guidelines indicate that liver
transplantation, hepatic resection (HR) and percutaneous
tumor ablation (TA) should be considered as curative
therapies for hepatocellular carcinoma (HCC) (1). Among
these, liver transplantation is the ideal option at earlier
stages, however, shortage of organ donors and the advanced
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age of patients at diagnosis limited the indications of this
treatment (2-4). Cirrhotic patients with a single small-size
nodule and good liver function can benefit by both HR
and ablation therapies increasing the survival, but disease
recurrence following either treatment remains a great
problem (5-8). Furthermore, in the Literature, HR shows
similar to or better survival rates than percutaneous TA,
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with lower recurrence rates but with higher postoperative
complications rates (5-8). For this reason, the current
EASL/AASLD guidelines indicates that TA should be
considered the first-line treatment for very early HCC
[single small (≤2 cm) nodule], while HR should be reserved
for patients with failure or contraindications to TA (1).
This treatment is generally performed percutaneously,
thus individual factors such as the operator skilling, risk of
bleeding and nodule localization influenced its results in
terms of either total necrosis or local recurrences (9-11).
So, for problematic or dangerous locations of HCC
nodules, laparoscopic HR (LHR) seems to obtain good
results showing lower morbidity rates than open HR (12-15).
For these reasons, we decided that it is more interesting to
compare the TA outcomes to LHR, rather than open HR,
particularly in patients with compensated (i.e., Child A)
liver cirrhosis.
Therefore, our review aimed to assess the long-term and
short-term clinical outcomes of these two HCC treatments
analyzing the relevant studies published in the literature,
in order to provide better information on the treatment
strategy for cirrhotic patients with HCC.
Methods
A systematic research of PubMed, Science Citation Index,
and Embase databases was accomplished for articles
published before August 2019 comparing the use of TA and
LHR treatments for small HCC nodules. We identified
English language articles using the keywords “laparoscopic
hepatectomy AND hepatocellular carcinoma” and
“radiofrequency ablation AND hepatocellular carcinoma”
to obtain all studies useful for this review analysis. Manual
cross-referencing was accomplished, and we also analyzed
the reference lists of the included articles to identify
further undetected studies. Case reports and abstracts were
excluded.
The inclusion criteria for our review were: (I) definitive
diagnosis of HCC according BCLC criteria; (II) original
works from nonrandomized controlled trials or randomized
controlled trials (RCTs) only for adult patients; (III) the
procedures selected were LHR (including laparoscopic or
laparoscopic-assisted liver resection or robotic-assisted liver
resection) and TA (including laparoscopic or percutaneous
TA (IV) clearly documented indications for TA and LHR;
(V) the primary outcomes were the overall survival (OS)
rate and local recurrences rate, and the secondary outcome
was the postoperative complication rate; (VI) one of the
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outcomes described below must be report; (VII) for the
studies published more than once, we use only the most
recent and complete study.
The data were strictly extracted by two independent
reviewers and they included first author, publication year,
recruitment period country, study design, mean follow-up,
inclusion criteria, mean age, sex, etiology of cirrhosis, HCC
Child-Pugh class, number and size of tumors, and clinical
outcomes: the short-term outcomes included postoperative
complication rates while the long-term clinical outcomes
included were OS rates and local recurrence rate.
The Newcastle-Ottawa Scale (NOS) for case–
control studies was used for evaluating the quality of the
methodology which has been used in each study (16).
The meta-analysis was performed using the RevMan
software version 5.3 (The Nordic Cochrane Center,
Cochrane Collaboration, and Copenhagen, Denmark). For
this meta-analysis, two groups of patients were analyzed:
the TA-treated group and the LHR-treated group. The
odds ratio (OR) with the 95% confidence interval (CI)
was calculated to compare the OS, local recurrences and
complications rates between the two groups. For studies
that did not provide the mortality data, the survival data
were extracted from the Kaplan-Meier curves by the
Engauge Digitizer v.4.1 software. A Chi-squared test was
used to evaluate heterogeneity among the included studies:
a P value inferior to 0.05 confirmed that a significant
heterogeneity was present across the studies.
Results
A total of 4,468 studies were initially identified by searching
the electronic databases and through the manual crossreferencing. On the basis of the inclusion and exclusion
criteria, we identified nine nonrandomized comparative
studies evaluating TA and LHR as the primary treatment
for HCC (17-25). All these studies were not multicenter
and evaluated the outcomes retrospectively, including 560
patients treated with TA and 358 patients submitted to
LHR. There were no RCTs that compared LHR and TA
for the treatment of HCC. The baseline characteristics of
these patients are summarized in Table 1. In our analysis,
six studies used percutaneous TA treatments (17-21,24),
one study used multimodal TA treatments (percutaneous or
surgical approach) (25) and the remaining two studies used
laparoscopic TA (22,23). In addition, three studies were
performed in Japan (17,18,25), two in China (19,21), one
in Switzerland (20) and three in Italy (22-24). The largest
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Table 1 Characteristics of selected studies
Publication
year

Period

Country

Study design

Follow-up (months)

Inclusion criteria

Casaccia

2017

2005–2010

Italy

Retrospective

LHR 44.7±21.3,
TA 40.3±30.8

Single lesion with size
≤65 mm or ≤3 lesions with
size ≤45 mm

8

Di Sandro

2019

2006–2016

Italy

Retrospective +
PSM

33 median (IQR: 17–56)

Single lesion with size ≤3 cm

8

Harada

2016

2008–2015

Japan

Retrospective +
PSM

29.3 median (range:
0.3–89.2)

Single lesion with size
≤5.0 cm or ≤3 lesions with
size ≤3 cm; HCC with PH

7

Ito

2016

2011–2013

Japan

Retrospective +
PSM

LHR: 21 median (range:
2–47), TA: 23 median
(range: 4–44)

Surface HCC; 1–3 lesions
with size ≤3 cm

7

Lai

2016

2005–2010

China

Retrospective

>33 years

Single lesion with size
≤5.0 cm or ≤3 lesions with
size ≤3 cm

7

Santambrogio

2018

1998–2017

Italy

Retrospective

LHR 41.7±31.5,
TA 38.7±32.3

Single lesion with size ≤3 cm

8

Song

2016

2007–2013

China

Retrospective

31.2 (21.1–49.5)

Single lesion with size <4 cm

8

Vitali

2016

1998–2012 Switzerland

Retrospective

26 median (range: 2–129) Single lesion with size ≤3 cm

8

Yamashita

2019

2000–2016

Retrospective

Author

Japan

LHR: 37 mean (range:
1–160), TA: 56 mean
(range: 2–163)

Single lesion with size
≤5.0 cm or ≤3 lesions with
size ≤3 cm

NOS
score

8

PSM, propensity score matching; IQR, interquartile range; TA, thermo-ablation; LHR, laparoscopic hepatic resection; NOS, NewcastleOttawa Scale.

study included 264 patients (23) and the smallest study
included 40 patients (22). The characteristics of the nine
studies used for this meta-analysis are shown in Table 1,
while the demographics data of the patients included in
each study are shown in Table 2.
Complications
The postoperative complications were evaluated in 8
studies (Figure 1) (17-21,23-25). The meta-analysis
results showed that the TA group had a significantly
lower morbidity rate in comparison with that of the LHR
group (OR: 0.52, 95% CI: 0.36–0.75, P=0.0005). Only 6
studies classified complications according Dindo-Clavien
classification: two studies (24,25) considered a score >2
while the other four studies (17,18,20,23) a score >3. In
these studies, severe complications occurred in a range of
0–10% in the LHR group and in a range of 0–5% in the
TA group. No postoperative mortality has been shown in
both groups.
© Laparoscopic Surgery. All rights reserved.

Local recurrences
Local recurrence was defined as intrahepatic recurrence,
including the presence of viable tumor contiguous of
resection area or of the ablated HCC nodule. The metaanalysis of these studies showed that the LHR group had
lower local recurrence rates than the TA group (OR: 6.43;
95% CI: 4.01–10.29; P<0.00001) (Figure 2).
OS
Eight of the nine studies selected reported mortality data
(Figure 3) (17,19-25). Meta-analysis results showed that the
patients who underwent LHR had significantly better OS
rates than the patients who submitted to TA (OR: 2.07; 95%
CI: 1.49–2.87; P<0.00001). Only the study by Yamashita et al.
reported a slight better 5-year OS rate for TA than for LHR.
Discussion
Although an increasing number of randomized trials can be
Laparosc Surg 2020;4:9 | http://dx.doi.org/10.21037/ls.2019.11.02

Page 4 of 8

Laparoscopic Surgery, 2020

Table 2 Baseline characteristics of patients recruited in the selected studies
Age (mean ± SD)

Sex M/F
(%)

HBV/HCV
(%)

Cirrhosis
(%)

Child A (%)

Single
HCC (%)

HCC size (mm)

Casaccia

LHR: 64±9, TA: 61±7

74/26

30/41

100

78

56

LHR: 33±14, TA: 26±13

Di Sandro

LHR: 68 [62–76]*,
TA: 67 [56–76]*

70/30

18/59

91

100

100

LHR: 25 [20–30]°,
TA: 22 [18–30]°

LHR: 74±6, TA: 73±9

50/50

8/72

100

LHR: 5.2±0.4§,
TA: 5.5±0.7§

NA

LHR: 18±6, TA: 16±6

Ito

LHR: 67 [65–70]*,
TA: 71 [69–74]*

61/39

100

94

83

LHR: 20 [18–21]*,
TA: 17 [16–19]*

Lai

LHR: 56±13, TA: 63±11

87/13

79/3

72

93

92

LHR: 30±11, TA: 24±9

LHR: 68±9, TA: 69±9

73/27

14/68

100

100

100

LHR: 21±7, TA: 19±6

Song

LHR: 48±10, TA: 48±11

90/10

96/NA

79

99

100

<2: 47%

Vitali

LHR: 61 [31–84]*,
TA: 67 [47–87]*

78/22

14/44

100

81

100

LHR: 23 [10–30]*,
TA: 21 [21–30]*

LHR: 61±9, TA: 66±9

65/35

14/75

100

87

74

LHR: 24±9, TA: 20±6

Author

Harada

Santambrogio

Yamashita

100

§

*, median [range]; °, median [interquartile range]; , Child-Pugh score (points: mean ± SD). TA, thermo-ablation; LHR, laparoscopic hepatic
resection.

Figure 1 Forest plot comparing postoperative morbidity between TA group and LHR group. TA, thermo-ablation; LHR, laparoscopic
hepatic resection.

found in the surgical Literature, non-randomized studies,
both comparative and noncompetitive studies are usually
performed in surgery. In consideration of the absence of
RCTs comparing TA and LHR, a meta-analytical analysis
using non-RCTs might be a valid method to furnish a
scientific opinion in this field.
Recent meta-analyses showed that HR offers better longterm oncologic outcomes in comparison with TA, also in
patients with small HCC nodules (<20 mm) which usually
indicated for TA (6,7). However, TA patients had fewer
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postoperative complications and shorter hospitalization
duration (8,26). On the other hand, recent studies
demonstrated that LHR for HCC seems to be superior
to open HR: during the hospital stay, patients submitted
to LHR required less intraoperative blood loss, less blood
transfusions, and fewer days of hospital stay, while during
the long-term follow-up, patients had similar rates of
OS, disease-free survival, and recurrence (27). For these
reasons, we tried to evaluate if these advantages of LHR in
comparison to open HR could influence the postoperative
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Figure 2 Forest plot comparing local recurrence rates between TA group and LHR group. TA, thermo-ablation; LHR, laparoscopic hepatic
resection.

Figure 3 Forest plot comparing overall survival rates following TA and LHR. TA, thermo-ablation; LHR, laparoscopic hepatic resection.

outcome in order to reduce the complications rates after
surgery in comparison to a less invasive treatment strategy
as TA.
This meta-analysis showed that LHR was superior
to TA in terms of OS rate. On the other hand, during
the mean follow-up period, the TA group had a higher
local recurrence rate than LHR group. However, we
demonstrated that the TA group suffered less postoperative
complications in comparison of the LHR group, even if
severe complications (Dindo-Clavien score >3) do not
show a higher rate (28). Furthermore, in these studies no
postoperative mortality occurred in both groups.
Actually, the current EASL/AASLD guidelines are very
controversial with regard to the selection of HR and TA
as the first-line therapy for small HCC due to absence of
well-designed randomized trials (1), which the reasons
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may be related to poor patient enrollment and difficulty
in randomization, as well as ethical concerns. Analysis of
comparative studies demonstrates superiority of HR in
overall and disease-free survival (29). However, TA is less
invasive, has lower complication rates (30-33), a lower
cost (34), and results in shorter hospital stays (15,32,33),
which may make it a preferable alternative to HR. On
the other hand, many previous studies demonstrated the
feasibility and safety of LHR (13,14,27). Recently, the
Southampton Guidelines (35) have established that when
performed by expert surgeons, LHR offers significant
advantages in patients with cirrhosis reducing the risk of
postoperative ascites and liver failure. They also advocate
that the LHR should be considered the gold standard for
tumors in the left lateral and the anterior segments. In this
setting, LHR could be a valid alternative indication to TA
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for patients with small HCC nodules. In fact, the association
of mini-invasive approach and radical oncologic treatment
could guarantee for LHR better long-term outcomes than
TA (36,37). In fact, IUOS examination permits to identify
satellite lesions adjacent to primary nodule and venous
tumor thrombi: therefore, their eradications with LHR,
promoting a better long-term survival compared with
TA (38). In the same setting, the laparoscopic IOUS
during a TA procedure permits to identify these HCC
nodules with microinvasive behavior (39): in these cases, a
microwave ablation, instead of a radiofrequency ablation,
could produce a wider ablation area including vascular
micro-infiltration and satellite micronodules and decreasing
probability of metastasis of the residual tumor cell by
intrahepatic portal vein (39). Furthermore, by adopting
laparoscopic and open approaches, tumor lesions are easier
to find, which is the weak point of percutaneous TA, which
could probably miss HCC nodules when there are more
than one lesion (40). The survived nodules might be the
cause of HCC recurrence and lower survival rates.
In conclusion, our metanalysis reveals that LHR group
got significantly higher OS rates and lower local recurrence
rates than TA. However, even if several studies showed that
LHR is a safer treatment than open HR, TA treatments
have a low impact in the postoperative course of cirrhotic
patients. For these reasons TA could be an effective
approach to treat HCC, but not yet good enough to replace
LHR, as better OS rates are observed in patients underwent
LHR. In the future guidelines, LHR should have a primary
role in first-line treatment for HCC, while in the situations
that the condition of patients is not suitable to perform
operation, TA might be the solution. Laparoscopic TA
or different surgical approaches for the ablation of HCC
nodules from problematic locations should be considered in
larger future studies.
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