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Background: Recently, increasing literature has been reported on optimal therapies in patients with
advanced hepatocellular carcinoma (HCC) and many therapeutic modalities have been proposed to improve
the survival rate. However, the results are not consistent due to different research protocols, small sample
sizes and different study endpoints and there is no standard treatment protocol has been defined. Therefore,
it is very important to explore the optimal bonding mode and to evaluate the efficacy and safety of the
optimal sequential therapy for those patients.

Methods: We searched available databases through January 2020 for relevant studies. The main outcome
measure was 1-year overall survival (OS) and overall response rate (ORR); the secondary outcome measure
was a composite of toxic effects retrieved grade 3 or 4 adverse events (AEs) from all included studies. Statistical
analyses were conducted using STATA version 15 and GeMTC package in the R statistical software.
Results: After a detailed review, 8 randomized controlled trials (RCTs) and 20 retrospective studies
involving 3,675 advanced HCC patients were included for network meta-analysis. Indirect comparisons
showed that hepatic arterial infusion chemotherapy (HAIC) plus radiofrequency ablation (RFA) was highest
probability of obtaining the best OS rate of 1 year [surface under the cumulative ranking (SUCRA), 0.95]
and ORR (SUCRA, 0.86) when compared with other potential optimal therapies and which had ranked
the first in all treatment regimens, followed by HAIC (SUCRA, 0.75). Direct and indirect comparison of
1-year OS and ORR with all treatment regimens each other showed that for all treatment regimens, patients
showed significant clinical benefit when compared with transcatheter arterial chemoembolization (TACE) or
sorafenib alone. However, the incidence of treatment-related AEs of grade 3 or 4 occurred in patients who
have received targeted drug sorafenib therapy (SUCRA, 0.51) compared with other interesting regimens.
Conclusions: HAIC may be a valuable therapeutic strategy for advanced HCC patients to prevent recurrence
and metastasis after RFA, as well as in improving patient prognosis and quality of life. Meanwhile, HAIC
combined with RFA is a safe and effective treatment in patients with advanced HCC, and this combination
therapy can significantly prolong 1-year survival rate when compared with other optimal sequential therapies.
Trial registration: This study is registered with PROSPERO, number CRD42020176149.
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Introduction

Hepatocellular carcinoma (HCC) is the most prevalent
malignant tumor worldwide and the third leading source of
cancer mortality with about 750,000 people dying of HCC
each year. Hepatitis B virus (HBV), especially in China, is
one of the main causes of HCC (1). The occurrence and
development of HCC is a multi-factor, multi-step complex
process, which is affected by dual factors of environment
and diet, which is associated with HBV and hepatitis C
virus (HCV) infection, alcohol, cirrhosis, sex hormones,
nitrosamines material related (2). With the advent of new
HCV therapies, HCV-related HCC may decrease, and non-
alcoholic steatohepatitis-related HCC caused by diabetes
and obesity may increase with the increasing prevalence of
related diseases, and become the main cause of HCC.

The prognosis of HCC depends primarily on the stage
of the tumor at diagnosis. The 5-year survival rate is more
than 70% for early tumors and only 1-2 years for advanced
tumors. The current treatment options for HCC mainly
include surgical resection, transplantation, interventional
chemoembolization, radiofrequency ablation (RFA),
radiotherapy (RT) and targeted drug therapy (3). With the
advancements in therapeutic modalities, the first-line and
second-line treatment for advanced HCC has undergone
a tremendous transformation, the survival rate of HCC
patients also has been significantly improved (4,5). Patients
could benefit from many treatment options such as the
tyrosine-kinase inhibitor (TKI) (6), cellular immunotherapy
(CIT) and transcatheter arterial chemoembolization
(TACE) or hepatic arterial infusion chemotherapy (HAIC)
predominant local minimally-invasive treatment (7).

TACE, RFA as the most commonly used minimally
invasive treatments, have also been used to reduce tumor
size and increase tumor necrosis, which also have been
widely used to prolong survival time for patients with
advanced HCC in combination with systemic therapeutics
such as targeted or CIT drugs. Through several studies and
meta-analysis had revealed that the combination of TACE
and sorafenib was more effective, another randomized
controlled trials (RCTs) study have shown the opposite
result. And with a lack of a direct head-to-head comparison
between many single system therapies or/and compared
with local treatment regimens for advanced HCC patients,
the choice of optimal therapies regimens for advanced HCC
patients has not reached a consensus until now.

Therefore, this network meta-analysis aimed to analyses
relevant clinical trials of systemic therapeutics (including
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TKI and CIT) combined with optimal minimally invasive
treatment in recent years as much as possible to evaluate
the efficacy of systemic therapeutics used for advanced
HCC patients and ascertain the benefits of combination
therapy. We present the following article in accordance with
the PRISMA reporting checklist (available at https://tgh.
amegroups.com/article/view/10.21037/tgh-20-318/rc).

Methods
Search strategy for identification of studies

The following search terms were used to identify
comparative studies in PubMed, Web of Science and the
Cochrane Library published from January 2010 to January
2020: [advanced hepatocellular carcinoma OR advanced
HCC] AND [sorafenib OR tyrosine-kinase inhibitor (6)]
OR [transcatheter arterial chemoembolization OR TACE
OR hepatic arterial infusion chemotherapy OR HAIC OR
chemoembolization] OR [radiofrequency ablation OR RFA
OR ablation] OR [radiotherapy] OR [immunotherapy OR
cellular immunotherapy OR immune checkpoint inhibitors].
These terms were used in different combinations. The
references of retrieved articles were also screened. Each titles
or abstracts was evaluated by a single investigator, but was
reviewed by two investigators (ZY and LY) independently for
final inclusion and data extraction. The search was limited to
English articles involving only adult patients.

Study selection and inclusion criteria

Only phase II and III RCTs and retrospective propensity
score matching studies that compared different interventional
therapies for advanced HCC were eligible, including a systemic
therapeutic (including TKI and CIT) drug comparing, or
comparing a systemic therapeutic drug with conventional therapy
or comparing two different local minimally-invasive treatment.
Only advanced HCC diagnosed by computed tomography (CT)
or magnetic resonance imaging (MRI) according to Barcelona
Clinic Liver Cancer (BCLC) staging system were accepted.
Necessary information included overall survival (OS), overall
response rate (ORR) and adverse events (AEs). The study with
multiple arms was preferred as much as possible so as to build
comparative loops in network meta-analysis.

Exclusion criteria

We excluded conference abstracts, letters, case reports,
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reviews, meta-analyses, without control or placebo-controlled
studies and single-arm RCTs, studies that only compared
efficacy of combination therapy versus a systemic therapeutic
alone were excluded. In addition, we also excluded some
presentations of ongoing RCT studies because these brief
reports lacked useful survival information or did not contain
detailed safety data. Notably, according to study objects, the
major reason for exclusion of studies including HCC patients
with BCLC stage B or A and hepatic metastases or mixed
malignancies.

Data extraction and quality assessment

7Y and LY independently screened and extracted following
baseline characteristics data from included studies using
a predefined template: included basic information (first
author, date of publication, country and study design),
participants information and diseases characteristics,
intervention methods (such as total number of patients,
arms and treatment regimens, interventions, Child-Pugh
stage, length of follow up) and outcomes (OS, ORR and
major complications or grade 3 or 4 AE).

The risk of data bias for the original study assessed for
quality by another author (YT) or by discussion. To assess
the risk of bias in the observational studies, we utilized the
Newecastle-Ottawa Quality Assessment Scale (NOS) and
major prognostic factors of HCC, which included patient
selection, comparability of different interventional therapies
for advanced HCC, and assessment of outcome. The risk
of bias in RCTs was assessed based on Cochrane Handbook
for Systematic Reviews of Interventions recommendations.
Each bias item was assessed as high risk, low risk or unclear.
And disagreements were resolved through discussion.

Statistical analysis

Traditional pairwise meta-analyses were conducted using a
random-effects model. Begg’s and Egger’s tests were used to
detect publication bias. Bayesian network meta-analysis was
carried out to simultaneously compare all interventions in
the network. Data of OS, ORR and treatment-related AEs
were extracted from included studies and evaluated in both
traditional pairwise meta-analyses and Bayesian network
meta-analysis which were reported as hazard ratios (HRs) and
its 95% confidence intervals (8). Convergence was assessed
to calculate the potential scale reduction factor (PSRF), and
values were limited to 1 to complete the calculation which
were confirmed after 4 chains, a 50,000-simulation burn-
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in phase and a thinning interval of 10 for each chain. The
values of the surface under the cumulative ranking (SUCRA)
probabilities are presented to clarify the pros and cons of
different treatment modalities. Different ranks of included
treatment strategies are presented based on the SUCRA
values, and the optimal method would be determined with
the highest SUCRA. Additionally, a node-splitting analysis
was applied to check the consistency between direct evidence
and indirect evidence for their agreement on a specific node.
Statistical analyses were conducted using STATA version 15
and GeMTC package in the R statistical software (version
3.6.1, R Foundation).

Results
Study characteristics and quality assessment

The participant flow chart of this study selection procedure,
according to the PRISMA statement, is depicted in Figure 1.
The Literature searches yielded 1,918 potentially relevant
references. According to title and abstract, 1,357 publications
were excluded because they did not meet the research
criteria. A further 41 were excluded after detailed assessment
of the full text. Finally, A total of 28 studies enrolling 3,675
advanced HCC participants who received at least two
different optimal therapies were included in our network
meta-analysis, which were all published in English (7able I).
The detailed characteristics of included relevant studies for
this network meta-analysis were described in 7ible 1. which
contained 8 RCTs (6,9-23) and 20 retrospective studies
(10,24-41).

Figure 2 shows that 28 relevant studies evaluating 10
different treatment methods (TACE, sorafenib, HAIC,
TACE + sorafenib, TACE + RT, RFA + sorafenib, HAIC
+ sorafenib, HAIC + RT, HAIC + RFA, TACE + RT +
sorafenib) were included in the optimal therapies-based
network meta-analysis. The study sample sizes of patients
ranged from 16 to 189 and the duration of follow-up
ranged from 24 to 60 months. All the 3,675 participants
conformed to the inclusion and exclusion criteria and had
well compensated liver reserve function with Child-Pugh A
or B. Meanwhile, most of patients ECOG PS was reported
to be 0 or 1. The regimens of HAIC was conventional used
include cisplatin (CDDP) only, CDDP plus 5-fluorouracil
(5-FU), and TACE was in conventional interventions in 10
studies and used drug-eluting beads (DEB) in 4 studies. The
median number of HAIC and TACE sessions ranged from
6 to 12 and 2 to 4, respectively. We mainly compared the
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Figure 1 Flowchart of study inclusion. BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma.

1-year survival, and the effective rate (CR + PR, according
to the RECIST). Overall study-level literature quality
evaluation was presented in Table 2, according to the NOS,
and the Cochrane risk of bias tool.

Main rvesults of efficacy of sequential therapy by direct
meta-analysis

Results from direct pair-wise meta-analysis of interventional
therapies for advanced HCC are shown in Tuble 3. For
I-year OS, there was no significant difference between
HAIC plus sorafenib and sorafenib (P=0.356). Compared
with the combination of TACE or RAF and sorafenib,
sorafenib alone (P=0.008, OR: 2.25, 95% CI: 1.235-4.009),
(P=0.019, OR: 2.890, 95% CI: 1.252-12.088) and TACE
alone (P=0.006, OR: 2.488, 95% CI: 1.301-4.759) did
not benefit 1-year survival rate; but, when compared with
the HAIC and sorafenib alone, HAIC was associated with
higher 1-year survival rate for advanced HCC patients
(P=0.006, OR: 4.778, 95% CI: 1.555-14.680).

Similarly, compared with sorafenib alone, there was
apparent increased ORR rate in patients who received
HAIC alone (P=0.013, OR: 3.611, 95% CI: 1.306-9.984)
and TACE plus sorafenib (P<0.001, OR: 4.502, 95% CI:
2.208-9.180). Meanwhile, compared with sorafenib or
TACE alone, the combination of HAIC plus sorafenib
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(P=0.155, OR: 7.147, 95% CI: 0.476-107.191) and TACE
plus sorafenib (P=0.110, OR: 2.838, 95% CI: 0.789-10.214)
did not benefit ORR rate (7able 3).

For grade 3 or 4 AE, TACE alone was associated with
lower AE than TACE plus sorafenib (P=0.022, OR: 1.467,
95% CI: 1.057-2.062), and as compared with sorafenib
alone, there was not any AE rates benefit in patients who
received any combination therapy with sorafenib (7able 3).

Main results of efficacy of sequential therapy by network
meta-analysis

The 28 studies covered the presently used 10 categories of
main therapies including TACE, sorafenib, HAIC, TACE +
sorafenib, TACE + RT, RFA + sorafenib, HAIC + sorafenib,
HAIC + RT, HAIC + RFA, TACE + RT + sorafenib with
a total of 3,675 participants. We conducted network meta-
analysis to comparison of treatment efficacy and safety of
all above relevant targeted options for advanced HCC,
which included direct (head-to-head) and indirect treatment
comparisons of OS, ORR and AEs, and Figure 2 shows the
overall comparison network. Node-splitting models were
conducted to assess the inconsistency 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 (Zable 4).
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A RFA+Sorafenib
Sorafenib
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HAIC+RT
TACE
TACE+Sorafenib TACE+RT+Sorafenib
HAIC
RFA+Sorafenib
HAIC+RFA
Sorafenib
HAIC+Sorafenib
TACE+RT
HAIC+RT
TACE
TACE+Sorafenib
C . ,
Sorafenib RFA+Sorafenib
HAIC+Sorafenib
TACE+RT
HAIC+RT
TACE
HAIC

TACE+Sorafenib TACE+RT+Sorafenib
Figure 2 Network of included studies with the available direct
comparisons. The size of the nodes is proportional to the number
of patients (in parentheses) to receive the treatment. The width of
the lines is proportional to the number of trials (beside the line)
comparing the connected treatments. (A) For 1-year OS direct
comparisons; (B) for ORR direct comparisons; (C) for AEs direct
comparisons. OS, overall survival; ORR, overall response rate;
AE, adverse event; RFA, radiofrequency ablation; HAIC, hepatic
arterial infusion chemotherapy; TACE, transcatheter arterial

chemoembolization; RT, radiotherapy.

For OS, we used 1-year survival as an indicator and,
Figure 24 showed relative parametric data regarding 28 trials
containing 3,675 patients reported. To analyze short-term
efficacy ORR, 20 trials, including 9 treatment strategies or

combinations, and sample-based relative parameter data

Transl Gastroenterol Hepatol 2022;7:38 | http://dx.doi.org/10.21037/tgh-20-318



Translational Gastroenterology and Hepatology, 2022 Page 7 of 15

Table 2 Quality assessment of included studies

Selection Comparability QOutcome or exposure
Studies Score
1 2 3 4 5 6 7 8

Observational studies®
Song et al. * * * * . * x Kbk
Kawaoka et al. * * * o * * B
Jeong et al. * * * *k * * * Fekkkk Ak Ak
Wada et al. * * * * . * * * -
Cho et al. * * x * . * * -
Kim et al. * * . N N N Sk
Choi et al. x * x * . * * * IRRARA
Zhang et al. * * x * . * * * Kbk Rk
Ohki et al. * * * * wox * Sk
Zhu et al. * N x * . x N x AR
Zhang et al. * * * = * * Kk
Hu et al. * * * *k * * Fkkkkkok
Yuan et al_ * * * *k * * * FRKKKKKK
Zhang et al. * * * o * * —
Hirooka et al. * * * o * * R
Kodama et al. * * * * o * * R
Luo et al. * * * x * * * Kk
Peng et al. * * * *x * * AR
Luetal. * * * o * * R
Koo et al. x x « * * * * * RN

Randomized clinical trial®
Choi et al. 1 2 3 4 5 6 7
M. lkeda L L U U L L L
Kondo et al. L L L H L L L
He et al. L L L L L L L
Giorgio et al. L L L H L L L
Yoon et al. L L L L U L L
Varghese et al. L L L L L H L
Tim et al. L L L u L L L

2 the quality of the observational studies was performed using the NOS (* represents one star). °, the quality of the RCT was assessed by
Cochrane risk of bias tool (L = low risk, H = high risk, U= unclear risk). 1: random sequence generation; 2: allocation concealment; 3:
blinding of participants and researchers; 4: blinding of outcome assessment; 5: incomplete outcome data; 6: selective reporting; 7: other
bias. NOS, Newcastle-Ottawa Quality Assessment Scale; RCT, randomized controlled trial.
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Table 3 Outcomes in the traditional meta-analysis
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Treatment method Number of included studies Results of pair-wise meta-analysis P value
(O]
HAIC vs. sorafenib 4 4.778 (1.555, 14.680) 0.006
HAIC + sorafenib vs. sorafenib 3 1.707 (0.537, 5.404) 0.365
RFA + sorafenib vs. sorafenib 2 2.890 (1.252, 12.088) 0.019
TACE + sorafenib vs. sorafenib 4 2.25 (1.235, 4.009) 0.008
TACE + RT vs. sorafenib 3 4.373 (2.364, 8.089) <0.001
TACE + RT vs. TACE 4 2.033 (0.919, 4.497) 0.080
TACE + sorafenib vs. TACE 6 2.488 (1.301, 4.759) 0.006
ORR
HAIC vs. sorafenib 4 3.611 (1.306, 9.984) 0.013
HAIC + sorafenib vs. sorafenib 2 7.145 (0.476, 107.191) 0.155
TACE + sorafenib vs. sorafenib 4 4.502 (2.208, 9.180) <0.001
TACE + sorafenib vs. TACE 3 2.838 (0.789, 10.214) 0.110
TACE + RT vs. TACE 2 2.193 (0.997, 4.823) 0.051
AE
HAIC vs. sorafenib 4 1.179 (0.411, 3.385) 0.760
HAIC + sorafenib vs. sorafenib 3 1.258 (0.845, 1.872) 0.258
TACE + RT vs. sorafenib 2 0.411 (0.078, 2.167) 0.294
TACE + sorafenib vs. sorafenib 3 1.309 (0.862, 1.986) 0.207
TACE + sorafenib vs. TACE 4 1.476 (1.057, 2.062) 0.022
TACE + RT vs. TACE 2 1.035 (0.349, 3.072) 0.950

OS, overall survival; ORR, overall response rate; AE, adverse event; RFA, radiofrequency ablation; HAIC, hepatic arterial infusion
chemotherapy; TACE, transcatheter arterial chemoembolization; RT, radiotherapy.

without previously targeted were reported (Figure 2B). For
participants who have not received any treatment in the past,
20 trials, including 9 treatment strategies reported relevant
raw data, and the results showed that patients HAIC + RT
had the lowest adverse reaction rate followed by TACE + RT
(Figure 2C).

After a comprehensive evaluation of the network meta-
analysis results for different kinds of interventional therapies
(Figure 3), we could observe that for patients with BCLC-C
who have not received systemic treatment, HAIC combined
with RAF has the highest probability of obtaining the best
OS rate of 1 year (SUCRA, 0.95), which had ranked the
first in hypothetical cases, followed by HAIC (SUCRA,
0.75) (Figure 34). Based on the observed results, it was
detected that HAIC plus RFA may have the best clinical

© Translational Gastroenterology and Hepatology. All rights reserved.

efficacy in ORR for patients (SUCRA, 0.86) (Figure 3B);
it was most probable that HAIC plus RFA was the best
treatment followed by RFA plus sorafenib. On the other
hand, combined RT has the greatest safety in reducing AEs,
AEs occurring in patients who have received targeted drug
sorafenib therapy (SUCRA, 0.51) (Figure 3C).

The ranking table in Figure 4 shows the comparison of
the efficacy of all treatment regimens against each other
in terms of OS, ORR and AEs in treating advanced HCC.
Direct and indirect comparison of OS for patients with
BCLC-C stage treated with all treatment regimens each
other showed that for all treatment regimens, patients
showed significant clinical benefit when compared with
sorafenib (Figure 4A4). For ORR of different interventional
therapies, Figure 4B shows HAIC plus RFA also was the
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Table 4 Assessment of inconsistency between direct and indirect evidence
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Treatment comparisons

Direct effect

Indirect effect

Overall

P value of node-splitting method

0os
Sorafenib, TACE
Sorafenib, TACE plus RT
Sorafenib, TACE plus sorafenib
TACE, TACE plus RT
TACE, TACE plus sorafenib
ORR
Sorafenib, TACE plus RT
Sorafenib, TACE plus sorafenib
TACE, TACE plus RT
TACE, TACE plus sorafenib
AE
Sorafenib, TACE plus RT
Sorafenib, TACE plus sorafenib
TACE, TACE plus RT
TACE, TACE plus sorafenib

-0.89 (-2.90, 1.09)
1.59 (0.46, 2.74)
0.90 (-0.06, 1.87)
0.73 (-0.16, 1.60)
0.97 (0.22, 1.79)

2.33 (-0.63, 5.55)
1.68 (0.29, 3.18)

0.74 (-1.28, 2.77)
1.07 (-0.44, 2.79)

-1.04 (-2.06, -0.02)

0.29 (-0.28, 0.87)
0.01 (-0.99, 1.35)
0.37 (-0.05, 0.83)

0.31 (-0.61, 1.22)
0.46 (-0.96, 1.81)
1.26 (-0.15, 2.70)
1.87 (0.37, 3.42)

0.64 (-0.93, 2.19)

1.38 (-1.63, 4.26)
2.68 (-1.26, 6.93)
1.76 (-1.88, 5.75)
0.07 (-3.91, 4.01)

-0.01 (-1.60, 1.48)
-0.77 (-2.55, 0.85)
-1.06 (-2.22, 0.25)

1.27 (-0.02, 2.94)

0.11 (-0.71, 0.95) 0.25
1.12 (0.25, 1.99) 0.19
1.00 (0.23, 1.81) 0.68
1.01 (0.24, 1.80) 0.19
0.89 (0.26, 1.58) 0.68
1.81(-0.13, 3.76) 0.60
1.75 (0.53, 3.04) 0.61
0.98 (-0.64, 2.62) 0.60
0.91 (-0.36, 2.34) 0.59
-0.74 (-1.52, 0.05) 0.27
0.20 (-0.37, 0.73) 0.22
0.43 (-1.28, 0.40) 0.20
0.48 (0.02, 0.96) 0.20

OS, overall survival; ORR, overall response rate; AE, adverse event; HAIC, hepatic arterial infusion chemotherapy; TACE, transcatheter

arterial chemoembolization; RT, radiotherapy.

best treatment option followed by RFA plus sorafenib. In
the safety analysis, all included studies were retrieved grade
3 or 4 AEs under the condition that the authors reported
AEs in different treatment strategies. Typically, the major
differences were related to the well-known sorafenib-
associated toxicities, including stomatitis, diarrhea, hand-
foot skin reaction, rash, and bleeding (Figure 4C).

Discussion

This network meta-analysis is based on 28 studies, including
3,675 participants, comparing the main treatments of
BCLC-C patients, as well as the clinical benefits and AEs
of different treatments. Our results indicate that HAIC plus
RAF provides OS advantages and short-term effectiveness
compared to other treatments, but may increase toxic
effects. However, TACE plus sorafenib did not bring
any benefit to the OS rate, and provided higher adverse
reactions for this part of HCC patients.

Meta-analysis shows that HAIC plus sorafenib can
improve the survival benefit of patients with BCLC-C HCC,

© Translational Gastroenterology and Hepatology. All rights reserved.

and does not increase its adverse reactions. Compared with
HAIC alone group, the HAIC combined with RFA group
was associated with a higher survival rate, which could not be
observed in the HAIC combined with sorafenib group and
other combined therapy regimens. Moreover, compared with
HAIC or TACE alone group, the combination of sorafenib
did not significantly improve patient survival.

For advanced HCC patients who are not suitable for
radical local regional therapy, such as resection, liver
transplantation or local regional therapy, platinum-based
systemic chemotherapy is still the preferred treatment (5).
HAIC as a special systemic chemotherapy was widely used
in Asia, especially in Japan. In addition to sorafenib, HAIC
is also regarded as one of the treatment options according
to the Japanese HCC management guideline for advanced
HCC with macrovascular invasion (MVI) (VP3/4) (29).
The regimens used in HAIC include CDDP, interferon
(IFN), 5-FU alone, or their combination therapy takes
different forms (29). Recently, more and more reports have
reported that HAIC can improve tumor response rate and
patient survival rate (42-44). As previously reported, several

Trans! Gastroenterol Hepatol 2022;7:38 | http://dx.doi.org/10.21037/tgh-20-318



Page 10 of 15 Translational Gastroenterology and Hepatology, 2022

A e
019
(0.02,1.55) | HAICEREA
7.30 37.70

(0.90,61.45) | (2.00,911.20) || HAIC+RT

2.89 1530 0.40
(0.71,13.29) |[(1.19,244.70) || (0.05,3.37) || HAIC*Ser

119 6.21 0.16 041
(0.20,6.80) |((0.40,111.30) || (0.02,1.59) || (0.07,2.12) | RFAsSor
512 2717 0.70 178 436 o
(1.90,14.91) ||(2.63,351.69) || (0.11,4.53) || (0.61,4.78) || (1.09,18.49)
461 20.18 0.62 1.60 3.90 0.90
(120,1832) ||(2.02,357.21) || (0.08,8.91) || (0.42,5.73) || (0.78,20.60) || (0.39,2.08) R
167 8.84 023 0.58 142 033 037
(0.43,6.61) [(0.70,129.16) || (0.03,1.81) || (0.14,215) | (0.28,7.57) || (0.14,0.78) || (0.17,0.79) || TACERT
1.26 6.66 017 043 108 024 0.27 0.75

(0.08,19.62) (|(0.22,243.46) || (0.01,3.66) || (0.03,6.40) || (0.05,18.91) || (0.023.15) || (0.02,3.20) || (0.06,9.39) ||TACE#RT+Sor

188 9.97 0.25 0.65 1.60 0.37 0.41 113 g

(0.49,7.02) |[(0.82,144.28) || (0.03,1.87) || (0.17,2.2a) || (0.32,7.88) || (0.16,0.79) || (0.21,0.77) || (0.44,2.74) || (0.13,15.77) || TACEsSor
B HAIC

0.09

(000137 || HAICHREA

035 3.83

(0.01,8.63) ||(0.06,312.28) || HAICHRT

0.62 6.99 175

(0.06,9.30) || (0.22,363.37) || (0.07,70.28) || HAIC*Ser

0.10 1.05 0.28 015

(0.00,3.92) || (0.01,119.59) || (0.00,22.08) || (0.00,5.78) | RFA*Sor

5.63 63.28 16.38 9.20 59.23 %

(1.41,29.70) |((3.39,1765.56)|| (1.06,359.12) || (1.29,62.40) (2.48,2779.82) 1

2.43 2758 6.96 3.96 26.16 043

(0.30,28.72) (|(0.95,1202.38)| | (0.29,240.26) || (0.31,52.14) [|(0.62,1759.34)|| (0.08,2.92) ACE

0.92 10.54 2.64 1.49 10.04 016 037

(0.09,12.38) || (0.30,526.70) || (0.09,99.48) || (0.09,21.38) |[ (0.23,752.31) || (0.02,1.14) || (0.07,1.89) TACE+RT

0.97 1092 2.86 158 1027 017 0.40 1.06

(0.16,7.77) || (0.46,390.96) || (0.13,79.75) || (0.15,15.48) | (0.31,590.78) || (0.05,0.59) || (0.10,1.44) || (0.16,6.25) || TACEsSor
C HAIC

5.03

(1.20,20.30) || HAICGRT

1.07 021

(0.06,238) || (0.06,0.77) HAIG+Sor

141 0.27 1.29

(0.25,8.08) || (0.04,212) || (0.257.58) REA+Sor

136 027 127 0.98

(0.65,2.55) || (0.08,0.89) || (0.78,1.99) || (0.17,0.48) Sor

183 036 1.69 129 132

(0.66,4.56) || (0.09,1.43) || (0.72,3.98) || (0.22,8.84) || (0.68,2.70) TACE

2.82 0.56 2.65 194 211 153

(0.96,7.54) || (0.13,2.36) || (1.02,6.40) ||(0.32,12.92) | (0.96,4.56) || (0.67,3.59) TACE+RT

0.23 0.05 0.21 0.16 0.16 0.12 0.08

(0.02,1.74) || (0.000.48) || (0.03,1.61) || (0.01,1.78) | (0.02,1.22) || (0.02,0.86) || (0.01,0.65) || TACE*RT#Sor

112 0.22 1.0 0.80 0.82 0.62 0.08 5.01

(0.46,2.54) || (0.06,0.84) || (0.50,2.16) || (0.14,4.29) | (0.43,1.45) || (0.38,098) || (0.18,092) || (0.77,37.87) || TACEsSor

Figure 3 The network meta-analysis results for different kinds of interventional therapies. (A) One-year OS of different kinds of
interventional therapies; (B) ORR of different kinds of interventional therapies; (C) AEs of different kinds of interventional therapies. OS,
overall survival; ORR, overall response rate; AE, adverse event; RFA, radiofrequency ablation; HAIC, hepatic arterial infusion chemotherapy;
TACE, transcatheter arterial chemoembolization; RT, radiotherapy; Sor, sorafenib.
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Figure 4 Results of rank test for different interventional therapies. (A) For 1-year OS of different interventional therapies; (B) for

ORR of different interventional therapies; (C) for AEs of different interventional therapies. OS, overall survival; ORR, overall response

rate; AE, adverse event; RFA, radiofrequency ablation; HAIC, hepatic arterial infusion chemotherapy; TACE, transcatheter arterial

chemoembolization; RT, radiotherapy; SUCRA, surface under the cumulative ranking.

studies have shown survival benefits of HAIC for advanced
HCC without extrahepatic metastasis (EHM) (45), with
response rates ranging from 20.8% to 52% (43,46-49).
Studies also have revealed that sequential HAIC after
liver resection for advanced HCC with portal vein tumor
thrombosis (PVTT) is also extremely effective (47,50).
TACE and HAIC treatment are mainly based on
the differences in the population. TACE treatment is
mainly targeted at patients with intermediate stage HCC,
specifically (51). While patients with advanced HCC
targeted by HAIC, especially those with advanced HCC
with heavy burden of intrahepatic lesions. HAIC have more
advantages compared with sorafenib in previous clinical
studies. At present, many hospitals are exploring the HAIC
(FOLFOX) contrast with sorafenib III prospective head-to-
head randomized controlled clinical trials in advanced HCC.
Advanced HCC is often accompanied by PVTT.
Sorafenib, an oral multi-kinase inhibitor that blocks tumor
cell proliferation and angiogenesis, significantly improved OS
and has become the first-line option for BCLC stage C, which
including cases complicated with MVI and EHM (52,53).

© Translational Gastroenterology and Hepatology. All rights reserved.

However, the use of sorafenib has gradually been limited
because its severity and frequency AEs, ungratified efficacy
application and high cost (51,54). TACE in combination with
sorafenib seems to be the option for advanced HCC, but its
high cost and intolerable adverse reactions has resulted in
required dose reductions or interruptions in sorafenib-treated
patients (55). Moreover, patients in the sorafenib group
discontinued TACE treatments earlier (56,57). These are the
reasons why TACE combined with sorafenib does not show a
difference in survival.

Conversely, RFA, less invasive than hepatectomy, can be
manipulated easily and can achieve complete coagulative
necrosis. So, many liver cancer treatment guidelines
consider RFA as effective as surgical resection to treat small
HCC <3 cm in diameter (57). Some studies indicate that
RFA as a complementary treatment plays a very important
role in the treatment of advanced HCC. With the
developments of technique for RFA, large HCC and PVT'T
also can be treated by RFA (58). HAIC can increase the
concentrate of drug within the tumor and reduce the waste
of peripheral drugs, which helps reduce systemic adverse
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reactions of patients. Continuous infusion chemotherapy
using the implanted drug delivery systems to deliver drugs
regularly through the appropriate hepatic arteries may be
an effective way to control tumor progression and prolong
survival (58). More importantly, it has effective anti-tumor
activity and reduces systemic adverse reactions. At the same
time, RFA can synergistically increase tumor local necrosis.
So, RFA is an effective tumor reduction option before
HAIC treatment.

This network meta-analysis suggests that combination
therapy with HAIC and RFA did not worsen liver function
and had a best survival benefit for advanced HCC patients
compared with other sequential therapy. However, there
were still some limitations existed in this study. First,
current systemic therapy of HCC consists of receptor
TKIs and checkpoint inhibitors. A timely consideration of
systemic therapy is an important part of advanced HCC
management. With a lack of a direct comparison between
CIT strategies and observation alone for patients with
advanced HCC, the question of which CIT combined
with local therapy strategies is optimal for the patient still
remains inconclusive. Second, the baseline characteristics
of all the enrolled studies might affect the possible
heterogeneity as well as the final results, such as the dose
of sorafenib and HAIC, the duration and frequency of
medication, the type of tumor and portal vein thrombus,
and the primary tumor size, and there were slightly
differences between the studies and may be confounding
factor. Thirdly, the small sample size of some studies may
lead to an overestimate of the results. Consequently, a
multidisciplinary management and close collaboration
between hepatology, oncology, and interventional radiology
centered over patients’ goals for therapy is essential for
optimal outcomes and multicenter and high-quality RCTs
with large sample sizes are expecting to confirm the
advantages of the combined therapy for advanced HCC in
the future.

Conclusions

In conclusion, HAIC may be a valuable therapeutic
strategy for advanced HCC patients to prevent recurrence
and metastasis after RFA, as well as in improving patient
prognosis and quality of life. Addition, in this meta-analysis,
there was not directly compared to TACE-sorafenib
and HAIC-RAF, but it was suggested that HAIC-RAF
appeared to be better to TACE plus sorafenib in advanced-
stage HCC. So, we also speculate that the main difference

© Translational Gastroenterology and Hepatology. All rights reserved.
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between TACE and HAIC is the adaptation to the
population. TACE is mainly for patients with intermediate-
stage HCC, while HAIC is for patients with advanced
HCC, especially advanced HCC with heavy intrahepatic
lesions. TACE combined with sorafenib may contribute to
improving survival prognosis of intermediate-stage HCC.
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