Meta-analysis = General surgery

Efficacy of radiofrequency ablation versus laparoscopic
liver resection for hepatocellular carcinoma in China:

a comprehensive meta-analysis

Zhijun Li*?, Qiong Yu?, Xiaozheng Lu?, Yahui Liu!, Bai Ji*

Department of Hepatobiliary and Pancreatic Surgery, the First Hospital, Jilin University, Changchun, China

2Department of Epidemiology and Biostatistics, School of Public Health, Jilin University, Changchun, China

Abstract

Videosurgery Miniinv 2021; 16 (3): 455-471
DOI: https://doi.org/10.5114/wiitm.2021.105377

Introduction: Hepatocellular carcinoma (HCC) has been the second leading cause of cancer-related death in China.
Radiofrequency ablation is a relatively novel treatment that may improve the treatment of HCC.

Aim: To evaluate and compare the efficacy and safety of radiofrequency ablation (RFA) versus laparoscopic liver
resection (LLR) in the treatment of HCC.

Material and methods: We searched for relevant published studies in English (PubMed, Cochrane Library, EMBASE)
and in Chinese (CBM, CNKI and Wanfang) from their inception until September 23, 2019. The quality of included
studies was evaluated by the Newcastle-Ottawa Scale.

Results: A total of 19 retrospective studies including 2038 patients were eligible for the meta-analysis. The results
of the meta-analysis demonstrated that LLR was superior to RFA in terms of 3-year overall survival rate (OR = 0.62),
1 to 3-year disease-free survival rates (OR = 0.57; OR = 0.41, respectively) and local recurrence rates (OR = 2.71).
Conclusions: The meta-analysis demonstrates that laparoscopic liver resection should be preferred in tumors of size
3-5 cm, while for < 3 cm the long term results are equal.
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Introduction

Hepatocellular carcinoma (HCC) is the most com-
mon primary liver cancer and a global public health
problem [1, 2]. It prevalent in the Asia-Pacific region
and increasing in Western countries, and is predict-
ed to exceed a million cases per year by 2025 world-
wide [3, 4]. It occurs often in patients with viral hep-
atitis, liver cirrhosis, nonalcoholic fatty liver disease,
alcohol abuse, and aflatoxin exposure [5]. In China,
HCC has been the fourth most common malignant
tumor and the second leading cause of cancer-relat-
ed death. The incidence and death of HCC have been

on the rise in recent decades [6-8], mainly due to
the hepatitis B virus infection epidemic in China [9].

Treatment options for HCC include liver trans-
plantation, liver resection, and loco-regional thera-
pies such as radiofrequency ablation (RFA) or tran-
sarterial chemoembolization or systemic treatment.
Theoretically, the best treatment for HCC conform-
ing to the Milan criteria (single HCC < 5 cm or up
to 3 nodules < 3 c¢m) is liver transplantation, which
is limited in China by the underlying liver dysfunc-
tion, lack of donors, a large number of patients and
economic capacity [10-12]. Thus, hepatic resection,
especially laparoscopic liver resection (LLR), is still
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considered a viable treatment option [13, 14]. Sev-
eral alternative loco-regional therapies have been
developed, such as RFA, percutaneous ethanol in-
jection, acetic acid injection, microwave coagula-
tion, and transcatheter arterial chemoembolization,
while RFA is the most frequently used because of
its simplicity, safety, and minimal invasiveness [15].
Several studies had compared the clinical effects
of RFA and LLR for treatment of small HCC [16-19],
but the sample sizes of those studies were small
and the results are still controversial. In two recent
meta-analyses focused on the comparison between
RFA and minimally invasive liver surgery by Si et al.
and Li et al. [20, 21], Si et al. found that minimally
invasive liver surgery was superior to RFA according
to long-term outcomes and RFA might be an alter-
native treatment for HCC with a single nodule less
than 3 cm [20]; Li et al. found that there was no con-
clusive evidence for the superiority of LLR or RFA for
the treatment of HCCs [21]. Additionally, there has
been accumulating evidence on the comparison of
RFA and LLR for treatment of HCC in China in recent
years, but the evidence is not readily accessible for
the international readership.

Aim

The aim of this comprehensive meta-analysis in-
cluding both English and Chinese databases was to
compare the clinical outcomes of RFA and LLR for

the treatment of HCC in China, providing scientific
information for better clinical decisions.

Material and methods
Search strategy and selection criteria

Two investigators independently and compre-
hensively searched the online databases in English
(PubMed, Cochrane Library, EMBASE) and in Chinese
(Chinese Biological Medical Literature, Chinese Na-
tional Knowledge Infrastructure and Wanfang) from
their inception to September 23, 2019 to identify rel-
evant articles. The following search terms were used:
(“laparoscopic partial hepatectomy” or “laparoscopic
resection” or “laparoscopic operation”) and (“radiof-
requency ablation” or “radio-frequency ablation”)
and (“small hepatocellular carcinoma” or “small
liver carcinoma” or “small hepatic carcinoma”) and
(“China” or “Chinese” or “Hongkong” or “Taiwan”).
Potentially related articles in the reference lists of all
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the retrieved articles were manually searched. The
searches were limited to human subjects, and in ad-
dition, restriction to English or Chinese language was
applied. Two investigators independently reviewed,
selected and extracted data of all identified studies,
and any disagreement about eligibility was resolved
by discussion with a third investigator. This study
was conducted according to the PRISMA guidelines
for the screening and selection process [22].

Inclusion and exclusion criteria

The included studies fulfilled the following crite-
ria: (1) adult patients diagnosed with primary hepa-
tocellular carcinoma by cytohistological evidence or
radiological imaging techniques; (2) HCC meets the
following criteria: “patients with single HCC nodule
<5 cm in diameter or up to 3 nodules that are each
<3 cmindiameter” [23], or “a single tumor <6.5 cm in
diameter or up to 3 nodules that are each <4.5 cm in
diameter and 8 cm in total diameter, with Child-Pugh
class A/B” [24]; (3) radiofrequency ablation included
percutaneous or laparoscopic RFA, LLR included lap-
aroscopic or laparoscopic-assisted or robotic-assist-
ed liver resection; (4) no metastases and previous
treatments; and (5) patients suitable for LLR and RFA
according to the guidelines. Exclusion criterion were
as follows: (1) patients with liver metastases or re-
currence; (2) absence of original data or comparative
results between LLR and RFA; (3) abstracts, case re-
ports, editorials, or reviews.

Data extraction

The relevant data were extracted by two inde-
pendent reviewers, including first author, publi-
cation year, study period, areas in China, sex, age,
number of patients, number of nodules, tumor size,
Child-Pugh class and clinical outcome indicators.
The follow-up clinical outcomes included local recur-
rence rates, 3-year OS rates, and 3-year DFS rates.
The perioperative outcomes included postoperative
complication rates, blood loss, transfusion rate, hos-
pitalization duration, and overall response rate; and
liver function indicators of postoperative 1 month.

Quality assessment

The methodological quality of included studies
was assessed by two independent reviewers using
the Newcastle-Ottawa Scale (NOS) for assessing the
quality of nonrandomized studies based on the pop-
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ulation selection, comparability and outcomes. Every
study was awarded a total score from 1 to 9 stars by
adding all satisfied items. High quality was consid-
ered with NOS > 7 stars.

Statistical analysis

All analyses were performed using R version
3.6.1 software with the “metabin” and “metacont”
functions in the meta package. The odds ratio (OR)
with the 95% confidence interval (Cl) was calculat-
ed for dichotomous outcomes, and the standardized
mean differences (SMDs) with 95% confidence in-
tervals (Cl) for continuous outcomes between RFA
and LLR groups. The heterogeneity of the study was
determined by the /? statistic and Q test. There was
moderate or high heterogeneity when /2> 50% and
p < 0.05 of the Q test, then the random effect model
was applied; otherwise, the fixed effect model was
adopted. Subgroup analyses were performed based
on data in patients with different lesion sizes, RFA
approaches and study areas in China. Sensitivity
analyses were conducted by successively excluding
each study and then the effect size was calculated
based on the remaining studies for assessing which
study markedly affected the pooled results. Publica-
tion bias among included studies was assessed by
funnel plot analysis. A p-value < 0.05 was considered
statistically significant.

Results
Study selection and characteristics

A total of 645 articles were initially identified from
the electronic databases. Removing the duplicates and
reviewing the titles, abstracts and full texts, 19 non-
randomized controlled studies with a total of 2038
patients (1043 for RFA and 995 for LLR) met the inclu-
sion criteria for meta-analysis. The outcomes of the
systematic literature search are shown in Figure 1.
The sample size ranged from 61 to 213 and the mean
age of patients ranged from 32.7 to 66.5 years. The
total score of quality assessment ranges from 6 to 9.
The detailed characteristics and evaluation indexes
of these patients are shown in Table .

Follow-up clinical outcomes
Overall survival (0OS)

Seven of the included studies reported and com-
pared the 1-year and 3-year overall survival rates
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[25-31]. There was no significant difference be-
tween RFA and LLR groups for the 1-year OS rate
(OR =0.93; 95% Cl: 0.51-1.69; p = 0.809). However,
meta-analysis of these seven studies demonstrat-
ed a significantly lower 3-year OS rate in the RFA
patients compared to the LLR patients (OR = 0.62;
95% Cl: 0.44-0.87; p = 0.006). There was no signifi-
cant heterogeneity for pooling the 1-year and 3-year
OS rates (I?= 0%, p = 0.97; 1= 0%, p = 0.25, respec-
tively) (Table Il, Figure 2).

Disease-free survival (DFS)

The 1-year and 3-year disease-free survival rates
were reported and compared in six of the included
studies [25-28, 30, 31]. The LLR group had a high-
er DFS rate than the RFA group for 1-year DFS rate
(OR =0.57; 95% Cl: 0.40-0.83; p = 0.003) and 3-year
DFS rate (OR = 0.41; 95% Cl: 0.30-0.57; p < 0.0001).
No significant heterogeneity was observed in 1-year
DFS rate (= 43%, p = 0.12), and moderate het-
erogeneity in 3-year DFS rate (/= 59%, p = 0.03)
(Table I, Figure 3).

Local recurrence rate (LRR)

Five of the included studies compared the post-
operative local recurrence rates during median fol-
low-up times [26-28, 31, 32]. Meta-analysis of these
six studies using the fixed effect model demonstrat-
ed that the RFA-treated group had a significantly
higher local recurrence rate than the LLR-treated

645 potential articles identified (25 from PubMed,
4 from EMBASE, 38 from Cochrane Library, 89 from CNKI,
196 from CBM, 293 from Wanfang)

Y

102 duplicate articles excluded

Y

543 unduplicate articles screened

428 articles were excluded by
reviewing titles and abstracts

Y

115 articles selected for review
of full-text

96 articles were excluded by
reviewing full-texts

Y

19 articles (3 in English, 16 in Chinese)
included in the meta-analysis

Figure 1. Flowchart for selection of studies
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Table II. Subgroup analyses based on RFA approach, areas in China and single nodule size between RFA

and LH
Subgroup Categories Study Patients Statistical method  Effect estimate (95% Cl)  1?(%) P-value
Postoperative local recurrence:
Total 5 583 OR (M-H, Fixed) 2.71(1.84-3.99) 39.0 < 0.0001
RFA approach:
LRFA 1 69 OR (M-H, Fixed) 1.67 (0.14-19.29) - 0.682
PRFA 3 396 OR (M-H, Fixed) 2.05 (1.30-3.23) 0.0 0.002
Mixed 1 118 OR (M-H, Fixed) 6.77 (3.01-15.23) - < 0.0001
Areas:
East 1 18 OR (M-H, Fixed) 6.77 (3.01-15.23) - < 0.0001
Mid-west 4 465 OR (M-H, Fixed) 2.04 (1.3-3.19) 0.0 0.002
Overall survival:
Total 1y 7 759 OR (M-H, Fixed) 0.93 (0.51-1.69) 0.0 0.809
3-y 7 759 OR (M-H, Fixed) 0.62 (0.44-0.87) 10.0 0.006
Single nodule:
<5cm 1y 4 479 OR (M-H, Fixed) 0.96 (0.40-2.31) 0.0 0.929
3y 4 479 OR (M-H, Fixed) 0.56 (0.36-0.86) 410 0.008
<3cm 1y 3 280 OR (M-H, Fixed) 0.90 (0.40-2.04) 0.0 0.805
3-y 3 280 OR (M-H, Fixed) 0.73 (0.42-1.29) 0.0 0.278
RFA approach:
LRFA 1y 1 87 OR (M-H, Fixed) 1.43 (0.23-9.0) - 0.704
3-y 1 87 OR (M-H, Fixed) 0.98 (0.42-2.31) - 0.964
PRFA 1y 5 554 OR (M-H, Fixed) 0.81(0.41-1.61) 0.0 0.556
3y 5 554 OR (M-H, Fixed) 0.58 (0.38-0.87) 240 0.009
Mixed 1y 1 118 OR (M-H, Fixed) 1.53 (0.25-9.49) - 0.649
3-y 1 118 OR (M-H, Fixed) 0.48 (0.18-1.3) - 0.146
Areas:
East 1y 3 266 OR (M-H, Fixed) 1.02 (0.35-3.02) 0.0 0.966
3y 3 266 OR (M-H, Fixed) 0.52 (0.3-0.91) 60.0 0.022
Mid-west 1y 4 493 OR (M-H, Fixed) 0.89 (0.43-1.83) 0.0 0.750
Disease-free survival:
Total 1y 6 662 OR (M-H, Fixed) 0.57(0.40-0.83) 43.0 0.003
3-y 6 662 OR (M-H, Fixed) 0.41(0.30-0.57) 59.0 < 0.0001
Single nodule:
<5cm 1y 4 479 OR (M-H, Fixed) 0.68 (0.44-1.06) 20.0 0.089
3-y 4 479 OR (M-H, Fixed) 0.46 (0.32-0.66) 31.0 < 0.0001
<3cm 1-y 2 183 OR (M-H, Random) 0.43 (0.11-1.60) 70.0 0.208
3y 2 183 OR (M-H, Random) 0.37 (0.07-1.95) 85.0 0.24
RFA approach:
LRFA 1y 1 87 OR (M-H, Fixed) 0.91 (0.34-2.48) - 0.86
3-y 1 87 OR (M-H, Fixed) 0.85 (0.36-1.99) - 0.708
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Table Il. Cont.
Subgroup Categories Study Patients Statistical method  Effect estimate (95% CI)  1?(%) P-value
PRFA 1-y 4 457 OR (M-H, Fixed) 0.67 (0.43-1.05) 17.0 0.08
3-y 4 457 OR (M-H, Fixed) 0.44 (0.31-0.65) 24.0 < 0.0001
Mixed 1y 1 118 OR (M-H, Fixed) 0.23 (0.09-0.57) - 0.002
3-y 1 118 OR (M-H, Fixed) 0.16 (0.07-0.36) - < 0.0001
Areas:
East 1-y 3 266 OR (M-H, Fixed) 0.44 (0.24-0.78) 51.0 0.005
3-y 3 266 OR (M-H, Random) 0.31(0.11-0.91) 76.0 0.032
Mid-west 1y 3 396 OR (M-H, Fixed) 0.69 (0.43-1.12) 42.0 0.133
3-y 3 396 OR (M-H, Fixed) 0.49 (0.33-0.74) 0.0 < 0.001
1-y - I-year, 3-y — 3-year, LRFA — laparoscopic, PRFA — percutaneous, OR — odds ratio, M-H — Mantel-Haenszel method.
Study Experimental Control 0dds ratio OR 95% Cl
Events  Total Events  Total
Subgroup = 1-y overall survival rates
Lai C, 2016 30 33 27 28 = 0.37 (0.04-3.78)
Song JX, 2015 75 78 75 78 1.00  (0.20-5.11)
Song JX, 2017 91 94 78 81 1.17  (0.23-5.95)
Xu ZJ, 2017 30 35 26 30 0.92 (0.22-3.80)
Cui HX, 2019 42 49 43 48 —.—— 0.70 (0.21-2.37)
Zhou SX, 2019 40 42 42 45 = 143 (0.23-9.00)
Chong CC, 2019 57 59 56 59 = 153 (0.25-9.49)
Fixed effect model 390 369 093 (0.51-1.69)
Random effects model : 094 (0.51-1.72)
Heterogeneity: 1> = 0%, 1> = 0, p = 0.97
Subgroup = 3-y overall survival rates
Lai C, 2016 17 33 24 28 —— 0.18 (0.05-0.62)
Song JX, 2015 61 78 66 78 —_— 0.65 (0.29-1.48)
Song JX, 2017 73 94 71 81 —B 049 (0.22-1.11)
Xu ZJ, 2017 27 35 24 30 0.84 (0.26-2.78)
Cui HX, 2019 33 49 33 48 0.94 (0.40-2.20)
Zhou SX, 2019 25 42 27 45 0.98 (0.42-2.31)
Chong CC, 2019 46 59 52 59 —— 0.48 (0.18-1.30)
Fixed effect model 390 369 R 0.62 (0.44-0.87)
Random effects model < 0.62 (0.43-0.90)
Heterogeneity: 1> = 10%, 1> = 0.0254, p = 0.35
[ I I |

0.1 05 1 2 10

Figure 2. Forest plot of 1-year and 3-year overall survival rates between RFA and LLR

group (OR = 2.71; 95% Cl: 1.84-3.99; p < 0.0001)

with no statistically significant heterogeneity in the

analysis (= 39%, p = 0.16) (Table II, Figure 4).
Perioperative outcomes

Postoperative complications (POC)

Seventeen of the included studies reported the
postoperative complications [25-31, 33-42]. Mark-

Videosurgery and Other Miniinvasive Techniques 3, September/2021

edly, the pooled meta-analysis showed that the
RFA-treated group had a significantly lower com-
plication than the LLR-treated group (OR = 0.28;
95% Cl: 0.21-0.37; p < 0.0001). Notably, there was
no significant statistical heterogeneity in the analy-
sis (7= 0%, p = 0.95) (Table IlI, Figure 5).
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Study Experimental Control 0dds ratio OR 95% Cl
Events  Total Events Total
Subgroup = 1-y DFS survival rates
Lai C, 2016 25 33 24 28 _ L 0.52 (0.14-1.96)
Song JX, 2015 51 78 64 78 —.— 0.41 (0.20-0.87)
Song JX, 2017 78 94 66 81 1.11 (0.51-2.41)
Xu ZJ, 2017 26 35 23 30 £ 0.88 (0.28-2.74)
Zhou SX, 2019 32 42 35 45 091 (0.34-2.48)
Chong CC, 2019 35 59 51 59 —.— 0.23 (0.09-0.57)
Fixed effect model 341 321 - 0.57 (0.40-0.83)
Random effects model e 0.59 (0.35-0.98)
Heterogeneity: /> = 43%, 1> = 0.1757, p = 0.12
Subgroup = 3-y DFS survival rates
Lai C, 2016 9 33 18 28 —B— 0.21 (0.07-0.62)
Song JX, 2015 29 78 47 78 e 0.39 (0.20-0.74)
Song JX, 2017 38 94 47 81 e — 0.49 (0.27-0.90)
Xu ZJ, 2017 13 35 12 30 :lj 0.89 (0.33-2.41)
Zhou SX, 2019 17 42 20 45 0.85 (0.36-1.99)
Chong CC, 2019 15 59 40 59 R 0.16 (0.07-0.36)
Fixed effect model 341 321 o 0.41 (0.30-0.57)
Random effects model - 0.41 (0.25-0.69)
Heterogeneity: /* = 59%, 12 = 0.2318, p = 0.03
[ I I |
0.1 05 1 2 10
Figure 3. Forest plot of 1-year and 3-year disease-free survival rates between RFA and LLR
Study Experimental Control 0dds ratio OR 95% ClI Weight Weight
Events Total Events Total (fixed) (%) (random) (%)
Song JX, 2015 17 78 9 78 1—=— 2.14 (0.89-5.14) 22.1 223
Song JX, 2017 51 94 29 81 + 2.13 (1.16-3.91) 44.8 31.9
Xu ZJ, 2017 12 35 7 30 = 1.71 (0.57-5.13) 15.6 16.8
Chong CC, 2019 45 59 19 59 —— 6.77 (3.01-15.23) 14.2 24.4
Fan XK, 2018 2 38 1 31 1.67 (0.14-19.29) 3.3 4.5
Fixed effect model 304 279 2.71 (1.84-3.99) 100.0 -
Random effects model < 2.69 (1.56-4.64) - 100.0
Heterogeneity: I = 39%, 12 = 0.1449, p = 0.16 -
[ I I ]
0.1 05 1 2 10

Figure 4. Forest plot of postoperative local recurrence between RFA and LLR

Operation times (OT)

Moreover, eleven studies reported and be pooled
the operation times [25-29, 32, 33, 36-38, 43]. The
pooled meta-analysis showed that the RFA-treated
group had significantly shorter operation times than
the LLR-treated group (SMD = -2.80; 95% Cl: -3.41-
—-2.20; p < 0.0001). Otherwise, a higher statistical
heterogeneity was found in the analysis (1> = 92%,
p < 0.01) and a random-effect model was performed
(Table Ill, Figure 5).
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Blood loss (BL) and transfusion (TR)

Eight studies reported blood loss [25-29, 32, 33,
43] and four studies reported transfusion during
the operation [25-27, 33]. The pooled meta-analy-
sis showed that the RFA-treated group had signifi-
cantly lower blood loss and transfusion rate than
the LLR-treated group (SMD = -3.57; 95% Cl: —4.67—
—2.46; p < 0.0001; OR = 0.08; 95% Cl: 0.02-0.37; p =
0.001, respectively). However, there was higher sig-
nificant heterogeneity in pooled blood loss analysis
(I?=97%, p < 0.01); but no heterogeneity in transfu-
sion rate (/= 0%, p = 0.88) (Table Ill, Figure 5).
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Table lll. Meta-analyses of perioperative indicators between RFA versus LH

Categories Study Patients Statistical method Effect estimate 12 (%) P-value
(95% CI)
Perioperative index:
Postoperative complications: 17 1867 OR (M-H, Fixed) 0.28 (0.21-0.37) 0.0 < 0.0001
RFA approach:
LRFA 3 228 OR (M-H, Fixed) 0.31(0.14-0.67) 0.0 0.002
PRFA 13 1521 OR (M-H, Fixed) 0.27 (0.20-0.38) 0.0 < 0.0001
Mixed 1 18 OR (M—H, Fixed) 0.32 (0.03-3.19) - 0332
Areas:
East 7 769 OR (M-H, Fixed) 0.31(0.19-0.51) 0.0 < 0.0001
Mid-west 10 1098 OR (M-H, Fixed) 0.26 (0.18-0.38) 0.0 < 0.0001
Operation time: 11 1078 SMD (I-V, Random) -2.8 (-3.41--2.20) 92.0 < 0.0001
RFA approach:
LRFA 2 148 SMD (I-V, Random) ~ —4.63 (=7.24— —2.03) 93.0 < 0.001
PRFA 9 930 SMD (I-V, Random) —2.46 (-3.02—-1.89) 90.0 < 0.0001
Areas:
East 3 233 SMD (I-V, Random) —2.19 (-3.99—--0.95) 95.0 0.0014
Mid-west 8 845 SMD (I-V, Random) —-2.93 (-3.62—-2.24) 92.0 < 0.0001
Blood loss: 8 817 SMD (I-V, Random)  —3.57 (-4.67——-2.46) 96.0 < 0.0001
RFA approach:
LRFA 2 148 SMD (I-V, Random) -5.06 (-7.06—-3.06) 88.0 < 0.0001
PRFA 6 669 SMD (I-V, Random) —3.07 (-4.19--1.94) 96.0 < 0.0001
Areas:
Fast 2 163 SMD (I-V, Random) ~ —2.91 (-5.47-—0.34) 97.0 0.026
Mid-west 6 654 SMD (I-V, Random) —3.80 (-5.17—--2.44) 97.0 < 0.0001
Transfusion rate: 4 671 OR (M-H, Fixed) 0.08 (0.02-0.37) 0.0 0.001
RFA approach:
LRFA 1 79 OR (M—-H, Fixed) 0.07 (0.01-0.60) - 0.015
PRFA 3 391 OR (M=H, Fixed) 0.09 (0.01-0.82) 0.0 0.032
Areas:
East 1 61 OR (M—H, Fixed) 0.09 (0.01-0.82) - 0.032
Mid-west 3 410 OR (M—H, Fixed) 0.07 (0.01-0.60) 0.0 0.015
Hospitalization duration: 13 1348 SMD (I-V, Random)  -1.68 (-2.07--1.30) 89.0 < 0.0001
RFA approach:
LRFA 2 166 SMD (I-V, Fixed) -1.37 (-1.71--1.03) 0.0 < 0.0001
PRFA 10 1064 SMD (I-V, Random) -1.57 (-2.28--1.26) 92.0 < 0.0001
Mixed 1 118 SMD (I-V, Fixed) ~1.51 (-1.02— -1.10) - < 0.0001
Areas:
Fast 5 438 SMD (I-V, Random)  -1.31 (-1.66——0.96) 64.0 < 0.0001
Mid-west 8 910 SMD (I-V, Random) -1.94 (-2.52—-1.35) 93.0 < 0.0001
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Table IlI. Cont.
Categories Study Patients Statistical method Effect estimate 12 (%) P-value
(95% CI)
Overall response rate: 6 630 OR (M-H, Random) 2.09 (0.98-4.45) 60.0 0.056
RFA approach:
LRFA 2 148 OR (M-H, Fixed) 0.99 (0.41-2.44) 0.0 0.988
PRFA 4 482 OR (M-H, Random) 2.96 (1.09-8.04) 68.0 0.033
Areas:
East 3 385 OR (M-H, Fixed) 4.68 (2.31-9.44) 0.0 < 0.0001
Mid-west 3 245 OR (M-H, Fixed) 0.97 (0.53-1.77) 0.0 0.915
Postoperative liver function (1-m):
ALT 9 841 SMD (I-V, Random) -0.52 (-1.1-0.07) 94.0 0.081
AST 9 841 SMD (-V, Random)  —1.42 (-2.35--0.49) 97.0 0.003
TBIL 4 344 SMD (I-V, Random) -0.09 (-0.53-0.35) 75.0 0.685
ALB 2 134 SMD (I-V, Random) 1.11 (0.03-2.2) 88.0 0.044
AFP 3 296 SMD (I-V, Random) 0.28 (-0.09-0.64) 58.0 0.137
SMD — standardized mean difference, OR — odds ratio, |-V — inverse variance method, M-H — Mantel-Haenszel method, 1-m — 1 month.
POC
Study Experimental Control Odds ratio OR (95% CI) Weight Weight
Events Total Events Total (fixed) (%) (random) (%)
Lai C, 2016 8 33 7 28 — 0.96 (0.30-3.09) 3.1 6.5
Song JX, 2015 8 78 22 78 —'.— 0.29 (0.12-0.70) 10.8 11.4
Song JX, 2017 10 94 30 81 e 0.20 (0.09-0.45) 15.8 14.1
Xu ZJ, 2017 5 35 8 30 —E—I—— 0.46 (0.13-1.59) 4.0 5.7
He RQ, 2016 1 38 2 41 —_— 0.53 (0.05-6.06) 1.0 1.5
Wang XW, 2017 5 65 16 61 —a— 0.23 (0.08-0.69) 8.3 7.7
Cui HX, 2019 4 49 11 48 + 0.30 (0.09-1.02) 5.6 5.9
Zhou SX, 2019 6 42 17 45 —— 0.27 (0.10-0.79) 7.7 8.0
Zheng XW, 2019 4 60 14 60 —— 0.31 (0.09-1.13) 4.8 5.3
Ma W, 2018 4 31 10 31 —il— 0.23 (0.07-0.76) 7.1 6.4
Su N, 2019 1 42 8 42 — 0.10 (0.01-0.87) 4.3 2.0
Wang YJ, 2018 3 35 10 35 —‘I— 0.23 (0.06-0.94) 5.0 4.6
Wang X, 2018 3 40 11 40 —E— 0.21 (0.05-0.84) 5.6 4.8
Zhao J, 2018 5 66 14 68 —— 0.32 (0.11-0.94) 7.0 7.6
Zhang HY, 2019 3 80 12 60 —I—i— 0.16 (0.04-0.58) 7.2 5.1
LiuT, 2016 1 107 2 106 * — 0.49 (0.04-5.49) 1.1 1.5
Chong CC, 2019 1 59 3 59 — T 0.32 (0.03-3.19) 1.6 1.7
Fixed effect model 954 913 + 0.28 (0.21-0.37) 100 -
Random effects model < 0.28 (0.21-0.38) - 100.0
Heterogeneity: I = 0%, 12 = 0, p = 0.95
01 051 2 10

Figure 5. Forest plot of perioperative outcomes between RFA and LLR

Hospitalization duration (HD)

Thirteen studies compared the hospitaliza-
tion duration between the RFA-treated group and
LLR-treated group [25-31, 33, 36-38, 40, 43]. The
pooled results suggested that the RFA group had
significantly shorter hospitalization time than the
LLR group (SMD = -1.68; 95% Cl: —2.07- -1.30; p <
0.0001). Also, there was significant heterogeneity in
our analysis (/7= 89%, p < 0.01) (Table IIl, Figure 5).
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Overall response rate

Six studies reported the curative effect of patients
[29, 32, 33, 38, 42, 43]. Our pooled results suggested
that the RFA-treated group had a significantly high-
er overall response rate than the LLR-treated group
(OR =2.09; 95% Cl: 0.98-4.45; p = 0.056). Moreover,
significant heterogeneity was found in our analysis
(7= 60%, p = 0.03) (Table Ill, Figure 5).
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oT
Study Experimental Control Standardised SMD 95% Cl Weight Weight
Total Mean SD Total Mean SD mean difference (fixed) (random)
(%) (%)
Song JX, 2015 78 2230 4.2000 78 195.70 86.9000 (=3.25,-2.36) 13.9 9.6
Song JX, 2017 94 11.10 8.3000 81 191.10 81.8000 (-3.65,-2.75) 13.6 9.5
Xu ZJ), 2017 35 53.89 16.2500 30 128.57 39.1200 §—3.20, —1.87; 6.3 9.0
Lai C, 2016 33 43.70 8.5000 28 120.50 33.2000 -4.03,-2.47 4.5 8.6
He RQ, 2016 38 51.22 8.9100 41 126.41 29.7000 (-4.04,-2.65) 57 8.9
Cui HX, 2019 49 5470 15.4400 48 127.60 30.0900 (-3.62,-2.44) 79 9.2
Song CG, 2018 51 5229 7.1200 51 123.38 30.9000 §—3.73, —2.56; 8.0 9.2
Fan XK, 2018 38 54.60 7.8000 31 142.40 19.8000 —=— -7.14,-4.87 2.1 7.5
Ma W, 2018 60 41.20 143000 60 101.2041.3000 (-2.36,-1.49) 14.6 9.6
SuN, 2019 42 4334 13,5100 42 62.13 15.3100 (-1.76,-0.82) 12.4 9.5
Wang V), 2018 35 45.02 10.1200 35  62.14 20.2400 (-1.56,-0.56) 10.9 9.4
Fixed effect model 553 525 (-2.67,-2.33) 100.0 -
Random effects model (-3.41,-2.20) - 100.0
Heterogeneity: /2 = 92%, 12 = 0.9534, p < 0.01 '6
BL
Study Experimental Control Standardised SMD 95% Cl Weight Weight
Total Mean SD Total Mean SD mean difference (fixed) (random)
(%) (%)
Xu ZJ, 2017 35 7.29 2.8000 30 115.33 68.7700 L 3 -2.29 (-2.92,-1.65) 9.2 12.7
Lai C, 2016 33 1490 10.7000 28 340.00 295.2000 = -1.61 (-2.19,-1.02) 10.9 12.8
He RQ, 2016 38 19.80 9.6000 41 327.60103.1200 = -4.08 (-4.87,-3.30) 6.0 12.4
Song JX, 2017 94 32.00 19.5800 94 200.00 150.5800 = -1.56 (-1.89,-1.23) 346 13.1
Song JX, 2015 78 22.00 12.0800 78 205.00 139.7300 [+ -1.84 (-2.21,-1.46) 26.3 13.1
Cui HX, 2019 49 20.60 6.4000 48 113.20 16.1000 —=— ! -7.53 (-8.68,-6.38) 2.8 11.6
Song CG, 2018 51 21.10 9.0500 51 319.87 98.8900 - -4.22 (-4.93,-3.52) 7.4 12.6
Fan XK, 2018 38 24.20 8.6000 31 118.30 20.6000 —— ! -6.12 (-7.28,-4.97) 2.8 11.6
Fixed effect model 416 401 ° -2.35 (-2.54,-2.15) 100.0 -
Random effects model < -3.57 (-4.67,-2.46) - 100.0
Heterogeneity: 2 = 97%, 1% = 2.3904, p < 0.01 5 0 5
TR
Study Experimental Control 0Odds ratio OR (95% ClI) Weight Weight
Events Total Events Total (fixed) (%) (random) (%)
Lai C, 2016 1 33 0 78 —-— 0.09 (0.01-0.82) 41.6 48.5
Song JX, 2015 0 78 0 78 ! 0.0 0.0
Song JX, 2017 0 94 0 81 i 0.0 0.0
He RQ, 2016 1 38 11 41 —-— 0.07 (0.01-0.60) 58.4 51.5
1
1
Fixed effect model 243 228 * 0.08 (0.02-0.37) 100 -
Random effects model —— 0.08 (0.02-0.37) - 100.0
Heterogeneity: 2= 0%, 12 = 0, p = 0.88 I I I |
0.01 0.1 1 10 100
HD
Study Experimental Control Standardised SMD 95% Cl Weight Weight
Total Mean SD Total Mean SD mean difference (fixed) (random)
(%) (%)
Song JX, 2015 78 10.00 3.7000 78 15.00 2.2200 E 3 -1.63 (-1.99;-1.27) 11.8 8.1
Song JX, 2017 94 11.90 7.1000 81 1590 4.4000 s -0.66 (-0.97;-0.36) 16.7 8.3
Xu ZJ, 2017 35 1.86 0.8100 30 5.50 1.5500 —=— || -2.98 (-3.70;-2.26) 3.0 6.7
Lai C, 2016 33 6.30 6.9000 28 10.40 4.5000 | -0.68 (-1.20;-0.16) 5.8 7.5
He RQ, 2016 38 6.21 2.3100 41 11.30 4.2100 -1.47 (-1.97;-0.97) 6.2 7.6
Cui HX, 2019 49 4.40 0.7000 48  6.70 1.4100 : -2.06 (-2.55;-1.56) 6.4 7.6
Song CG, 2018 51 6.04 2.3000 51 12.01 4.0400 —li- -1.80 (-2.27;-1.34) 7.3 7.8
Zhou SX, 2019 42 6.70 1.1000 45 8.20 1.2000 TI.— -1.29 (-1.75;-0.83) 7.2 7.8
Ma W, 2018 60 2.00 0.5000 60 520 1.3000—#— ! -3.23 (-3.78;-2.68) 5.2 7.4
SuN, 2019 42 8.67 1.3400 42 10.62 1.2500 —=— -1.49 (-1.98;-1.01) 6.6 7.7
Wang V), 2018 35 6.25 1.2100 35 8.62 2.5200 S -1.19 (-1.70;-0.68) 6.0 7.6
Zhao J, 2018 66 5.40 1.0000 68 820 1.5000 - -2.18 (-2.61;-1.75) 8.4 7.9
Chong CC, 2019 59 2.70 1.3000 59 4.60 1.2000 -1.51 (-1.92;-1.10) 9.3 8.0
Fixed effect model 682 666 -1.54 (-1.67;-1.42) 100.0 -
Random effects model -1.68 (-2.07;-1.30) - 100.0
Heterogeneity: 2 = 89%, 12 = 0.4431, p < 0.01 '1 '2 '3
Figure 5. Cont.
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ORR
Study Experimental Control Odds ratio OR (95% Cl) Weight Weight
Events Total Events Total (fixed) (%) (random) (%)
He RQ, 2016 34 38 35 41 1.46 (0.38; 5.62) 11.9 14.9
Cui HX, 2019 30 49 30 48 0.95 (0.42; 2.15) 39.5 21.3
Song CG, 2018 46 51 39 51 2.83(0.92; 8.74) 12.8 17.4
Fan XK, 2018 30 38 26 31 0.72 (0.21; 2.48) 20.3 16.2
Wang V), 2018 33 35 23 35 8.61 (1.76; 42.16) 4.4 12.6
LiuT, 2016 103 107 88 106 5.27 (1.72; 16.15) 111 17.5
Fixed effect model 318 312 2.02 (1.31; 3.12) 100.0 -
Random effects model 2.09 (0.98; 4.45) - 100.0

Heterogeneity: /> = 60%, 12 = 0.5243, p = 0.03
Figure 5. Cont.

Postoperative liver function index

In the analysis, nine studies reported ALT and
AST levels of postoperative 1 month [28, 30, 32, 34,
36-39, 41], four reported TBIL levels [28, 32, 38, 41],
three reported AFP levels [30, 32, 41] and two report-
ed ALB level [28, 32]. However, there was statistically
significant heterogeneity among the pooled analy-
ses in postoperative liver function indexes (/2> 50%,
p < 0.05). Markedly, the pooled meta-analyses by the
random-effect model showed that the RFA-treated
group had a significantly lower AST level and higher
ALB level than the LLR-treated group (SMD = -1.42;
95% Cl: =2.35- -0.49; p = 0.003; SMD = 1.11;
95% Cl: 0.03-2.2; p = 0.044, respectively), and no
significant differences in ALT, TBIL and AFP levels be-
tween RFA and LLR groups (Table Il1).

Subgroup analysis

Subgroup analyses of perioperative outcomes
were performed based on the RFA approach and ar-
eas of studies in China. The results showed that there
were significant differences in all perioperative out-
comes between the RFA group and LLR group, and the
same effect as the overall pooled results (Table I11).

Subgroup analyses of the local recurrence rate
were performed based on the RFA approach and
areas of studies in China under median follow-up
time. The results showed that for laparoscopic ra-
diofrequency ablation (LRFA) treatment approach,
no significant difference was found in the local re-
currence rate between the two groups. However, the
percutaneous radiofrequency ablation (PRFA) group
had a significantly higher local recurrence rate than
the LLR group (OR = 2.05; 95% Cl: 1.30-3.23; p =
0.002). The results showed that for areas in China,
the RFA group had significantly higher local recur-
rence rates than the LLR group both in the east and
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mid-west of China (OR = 6.77; 95% Cl: 3.01-15.23;
p < 0.0001; OR = 2.04; 95% Cl: 1.30-3.19; p = 0.002,
respectively) (Table II).

Subgroup analyses of OS and DFS rates based on
the single nodule size, RFA approach treatment and
study areas in China were performed. The results
showed that there was no significant difference
in 1-year OS and DFS rates between RFA and LLR
groups in patients with single nodule size < 5 c¢cm.
However, the RFA group had significantly lower
3-year OS and DFS rates than the LLR group with
single nodule size <5 cm (OR = 0.56; 95% Cl: 0.36—
0.86; p = 0.008; OR = 0.46; 95% Cl: 0.32-0.66; p <
0.0001, respectively). There were no significant dif-
ferences in OS and DFS rates between RFA and LLR
groups in patients with single nodule size <3 cm or
using the LRFA approach. Moreover, using the PRFA
approach, no significant differences were observed
in 1-year OS and DFS rates between groups; how-
ever, the PRFA group had significantly lower 3-year
OS and DFS rates than the LLR group (OR = 0.58;
95% Cl: 0.38-0.87; p = 0.009; OR = 0.44; 95% Cl:
0.31-0.65; p < 0.0001, respectively). Our results based
on study areas in China showed that for eastern Chi-
na, there was no significant difference in 1-year OS
rate between RFA and LLR groups; but the RFA group
had significantly lower 3-year OS and DFS rates than
the LLR group. For mid-western China, there were no
significant differences in 1-year OS and DFS rates be-
tween groups; however, the RFA group had a signifi-
cantly lower 3-year DFS rate than the LLR group (OR =
0.49; 95% Cl: 0.33-0.74; p < 0.0001) (Table II).

Sensitivity analysis and publication bias

The sensitivity analyses of the above comparisons
confirmed the stability of our results, and did not find
any study that statistically significantly affected the

Videosurgery and Other Miniinvasive Techniques 3, September/2021
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pooled ORs or SMDs in either group. No publication
bias was detected by funnel plot for the comparison
of outcomes in the meta-analysis (Figures 6-8).

Discussion

To the best of our knowledge, our study is the
first comprehensive meta-analysis to evaluate the
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efficacy of RFA versus LLR for hepatocellular carcino-
ma in China. The present meta-analysis found that
HCC patients treated with LLR had significantly high-
er 3-year OS and 1 to 3-year DFS rates compared to
those treated with RFA, but there was no significant
difference in 1-year OS rate between the two groups.
Meanwhile, the LLR-treated group had a significant-

B

Figure 6. Funnel plot of 1-y (A) and 3-y (B) overall survival rates
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Figure 7. Funnel plot of 1-y (A) and 3-y (B) DFS rates
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Figure 8. Funnel plot of postoperative compli-
cations

ly lower local recurrence rate during the median fol-
low-up period. However, the RFA-treated group out-
performed the LLR-treated group in terms of fewer
complications, higher overall response rate, shorter
operation time, less blood loss, lower transfusion
rate and shorter hospitalization duration. In addi-
tion, this study found that the RFA group had lower
AST and higher ALB levels of liver function compared
to the LLR group, with no significant differences in
other liver function indicators.

In recent years, advances in laparoscopic instru-
ments and techniques have made LLR safe and feasi-
ble [44, 45]. There is growing evidence that the long-
term clinical outcomes of LLR for HCC are similar to
those of the open approach [46, 47]. However, LLR
is not feasible in all cases. LLR is mainly indicated
for tumors located in the peripheral portion of the
anterolateral liver segments (segments 2, 3, 5 and 6,
and the inferior part of segment 4 according to the
classification of Couinaud) and easily accessible le-
sions [48]. In addition, LLR for lesions located in the
posterior or superior region of the liver (segments
1, 7, and 8, and the superior part of segment 4)
is considered to be technically challenging due to
the difficulty in controlling bleeding and limited vi-
sualization [49]. Moreover, LLR is considered the first
line choice for small HCC if feasible, even in cirrhotic
cases, as the curative effect is comparable to that of
open surgery [50].
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RFA is a target-selective, minimally invasive tech-
nique, which is useful in the local control of HCC.
Over the years, the indications for RFA have greatly
expanded due to developments in artificial hydro-
thorax, imaging-guided localization, and probes. RFA
can be carried out under conscious sedation and is
associated with much less intraoperative blood loss,
shorter hospitalization, and minor perioperative
complications [51]. In addition, RFA can be repeated
subsequently and acts as an effective supplemen-
tary therapy without causing much damage to the
cirrhotic liver. However, development of local recur-
rence at the RFA treatment site is frequent. Due to
this drawback, the long-term survival outcomes of
RFA are inferior to LLR. Additionally, the lower 3-year
DFS and OS of RFA may be due to the following
reasons: First, patients who underwent RFA were
not eligible for surgery because of inadequate liver
functional reserve, multiple tumors, or poor health
conditions. These factors can independently lead
to lower 3-year survival. Second, LLR allows better
pathological evaluation and in-depth intraoperative
exploration, which are not possible with RFA. Third,
RFA patients are more likely to have local recurrence
due to incomplete ablation of the lesion or the heat
sink effect [52]. However, the underlying molecular
mechanisms responsible for the higher recurrence
rate and lower survival outcome with RFA remain to
be determined.

Our subgroup analyses showed that RFA and LLR
had a similar effect on 1 to 3-year OS and DFS rates
in HCC patients with single nodules of size lower
than 3 cm and 1-year OS and DFS rates with single
nodules of size lower than 5 cm. According to the
RFA approach’s advantages, RFA treatments would
be the reliable choice for patients with single nod-
ules size lower than 3-5 cm. That is consistent with
previous studies [13, 20]. The LLR-treated group had
significantly higher 3-year OS and DFS rates than the
PRFA group, and showed a similar effect on survival
rate and 1-year DFS rate as the LRFA group only in-
cluding 1 study with 87 patients. Moreover, previous
studies have already proven that the LRFA treatment
was superior to the PRFA in severe liver disease [53].

Studies performed in eastern China showed sig-
nificantly higher 3-year OS and 1 to 3-year DFS rates
in the LLR group compared to those treated with
RFA, but no significant difference in 1-year OS rate
between the two groups. However, the LLR group in
those performed in mid-west China only had a sig-
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nificantly higher 3-year DFS rate than the RFA group.
This may be due to the association of health care
and economic factors with cancer survival [54].
The socioeconomic conditions in China (especially
in eastern China) have changed rapidly in the past
decade and health care had been improved by in-
creasing insurance coverage and access to care [55],
which facilitated the modification of health behav-
jors and quality of life among cancer survivors.
Hepatocellular carcinoma is common in China,
and this is the first comprehensive meta-analy-
sis assessing the clinical effects of RFA versus LLR
treatments in China. There was no or low hetero-
geneity for most observed clinical outcomes in the
meta-analysis and subgroup analyses reduced the
potential bias between groups. Sensitivity analyses
revealed that the pooled results are reliable and sta-
ble. Nonetheless, the meta-analysis has some limita-
tions. First, our analysis included a limited number of
quality studies, and all of the included studies were
retrospective. Randomized controlled trials (RCTs)
are difficult to perform because of patient baseline
characteristics, choice of procedure, and tumor sta-
tus. In addition, RFA in the original studies includ-
ed both percutaneous RFA (PRFA) and laparoscopic
RFA (LRFA), which might have impacted the pooled
results. Though subgroup analyses were performed
by the RFA approach, the results should be treated
with caution, as there was only included 1 study on
survival outcomes of 87 patients who underwent
LRFA treatments. Lastly, there was variation in the
palliative methods used during the 3-year follow-up
among the studies, including chemotherapy, Tradi-
tional Chinese Medicine, and others, that may have
affected the clinical outcomes. Traditional Chinese
Medicine (TCM) has been used for prevention and
treatment of HCC, which is the more widely used
form of complementary and alternative medicine in
modern China and achieved curative effects. Even
though western medicine and treatment are the
main treatment strategies of HCC, the poor progno-
sis outcomes suggest that prevention is important
for HCC. TCM is based on empirically accumulated
knowledge, including a theoretical system and Chi-
nese herbal medicine with abundant therapeutic
resources, but the principle of TCM actually is pre-
ventative treatment. TCM theory suggests that yin
and yang disequilibrium and vital gi (energy) defi-
ciency are related to cancers, and the key of TCM
theory is etiology according to the whole condition
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to study cancer syndromes. TCM treatments for HCC
include removing blood stasis, regulating flow of qi
and strengthening the spleen or clearing heat and
detoxifying [56].

Conclusions

The findings suggest that patients with small
HCC in China who underwent RFA treatments had
lower DFS and 3-year OS rates and higher local re-
currence rates than LLR treatments, although with
better preoperative clinical outcomes and liver
function improvement. Similar effects on OS and
DFS rates exist in patients with single nodules less
than 3 c¢m in size between the two groups. Future
high-quality prospective studies are required to vali-
date the findings of this meta-analysis.
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