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Background: This article compared the efficacy and safety of repeat
hepatectomy (RH) and radiofrequency ablation (RFA) for the treatment of
recurrent hepatocellular carcinoma (RHCC) from multiple perspectives.

Methods: We systematically searched PubMed, Embase, Web of Science, and
CNKI from January 2008 to December 2023. We collected all relevant articles
and assessed the quality of the data. We analyzed the data for the primary
outcomes of overall survival (OS) and disease-free survival (DFS), and secondary
outcomes of postoperative complications, recurrence rate, and survival benefit.
Subgroup analyses were performed for tumor diameter, patient origin, and
publication date.

Results: A total of 38 studies were included, comprising 5,339 patients. OS was
similar in both groups (HR: 0.92, 95% CI: 0.84-1.00, P=0.04, Z=2.02), whereas
DFS was better in the RH compared with the RFA group (HR: 0.80, 95% CI: 0.75-
0.86, P<0.00001, Z=6.15). The incidence of major complications was lower in the
RFA compared with the RH group (OR: 5.06, 95% Cl: 3.29-7.81, P<0.00001,
Z=7.35), but the postoperative recurrence rate was better in the RH compared
with the RFA group. There was no significant difference in postoperative mortality
between the two groups, but hospital stay was longer in the RH compared with
the RFA group. In subgroup analyses, both OS and DFS were superior in the RH
compared with the RFA group among patients with tumors <3 cm diameter with
no significant difference in the >3 cm-diameter group. There was no significant
difference in OS between the two groups among Chinese or non-Chinse
patients; however, DFS was higher in the RH compared with the RFA group
among Chinese and non-Chinese patients. There was no significant difference in
OS between the two groups in studies published pre-2015 or post-2015 group;
however, DFS was superior in the RH compared with the RFA group for both pre-
2015 and post-2015 studies.
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Conclusion: RH may be the first-choice treatment considering the long-term
prognosis of patients with RHCC; RFA may be a better alternative in terms of
postoperative and economic factors. RH is associated with a better prognosis in
patients with tumors <3 cm in diameter.

recurrent hepatocellular carcinoma, repeat hepatectomy, radiofrequency ablation,
meta-analysis, systematic review

1 Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of
cancer-related deaths worldwide (1)and the main cause of death
from cirrhosis of the liver (2). Despite recent improvements in
diagnostic methods and therapeutic options for HCC, its prognosis
remains poor, and recurrence is a clinical problem in up to 70% of
all patients receiving radical treatment (3). There is still no clear
strategy for preventing recurrence, and identifying suitable
treatment plans for managing recurrent HCC (RHCC) is thus a
high priority. There are various clinical treatment options for
RHCC, including salvage liver transplantation, repeat
hepatectomy (RH), radiofrequency ablation (RFA), and
transarterial chemoembolization (TACE). Among these
treatments, salvage liver transplantation is often considered the
most effective therapy because it removes both the malignant lesion
and the underlying liver disease; however, its implementation has
been limited by donor shortages (4), and RH and RFA have thus
become the main treatment options for RHCC. The choice between
RH and RFA for RHCC remains controversial, and the conclusions
of the nine previously published papers varied (5-13). In terms of
long-term survival, four papers concluded that RH was superior to
RFA (6, 10-12), four concluded that RH and RFA were equivalent
in terms of effectiveness (5, 7, 9, 13), and one concluded that RFA
was superior to RH under the Milan criteria (8). Despite numerous
studies in the past few years, there is still no consensus, possibly
because of the small sample sizes. We therefore conducted a meta-
analysis of the relevant literature published in the last 15 years to
compare the superiority of RH versus RFA for the treatment
of RHCC.

2 Methods
2.1 Search strategy

In this meta-analysis, we systematically searched for articles on
the effectiveness of RH and RFA for the treatment of RHCC from
January 2008 to December 2023 using the PubMed, Embase, Web of
Science, and CKNI databases. A combination of Boolean operators’
Medical Subject Headings (MeSH) terms and non-MeSH terms was
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used in PubMed. The search results were filtered according to the full
text and appropriate articles were selected according to the following
inclusion and exclusion criteria: (“Carcinoma,hepatocellular”[MeSH
Terms]) OR (Carcinomas,Hepatocellular[All Fields]) OR
(Hepatocellular Carcinomas[All Fields]) OR (Liver Cell Carcinoma,
Adult[All Fields]) OR (Liver Cancer,Adult[All Fields]) OR (Adult
Liver Cancer[All Fields]) OR (Adult Liver Cancers[All Fields]) OR
(Cancer,Adult Liver [All Fields]) OR (Cancers,Adult Liver [All
Fields]) OR (Liver Cancers,Adult[All Fields]) OR (Liver Cell
Carcinomal[All Fields]) OR (Carcinoma,Liver Cell[All Fields]) OR
(Carcinomas,Liver Cell[All Fields]) OR (Cell Carcinoma,Liver[All
Fields]) OR (Cell Carcinomas,Liver[All Fields]) OR (Liver Cell
Carcinomas[All Fields]) OR (Hepatocellular Carcinoma[All Fields])
OR (Hepatoma[All Fields]) OR (Hepatomas[All Fields] AND
“Recurrence”[MeSH Terms]) OR (Recurrences[All Fields]) OR
(Recrudescence[All Fields]) OR (Relapse[All Fields]) OR (Relapses
[All Fields] AND “Radiofrequency Ablation”[MeSH Terms]) OR
(Ablation,Radiofrequency[All Fields]) OR (Radio Frequency
Ablation[All Fields]) OR (Ablation,Radio Frequency[All Fields])
OR (Radio-Frequency Ablation[All Fields]) OR (Ablation,Radio-
Frequency[All Fields] AND “Hepatectomy”[MeSH Terms]) OR
(Hepatectomies[All Fields]) OR (Liver Resection[All Fields])
OR (Hepatic Resection[All Fields]) OR (Liver Surgery[All Fields])
OR (Hemihepatectomy[All Fields]). Finally, we also searched
relevant cited references in the retrieved articles to identify other
eligible articles.

2.2 Eligibility criteria

Inclusion criteria: i) Types of articles included randomized
controlled trials (RCTs), cohort trials (prospective studies,
retrospective studies), and case-control trials; ii). comparison of
RHR and RFA (including microwave ablation versus
radiofrequency ablation) for the treatment of RHCC must be
included in the study, even if there is a third treatment modality,
such as TACE; iii) patients diagnosed with RHCC according to the
European Association for the Study of the Liver’s diagnostic criteria
for HCC (3); iv) first treatment for HCC must be radical (including
surgical resection as well as ablation); v) study subjects were patients
with first recurrence of HCG; vi) at least 10 patients included in the
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intervention and control groups; vii) RHCC had no macrovascular
invasion visible to the naked eye and no extrahepatic distant
metastases; viii) outcomes should include at least one objective
assessment (overall survival [OS], disease-free survival [DFS],
complications, mortality, recurrence rate, and days of
hospitalization; and ix) language of the article restricted to
English or Chinese.

Exclusion criteria: i) Other liver tumors (non-HCC); ii) non-
first recurrence of HCC (22 times); iii) missing or lost postoperative
follow-up results; iv) received other treatments prior to receiving
RHR or RFA; v) multiple duplicate articles published by the same
author with the same data; and vi) articles with no raw data
(comments, conference proceedings, letters, replies, reviews,
meta-analysis) and non-human experiments.

2.3 Data extraction

The following data were extracted from the full text of the
included articles: baseline status (first author, year of publication,
type of study, number of experimental subjects in the intervention
versus control group, sex, age, proportion of hepatitis B surface
antigen-positive subjects, number of hepatitis C virus-positive
subjects, size of recurrent tumors, number of tumors, Child-Pugh
classification, alpha-fetoprotein [AFP], proportion of cirrhosis,
duration of follow up, and interval to recurrence), objective
outcome indicators (1-/3-/5-year OS, 1-/3-/5-year DFS,
complications, days of hospitalization, mortality, postoperative
recurrence rate, intraoperative blood loss, and cost of surgery).

2.4 Quality assessment

The Newcastle-Ottawa Scale (NOS) is commonly used to assess
the quality of included cohort studies (14). The NOS scale consists
of three parts: selection, comparability, and outcome. Selection
includes representativeness of exposure, representativeness of
non-exposed, determination of exposure and outcome not present
at start. Comparability includes comparability of most important
factors and comparability of other risk factors. Outcome includes
assessment of outcome, acceptable length of follow-up, and
adequacy of follow-up. The table assesses the treatment of the
included articles numerically, with each item potentially scoring 1
point and a total possible score of 9 points. A score >7 is considered
to indicate a high-quality article and a score <6 is considered a low-
quality article. The scores are shown in Table 1. (This table was
mainly used to evaluate the quality criteria of cohort studies and was
not included in the relevant randomized controlled trials).

2.5 Outcomes and definitions

We categorized the major objective outcome indicators into
primary and secondary outcomes. The primary outcomes were OS
(1-/3-/5-year) and DEFS (1-/3-/5-year). OS was defined as the time
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from the start of randomization (or the start of treatment in a
single-arm trial) to death from any cause, and from the start of the
first recurrence of HCC in patients undergoing RH or RFA to the
time of death or loss to follow-up. DFS was defined as the time from
the start of randomization (or the start of treatment in a single-arm
trial) to disease recurrence or death from any cause, and from the
start of the first recurrence of HCC to the second recurrence of the
disease or death from the disease. The secondary outcomes included
hospital days, postoperative complications, postoperative
recurrence rate, and mortality rate. Length of hospital stay was
defined as the time from the beginning of the patient’s admission to
hospital with RHCC for RH or RFA until the time of cure and
discharge from the hospital. Complications were categorized using
the Clavien-Dindo scale (15). Postoperative recurrence rate was
defined as the proportion of patients with RHCC who had a second
recurrence after RH or RFA during the effective follow-up period.
Mortality was defined as the proportion of patients with RHCC who
died from the disease after RH or RFA.

2.6 Statistical analysis and
heterogeneity testing

This meta-analysis was performed using Review Manager version
5.3 software provided by the Cochrane Collaboration (16). A forest
plot was generated to visualize the results. The two main outcome
metrics of 1-, 3-, and 5-year OS and DFS, respectively, were extracted
directly from the original literature, or for the few cases where data
were not provided in the paper, we extracted survival data via the
Kaplan-Meier survival curves provided in the text using the method
provided by Tierney et al. (17). Because this meta-analysis included
studies that used propensity score matching, the extracted survival
data comprised the original data prior to propensity score matching.
Hazard ratios (HRs) with 95% confidence intervals (CIs) were
calculated for the analysis of outcomes for OS and DFS, days of
hospitalization were analyzed using standardized mean differences
(SMD), and odds ratios (ORs) with 95% CIs were used to compare
the secondary outcomes of major complications, postoperative
recurrence rates, and mortality. Finally, an effects model (fixed/
randomized) was used to generate overall effect sizes and 95% Cls
to analyze the differences between the two groups. We also explored
the heterogeneity between the outcome indicators using the > test
and 12 statistic,c, A P value <0.05 was considered statistically
significant. An 12 <50% suggested that the difference between the
two groups was too small to be compared using a fixed-effect model,
and an I2 >50% was considered to indicate significant variability, and
a random-effects model was used. The overall effect pooled for each
group was ultimately determined by Z-test, with P<0.05 indicating a
significant result.

2.7 Publication bias

We assessed the likelihood of publication bias using funnel plots
(18): asymmetric, plots indicated publication bias, which could be
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TABLE 1 Results of quality assessment by Newcastle-Ottawa Scale.
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related to publication bias or to factors such as clinical or
methodological heterogeneity among studies. We therefore also
assessed the presence of publication bias using the trim and fill
method, Egger regression test, and Begg test (19).

3 Results

3.1 Study selection and clinical
baseline characteristics

In this meta-analysis, we retrieved a total of 8,373 relevant
articles through the major databases, which resulted in 5,767 articles
after excluding 2,606 duplicates. Thirty-eight eligible articles were
finally included after screening the article contents (title, abstract,
article type) (20-23). The search process is presented in Figure 1.

The 38 studies were published from 2008 to 2023 and included a
total of 5,339 patients (RH group: 2,254; RFA group: 3,085) Twenty-six
groups of patients were from China (including Taiwan and Hong
Kong) (9, 20-22, 24-45), six from Japan (46-51), two from Korea (52,
53), one from Singapore (23), one from USA (54), one from Germany
(55), and one from Switzerland (56). There were two RCTs (30, 38)and
most of the rest were cohort studies. Thirty-five articles recorded OS
rates (20, 23), 25 recorded DFS rates (9, 20, 22, 23, 25, 27, 30-33, 35, 36,
38, 40, 41, 43, 45-47, 49, 50, 52-55), 19 reported the associated
complications (9, 20, 22, 25, 29-32, 34-36, 38, 40, 41, 45, 47, 53, 55,
56), 15 reported postoperative recurrence rates (20, 22, 28, 30, 31, 34,
35, 38, 41, 45, 47, 49, 52-54), nine recorded information on the
number of days of hospitalization (22-24, 30, 32, 34, 36, 47, 54), and
seven reported postoperative mortality (20, 23, 24, 32, 43, 47, 54).
Notably, 13 publications reported the initial or secondary surgical
approach (open or laparoscopic) for patients with RHCC (20, 24, 25,
28,30, 32, 34, 35, 38, 41, 45, 53, 55), which included both RH and RFA,
while 14 papers documented the type of RH (anatomical and non-
anatomical resection) (9, 22, 25, 30-32, 37, 39, 40, 46, 47, 49, 51, 55).

The clinical baseline information for the included studies is
presented in Table 2. There was no significant difference between
the RH and RFA groups in terms of sex, but patients in the RFA
group were generally older than those in the RH group and had
more and larger recurrent nodules, whereas the RH group was
slightly superior to the RFA group in terms of hepatic
functional reserve.

3.2 Primary outcomes

3.210S

Relevant OS information was extracted from 35 studies (5,054
patients; RH group: 2,116; RFA group: 2,938). There was no
significant difference in OS between the two groups (HR:0.92,
95% CI: 0.84-1.00, P=0.04, Z=2.02) (Figure 2), and no
heterogeneity in the analysis of OS as a whole (I2 = 0%, P=0.51).
A total of eight studies documented median OS (9, 23, 25, 33, 38, 45,
55, 56), which ranged from 32.22 to 85.50 months in the RH group
and from 27.25 to 77 months in the RFA group. We also analyzed
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Flow chart for article screening.

the 1-, 3-, and 5-year OS rates (Table 3). The 28 included studies
showed no significant difference between the RH and RFA groups
in terms of 1-year OS (OR: 0.91, 95% CI: 0.74-0.92, p=0.37, Z=0.9
and 12 = 3%), 3-year OS (OR: 1.13, 95% CI: 0.99-1.29, P=0.07,
7Z=1.82, 12 = 38%), or 5-year OS (OR: 1.05, 95% CI: 0.81-1.34,
P=0.72, Z=0.36, 12 = 70%). The results of this analysis are shown in
bubble plots in Figure 3A.

3.2.2 DFS

DEFS data for 3,971 patients were summarized from 25 studies,
including 1,656 patients in the RH group and 2,315 in the RFA group.
Patients in the RH group had better DFS than those in RFA group
(HR: 0.80, 95% CI: 0.75-0.86, P<0.00001, Z=6.15) (Figure 4). Eight
studies (23, 25, 33, 38, 45, 46, 52, 55) recorded median DFS with
similar results (RH: 13.2-45.4; RFA: 15.2-28.8). Based on 19 relevant
studies, DFS was superior in the RH group compared with the RFA
group at 1 year (OR: 1.53, 95% CI: 1.30-1.80, P<0.00001, Z=5.18,12 =
45%), 3 years (OR: 1.47, 95% CI: 1.25-1.71, P<0.00001, Z=4.81, 12 =
0%), and 5 years (OR: 1.64, 95% CI: 1.38-1.95, P<0.00001, Z=5.6,12 =
28%). The results are shown in bubble plots in Figure 3B.

3.3 Secondary outcomes
3.3.1 Main postoperative complications

A total of 19 studies (RH group: 1,303; RFA group: 1,891)
reported major postoperative complications (9, 20, 22, 25, 29-32,

Frontiers in Oncology

34-36, 38, 40, 41, 45, 47, 53, 55, 56). The RFA group had fewer
major complications than the RH group (OR: 5.06, 95% CI: 3.29-
7.81, P<0.00001, Z=7.35) (Figure 5). The heterogeneity between the
two groups was too large (I2 = 53%, P=0.003) to be suitable for a
fixed-effects model and a random-effects model was required.

3.3.2 Postoperative recurrence rate and mortality

In this study, a total of 15 relevant studies (RH group: 1,078;
RFA group: 1,695) reported postoperative recurrence (20, 22, 28, 30,
31, 34, 35, 38, 41, 45, 47, 49, 52-54) (Figure 6). The postoperative
recurrence rate was lower in the RH group compared with the RFA
group (OR: 0.67, 95% CI: 0.51-0.89, P=0.005, Z=2.82). In terms of
postoperative mortality (Figure 7), we pooled data for 840 patients
from seven relevant studies (RH group: 377 patients; RFA group:
463 patients) (20, 23, 24, 32, 43, 47, 54). There was no significant
difference between the two groups (OR: 1.62, 95% CI: 0.80-3.32,
P=0.18, Z=1.33).

3.3.3 Cost-effectiveness

Considering the patients' economic situations, we analyzed days
of hospitalization and the cost of hospitalization. Nine studies (RH
group: 518 patients; RFA group: 711 patients) were analyzed in terms
of days of hospitalization (Figure 8) (22-24, 30, 32, 34, 36, 47, 54) and
showed that RFA was superior to RH (SMD: 4.09, 95% CI: 2.64-5.55,
P<0.00001, Z=5.52). Hospitalization expenditure was analyzed in two
studies: Duan et al (24). (RH group: 26,150.66 + 7,923.69 yuan; RFA
group: 21,135.00 + 1,156.76 yuan) and Xiao et al (39). (RH group:
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(36-80) M:64.4/35.6 (1-197,122) (83-112) (1.0-88.5)
56.3 + 0+18 <3/>3:96.0/ 32+ 239 + 158
Ho 2012 China RHR RFA 54 55 Retrospective 74178 12.3 61.0 72.2 54 17 25 23 ; 1'9 4.0 <3/ 51/2/1 50/0/0 NR NR 48.1 56 19.75 27 2'0 ; 29'
+11.1 T >3:90.0/10.0 +24 -
(Continued)
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TABLE 2 Continued

First
author

Year

Country

Treatment

Number

Research
type

Gender
(M, %)

Recurrent
Tumor
size (cm)

Tumor
number (%)

Child-Pugh
class (A/
B/C)

AFP
(ng/ml)%

Liver
Cirrhosis (%)

Follow-
up
time
(month)

Time
interval-
recurrence
(month %)

. . 60 = 17 40+2 S/IM:59/41 S/ 39 £2721
Eisele 2013 Germany RHR RFA 2727 Retrospective | 55.6 74.1 68 + 7 NR NR 811 28+ 1.1 M:56/44 27/0/0 19/8/0 NR NR 37 82 3421 +17
<100/
>100:59.3/ 32 (9-
96.3 NR 32 1 S/IM:92.6/7.4 36 £19 30
Zhang T 2014 China RHR RFA 27 39 Retrospective NR NR 47 52 / / 27/0/0 37/2/0 40.7 <100/ NR NR 118) 28
94.9 NR 27 +11 S/M:94.9/5.1 +20
>100:79.5/ (2-79)
20.5
67.2 + 26.1 3.17 £2.38 23+1412 508.2 + 1575 28.7 & 19.0 + 18.0
Imai 2014 Japan RHR RFA 2327 Retrospective = 78.3 66.7 9.571.0 11 14 22 178 + 0.5 +06 23/0/0 21/6/0 022.8 + 4464 NR NR 29.3 353 212 + 261
+77 +254
<200/ (306;
52.5 + >200:84.6/ -~ 20.9 (3.1-
22+1.1 S/M:82/18 S 39/0/0 172 126.6
Song 2015 Korea RHR RFA 39178 Retrospective 79 81.5 9.8 55.4 92 83.7 112 17 6 /M'SS//17 / / 2/0 / 15.4 <200/ 5973 44 7) 136.3) 18.0
+10.6 o . >200:92.1/ (5.6 (3.1-118.4)
79 139.8)
<20/
50.2 = S/M:69.5/ >20:56.2/
4 A 15.1 + 10.
Wang 2015 China RHR RFA 128 162 Cohort 88.391.4 10.1 52.7 93 87.7 EE 23 g? 30.5 S/ gggggi 43.8 <20/ 51.6 NR NR NR li 1+ lg:
+10.9 o M:66.0/34.0 >20:52.5/ o
47.5
. . 50.54 <20/ 42.850 <12/
+ .
Zhang 2015 China RHR RFA 2523 Retrospective 88 + 10.848 88 NR 2.78 £ 1.26 S/M:78/22 49/1/0 520:58/42 NR + 22282 S12:44/56
<400/
<
>§§.2//9 2214107 | S/M:80/20 S/ >400:53.3/
Huang 2015 China RHR RFA 1511 Cohort 60 72.7 ) 80 81.8 10 o | 14/1/0 5/6/0 46.7 <400/ NR NR NR NR NR NR
<50/ 2.68 + 1.31 M:63.6/36.4
550:6/5 >400:54.5/
’ 45.5
63 (37- 1.9 (0.8-3.0) SIM:95/5 S/ 23 (3-290) 26 (4-126)
201 hi HR RFA 4 i 4 4 2022 LT ‘ 1 ) 4 -
Sun 017 China RHR R 357 Retrospective 79 67 84) 65 9 56 0 1.8 (1.0-3.0) M:96/4 35/1/7 50/0/7 67 (2-817) 83 88 53 5 14 (1-86)
(31-84)
68 (54- NR 5/0/NR 13/ 5 (2-16846)
Joliat 2017 = Switzerland =~ RHR RFA 10 18 Retrospective 80 72.2 75) 64 NA NA NR NR NR NR 50 88.9 NR NR NR NR
NR 3/NR 6 (2-129)
(62-68)
<200/
S/M:58.3/ >200:45.8/ 36.9 (2-
2 26 £ 1.1 A/NA/NA
Chen S 2018 China RHR RFA 48 57 Retrospective NR NR 73.573.7 ;z 9 34 265 41 ;5 41.7 S/ EA;EA;EA 54.2 <200/ 85.4 86.0 78) 37.3 NR NR
. D M:52.6/47.4 >200:52.6/ (2-78)
47.4
(Continued)
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TABLE 2 Continued

- Follow- Time
First Research Gender L Tumor SOl AFP Liver up interval-
Year  Country  Treatment Number . Tumor o class (A/ o : o .
author type (M, %) : number (%) (ng/ml)% Cirrhosis (%) time recurrence
size (cm) B/C) o
(month) (month %)
S/M:91.23/
71.93 92.98 NR 167.97 35 (6-60
Yin 2019 China RHR RFA 57 51 Retrospective 57 60 3226 8.77 S/ 55/2/0 46/5/0 68.42 58.82 ( ) 29 24
60.78 94.12 NR 266.32 37 (7-60)
M:94.12/5.88
<200/
<60 <12,
(72.7%) 100 <5/>5:72.7/ S/M:45.5/ >200:54.5/ >12'72/7/
Xiao 2019 China RHR RFA 11 24 Retrospective 90.9 75 <'600 875 00 27.3 <5/ 545§/ 11/0/0 24/0/0 45.5 <200/ NR NR NR NR 27 3' <1'2/
- : 5:95.8/4.2 M:45.8/54.2 200:66.7 o
(79.2%) >595.8/ / z / >12:95.8/4.2
333
<.
<60 >4?)gf]606/ 2/ 57 (2
9 <3: 9 :60.. - i
Chen K 2019 China RHR RFA 77 82 Retrospective = 84.4 87.8 (©7%) 909 NR <3: (39%) NR NR 76/1/0 77/5/0 33.8 <400/ 74 61 168) 51 20 2-171) 9
<60 97.6 NR <3: (77%) (1-75)
>400:92.7/ (4-111)
(61%)
7.3
437.108 £
. . 94.9 NR 2.09 + 0.68 S/M:94.9/5.1 1221.208
Liu JL 2019 China RHR RFA 39 41 RCT 97.4 90.2 50.0 48.9 002 NR 1.82 + 0.82 S/M:95.1/4.9 38/1/0 39/2/0 1087.159 94.9 95.1 24 24 334219
+ 6272.428
<20/ <24/
50.1 = S/M:81.2/ >20:68.8/ >24:39.1/
Lu 2020 China RHR RFA 138 194 Retrospective | 89.9 88.7 10.9 52.9 2213; i? ?2 1'3 18.8 S/ 138/%//% 194/ 31.2 <20/ 69.6 69.1 NR NR 60.9 <24/
+11.8 ’ ’ o M:83.5/16.5 >20:63.4/ >24:65.5/
36.6 345
524 éf;_
(25.7- S/M:80.0/ ’ 29.5 (5.0-
NR 2.9 (1.0-5.0 120/0/0 120, 90.6
Xia 2020 China RHR RFA 120 120 RCT 89.290.8 | 60.5) 53.5 = NRNR NR 27 El 0-4 8; 20.0 S/ /0//0 / NR NR 41.7 45.8 44 3) 79.7) 26.3
(28.0- AT M:78.3/21.7 ( 4'3 (4.6-61.6)
599) 90.6)
S/M:75.8/
1. .0 (2.5-4. 182 12:79.
Feng 2020 China RHR RFA 48 48 Retrospective = 84.8 90.1 56.0 57.9 919 04 3025-40) 242 'S/ 96/3/0 182/ NR NR 60.6 66.0 NR NR ” o8
90.0 2.2 (1.5-3.0) 9/0 >12:55.5
M:63.4/36.6
53 (19- 3.6 (1.0- 11.3 (1.0- 64 (4-
77.8 'M:100/0 NR/NR/NR 22 (2-63) 18
Kim 2020 Korea RHR RFA 45171 Retrospective = 91.1 80.1 72) 56 319 08 21.0) 3.5 514.99 4//0 GS/ Nﬁ/jNﬁllNR 13509.8) 4.9 NR NR 113) 60 21 85;
(24-80) : (1.0-15.9) R (1.0-3199.0) (6-115)
. . NR NR/NR/NR
Satio 2020 Japan RHR RFA 17 26 Retrospective NR NR NR NR NR NR NR NR NR NR NR NR/NR/NR NR NR NR NR NR NR NR NR
67.7 + SIM:73.5/
+
Yan K 2020 China RHR RFA 3422 Retrospective | 58.8 72.7 4.7 68.4 47.1 NR 38207 26.5 S/ 28/6/0 19/3/0 NR NR 41.1 50.0 NR NR 117:£20
59.1 NR 39+0.6 114 +£23
+ 6.6 M:68.2/31.8
(Continued)
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TABLE 2 Continued

- Follow- Time
First Research Gender L Tumor SOl AFP Liver up interval-
Year  Country  Treatment = Number o Tumor o class (A/ o . o .
author type (M, %) : number (%) (ng/ml)% Cirrhosis (%) time recurrence
size (cm) B/C) o
(month) (month %)
S/IM:94.6/5.4 26.1 (9.1-
Chua 2021 | Singapore = RHR RFA 92 127 Retrospective = 85.9 81.9 60 63 Z; 116 2(2) 8;:22; S/ 89/31/20/ 01 1/ 117 1 ((45-15753) 52.2 69 NR NR 126.5) 16.2
i ’ - M:72.4/27.6 (7.8-78.0)
<45/ (37160 <12/
>45:28.6/ NR <3/3-5:94.3/ S/M:85.7/ 61' 0) >12:54.3/
Wei 2021 China RHR RFA 80 46 Retrospective NR NR 71.4 <45/ | NRNR NR 5.7 <3/3- 143 S/ 80/0/0 46/0/0 NR NR NR NR 31' 0 45.7 <12/
>45:14.3/ 5:91.4/8.6 M:68.6/31.4 @ 6_ >12:60.0/
85.7 61.0) 40.0
<60/ <12/
>60:217/ <3/23:44.0/ SIM:74.6/ 54 (1- >12:26.1/
Zhong 2021 China RHR RFA 307 540 Retrospective | 79.8 89.3 90 <60/ Zzg Ei 56.0 <3/ 254 'S/ 300/17;(/)0523/ NR NR 58.6 56.3 178) 49.3 73.9 <12/
>60:356/ : >3:78.7/21.3 M:75.6/24.4 (1-156) >12:46.9/
184 53.1
432 <36/>36:4.3/
X 30.4 1.8 (1.0-2.6) SIM:69.6/ (1.2-150) 95.7 <36/
Matsumoto 2021 Japan RHR RFA 2311 Retrospective | 87.0 100 66 67 182 96 18 (0.7-2.5) 30.4 S/ 20/3/0 8/3/0 NR NR 69.6 54.5 432 236:36.4/
M:72.7/27.3 (1.2-150) 63.6
47.00 41.53
(40.00- (2.4-
2.20 (1.40- S/M:86.1/ 6.60 (2.58- o
Wang 2023 China RHR RFA 79 189 Retrospective = 89.9 89.4 5553%%) ng 25 2.90) 1.40 139§/ 1775;};3;/};1; 67.27) 7.53 73.477.2 li(?:? 21(5%69{;))
! . K .70
(43.00- (1.20-1.90) M:91.0/9.0 (3.00-68.90) (1.83-
61.00) 119.57)
55.00
<200/ <12/
(18.00- 1/2/3:74.7/
<3/>3:60.8/ >200:62.0/ >12:58.2/
Peng Z 2018 China RHR RFA 79 107 Retrospective | 84.8 88.8 75.00) L1 NR 39.2 <3/ 16.5/8.9 172/ NR/NR/NR 38.0 <200/ NR NR NR NR 41.8 <12/
57.00 91.6 NR 3:70.1/ NR/NR/NR
>3:68.2/31.8 >200:50.5/ >12:53.3/
(19.00- 22.4/7.5 495 46.7
75.00) ’ ’
<25/ <12/
>25:25.0/ >12:54.2/
+ . 16 = 0.
Liang 2011 China RHR RFA 7279 Retrospective = 90.3 87.3 sl 958 NR 216 £0.10 NR NR 70/2/0 73/6/0 75.0 NR NR NR NR 45.8 <12/
49 £ 12 92.4 NR 2.46 + 0.09
<25>25:17.7/ >12:46.8/
82.3 53.2
<3/3-5/
>5:47.8/
42.0/10.1 4/1 1
Zhang H 2013 China RHR RFA 69 99 Retrospective NR NR NR NR 61 76 NR 0710 NR NR SH15/0 71/ NR NR NR NR NR NR 15 14
NR <3/3-5/ 28/0
>5:56.6/
37.4/6.1
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Fixed. 95% CI 1V, Fixed. 95% CI
Chan 2012 -0.1985 0.2524 2.9% 0.82[0.50, 1.34] I
Chen K 2019 0.2546 0.2374 3.3% 1.29[0.81, 2.05] I
Chen S 2018 -0.1508 0.247 3.0% 0.86[0.53, 1.40] /1
Chua 2021 -0.1165 0.1525 7.9% 0.89[0.66, 1.20] -
Eisele 2013 -0.1165 0.2942 2.1% 0.89[0.50, 1.58] -
Feng 2020 0.3075 0.3175 1.8% 1.36[0.73, 2.53] T
Hirokawa 2011 0.47 1.0871 0.2% 1.60[0.19, 13.47]
Ho 2012 0.5481 0.4544 0.9% 1.73[0.71, 4.22] T
Huang 2015 -0.0834 0.4931 0.8% 0.92[0.35, 2.42] - 1
Imai 2014 -0.3567 0.5462 0.6% 0.70[0.24, 2.04] - 1
Joliat 2017 1.0578 1.1211 0.1% 2.88[0.32, 25.92]
Karabulut 2011 -0.1278 0.1546 7.7% 0.88[0.65, 1.19] -1
Kawano Y 2009 0.47 0.2993 2.1% 1.60[0.89, 2.88] T
Kim 2020 -0.1985 0.2131 41% 0.82[0.54, 1.25] T
Liang 2008 -0.0619 0.2376 3.3% 0.94[0.59, 1.50] T
Liang H 2011 0.2927 0.2568 2.8% 1.34[0.81,2.22] T
Liu JL 2019 -0.6539 0.6695 0.4% 0.52[0.14, 1.93] I
Lu 2020 -0.755 0.1961 4.8% 0.47[0.32, 0.69] -
Matsumoto 2021 -0.4943 0.7509 0.3% 0.61[0.14, 2.66] —
Peng Z 2018 0.0392 0.2168 3.9% 1.04[0.68, 1.59] -1
Ren 2008 -0.0408 0.1759 6.0% 0.96 [0.68, 1.36] 1
Satio 2020 0 0.4549 0.9% 1.00[0.41, 2.44] -1
Shen 2008 -0.1744 0.2855 2.3% 0.84[0.48, 1.47] /1
Song 2015 -0.1165 0.421 1.0% 0.89[0.39, 2.03] - 1
Sun 2017 -0.0619 0.5341 0.6% 0.94[0.33, 2.68] - 1
Umeda 2011 0.0198 0.3537 1.5% 1.02[0.51, 2.04] I
Wang 2015 -0.3711 0.1959 4.8% 0.69[0.47, 1.01] ]
Wang 2023 0.1133 0.3357 1.6% 1.12[0.58, 2.16] -
Wei 2021 0.1398 0.3857 1.2% 1.15[0.54, 2.45] -1
Xia 2020 -0.2614 0.181 5.6% 0.77[0.54, 1.10] T
Xiao 2019 0.6471 0.9277 0.2% 1.91[0.31, 11.77] |
Yin 2019 -0.0408 0.2149 4.0% 0.96 [0.63, 1.46] -1
Zhang 2015 -0.9416 0.6944 0.4% 0.39[0.10, 1.52] I
Zhang T 2014 0.0392 0.4274 1.0% 1.04[0.45, 2.40] ]
Zhong 2021 -0.0101 0.1087 15.6%  0.99[0.80, 1.23] T
Total (95% CI) 100.0% 0.92[0.84, 1.00] ¢
Heterogeneity: Chi? = 33.19, df = 34 (P = 0.51); 12 = 0% 0_65 sz : 5 2’0

Test for overall effect: Z = 2.02 (P = 0.04) Favours [RHR] Favours [RFA]

FIGURE 2
Forest plot for the comparison of hazard ratios and 95% confidence intervals (Cl) for overall survival (OS).

TABLE 3 Subgroup Analysis of Overall Survival and Disease Free Survival.

Subgroup NO. of Studies | RHR RFA Total Statistical Method Effect Estimate Z

(O

1-year 28 1871 2530 | 4401 Odds Ratio (M-H, Fixed, 95% CI) | 091 [0.74, 1.12] 0.9 3% | p=0.37
3-year 28 1914 2689 | 4603 | Odds Ratio (M-H, Fixed, 95% CI) = 1.13[0.99, 1.29] 1.82 38%  p=0.07
5-year 29 1978 2636 | 4614 | Odds Ratio (M-H, Fixed, 95% CI) = 1.05 [0.81, 1.34] 036 70%  p=0.72
DFS

1-year 19 1270 1702 | 2972 | Odds Ratio (M-H, Fixed, 95% CI) = 1.53 [1.30, 1.80] 5.18 45% | p<0.00001
3-year 19 1276 1832 3108 | Odds Ratio (M-H, Fixed, 95% CI) | 1.47 [1.25, 1.71] 4.81 0%  p<0.00001
5-year 19 1323 1753 | 3076 | Odds Ratio (M-H, Fixed, 95% CI) = 1.64 [1.38, 1.95] 5.6 28%  p<0.00001

$7537.48 [6418.66, 8825.05]; RFA group: $3964.15 [2938.22, 3.4 Su bg roup ana[ysis

4774.56]). There was insufficient data to construct a forest plot for

overall analysis, but spending was significantly less in the RFA group We conducted subgroup analyses in terms of tumor size, patient
compared with the RH group, in accordance with five previous  origin, and date of publication (before and after 2015). Patients were
studies (35, 41, 56-58). divided into two groups based on tumor size (with a 3-cm cutoff). In
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Bubble plots of 1-,3-, and 5-year survival of patients with recurrent hepatocellular carcinoma after RH or RFA. (A) Overall Survival, (B) Disease-

Free Survival.

Hazard Ratio

Hazard Ratio

_Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% Cl 1V, Fixed, 95% Cl|
Chan 2012 -0.1863 0.1741  42% 0.83[0.59, 1.17] -T
Chen S 2018 -0.1985 02324 23% 0.82[0.52, 1.29] -
Chua 2021 -0.5447 02433  21% 0.58[0.36, 0.93] -
Eisele 2013 -0.4308 02739 1.7% 0.65[0.38, 1.11] —

Feng 2020 0.1044 0.1866  3.6%  1.11[0.77, 1.60] T
Hirokawa 2011 0.4947 20415  0.0% 1.64[0.03, 89.65]

Huang 2015 -0.0943 0.5494 0.4% 0.91[0.31, 2.67] —
Imai 2014 -0.1625 05314 04% 0.85[0.30, 2.41] — T
Karabulut 2011 20.0943 0.1195 8.8% 0.91[0.72, 1.15] -
Kim 2020 202107 02069 2.9% 0.81[0.54, 1.22] -

Liu JL 2019 05798 04115 0.7% 0.56[0.25, 1.25] —

Lu 2020 06162 02513 2.0% 0.54[0.33, 0.88] -
Matsumoto 2021 07133 0.3642 0.9% 0.49[0.24, 1.00] ]
Peng Z 2018 0.1625 0.1528 54% 0.85[0.63, 1.15] =T
Ren 2008 -0.5108 0.1356  6.8% 0.60 [0.46, 0.78] -

Satio 2020 05276 0.5781 0.4% 0.59[0.19, 1.83] I
Song 2015 0.0488 0.2688 1.7%  1.05[0.62, 1.78] -
Sun 2017 -0.0619 0.1961 3.3% 0.94[0.64, 1.38] -
Wang 2023 -0.1985 0.1594 5.0% 0.82[0.60, 1.12] -

Wei 2021 -0.1508 0.2189  2.6% 0.86[0.56, 1.32] -
Xia 2020 -0.2357 0.1577  5.1% 0.79[0.58, 1.08] 7

Yan K 2020 0.6575 0.3406 1.1%  1.93[0.99, 3.76] —
Yin 2019 -0.1393 02069 2.9% 0.87[0.58, 1.31] -
Zhang T 2014 04155 02817 1.6% 0.66[0.38, 1.15] -7
Zhong 2021 -0.2231 0.0609 33.9% 0.80[0.71,0.90] u
Total (95% Cl) 100.0% 0.80 [0.75, 0.86] '
Heterogeneity: Chi? = 25.89, df = 24 (P = 0.36); 12 = 7% 0'6 ] of ] : 1’0 ] (’)0

Test for overall effect: Z =6.15 (P < 0.00001)

FIGURE 4
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Forest plot for comparison of hazard ratios and 95%Cls for disease-free survival (DFS).

terms of OS, 16 studies provided data for patients with tumors <
3cm (Additional File 1 Supplementary Figure S1) (20, 22, 26, 27,
29-31, 33, 35-38, 44, 46, 49, 53), which showed that the RH group
was superior to the RFA group (HR: 0.84, 95% CI: 0.73-0.96,
P=0.01, Z=2.53). Three studies included data for patients with
tumors >3 c¢m in diameter (Additional File 1 Supplementary
Figure S1) (23, 52, 54), but there was no significant difference
between the groups (HR: 0.87, 95% CI: 0.72-1.05, P=0.15, Z=1.42)
and no heterogeneity between the groups (I2 = 0%, P=0.95).
Regarding DFS, 11 studies contained data for patients with
tumors <3 cm (20, 22, 27, 30, 31, 33, 35, 36, 38, 49, 53), showing
that the RH group was superior to the RFA group (HR: 0.75, 95%
CI: 0.66-0.85, P<0.00001, Z=4.57), with less heterogeneity between
the two groups (12 = 2%, P=0.42), and a fixed-effects model could be

Frontiers in Oncology

chosen (Additional File 1 Supplementary Figure S1). For tumors
>3 cm, four relevant studies (23, 40, 52, 54) showed no significant
difference (HR: 0.90, 95% CI: 0.63-1.28, P=0.55, Z=0.59), with
greater heterogeneity between the two groups (12 = 65%, P=0.04)
(Additional File 1 Supplementary Figure S1).

We also divided patients into Chinese- and non-Chinese based on
patient origin. In terms of OS (Additional File 1 Supplementary Figure
S2), there was no significant difference between the two surgical
modalities in 23 studies included in the Chinese group (HR: 0.91,
95% CI: 0.83-1.01, P=0.08, Z=1.77), in 12 studies included in the non-
Chinese group (HR: 0.92, 95% CI: 0.79-1.08, P=0.33, Z=0.98), or
overall, (HR: 0.92, 95% CI: 0.84-1.00, P=0.04, Z =2.02). Regarding
DFS (Additional File 1 Supplementary Figure S2), the RH group was
superior to the RFA group in 16 studies in the Chinese group (HR:

12 frontiersin.org
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RHR RFA Odds Ratio Odds Ratio
r r Events Total Events Total Weight M-H. Ran % Cl M-H. Random, 95% Cl
Chan 2012 3 29 1 45 2.7% 5.08 [0.50, 51.38] ]
Chen S 2018 12 48 0 57 1.9% 39.38 [2.26, 685.62]
Eisele 2013 4 27 1 27 2.8% 4.52[0.47, 43.42] ]
Feng 2020 9 48 1 48  31% 10.85[1.32, 89.39]
Imai 2014 5 23 2 27 41% 3.47 [0.60, 19.94] 1T
Joliat 2017 5 10 4 18 4.4% 3.50 [0.66, 18.49] T
Liang H 2011 26 72 10 79  8.6% 3.90[1.72, 8.85] -
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FIGURE 5

Forest plot for comparison of odds ratios for main postoperative complications.
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FIGURE 6

Forest plot for comparison of odds ratios for postoperative recurrence rate.

0.80, 95% CI: 0.74-0.87, P<0.0001, Z =5.52) in nine studies in the non-
Chinese group (HR: 0.80, 95% CI: 0.69-0.94, P=0.007, Z=2.70), and
overall (HR: 0.80, 95% CI: 0.75--0.86, P<0.00001, Z=6.15). Finally, we
compared the groups based on the date of publication. In terms of OS
(Additional File 1 Supplementary Figure S3), there was no significant
difference between the two surgical modalities in 17 studies in the pre-
2015 group (HR: 0.93, 95% CI: 0.82-1.07, P=0.31, Z=1.02), in 18
studies in the post-2015 group (HR: 0.91, 95% CI: 0.81-1.01, P=0.08,
7=1.77), or overall (HR: 0.92, 95% CI: 0.84-1.00, P=0.04, Z =2.02). In
terms of DFS (Additional File 1 Supplementary Figure S3), RH was
superior to RFA in the pre-2015 group (HR: 0.78, 95% CI: 0.68-0.89,
P=0.0003, Z=3.61), the post-2015 group (HR: 0.81, 95% CI: 0.75-0.88,
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P<0.0001, Z=5.01), and overall (HR: 0.80, 95% CI: 0.75-0.86,
P<0.00001, Z=6.15).

3.5 Publication bias assessment

The possibility of publication bias was analyzed by the inverted
funnel plot. The plot resembles a symmetric inverted funnel (the
95% CI). It is notable that in Figures 9A-D, illustrating the inverted
funnel plot analyses of OS, DFS, main postoperative complications
and postoperative recurrence rate respectively, only one study lay
outside the 95% CI axis. In Figure 9E, the inverted funnel plot
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Forest plot for comparison of days of hospitalization.
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analysis of the postoperative mortality, there was no study outside
the 95% CI axis. In Figure 9F, the inverted funnel plot analysis of the
days of hospitalization, there was a few studies outside the 95% CI
axis. We therefore conclude that there is no evidence of publication
bias in our analysis.

4 Discussion

We conducted a systematic review and meta-analysis of the
largest and most up-to-date literature to evaluate the safety and
efficacy of RH and RHA in patients with RHCC. This study
included two RCTs, which provided a high level of evidence and
thus improved the results of the study. The results showed that RH
was superior to RFA in terms of long-term prognosis (OS, DFS) in
patients with RHCC; however, RFA was superior in terms of the
incidence of major postoperative complications and was preferable
in terms of the patient's financial situation.

RHCC usually refers to tumors that reappear in the liver or
newly developed tumors in the tissues and organs around the liver.
The postoperative recurrence rate can be as high as 70% in patients
with HCC (3) and the survival rate is only 57.3% (59). Tumor
recurrence can be divided into three types according to the location:
intrahepatic recurrence, extrahepatic recurrence, and intrahepatic
with extrahepatic recurrence, with intrahepatic recurrence
accounting for up to 80% (60). The type of recurrence can also be
divided according to the origin of the tumor: recurrence
(monoclonal origin, true relapsed HCC) and reoccurrence
(polyclonal origin, second primary HCC). The former refers to
tumors arising from primary intrahepatic tumors, whereas the latter
usually refers to neoplastic tumors (61). Nevola et al. suggested that
the recurrence mechanism of HCC is related to the time of
recurrence and can be classed as early recurrence (<2 years) or
late recurrence (>2 years). Early recurrence accounts for up to 70%
of all recurrences, originating from intrahepatic dissemination of
the tumor via the portal circulation, while late recurrence is usually
caused by de novo tumor development (62). In conclusion, tumor
recurrence is an important factor affecting the long-term prognosis
of patients, and the safety, effectiveness, and radicality of the
treatment modality are key to preventing tumor recurrence.

The results of the current and previous meta-analyses suggested
that RH was superior to RFA in terms of the long-term prognosis
(OS, DFS) of patients with RHCC (6, 10-12), which might be
attributed to the ability of RH to achieve complete tumor
eradication. Based on anatomical hepatectomy, resection of the
primary tumor can also clear some microvascular invasions and
micrometastases that are undetectable during the initial treatment,
given a margin of dissection >1 cm, thus reducing postoperative
recurrence in patients with RHCC (63). RH is still the main
treatment for RHCC; however, it is necessary to observe surgical
contraindications, consider if the patients can tolerate the
procedure, and evaluate the surgical risk factors. In order to
achieve radical second surgery, the resection margins must be
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large enough to reduce the risk of recurrence. The margin is thus
a key aspect of RH influencing patient prognosis, and it is therefore
crucial to consider the margin range during the resection process.

Increasing importance has recently been paid to RFA in clinical
practice. This procedure does not require consideration of the
margins, and is mainly used in patients who cannot tolerate
surgical resection. Compared with RH, RFA has less postoperative
blood loss (9, 23, 30, 31, 47, 64, 65), shorter operation time (30, 41,
47, 55), lower operative risk, and faster recovery, which greatly
reduce hospitalization days (22-24, 30, 32, 34, 36, 47, 54) and
reduce the patient’s financial burden (24, 35, 39, 41). Because of its
less-invasive nature, RFA can be used as an alternative treatment in
patients with early RHCC. Nevertheless, RFA also has some
shortcomings. First, RFA may not be able to completely cure
some occult tumors or tumors adjacent to main vessels, thus
increasing the risk of tumor recurrence. Second, the intense
heating of the main area by RFA may cause tumor cells to scatter
around the ablation area (23) or spread to other parts of the liver via
the needle path (66, 67).

RH is generally more likely to cause postoperative symptoms
such as pulmonary atelectasis, infected fever, bile leakage, or
abdominal adhesions due to surgical maneuvers, while sub
peritoneal hematoma and pneumothorax are more common in
RFA (9). The current study showed that RFA was preferable to RH
in terms of major postoperative complications, possibly because of
the less-invasive nature of RFA. In the case of open re-excision,
abdominal adhesions greatly increase the difficulty of the operation,
thus increasing the incidence of postoperative complications and
affecting the prognosis. Laparoscopic hepatectomy, as a minimally
invasive surgery, may thus be a good alternative treatment, to
decrease postoperative complications (25, 30, 35, 41, 53).

Tumor number and diameter are known to be independent risk
factors for postoperative survival (68-70). In the present study, there
was insufficient data on tumor numbers and we therefore focused on
tumor diameter. First, we divided patients into two groups based on
tumor diameter, with 3 cm as the cutoff. Both surgical approaches
were effective in the <3 cm group, in terms of both OS and DFS, but
RH was superior to RFA group, while there was no significant
difference between the two surgical approaches in the >3 cm group.
RFA is generally considered to be a better choice for tumors <3 cm in
diameter, while RH is more suitable for those >3 cm. Surprisingly, the
current analysis drew the opposite conclusion, possibly because of the
heterogeneity of the included literature. Second, we divided studies
according to publication date, with 2015 as the cutoff, to determine if
the two surgical procedures had developed over time. There was no
significant difference in OS between the pre-2015 and post-2015
studies, but DFS was better in the RH group compared with the RFA
group, both pre-2015 and post-2015. Finally, we also divided patients
into two groups (Chinese and non-Chinese) according to their
country of origin to determine if the effects of the two treatments
differed depending on the country. There was no significant
difference between the two groups in terms of OS, but RH was
superior to RFA in terms of DFS in both the China and non-China
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groups. RH may thus play a more important role in the postoperative
long-term survival of patients with RHCC.

The prevalence of hepatitis B infection and cirrhosis, and AFP
expression were generally high in most patients at baseline,
suggesting that the recurrence of HCC may be related to these
factors. There is currently insufficient data to draw a definitive
conclusion, but it can be affirmed that early prevention and
treatment are very important for preventing the recurrence of
HCC. Meanwhile, whether RHR or RFA, postoperative combined
adjuvant therapy (e.g., targeted drugs, immunotherapy) can greatly
reduce the tumor recurrence rate, prolong patient survival, improve
the prognosis, and enhance the quality of life.

This study had some limitations. First, most of the included
studies were non-clinical trials, and there were only two RCTs.
Selection bias was thus unavoidable, and more high-quality RCT's
are needed. Second, there were some unavoidable confounding
factors which could lead to bias, such as patients having two or
more diseases or receiving more than two combination treatments,
as well as differences in surgeon proficiency. Third, the subgroup
analysis of tumor size included little data for tumors >3 cm, making
it difficult to obtain an exact result. Fourth, the data on RHCC
staging or typing were not clear enough to carry out a subgroup
analysis and provide a better treatment plan for patients. Finally,
some studies lack detailed information, as evidenced by the
numerous "NR" (not reported) entries in Table 2, which limits the
clinical applicability of the findings.

5 Conclusion

Current evidence suggests that RH is better than RFA in terms
of the long-term prognosis in patients with RHCC. In contrast
however, RFA is preferable in terms of postoperative complications,
as well as the economic burden (days of hospitalization, costs).
Considering the prognosis of patients with tumors <3 cm in
diameter, RH is more effective than RFA; however, RH and RFA
can achieve similar treatment effects in patients with tumors >3 cm.
Further high-quality studies need to be included in future meta-
analyses to allow more definite conclusions.
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for comparison of hazard ratios for DFS (diameter >3 cm).
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(A) Forest plot for comparison of hazard ratios for OS according to patient
origin. (B) Forest plot for comparison of hazard ratios for DFS according to
patient origin

SUPPLEMENTARY FIGURE 3

(A) Forest plot for comparison of hazard ratios for OS according to
publication date. (B) Forest plot for comparison of hazard ratio for DFS
according to publication date.
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