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Abstract

Purpose Combination therapy of sorafenib and transar-
terial chemoembolization (TACE) has shown benefits in
treating advanced hepatocellular carcinoma (HCC). This
study evaluated the efficacy and safety of TACE +
sorafenib.

Methods MEDLINE, the Cochrane Library, EMBASE,
and the ISI Web of Knowledge were searched (until 31
December 2013) for studies comparing TACE and
TACE + sorafenib in treating patients with advanced
HCC. Sensitivity and quality assessments were performed.
Results Five comparative studies (2 were randomized
control trials) that included 899 patients were used in the
meta-analysis. Patients treated with TACE + sorafenib
had better prognoses in terms of time to progression (TTP)
compared to those with TACE + placebo or TACE alone;
hazard ratios (HRs) ranged from 0.40 to 0.87, with the
combined HR 0.61 (95 % CI 0.39-0.95, p = 0.031).
However, the combined HR for overall survival (OS) did
not differ significantly between patients treated with
TACE + sorafenib and those with TACE + placebo or
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TACE alone (combined HR = 0.79, 95 % CI = 0.54-1.16,
p = 0.235). Sensitivity analysis indicated the findings for
TTP may be overly influenced by at least one of the
studies.

Conclusions In summary, our meta-analysis found that
TACE + sorafenib can improve TTP. We did not find the
combined therapy improved OS. Additional randomized
controlled studies are necessary to further investigate the
clinical benefit of TACE + sorafenib in treating advanced
HCC.

Keywords Combined modality therapy - Liver
neoplasms - Meta-analysis - Sorafenib - Systematic review -
Therapeutic chemoembolization

Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon forms of cancer worldwide and is particularly present
in some Asian countries due to the high prevalence of
hepatitis B virus infection [1, 2]. Approximately 30 % of
patients present with advanced or unresectable HCC, and
consequently the mortality rate for HCC is high [3, 4].

Due to the high rates of advanced disease, palliative
treatment, aimed at increasing the length of survival after
diagnosis, is a very important component of managing
HCC [5]. A number of therapies are used to treat
advanced HCC such as transarterial chemoembolization
(TACE), radiation, systematic chemotherapy, portal vein
stent, surgical resection, percutaneous ethanol injection,
[-125 implantation, laser ablation, and conservative
treatment [6—12]. Currently, there is no consensus
regarding a common treatment strategy for patients with
advanced HCC [13].
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TACE, which delivers chemotherapy to the tumor
location, is considered the standard treatment for unre-
sectable HCC and has been demonstrated to provide a
modest survival benefit [14, 15]. However, failure of
TACE therapy is common, and studies have found that this
may, in part, result from cellular adaptation to hypoxia
resulting from the chemotherapy by neoangiogenesis [16].
Vascular endothelial growth factor (VEGF) plays an
important role in promoting neoangiogenesis [16—18].
Sorafenib, an antiangiogenic drug that inhibits the VEGF
signaling pathway, is indicated for the treatment of patients
with unresectable HCC [19].

The use of sorafenib with TACE in treating advanced
HCC has been actively studied, although the findings have
been inconsistent [20]. Hence, the effectiveness of the
combined use of sorafenib and TACE in HCC, especially
in the majority of patients with more advanced disease, is
not well understood. This systematic review and meta-
analysis aimed to analyze the safety and efficacy of sor-
afenib combined with TACE in treating unresectable HCC.

Materials and methods
Search strategy

This meta-analysis was conducted in accordance with the
PRISMA guidelines [21]. MEDLINE, the Cochrane
Library, EMBASE, and the ISI Web of Knowledge were
searched (until 31 December 2013) using combinations of
the following keywords: hepatocellular carcinoma/HCC/
hepatoma, sorafenib and chemoembolization transarterial
chemoembolization/TACE. Randomized controlled trial
studies that evaluated patients who had diagnoses of HCC
and received treatment with sorafenib combined with
TACE were included. The included studies provided
numerical information about the specified primary or sec-
ondary outcomes (see below). Studies not published in
English were excluded. Letters, commentaries, editorials,
and case reports were also excluded. Potential studies were
reviewed by two independent reviewers, and a third
reviewer was consulted if there was uncertainty regarding
eligibility.

Data extraction

The following information was extracted from studies that
met the inclusion criteria: the name of the first author, year
of publication, study design, patient demographics, key
clinical characteristics (tumor stage, performance status,
rate of viral hepatitis infection, chemoembolization treat-
ment regimen), survival outcomes, tumor responses, and
adverse events. Two independent reviewers extracted the
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data, and a third reviewer was used to solve any
discrepancies.

Quality assessment

The Delphi list was used to assess the quality of the ran-
domized controlled trials [22]. The Newcastle-Ottawa scale
was used to assess the quality of the nonrandomized con-
trolled study [23].

Statistical analysis

The primary outcome measure was time to progression
(TTP), and the secondary outcomes measures were overall
survival (OS) and adverse events.

The hazard ratio (HR) with 95 % confidence interval
(CI) was calculated for TTP and OS among patients treated
with TACE + sorafenib compared to those with
TACE + placebo or TACE only. Because adverse events
are rare, the Peto odds ratio (OR) with 95 % CI was cal-
culated for the adverse event outcomes [22]. An HR/OR <1
indicated TACE + sorafenib was favored. Because the
number of studies included in the meta-analysis was small,
the heterogeneity tests may have had low statistical power
[23]. Tests for heterogeneity are often underpowered, and
random-effects models are routinely used [24]. The
National Research Council report recommends the use of
random-effects approaches for meta-analysis and the
exploration of sources of variation in study results [25].
Combined HRs were calculated, and a two-sided
p value <0.05 was considered to indicate statistical sig-
nificance. Sensitivity analysis was performed for primary
outcomes based on the leave-one-out approach. All statis-
tical analyses were performed using the Comprehensive
Meta-Analysis statistical software, version 2.0 (Biostat,
Englewood, NJ, USA).

We did not evaluate publication bias as the number of
studies included in the meta-analysis was too small to
assess for publication bias using a funnel plot [26].

Results
Literature search

After the initial search and removal of duplicates, a total of
96 articles were identified for screening (Fig. 1). Of these,
75 were subsequently excluded for not being relevant. Ten
additional studies were eliminated because the intervention
studied did not involve TACE (n = 9) or only reported a
study protocol (n = 1). Five studies were included in the
systematic review [26-31].
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Fig. 1 Flowchart of study
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Study characteristics

The 5 studies included 899 patients with unresectable
HCC, with 400 patients treated with TACE 4 sorafenib
and 499 treated with TACE + placebo or TACE alone.
The four studies in the meta-analysis [27, 28, 29, 31]
included 809 patients (n = 355 for sorafenib + TACE and
n = 454 for TACE + placebo or TACE alone). The total
number of patients in each of the 5 studies ranged from 43
to 458. The mean age across the studies ranged from 49 to
73 years, and most patients were male (Table 1). For both
treatment groups, the most common BCLC stages were B
(intermediated stage) and C (advanced stage); most
patients had a Child-Pugh class A tumor and ECOG score
of 0-1 (Table 1). The chemobolization and dose of sor-
afenib varied across the studies (Table 2).

The median TTP time ranged from 5.4 to 9.2 and 3.7 to
4.9 months for patients with TACE 4 sorafenib and those
with TACE + placebo or TACE alone, respectively. The
median OS time ranged from 7.5 to 29.7 and 5.1 to
18.3 months for patients with TACE + sorafenib and those
with TACE + placebo or TACE alone, respectively.

Safety
Meta-analysis

Time to progression—primary outcome The study of Qu
et al. [26] was excluded from the meta-analysis of TTP
because it did not provide point estimates and 95 % Cls for
HR regarding TTP; hence, three [27, 29, 31] studies were
used for the meta-analysis. Because of the small number of
studies included, a random-effects model was used. Patients
treated with TACE + sorafenib had better prognoses in
terms of TTP compared to those with TACE + placebo or
TACE alone; HRs ranged from 0.40 to 0.87, with the com-
bined HR = 0.61 (95 % CI 0.39-0.95, p = 0.031) (Fig. 2).

Overall survival—secondary outcome Only three [27, 29,
31] of the four studies provided the point estimate (HR)
and 95 % CI for OS. The combined HR revealed that the
OS did not significantly differ between patients treated
with TACE + sorafenib and those with TACE + placebo
or TACE alone (combined HR 0.79, 95 % CI 0.54-1.16,
p = 0.235) (Fig. 3).
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Table 2 Summary of study participants and study outcomes

References Treatment Number Chemoembolization Dose of Median Tumor Median  Median
of cases sorafenib treatment period response, % TTP oS
of sorafenib (months) (months)
Bai et al. TACE + sorafenib 82 vs. Mitomycin, 400 mg twice NA CR (0), 6.3 vs. 7.5 vs.
[29] vs. TACE alone 164 doxorubicin daily PR (9.7) 43 5.1
SD (48.8),
PD (41.5)
vs. CR (0),
PR (3.4),
SD (41.1),
PD (55.5)
Muhammad TACE + sorafenib 13 vs. 30 Doxorubicin 200 mg twice NA NA NA 20.8 vs.
et al. [30] vs. TACE alone daily then 18.3
increased to
400 mg
twice daily
Sansonno TACE + sorafenib 31 vs.31 Mitomycin, 400 mg twice NA NA 9.2 vs. NA
et al. [28] VS. doxorubicin daily 49
TACE + Placebo
Qu et al. TACE + sorafenib 45 vs. 45 Oxaliplatin, 400 mg twice 11.61 months vs. NA NA 27 vs. 17
[26] vs. TACE alone fluorouracil, daily NA
epirubicin
Kudo et al. TACE + sorafenib 229 vs.  Epirubicin, 200 mg twice 17.1 vs. NA 54 vs. 29.7 vs.
[27] VS. 229 cisplatin, daily 20.1 weeks 3.7 NE
TACE + Placebo doxorubicin,
mitomycin

CR complete response, NA not available, NE not estimable because of immaturity of data, PD progressive disease, PR partial response, SD

stable disease, TACE transcatheter arterial chemoembolization

Adverse effects—secondary outcome The summary of
adverse events is shown in Table 3. We classified the
adverse events according to Common Terminology Cri-
teria for Adverse Events (version 4.03) [32]. The most
frequent adverse events across the studies associated with
TACE + sorafenib treatment were hand-foot skin reac-
tions, diarrhea and hypertension). The individual and
overall adverse events for the included studies are pre-
sented in a Forest plot in Fig. 4. Random-effects models
for rates of hand-foot skin reaction, diarrhea and hyper-
tension were used. Patients treated with TACE + so-
rafenib had a higher frequency of hand-foot skin
reactions, diarrhea and hypertension compared to those
with TACE + placebo or TACE alone (all p < 0.05).

Sensitivity analysis We performed sensitivity analyses for
TTP, OS, and rates of adverse events in which the data
analyzed after each study was removed in turn (Table 4).
Removal of the study of Sansonno et al. [28] or Bai et al.
[29] caused the pooled HR for TTP to become nonsignif-
icant. These findings suggest that these two studies overly
impacted the combined findings. For OS, the results

differed when Kudo et al. [27] was removed; the pooled
HR for OS became significant, suggesting this study may
have overly influenced the findings. For rates of diarrhea
and hypertension, the results differed when Kudo et al. [27]
was removed; the pooled Peto OR became nonsignificant,
suggesting this study may have overly influenced the
findings. However, the magnitude of the combined esti-
mate for hand-foot skin reactions did not vary markedly
with the removal of the studies, indicating these findings
are robust.

Quality assessment of studies with two treatment arms
The quality of the data was evaluated for the two included
studies that were randomized control trials using the Delphi
list [27, 28]. The study of Kudo et al. [27] received 8 points
and of Sansonno et al. [28] 7 points, indicating the data
were of good quality. A risk for detection bias was present
because the outcome assessors in both studies were not
blinded. The Sansonno et al. [28] study also did not include
an intention-to-treat analysis. The quality of the Bai et al.
[29], Muhammad et al. [30] and Qu et al. [26] studies,
which were non-randomized, was evaluated using the

@ Springer
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Table 3 Summary of adverse events
Ist AU (year) Bai et al. Muhammad etal. Sansonno et al. Qu et al. Kudo et al.
[29] [30] [28] [26] [27]
No. for safety set (n) 82 vs. 164 13 vs. 30 40 vs. 40 45 vs. 45 229 vs. 229
Category Adverse events (%)
Skin and subcutaneous tissue disorders Hand-foot skin 63.4vs.0 154 vs. 0 10 vs. O 82 82 vs. 7
reaction
Alopecia 451 vs.0 - 0vs. 0 - 41 vs. 3
Rash/desquamation - - 20 vs. 2.5 58 40 vs. 11
Gastrointestinal disorders Diarrhea 36.6 vs. 0 7.7 vs. 0 10 vs. 7.5 48.9 31vs. 5
Nausea - 0 vs. 10 17.5vs. 7.5 26.7 -
Abdominal pain - 7.7 vs. 20 - - -
Investigations Elevated AST - 15.4 vs. 3.3 - - 25vs. 5
Elevated ALT - - - - 21 vs. 5
Elevated amylase - - - - 21 vs. 8
Elevated lipase - - - - 44 vs. 8
General disorders and administration Fatigue 244 vs.0 - 22.5vs. 7.5 55.6 -
site conditions
Metabolism and nutrition disorders Anorexia - - 7.5 vs. 10 31.1 -
Hypophosphatemia - - - - 28 vs. 6
Other metabolic - - - - 32 vs. 4
abnormality
Vascular disorders Hypertension 85vs. 0 7.7 vs. 0 15.3 vs. 10 55.6 31 vs. 7
The blank indicated no reported events
Newcastle-Ottawa scale. The Bai et al. data were consid-  Discussion

ered of high quality as they received a score of 9.
Muhammad et al. and Qu et al. received a score of 6
because they may have had selection bias as they did not
explain the selection of participants.
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This meta-analysis evaluated the efficacy of TACE alone
or TACE + sorafenib in treating patients with advanced
HCC. We found that the addition of sorafenib to TACE
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improved TTP but not OS. The common adverse events
associated with TACE + sorafenib treatment were fatigue,
diarrhea, nausea, hand-foot skin reactions, alopecia, rash,
and hypertension.

Several recent meta-analyses have also evaluated the use
of TACE + sorafenib in treating patients with unre-
sectable HCC [5, 33-35]. Yang et al. included 6 studies that
together had 1181 patients [35]. Similar to our findings, they
found that the pooled HR for the randomized control trials for
OS did not reach statistical significance. However, when
they also included retrospective studies, they found the HR
did reach statistical significance for the TACE + sorafenib
treatment (HR 0.64; 95 % CI 0.43-0.97). Yang et al. also
evaluated time to progression (TTP) and response to treat-
ments. They found that TACE 4 sorafenib resulted in
longer TTP and better response to treatment than TACE
alone. Also similar to our findings and those of Yang et al.,

the meta-analysis of Liu et al. [32] found that TACE + so-
rafenib did not benefit OS [33]. Their analysis included seven
comparative studies. The HR for OS was 0.81 (p = 0.061).
Similar to Yang et al., they did find that TACE + sorafenib
benefited TTP (HR 0.76; p < 0.001).

In contrast to our findings and those of Yang et al. and
Liu et al., the meta-analysis of Fu et al. [33] found a benefit
in survival with the addition of sorafenib to TACE [34]. Fu
et al. included 9 studies in their meta-analysis with 900
patients. They found TACE + sorafenib significantly
reduced 6-month and 1-year mortality (p < 0.007) but did
not decrease 2-year mortality (p = 0.46) compared with
TACE alone. In contrast to our analysis, they did not find a
benefit of adding sorafenib to TACE for the 6-month TTP
(p = 0.06). However, they did find that the objective
response ratio (p = 0.008) and clinical benefit ratio
(p < 0.0001) favored the combination therapy. Similar to
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Table 4 Sensitivity analysis for
treatment effects of sorafenib in
combination with TACE

Study name Statistics with study removed
Points Lower limit Upper limit Z value p value

A. TTP

Bai et al. [29] 0.60 0.28 1.29 —-1.31 0.191

Sansonno et al. [28] 0.74 0.52 1.06 —1.62 0.105

Kudo et al. [27] 0.50 0.33 0.74 —3.46 0.001
B. OS

Bai et al. [29] 1.00 0.68 1.45 —0.02 0.986

Muhammad et al. [30] 0.79 0.46 1.36 —0.83 0.405

Kudo et al. [27] 0.64 0.46 0.90 —2.58 0.010
C. Hand-foot skin reactions

Bai et al. [29] 20.17 14.08 28.90 16.38 <0.001

Muhammad et al. [30] 25.33 12.71 50.48 9.19 <0.001

Sansonno et al. [28] 28.33 15.36 52.27 10.70 <0.001

Kudo et al. [27] 30.71 11.68 80.70 6.95 <0.001
D. Diarrhea

Bai et al. [29] 4.09 1.28 13.06 2.38 0.017

Muhammad et al. [30] 6.97 1.67 29.21 2.66 0.008

Sansonno et al. [28] 13.67 3.18 58.80 3.51 <0.001

Kudo et al. [27] 9.07 0.77 107.23 1.75 0.080
E. Hypertension

Bai et al. [29] 3.71 1.54 8.94 293 0.003

Muhammad et al. [30] 5.00 1.66 15.09 2.86 0.004

Sansonno et al. [28] 8.62 2.58 28.81 3.50 <0.001

Kudo et al. [27] 7.31 0.88 60.66 1.84 0.066

Fu et al.,, a meta-analysis by Zhang et al. [34] found
TACE + sorafenib improved OS (HR = 0.65; p = 0.007)
[35]. Zhang et al. included seven comparative studies. They
also found TACE + sorafenib improved TTP (HR 0.68;
p = 0.003) and ORR (HR 1.06; p = 0.021).

In the four prior meta-analyses the incidence of adverse
events was higher in the TACE + sorafenib group than in
the TACE alone group [33-35]. Similar to our findings, the
other meta-analyses found that common adverse events
associated with TACE + sorafenib were hand-foot skin
reactions, diarrhea, hypertension, rash, and fatigue.

The difference across the meta-analyses likely reflects
the different studies included and different methods of
analyses. The findings of all the meta-analyses, including
our own, are limited by the small number of included
studies (range 4-9 comparative studies). Regardless, all the
studies indicate that TACE + sorafenib may bring a ben-
efit to patients with unresectable HCC compared to TACE
alone. Our study was also limited by the high heterogeneity
among the studies used in the meta-anlaysis and the fact
that the pooled HR for TTP was not significant when either
the study of Sansone et al. [28] or Bai et al. [29] was
removed. Of the three studies included in the OS analysis,
only Kudo et al. [27] found the TTP not to be significantly
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different between TACE + sorafenib and TACE alone
[29]. However, in the study of Kudo et al., [27] sorafenib
was given 1-3 months following embolization. Kudo et al.
[27] speculate that the reason for the OS finding may reflect
the delay in starting sorafenib after TACE and/or the lower
daily dose of sorafenib (200 mg twice daily used in their
study vs. 400 mg twice daily in the other trials) [6]. Con-
sistent with this, subgroup analysis indicated that several
factors might affect TTP including the age, treatment lag,
treatment duration, number of prior TACE courses, and
administration dose [27]. Another limitation of our analysis
was not all the included studies in the meta-analysis were
randomized controlled trials, and we did not take into
consideration differences in clinical characteristics across
the studies such as Child-Pugh stage, HBV or HCV
infection, dose of sorafenib, treatment length of sorafenib,
and concurrent chemoembolization (doxorubicin, mito-
mycin, etc.). Finally, there were differences across the
studies in the definition of complete response. One study
defined complete response (CR) using the mRECIST cri-
teria [30]; another defined CR using the RECIST criteria
[29]. Kudo et al. [27] defined CR as 100 % tumor necrosis
or shrinkage, and Sansonno et al. [28] defined it as the
absence of contrast enhancement within the original tumor.
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According to BCLC, many of the patients in our study had
intermediate HCC; the inclusion criteria for the studies
selected for patients diagnosed unresectable HCC with
Child-Pugh class A or B, ECOG 0-1, and limitations of
tumor size. Patients with intermediate HCC represent a
heterogeneous population with different liver functions and
tumor burdens. It is possible that TACE was effective in a
subgroup of this population and that some patients may
have benefited from other treatments.

In summary, our meta-analysis found that TACE + so-
rafenib can improve TTP. We did not find the combined
therapy improved OS. Additional randomized controlled
studies are necessary to further investigate the clinical ben-
efit of TACE + sorafenib in treating advanced HCC.
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