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Abstract: There are several interventional therapies that improve the

prognosis and increase the survival rate of early-stage hepatocellular

carcinoma (early-stage HCC), but it is uncertain about whether one is

superior to others, and available researches investigating the compara-

tive effects of different treatments are limited. The main objective of this

Bayesian network meta-analysis was to compare the efficacy of these

different treatment strategies for early-stage HCC and rank these

interventions for practical consideration.

We performed an electronic search of PubMed, Embase, and

Cochrane Library, and extracted data from randomized controlled trials

that compared different interventional therapies for early-stage HCC.

Direct comparison and network meta-analyses were conducted with

Aggregate Data Drug Information System software. Consistency

models were created to determine whether there was a significant

difference between any 2 therapies, and cumulative probability was

used to rank different treatments.

Twenty-one randomized controlled trials involving 2691 patients

were included. In our network meta-analysis, the combination therapy

of transcatheter arterial chemoembolization (TACE) and radiofre-

quency ablation (RFA) was associated with better 1-year survival rate,

as compared with hepatic resection alone (P< 0.05, odds ratio [OR]

0.25, 95% confidence interval [CI] 0.06–0.83), percutaneous ethanol

injection (PEI) alone (P< 0.05, OR 0.13, 95% CI 0.03–0.45), and RFA

alone (P< 0.05, OR 0.23, 95% CI 0.07–0.70). TACEþRFA had a

higher 3-year survival rate than PEI alone (P< 0.05, OR 0.32, 95% CI

0.15–0.72) and RFA alone (P< 0.05, OR 0.45, 95% CI 0.24–0.87).

And there was a statistical difference between RFAþPEI and PEI alone

(P< 0.05, OR 0.33, 95% CI 0.12–0.93) for 3-year survival rate. The

results of rank test and cumulative probability showed that

TACEþRFA ranked highest on the evaluation of 1-year, 3-year,

and 5-year survival rate.

Based on Bayesian network meta-analysis combining direct and

indirect comparisons, the combination therapy of TACE and RFA
, MD, Long Wu, MD, and Yu-Feng Yuan, PhD

Abbreviations: AASLD = American Association for the Study of

Liver Diseases, ADDIS = Aggregate Data Drug Information

System, CI = confidence interval, HCC = hepatocellular carcinoma,

HR = hepatic resection, NCCN = National Comprehensive Cancer

Network, OR = odds ratio, PEI = percutaneous ethanol injection,

RCTs = randomized controlled trials, RFA = radiofrequency

ablation, TACE = transcatheter arterial chemoembolization.

INTRODUCTION

H epatocellular carcinoma (HCC) is one of the most common
malignancies worldwide, ranking fifth among all malig-

nant tumors. According to the recent reports, it is estimated that
about 500,000 to 1,000,000 new cases are diagnosed as HCC
annually, which has the third mortality rate among cancers.1

Based on Milan criteria, the early-stage HCC is defined as a
single HCC� 5 cm in the maximum diameter or up to 3 nodules
<3 cm.2 Currently, for the treatment measures of HCC, in
addition to the conventional hepatic resection (HR) and liver
transplantation, other interventional therapies consisting of
transcatheter arterial chemoembolization (TACE), radiofre-
quency ablation (RFA), percutaneous ethanol injection (PEI),
and some combination therapies.3–5 In theory, the best treat-
ment for HCC is liver transplantation,6–8 and its role remains
fundamental for cirrhotic patients with model for end-stage liver
disease (MELD) � 15, and also for patients with early-stage
HCC, low-MELD cirrhosis, and technical impossibility to per-
form surgical resection or interventional therapies.9 Although
the match range of donor to recipient is becoming greater and
even the match between low-risk patients (patients with HCC)
and high-risk donors (older donors and/or steatosic grafts) could
be successfully realized,10 the serious shortage of donor organs
cannot be effectively relieved and the high costs extremely limit
the application of this treatment as well, which has raised the
demand for novel treatment strategies of early-stage HCC.

According to the latest studies and the National Compre-
hensive Cancer Network (NCCN) guidelines, the treatment
strategies containing HR, TACE, RFA, and PEI were effective
and recommended for the early-stage HCC.11,12 However, the
problem about the best choice is always conflicting and con-
troversial. Based on the Practice guidelines issued by the
American Association for the Study of Liver Diseases
(AASLD), RFA was recommended as the primary treatment
option for patients with early-stage HCC.13 In fact, HR is widely
accepted as curative treatment for most of the patients with
early-stage HCC, who are unwilling to receive liver transplan-
tations.4 Furthermore, a number of related studies containing
the original clinical trials and meta-analysis did not achieve a
general consensus, or even the opposite conclusions.14–17
tion of these therapeutic options, and the
ials that directly compare all available
ted a systematic review and Bayesian
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network meta-analysis comparing the efficacy of these different
treatment strategies for early-stage HCC based on existing
randomized controlled trials (RCTs) and ranking these inter-
ventions for practical consideration.

METHODS

Eligibility Criteria
All the studies met the following eligibility criteria:

patients: adults (age >18 years) with established early-stage
HCC conforming to the Milan criteria, with no history of
treatments for HCC, with removal of macroscopically visible
disease; interventional measures: established treatment strat-
egies for early-stage HCC including TACE, RFA, PEI, HR, and
their different combinations; comparators: any of the above
mentioned treatment strategy; outcome: survival rate with at
least 24 months of follow-up after the treatments.

Information Sources and Search
An electronic search was performed using PubMed,

Embase, and Cochrane Library until February 2015, of which
the search strings were based on MeSH terms, including:
‘‘transcatheter arterial chemoembolization,’’ ‘‘radiofrequency
ablation,’’ ‘‘percutaneous ethanol injection,’’ ‘‘hepatic resec-
tion,’’ ‘‘early-stage HCC,’’ and ‘‘early-stage hepatocellular
carcinoma.’’ These terms were used in different combinations.
No limitation was placed on publication status or language.

Study Selection
We included randomized clinical trials (RCTs) that com-

pared different interventional therapies for early-stage HCC.
The duration follow-up of all studies was more than 24 months,
and the outcomes we evaluated were survival rate at 1, 3, and 5
years after the treatment. The study with multiple arms was
preferred as much as possible so as to build comparative loops in
network meta-analysis.

In addition, we excluded: repeated publications; observa-
tional studies; patients with HCC that did not conform to the
Milan criteria; treatment with an adjuvant chemotherapy after the
intervention; studies were not measured by the aim outcomes of
survival rate, or the results were reported incompletely.

Data Collection and Quality Assessment
Two reviewers independently extracted the data from each

original publication including first author’s name, year of
publication, number of patients, patients’ characteristics, fol-
low-up duration, and outcomes. Missing information was esti-
mated according to the Cochrane Handbook and was requested
from the authors of original studies if necessary. Discrepancies
between the 2 reviewers were resolved by discussion and
consensus. The Cochrane risk of bias assessment tool was used
to assess the methodological quality of individual studies, based
on the following aspects: random sequence generation; allo-
cation concealment; blinding of participants and personnel;
blinding of outcome and assessment; incomplete outcome data;
selective reporting; and other bias. Each item was answered
with high, low, or unclear risk of bias, and disagreements were
resolved through open discussion or a third reviewer.

Lan et al
Outcome Measures and Statistical Analysis
The primary outcome was overall survival rate, calculated

as the difference value between the date of postintervention and
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the date of death. The endpoints were presented as 1-year, 3-
year, and 5-year survival rate. We conducted the traditional pair-
wise meta-analysis, and summarized the available data for
survival rate from the results of all studies. Summary measures
were calculated as odd ratios (ORs) for dichotomous variable,
together with 95% confidence intervals (CIs), which was pooled
using RevMan 5.3 software. The chi-square statistic was used to
assess the heterogeneity between trials, and I2 values over 50%
indicated substantial heterogeneity. Meanwhile, subgroup
analysis was used to explore the important clinical difference
among studies that might be expected to affect the magnitude of
the interventional effect. A Bayesian network meta-analysis
was performed to simultaneously compare all interventions in
the network. The network meta-analysis can be considered to be
an extension of the traditional pair-wise meta-analysis, as it
incorporates both direct and indirect information through a
common comparator to obtain estimates of the relative interven-
tional effects on the multiple interventions comparisons,18–20

which was performed by using the automated software Aggregate
Data Drug Information System (ADDIS).21 Based on Bayesian
evidence network, we evaluated consistency by combining the
estimates from direct and indirect comparisons. The rank
accumulate probability plot produced by the network meta-
analysis was to find out which administered intervention is the
best. Node-splitting models were conducted to assess whether
direct and indirect effect is in agreement. It was deemed signifi-
cant when P< 0.05.

RESULTS

Study Selection
According to the electronic search strategy, a total of

1110 relevant studies were identified. After removal of
duplicates and title/abstract screening, 128 trials were eligible
for full text. Subsequently, we excluded 46 nonoriginal clinical
trials and 61 studies that were noneligible in any one of the 4 parts:
patients, interventions, comparisons, and outcomes. As a result,
21 RCTs were involved in this network meta-analysis.22–42

Figure 1 shows a flow chat of literatures from the initial results
of the publication searches to the final inclusion or exclusion.

Study Characteristics and Quality Assessment
We included 21 RCTs containing 6 different treatments:

TACE, RFA, PEI, HR, TACEþRFA and RFAþ PEI, of which
the sample size ranged from 37 to 285, and the duration of
follow-up ranged from 24 to 60 months. Table 1 provides the
characteristics of included studies. Twenty studies reported
random sequence generation, and most of them used the random
numbers generated from computer. Thirteen studies reported
allocation concealment. However, the blinding method was not
performed in most trials, leading to a high risk of bias. For the
assessment of incomplete outcome data, almost all of the studies
provided the information on withdrawal of patients. Similarly,
we also did not find obvious risk in the evaluation of selective
reporting and other bias. In summary, the studies seemed to be
at low to moderate risk of bias. Overall and study-level quality
assessments were summarized in Figure 2.

Direct Meta-analysis
Results from direct pair-wise meta-analysis of interven-

Medicine � Volume 95, Number 15, April 2016
tional therapies for early-stage HCC are shown in Figure 3.
Compared with the combination of TACE and RFA, RFA alone
(P¼ 0.008, OR 3.496, 95% CI 1.395–8.759) and TACE alone
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(P¼ 0.041, OR 2.850, 95% CI 1.044–7.776) did not benefit 1-
year survival rate; there was no significant difference between
RFA and HR. PEI was associated with lower 1-year survival rate
as compared with RFA (P¼ 0.016, OR 0.582, 95% CI 0.375–
0.902). Similarly, there was significant reduced 3-year survival
rate in patients who received RFA (P¼ 0.006, OR 1.877, 95% CI
1.193–2.954) and TACE (P¼ 0.019, OR 2.608, 95% CI 1.167–
5.825) as compared with TACEþRFA; PEI was also associated
with lower 3-year survival rate than RFA (P¼ 0.001, OR 0.616,
95% CI 0.457–0.830), which did not benefit 3-year survival rate
as compared with HR (P¼ 0.001, OR 0.609, 95% CI 0.449–
0.826). The therapy of TACEþRFA still presented higher 5-year
survival rate than RFA alone (P¼ 0.001, OR 2.497, 95% CI
1.455–4.285). As the limit of the quantity of trials, we did not
conduct the direct meta-analysis for the other comparisons of
different interventional therapies.

Network Meta-analysis
The 21 RCTs covered the presently used 6 categories of

interventional therapies including TACE, RFA, PEI, HR,
TACEþRFA, and RFAþPEI with a total of 2691 participants.
We established a network to compare the above mentioned 6
treatments, and Figure 4 shows the overall comparison network.
Node-splitting models were conducted to assess the inconsis-
tency by testing the difference between the direct and indirect
effect. If the P value is more than 0.05, it indicates that the
difference between the direct and indirect effect was not
significant (Table 2).

FIGURE 1. Flow chart of RCTs evaluating interventional therapies
One-year Survival Rate
A total of 21 studies involving all 6 kinds of interventional

therapies analyzed 1-year survival rate. Table 3A presented the

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
comparison of different interventional therapies on 1-year
survival rate. The network meta-analysis showed that com-
pared with the combination of TACE and RFA, HR alone
(P< 0.05, OR 0.25, 95% CI 0.06–0.83), PEI alone (P< 0.05,
OR 0.13, 95% CI 0.03–0.45), and RFA alone (P< 0.05, OR
0.23, 95% CI 0.07–0.70) were associated with lower 1-year
survival rate. No significant difference was found in the other
comparisons. The node-splitting models (Table 2) indicated
that there were significant differences between direct and
indirect effect in the comparisons of HR versus PEI and PEI
versus RFAþPEI.

Three-year Survival Rate
A total of 20 studies containing all 6 categories of inter-

ventional therapies described the analysis of 3-year survival
rate. The network meta-analysis demonstrated that 2 interven-
tional therapies had a significant effect on the reduction of 3-
year survival rate as compared with TACEþRFA, which were
PEI alone (P< 0.05, OR 0.32, 95% CI 0.15–0.72) and RFA
alone (P< 0.05, OR 0.45, 95% CI 0.24–0.87). In addition, there
was a statistical difference between RFAþPEI and PEI alone
(P< 0.05, OR 0.33, 95% CI 0.12–0.93), but not in the other
comparisons (Table 3B). Simultaneously, the results of node-
splitting models (Table 2) illuminated that there was statistical
difference between direct and indirect effect in the comparisons
of HR versus RFA.

Five-year Survival Rate
A total of 9 studies including all 6 different kinds of

early-stage HCC through selection process.
interventional therapies provided the analysis of 5-year survival
rate. The results of network meta-analysis revealed that there
was no significant difference in any comparison (Table 3C).
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TABLE 1. Characteristics of Included Studies

Study Year
Tumor

Size, cm Group
Sample

Size
Age,

Years
Sex,
M/F

Child-Pugh
(A/B)

Number of Survival

1 Year 3 Year 5 Year

Yamasaki et al 1996 �5 TACE 50 57.1� 4.9 — — 48 44 31
HR 47 54.9� 6.4 — — 45 40 29

Koda et al 2001 �3 RFAþPEI 26 66.2� 8.0 14/12 19/5 26 21 11
PEI 26 66.4� 6.6 18/18 14/8 24 17 10

Lencioni et al 2003 �3 PEI 50 69� 7.4 30/20 35/15 48 — —

RFA 52 67� 6.0 36/16 45/7 52 — —

Lin et al 2004 �4 PEI 52 59� 10 34/18 39/12 37 9 —

RFA 52 62� 11 35/17 41/11 41 18 —

Shiina et al 2005 �3 PEI 114 — 87/27 85/29 107 51 —

RFA 118 — 79/39 85/33 114 72 —

Huang et al 2005 �3 PEI 38 63� 10.9 19/19 29/3 38 36 17
HR 38 59� 11.4 27/11 28/0 37 33 31

Lin et al 2005 �3 PEI 62 60� 8 39/23 47/15 46 17 —

RFA 62 61� 10 40/22 46/16 51 24 —

Chen et al 2006 �5 RFA 71 51.9� 11.2 56/15 — 68 50 —

HR 90 49.4� 10.9 75/15 — 83 66 —

Lu et al 2006 �5 RFA 51 55� 13 42/9 46/5 48 44 —

HR 54 49� 14 37/17 50/4 49 47 —

Zhang et al 2007 �5 RFAþPEI 54 53.3� 11.3 — — 52 44 30
RFA 53 52.2� 10.3 — — 49 34 22

Cheng et al 2008 �5 TACEþRFA 45 63.8� 5.6 — — 43 35 25
TACE 45 63.5� 5.5 — — 42 28 12
RFA 47 63.9� 5.4 — — 42 29 8

Brunello et al 2008 �3 PEI 69 70.3� 8.1 49/20 39/30 59 17 —

RFA 70 69.0� 7.7 43/27 39/31 66 18 —

Shibata et al 2009 �3 TACEþRFA 46 67.2� 8.9 31/15 32/14 46 16 —

RFA 43 69.8� 8.0 33/10 33/10 43 14 —

Huang et al 2010 �3 RFA 115 56.57� 14.30 79/36 110/5 100 80 63
HR 115 55.91� 12.68 85/30 106/9 113 106 87

Morimoto et al 2010 �5 TACEþRFA 19 70 15/4 18/1 19 17 —

RFA 18 73 12/6 16/2 16 14 —

Giorgio et al 2011 �3 PEI 143 72� 6 102/41 75/68 134 112 97
RFA 142 70� 2 105/37 70/72 134 118 99

Zhao et al 2011 �5 TACEþRFA 23 — 21/2 16/7 15 7 —

TACE 24 — 20/4 17/7 8 2 —

Peng et al 2012 �5 TACEþRFA 69 57.5� 10.0 59/9 60/9 65 48 32
RFA 70 55.1� 9.5 55/15 59/11 57 33 25

Feng et al 2012 �3 RFA 84 51 79/5 39/45 67 46 —

HR 84 47 75/9 43/41 70 52 —

Fang et al 2014 �3 RFA 60 51.4� 8.1 42/18 32/23 59 50 —

HR 60 53.5� 11.0 46/14 43/17 57 47 —

Di Costanzo et al 2015 �3 RFA 70 — — 63/7 65 15 0
HR 70 — — 61/9 62 25 0

radi

Lan et al Medicine � Volume 95, Number 15, April 2016
Likewise, the node-splitting models detect no statistical differ-
ences between direct and indirect effect (Table 2).

Rank Test
The Bayesian network meta-analysis could apply the rank

probabilities of each interventional therapy and the cumulative
probability sum of the rank probabilities to give an overall
probability. And larger cumulative probability means the better

HR¼ hepatic resection, PEI¼ percutaneous ethanol injection, RFA¼
effect on the improvement of 1-year, 3-year, and 5-year survival
rate. Table 4 and Figure 5 show the results of rank test and
cumulative probability of all the 6 interventional therapies on
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each outcome, which demonstrated that among all the inter-
ventional therapies, the combination of TACE and RFA ranked
highest on the evaluation of 1-year, 3-year, and 5-year survival
rate. RFA combined with PEI ranked the second highest for 1-
year and 3-year survival rate. However, the rank of HR moved
to second place for 5-year survival rate.

DISCUSSION

ofrequency ablation, TACE¼ transcatheter arterial chemoembolization.
Currently, several interventional therapies have been
applied in early-stage HCC, TACE, RFA, PEI, and HR, which
has always been regarded as the traditional first-line treatment

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 2. Quality assessment of included studies: (A) overall and (B) study-level risk of bias.

FIGURE 3. All direct meta-analyses: (A) 1-year survival rate; (B) 3-year survival rate; (C) 5-year survival rate.
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FIGURE 4. Comparison network of the included RCTs. The line
linked between 2 interventional therapies means there are direct
comparisons from original studies. The number on the line means
the quality of studies comparing every pair of treatments,

Lan et al
for early-stage HCC. However, as the idea of minimally inva-
sive treatment gained more and more popularity, the other
nonsurgical therapies have been developed. Among them,
PEI—injecting absolute ethanol directly into lesions through
a fine needle—can achieve complete necrosis of lesions and has
been widely used as a standard therapy for early-stage HCC.43 It
has been proved that the long-term survival rates in patients
treated with PEI are similar to those in matched patients who
underwent HR,, but the spread of injected ethanol is largely
affected by the capsule or septa of lesion, which could lead to a
long treatment time and a local recurrence rate of 10% to 30%.44

RFA is a medical procedure in which part of the tumor is ablated
using the heat generated from a high-frequency alternating
current under image guidance. It has been identified that
RFA has been regarded as a suitable treatment for HCC because
of its low trauma, low number of complications, and strong
repeatability.45 TACE, which concentrates chemotherapeutic
agents at the tumor site while blocking the primary artery
feeding the tumor, was considered to be the most frequent
loco-regional treatment for unresectable HCC.13 But now, it is
reported that TACE is starting to be used in early-stage HCC
and shows a prolonged survival rate.42 In addition, the combi-
nation therapies such as TACEþRFA and RFAþPEI have
raised researchers’ concerns. Though numerous studies includ-
ing the original RCTs and meta-analyses have examined
whether a certain therapy was more effective than another in
the treatment of patients with early-stage HCC, the conclusions
were controversial, and we cannot get a best advice from these
several measures.

Summary of Evidence

which were also represented by the width of the lines. RCTs¼
randomized controlled trials.
This is the first systematic review and Bayesian network
meta-analysis comparing the effectiveness of different inter-
ventional therapies for early-stage HCC through direct and

6 | www.md-journal.com
indirect statistical comparisons based on all available infor-
mation from the included RCTs. Our study found that in
comparison to HR alone, PEI alone, and RFA alone, the
combination therapy of TACE and RFA was associated with
better 1-year survival rate. For 3-year survival rate, there was no
significant difference between the HR alone and TACEþRFA,
but the latter still benefited the survival as compared with the
other 2 therapies. Meanwhile, the combination therapy of RFA
and PEI had a higher 3-year survival rate than PEI alone. For 5-
year survival rate, we observed no statistical difference in any
comparison, indicating that the long-term survival rate of the
patients with early-stage HCC was invariable, though they
received 6 different interventional therapies. Nevertheless,
the results of direct comparison and network meta-analysis
were not consistent, which suggested that these results were
unstable. Anyway, in such a condition, we would rather believe
the results from direct comparison meta-analysis, because the
network meta-analysis incorporates indirect comparisons which
could increase the risk of statistical errors. So its confidence
needs to be confirmed by future multicenter large-sample high-
quality RCTs.

The data of rank test demonstrated that among all the 6
interventional therapies, TACEþRFA ranked highest in effi-
cacy for increasing of 1-year, 3-year, and 5-year survival rate.
Furthermore, the other combination therapy of RFA and PEI
ranked the second highest for 1-year and 3-year survival rate.
Therefore, the results suggested that the combination therapies,
especially TACEþRFA, had the greatest efficacy for prognosis
of early-HCC. In addition, the rank of HR also interested us. As
time went on, it showed a gradual increase in survival rate, and
its rank moved to second place for 5-year survival rate. So we
deduced that the trauma caused by HR was the most difficult to
tolerate for patients with early-stage HCC, coupled with the
influence of postoperative complications, leading to a relatively
low short-term survival rate. However, through an intuitive
way, the surgical approach could completely eliminate the
tumor as far as possible, which was associated with a low local
recurrence rate. This is consistent with a recent meta-analysis,14

which revealed that whether for 1-year disease-free survival, for
3-year disease-free survival, or for 5-year disease-free survival,
HR was significantly higher than RFA.

The aim of our network meta-analysis was to evaluate the
effect of different interventional therapies for early-stage HCC.
Results from this network meta-analysis may guide clinicians in
the recommendations of different treatments in the absence of
head-to-head comparisons.

Limitations
However, there were some limitations in this study. To

begin with, all information was extracted from published data
rather than individual patient data, which may have resulted in
publication bias. Second, due to the limited number of direct
comparative studies, the estimates purely based on indirect
studies warranted lower confidence compared with those based
on combined direct and indirect comparisons, and the strength
of the inference was not high enough for these estimates. Third,
we performed the node-splitting models to assess the
inconsistency between direct and indirect effect, and some
inconsistency was detected in the comparison of HR versus
PEI and PEI versus RFAþPEI on 1-year survival rate, and HR

Medicine � Volume 95, Number 15, April 2016
versus RFA on 3-year survival rate that the overall effect was
not in line with the direct effect, which suggested the con-
clusions comparing these interventional therapies should be

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



network meta-analysis in this setting can help inform current

TABLE 2. Results of Node-splitting Models for the Test of Difference Between Direct and Indirect Effect in the Analysis of Primary
Outcomes of 1-Year, 3-Year, and 5-Year Survival Rate

Comparison Direct Effect Indirect Effect Overall P

1-year survival rate
HR vs PEI 14.25 (�0.52, 58.66) �0.73 (�1.71, 0.21) �0.62 (�1.51, 0.34) 0.04
HR vs RFA �0.11 (�0.75, 0.68) 0.52 (�1.86, 3.22) �0.06 (�0.68, 0.65) 0.63
HR vs TACE 0.07 (�2.49, 2.63) 0.38 (�1.16, 2.26) 0.27 (�0.98, 1.68) 0.81
PEI vs RFA 0.59 (�0.07, 1.39) 0.10 (�3.37, 3.80) 0.56 (�0.08, 1.27) 0.77
PEI vs RFAþPEI 29.53 (2.09, 78.99) 1.42 (�0.81, 3.88) 1.83 (�0.03, 4.15) 0.03
RFA vs RFAþPEI 0.86 (�1.24, 3.31) 21.20 (0.50, 63.98) 1.27 (�0.58, 3.58) 0.08
RFA vs TACE 0.64 (�1.19, 2.73) 0.02 (�1.51, 1.62) 0.33 (�0.89, 1.59) 0.57
RFA vs TACEþRFA 1.40 (0.28, 2.86) 1.80 (�0.52, 4.19) 1.46 (0.36, 2.70) 0.69
TACE vs TACEþRFA 1.01 (�0.20, 2.41) 1.22 (�0.95, 3.67) 1.12 (�0.04, 2.37) 0.61

3-year survival rate
HR vs PEI 1.08 (�0.78, 3.47) �0.89 (�1.50, �0.24) �0.68 (�1.25, 0.05) 0.05
HR vs RFA �0.47 (�0.92, �0.01) 0.95 (�0.28, 2.33) �0.32 (�0.74, 0.20) 0.03
HR vs TACE 0.26 (�1.21, 1.74) �0.60 (�1.73, 0.55) �0.29 (�1.14, 0.58) 0.35
PEI vs RFA 0.50 (�0.01, 0.99) �0.80 (�2.11, 0.55) 0.35 (�0.15, 0.82) 0.07
PEI vs RFAþPEI 0.78 (�0.72, 2.44) 1.27 (�0.05, 2.65) 1.12 (0.07, 2.14) 0.62
RFA vs RFAþPEI 0.93 (�0.37, 2.18) 0.47 (�1.12, 2.25) 0.77 (�0.22, 1.79) 0.7
RFA vs TACE 0.01 (�1.23, 1.30) 0.00 (�1.26, 1.22) 0.04 (�0.84, 0.84) 1
RFA vs TACEþRFA 0.71 (0.05, 1.36) 1.90 (�0.18, 4.44) 0.79 (0.14, 1.42) 0.3
TACE vs TACEþRFA 1.00 (�0.04, 2.14) 0.45 (�0.82, 1.72) 0.75 (�0.07, 1.65) 0.44

5-year survival rate
HR vs PEI �1.74 (�3.80, 0.32) �0.71 (�2.85, 1.63) �1.19 (�2.59, 0.17) 0.39
HR vs RFA �0.96 (�2.88, 1.10) �1.00 (�3.11, 0.92) �0.97 (�2.19, 0.25) 0.96
HR vs TACE �0.03 (�1.89, 1.92) �1.04 (�3.47, 1.56) �0.44 (�1.77, 1.03) 0.42
PEI vs RFA 0.10 (�1.97, 2.04) 0.35 (�1.69, 2.40) 0.20 (�0.98, 1.51) 0.82
PEI vs RFAþPEI 0.14 (�2.01, 2.27) 0.93 (�1.57, 3.54) 0.50 (�0.97, 2.00) 0.55
RFA vs RFAþPEI 0.59 (�1.42, 2.62) �0.19 (�2.87, 2.43) 0.28 (�1.26, 1.68) 0.57
RFA vs TACE 0.36 (�1.53, 2.48) 1.22 (�1.19, 3.73) 0.53 (�0.82, 1.99) 0.5
TACE vs TACEþRFA 1.15 (�0.31, 2.78) �0.41 (�2.40, 1.47) 0.60 (�0.87, 2.16) 0.12

HR¼ hepatic resection, PEI¼ percutaneous ethanol injection, RFA¼ radiofrequency ablation, TACE¼ transcatheter arterial chemoembolization.
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carefully considered. Next, due to the limitations of original
researches, we could not determine whether the patients were
diagnosed as having liver cirrhosis that largely affected the
prognosis. Actually, in the clinical practice, patients with liver
cirrhosis and early-stage HCC who received HR are often
associated with very poor survival rate, indicating that when
formulating the therapeutic plan of early HCC, we should
consider whether the patients are suffering from liver cirrhosis.
Lastly, we cannot assume that the choice between the
treatment modalities is only related to results in terms of
outcome. On the contrary, the location of the lesion in relation
to the liver anatomy; the visibility of lesion using ultrasounds;
the degree of portal hypertension; the liver function represent
major biases in the choice of the treatment. This fact should be
recognized. In other words, lesions located in the anterior
segments can be easily approached by all treatment modalities
(including laparoscopic resection), whereas lesions close to
supra-hepatic veins or close to portal bifurcation cannot be
treated by RFA, and small sub-Glissonian lesions of the VIII or
II segments close to the diaphragm are very difficult to approach
with loco-regional therapies. Furthermore, HCC close to the

vena cava remains a challenging issue, particularly in the
cirrhotic patient. In these cases, liver transplantation is the
sole option. Therefore, the results of this network meta-analysis

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
may not completely conform to the clinical practice to some
extent.

CONCLUSIONS
In conclusion, by using a Bayesian network meta-analysis

involving 21 RCTs comparing 6 different interventional
therapies, our research demonstrated that the combination
therapy of TACE and RFA was the best therapeutic option
for early-stage HCC in terms of improving outcomes of 1-year,
3-year, and 5-year survival rate. However, taking above men-
tioned shortcomings into consideration, multicenter large-
sample high-quality RCTs are warranted to establish the
comparative efficacy of different interventional therapies for
early-stage HCC. Nonetheless, the application of this Bayesian
therapeutic decision-making and guide the design of
future studies.

Ethical Review

Ethical approval was not necessary, because this article is a

meta-analysis and it does not involve the participation of
ethics committee.
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TABLE 3. The Network Meta-analysis Results For 6 Kinds of Interventional Therapies

A
HR 0.54 (0.22, 1.41) 0.94 (0.50, 1.91) 3.41 (0.48, 39.44) 1.31 (0.38, 5.36) 4.06 (1.21, 16.50)
1.86 (0.71, 4.55) PEI 1.75 (0.93, 3.57) 6.26 (0.97, 63.68) 2.45 (0.62, 10.47) 7.71 (2.21, 30.76)
1.07 (0.52, 1.98) 0.57 (0.28, 1.08) RFA 3.56 (0.56, 35.73) 1.39 (0.41, 4.88) 4.30 (1.43, 14.83)
0.29 (0.03, 2.09) 0.16 (0.02, 1.04) 0.28 (0.03, 1.78) RFAþPEI 0.39 (0.03, 3.86) 1.20 (0.11, 11.69)
0.76 (0.19, 2.65) 0.41 (0.10, 1.60) 0.72 (0.20, 2.44) 2.58 (0.26, 32.33) TACE 3.06 (0.96, 10.68)
0.25 (0.06, 0.83) 0.13 (0.03, 0.45) 0.23 (0.07, 0.70) 0.83 (0.09, 9.44) 0.33 (0.09, 1.04) TACEþRFA

B

HR 0.51 (0.29, 1.06) 0.72 (0.48, 1.22) 1.58 (0.55, 5.05) 0.75 (0.32, 1.79) 1.57 (0.77, 3.56)
1.97 (0.95, 3.50) PEI 1.42 (0.86, 2.28) 3.06 (1.07, 8.50) 1.47 (0.54, 3.60) 3.11 (1.38, 6.78)
1.38 (0.82, 2.09) 0.70 (0.44, 1.16) RFA 2.17 (0.80, 5.99) 1.04 (0.43, 2.31) 2.20 (1.15, 4.15)
0.63 (0.20, 1.83) 0.33 (0.12, 0.93) 0.46 (0.17, 1.25) RFAþPEI 0.47 (0.12, 1.77) 1.00 (0.30, 3.43)
1.33 (0.56, 3.13) 0.68 (0.28, 1.86) 0.96 (0.43, 2.32) 2.15 (0.56, 8.08) TACE 2.12 (0.93, 5.19)
0.64 (0.28, 1.30) 0.32 (0.15, 0.72) 0.45 (0.24, 0.87) 1.00 (0.29, 3.32) 0.47 (0.19, 1.07) TACEþRFA

C

HR 0.30 (0.07, 1.19) 0.38 (0.11, 1.28) 0.50 (0.09, 2.77) 0.64 (0.17, 2.79) 1.21 (0.25, 6.51)
3.29 (0.84, 13.35) PEI 1.22 (0.37, 4.55) 1.65 (0.38, 7.37) 2.10 (0.41, 13.14) 3.93 (0.81, 24.10)
2.65 (0.78, 8.92) 0.82 (0.22, 2.67) RFA 1.32 (0.28, 5.35) 1.70 (0.44, 7.34) 3.18 (0.94, 11.61)
1.99 (0.36, 11.65) 0.61 (0.14, 2.64) 0.76 (0.19, 3.53) RFAþPEI 1.28 (0.20, 9.67) 2.33 (0.40, 18.27)
1.55 (0.36, 5.88) 0.48 (0.08, 2.44) 0.59 (0.14, 2.27) 0.78 (0.10, 5.01) TACE 1.82 (0.42, 8.67)
0.83 (0.15, 3.97) 0.25 (0.04, 1.23) 0.31 (0.09, 1.06) 0.43 (0.05, 2.51) 0.55 (0.12, 2.40) TACEþRFA

A, 1-year survival rate; B, 3-year survival rate; C, 5-year survival rate.
HR¼ hepatic resection, PEI¼ percutaneous ethanol injection, RFA¼ radiofrequency ablation, TACE¼ transcatheter arterial chemoembolization.

TABLE 4. Results of Rank Test for Different Interventional Therapies

Therapy Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Rank 6 Cumulative probability

1-year survival rate
HR 0 0.05 0.25 0.37 0.27 0.06 0.493333333
PEI 0 0 0.01 0.04 0.13 0.82 0.206666667
RFA 0 0.02 0.16 0.41 0.4 0.01 0.463333333
RFAþPEI 0.44 0.33 0.12 0.04 0.05 0.02 0.835
TACE 0.01 0.18 0.44 0.13 0.15 0.08 0.581666667
TACEþRFA 0.55 0.43 0.02 0 0 0 0.921666667

3-year survival rate
HR 0.03 0.19 0.54 0.19 0.05 0.01 0.661666667
PEI 0 0 0.02 0.04 0.2 0.74 0.223333333
RFA 0 0.01 0.07 0.42 0.47 0.03 0.426666667
RFAþPEI 0.48 0.29 0.12 0.06 0.03 0.01 0.843333333
TACE 0.01 0.07 0.17 0.28 0.26 0.2 0.441666667
TACEþRFA 0.47 0.44 0.08 0.01 0 0 0.895

5-year survival rate
HR 0.32 0.38 0.2 0.07 0.02 0.01 0.813333333
PEI 0 0.02 0.05 0.12 0.24 0.56 0.283333333
RFA 0 0.01 0.06 0.26 0.45 0.21 0.363333333
RFAþPEI 0.07 0.12 0.19 0.31 0.17 0.14 0.531666667
TACE 0.08 0.19 0.37 0.19 0.1 0.08 0.626666667
TACEþRFA 0.53 0.28 0.12 0.04 0.02 0.01 0.871666667

HR¼ hepatic resection, PEI¼ percutaneous ethanol injection, RFA¼ radiofrequency ablation, TACE¼ transcatheter arterial chemoembolization.
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FIGURE 5. Cumulative probability of different interventional
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