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Abstract: Transarterial chemoembolization (TACE) is the standard treatment for patients
with Barcelona Clinic Liver Cancer-intermediate stage hepatocellular carcinoma (HCC). The
concept of drug-eluting bead TACE builds on the rationale of intratumoral drug delivery, and
drug-eluting bead TACE has been shown to provide consistent and reliable results and to sig-
nificantly diminish systemic drug exposure, liver toxicity, and drug-related adverse events as
compared with conventional TACE. Based on the belief that combinations of TACE and other
local or systemic therapies have several theoretical advantages, many clinical trials have been
conducted to evaluate the effectiveness of TACE in combination with local treatment such as
radiofrequency ablation or radiotherapy, and systemic therapy such as sorafenib or another
molecular therapy. TACE has also been used as a preoperative adjuvant chemotherapy in patients
with HCC to improve survival and as a bridging therapy before liver transplantation to downstage
HCC. In the present evidence-based review, the authors summarize the current status of these
transcatheter arterial embolic therapies in HCC.
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Introduction

Hepatocellular carcinoma (HCC) remains a global health problem and is currently
ranked as the third leading cause of cancer-related death.!? The majority of cases arise
due to cirrhotic liver, in which many etiologic factors are involved. While treatment
options for HCC such as surgical resection, liver transplantation, and ablative therapies
provide a chance of cure, these modalities are limited and often ineffective, because
HCC is usually diagnosed at an advanced stage. Therefore, advanced stage presentation,
poor liver function, severe comorbidities, and the limitation of available donors make
it difficult to receive curative treatments for HCC. Accordingly, palliative therapies
such as transcatheter arterial embolic therapies, radiation therapy, and systemic che-
motherapies provide treatment options.

Transarterial chemoembolization (TACE) has been widely performed and has
become the current standard therapy for large or multinodular HCC with a relatively
preserved liver function, the absence of cancer-related symptoms, and no evidence
of vascular invasion or extrahepatic spread, which is classified as intermediate stage
according to the Barcelona Clinic Liver Cancer (BCLC) staging system.'

TACE involves the injection of an embolic agent into the tumor-feeding arteries to
block its major nutrient source, and results in ischemic necrosis of the targeted tumor.
The European Association for the Study of the Liver (EASL) guidelines recommend

submit your manuscript
Dove

http:

Journal of Hepatocellular Carcinoma 2015:2 123-129 123
© 2015 Jang et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/JHC.S44380
mailto:jin@inha.ac.kr

Jang et al

Dove

TACE for unresectable HCC with BCLC-B intermediate
stage.’ Drug-eluting bead TACE (DEB-TACE) represents a
novel drug delivery/embolization system, and was developed
to deliver higher doses of chemotherapeutic agents over
longer drug-tumor contact times.? It has been shown that
in HCC patients, TACE with drug-eluting microparticles
(DC Bead® [BTG International Ltd, London, UK]) achieves
higher intratumoral but lower systemic concentrations of
doxorubicin than conventional TACE (¢TACE) and reduces
liver toxicity.>*

TACE has also been performed as a preoperative chemo-
therapy in HCC to improve survival and as a bridging therapy
before liver transplantation for HCC downstaging.® On the
other hand, based on the concept that TACE in combination
with other local or systemic therapies has several theoretical
advantages, many clinical trials have been conducted to eval-
uate the effectiveness of TACE plus another local treatment
such as radiofrequency ablation (RFA) and radiotherapy,
or systemic molecular target therapy. However, outcomes
of clinical trials conducted on this topic are conflicting, and
not all patients with intermediate-stage HCC are suitable for
TACE; in such patients, other treatments such as sorafenib
should be considered.

In this review, we summarize, on the basis of existing
evidence, the current status of TACE in HCC and discuss
related topics including DEB-TACE, bridging therapies to
surgical resection, and combination therapies.

Indications and contraindications

for TACE

The EASL guidelines recommend TACE for unresectable,
Child-Pugh A or B multiple HCC with no vascular invasion.’
Liver function is a critical component of careful patient
selection for TACE, which is discouraged in patients with
decompensated liver disease, advanced liver dysfunction,
macroscopic invasion, or extrahepatic spread.'

According to the BCLC staging system, HCC patients
with portal vein tumor thrombosis (PVTT), BCLC
stage C, can receive only sorafenib target therapy. However,
for patients with advanced HCC with vascular invasion or
extrahepatic metastases, median survival for sorafenib is
short (only 6.5 months) in Asia.® Meta-analysis of eight
controlled trials involving 1601 HCC patients showed that
TACE significantly improved 6-month (hazard ratio [HR],
0.41; 95% confidence interval [CI] =0.32-0.53; z, 6.28;
P=0.000) and 1-year (HR, 0.44; 95% C1=0.34-0.57; z, 6.22;
P=0.000) overall survivals (OSs) of patients with PVTT

vs conservative treatment, which means that TACE has
the potential to improve survival and is safe for advanced
HCC with PVTT, even with main portal vein obstruction.”
Therefore, TACE may be extended in some patients with
BCLC stage C.

The indications for TACE are still debated and vary
between centers and countries. Furthermore, rules for its
discontinuance are even less clear, and data on this subject
are limited, mainly because there are no well-defined criteria
for TACE failure and refractoriness. The need to define
TACE-refractory HCC is particularly important in the
strategy of repeating multiple sessions of TACE for residual
viable tumors or newly developed lesions on an on-demand
basis. One study of 264 patients with intermediate-stage
HCC who underwent TACE showed that progression or the
need for three sessions of TACE within the first 6 months
might be predictive of TACE refractoriness.® The Japan
Society of Hepatology defined TACE failure or refractori-
ness as ineffective response (viable HCC lesions >50%)
even after two or more consecutive TACE sessions,® which
is supported by the finding that the OS of patients treated
with sorafenib induced by TACE failure or refractoriness
without extrahepatic spread or vascular invasion was greater
in patients that received =2 consecutive ineffective TACE
procedures.” Furthermore, the results of this study support
the definition of TACE failure or refractoriness as proposed
by the Liver Cancer Study Group of Japan.'

Meanwhile, several authors have proposed that Assess-
ment for Retreatment with TACE score (ART score), which
is assessed using an increase in aspartate aminotransferase
by >25% from baseline, an increase in Child-Pugh score
of =1 from baseline, and the absence of radiological
tumor response, may well predict refractoriness to TACE.
Furthermore, an ART score of =2.5 predicts a poor prog-
nosis and the futility of further TACE sessions.'!> However,
increase in AST value (+25%) from baseline had the highest
importance (4 points), and the positivity of this parameter
alone can lead the patient in the poor prognostic group.
Recent studies conducted in Japan' and Italy' have failed to
validate the ART score. In regard to the AST increase, it can
be assumed that its role is milder in cases of viral cirrhosis
than in alcoholic cirrhosis since it is a major cause in Austrian
series, and AST tends to increase following toxic damage
from alcohol. Alternative explanations are heterogeneous
selection of intermediate-stage HCC or some differences in
treatment techniques and time interval. For these reasons,
several investigators in France reported on the ABCR scoring
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system, which contains four prognostic factors associated with
OS, namely, BCLC and alpha-fetoprotein (>200 ng/mL) at
baseline, an increase in Child-Pugh score of >2 from base-
line, and the absence of radiological response. ABCR score
from —3 to +6 was correlated with survival, and it has been
demonstrated that an ABCR score of >4 prior to second
TACE indicates a dismal prognosis and nonbenefit from fur-
ther TACE. The ABCR score was validated in two different
cohorts of 178 patients, and found to be better than the ART
score in terms of predicting prognosis.'>!® Nevertheless, all
these scoring systems should be tested in different populations
and validated in prospective trials.

Tumor response
Traditionally, radiological response is measured in terms
of tumor shrinkage using Response Evaluation Criteria
in Solid Tumors (RECIST), which is based on the sum of
unidimensional measurements of target lesions. However,
the validity of the RECIST criteria has been challenged for
assessing the radiological response to locoregional treatment
of HCC, particularly TACE, which causes acute tumor necro-
sis that may not always be paralleled by a reduction in size.
The EASL recommended bidimensionally measures change
in the area of tumor enhancement on contrast-enhanced
imaging.'” More recently, the American Association for the
Study of Liver Diseases has proposed the modified RECIST
(mRECIST) criteria to take into consideration changes in the
degree of tumor arterial enhancement.'®

Nowadays, the evaluation of tumor response after TACE
is usually assessed using the mRECIST because the results
of such evaluations are associated with clinical outcome
and optimal treatment strategy. The recent clinical practice
guidelines issued by EASL and European Organization
for Research and Treatment of Cancer recommend that
assessments of treatment response in HCC should be based
on mRECIST criteria by contrast-enhanced CT or magnetic
resonance imaging 4 weeks after initial therapy,® and it has
been demonstrated that mRECIST criteria are well correlated
with survival.!? In one of these studies, 332 patients with
intermediate-stage HCC and Child-Pugh A cirrhosis who
underwent serial TACE were enrolled. All measurable target
lesions of =1 cm in diameter were measured according
to RECIST, EASL, and mRECIST, and both EASL and
mRECIST criteria were found to be independent predictors of
OS (P<0.001)."” Furthermore, although mRECIST showed
significant differences in probability of survival for all
response categories (P<<0.001 for each comparison), EASL

criteria showed no significant difference in the probability
of survival between partial response and stable disease
categories (P=0.71)."°

TACE vs DEB-TACE

TACE was first used to treat HCC in 1974,?! and was applied
by Yamada et al*? in Japan to most unresectable HCCs using
gelatin sponge particles and anticancer agents. In the 1990s,
the selective retention of lipiodol within tumors was used to
enhance therapeutic effects and increase chemotherapeutic
exposure.® Llovet et al*® demonstrated that TACE had survival
benefits as compared with conservative treatment (HR =0.47,
95% CI1=0.25-0.91, P=0.025) in their randomized controlled
trials (RCT), and Lo et al** reported that TACE resulted in
marked tumor response and that 1-, 2-, and 3-year survival
rates were significantly better in their TACE group (57%,
31%, and 26%, respectively) than in controls (32%, 11%, and
3%, respectively, P=0.002). Although only a limited number
of RCTs have been conducted to determine the survival
benefit of ¢cTACE, a cumulative meta-analysis of studies
has shown that 2-year survival of patients with unresectable
HCC treated with cTACE is better than that of conservative
management.?

DEB-TACE uses doxorubicin-loaded beads as a carrier
to achieve local, sustained, and controlled release of chemo-
therapeutics and ischemic injury to the tumor. The clinical
effects of DEB-TACE have been demonstrated by many
RCTs.%?7 In a multicenter Phase I randomized trial including
201 European patients (PRECISION V) in 2010, it was
found that DEB-TACE using DC-Beads had higher rates of
complete response, objective response, and disease control
than ¢cTACE.?® However, there is still some debate about this
study. Only a subgroup with Child-Pugh B, ECOG 1, bilobar
disease, and recurrent disease showed a significant increase
in objective response (P=0.038) compared with cTACE.
DEB-TACE was associated with improved tolerability, with
a significant reduction in serious liver toxicity (P<<0.001)
and a significantly lower rate of doxorubicin-related side
effects (P=0.0001).

Other studies have presented similar results. In a meta-
analysis of nine studies (830 patients) conducted in 2014,
DEB-TACE showed significantly better OS and progression
free survival, and also higher objective response and disease
control rates.? However, in subgroup analyses, pooled
results showed the survival benefits of DEB-TACE were not
observed in prospective RCTs, but only in retrospective non-
RCTs.2 Therefore, claims concerning the survival benefits of
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DEB-TACE vs cTACE should be interpreted with caution.
Furthermore, the incidence of common adverse events such
as nausea, pain, fever, and fatigue was not significantly dif-
ferent in the two groups.

Combination strategies and
synergies

TACE and molecular targeted therapy
Although TACE is currently recommended as a first-line
therapy for the treatment of intermediate-stage HCC, the
incidence of recurrence is high, and multiple TACE sessions
are needed to eradicate residual tumors. Furthermore,
treatment with TACE can cause hypoxia and the release
of factors that promote tumorigenesis, angiogenesis, and
fibrosis.?® It has been shown that serum concentrations of
vascular endothelial growth factor and fibroblast growth
factor increase after TACE and that their serum levels are
positively associated with the risk of disease progression,
including tumor growth, recurrence, metastasis, and poor
survival 3% The limited long-term benefit of TACE may be
correlated with the activation of these proangiogenic factors.
Sorafenib, as a multikinase inhibitor that targets vascular
endothelial growth factor receptor, platelet-derived growth
factor receptor, and Raf signaling, can block tumor growth
and neoangiogenesis.'"*! As sorafenib targets TACE-induced
angiogenic factors and potentially enhances its efficacy,'” the
combination of sorafenib with TACE sounds reasonable and
is considered to have the potential to improve the effective-
ness of TACE.

Kudo et al*? conducted a RCT to evaluate the efficacy and
safety of sorafenib after TACE in 458 Japanese and Korean
patients with unresectable HCC, who were randomized 1:1
to sorafenib 400 mg bid or placebo, and showed sorafenib
did not significantly prolong time to progression (TTP) (HR
=0.87, 95% CI =0.70-1.09, P=0.252) or OS (HR =1.06,
95% CI =0.69-1.64, P=0.790). Another RCT found that in
80 hepatitis C virus (HCV)-infected patients with BCLC-B
HCC undergoing TACE, median TTP was 9.2 months in the
sorafenib-treated group and 4.9 months in the placebo-treated
group (HR =2.5,95% CI=1.66-7.56, P<<0.001).** However,
the small sample size (n=62) limited the evidence level.
The SPACE study was a first global, Phase II, randomized,
double-blind, placebo-controlled trial with a large sample
size (154 vs 153) to evaluate the efficacy and safety of
sorafenib plus DEB-TACE in patients with intermediate-
stage HCC.** Although this study met the primary end point
of TTP (HR =0.797, P=0.072, and a one-sided o of 0.15),
it was just passable, and the intergroup TTP difference was

not significantly satisfactory, which could have been due
to the study design, as TACE treatments were performed
on schedule and the patient population was heterogeneous.
However, an Asia-Pacific subset analysis of the SPACE study
showed that TTP and OS for DEB plus sorafenib were longer
than those for DEB-TACE plus placebo. Meanwhile, Liu
et al® reported in a meta-analysis performed to assess the
safety and efficacy of TACE plus sorafenib in patients with
unresectable HCC that the HR for TTP was 0.76 (95% CI
=0.66-0.89, P<<0.001) and the HR for OS was 0.81 (95%
CI =0.65-1.01, P=0.061). Accordingly, they proposed that
combination therapy might have benefits in terms of TTP
but not for OS.

Trials have also been conducted on combination of TACE
with other agents such as brivanib, sunitinib, and thalidomide.
In a Phase III study, TACE plus brivanib adjuvant therapy
did not improve OS.** A prospective RCT of TACE plus
thalidomide in 108 patients with unresectable HCC clearly
showed that combination treatment can postpone disease
progression and prolong survival.’” Another propensity score
matching study with sunitinib plus TACE for advanced-stage
HCC suggests that combination therapy is superior to TACE
alone in terms of OS and TTP.*®

TACE plus molecular targeted therapy combinations are
currently being evaluated in randomized trials. It is hoped
that these ongoing trials will contribute to the determination
of optimal combinations and timing, which will be crucial in
improving outcomes with intermediate HCC.

TACE and local ablative therapies

Trials have also been conducted on TACE combined with
local ablative therapies, but results were inconclusive. Gu
et al* undertook a meta-analysis to compare the effective-
ness of TACE plus local ablative therapy and monotherapy
in HCC. Eighteen studies were conducted involving 2,120
HCC patients treated with combination therapy or mono-
therapy (1,071 and 1,049 patients, respectively). The local
therapies included were RFA, percutaneous ethanol injec-
tion, high-intensity ultrasound, percutaneous acetic acid,
and cryoablation. The combination therapy group was
found to have significantly better survival in terms of 1-,
2-, 3-, and 5-year survival rates (risk ratio [RR] 1.10, 95%
CI =1.03-1.18, P=0.005; RR 1.20, 95% CI =1.10-1.30,
P<0.0001; RR 1.43, 95% CI =1.18-1.73, P<<0.0001; RR
1.40,95% CI=1.22-1.61, P<<0.0001, respectively), OS (HR
0.66,95% CI=0.51-0.85, P=0.001), and tumor response (RR
1.54, 95% CI =1.09-2.18, P=0.013) than the monotherapy
group. According to the stratified analysis, some studies
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included actually compared TACE + RFA vs TACE, which
could not support the use of RFA combination.

The combination of TACE and RFA has several theo-
retical advantages over RFA alone. Decreased blood flow
induced by TACE reduces heat loss and increases the RFA
ablative zone. Furthermore, lipiodol uptake after TACE
makes ablative margins easier to evaluate.* Thus, a com-
bination of TACE and RFA would be expected to reduce
local progression and improve overall and recurrence-free
survival rates in patients with HCC.* In another meta-
analysis undertaken to evaluate the clinical efficacy and
safety of RFA combined with TACE and RFA monotherapy,
TACE plus RFA was found to be more effective than RFA
monotherapy, with significantly higher survival rates at
1 year (8 trials, OR =2.14, 95% CI =1.57-2.91; P<<0.001),
3 years (12 trials, OR =1.98, 95% CI1=1.28-3.07; P=0.001),
and 5 years (4 trials, OR =2.70, 95% CI =1.42-5.14;
P=0.003).> Although RFA has been successfully used to
treat small (=3 cm) HCCs, the local tumor progression rate
is higher for tumors that exceed 3 cm in diameter.* Thus,
tumor size is an important consideration in the choice of
therapy. Shibata et al** prospectively reported that the OS
rate from combined TACE and RFA was equivalent to that
of RFA alone in patients with resectable HCC with =3
nodules smaller than 3 cm, and they thought the combination
of treatments may not be necessary for the treatment of small
HCC. On the other hand, recent studies have indicated that
combined TACE plus RFA is a safe and useful therapeutic
option for medium-sized HCCs.*** Also, RCT conducted in
189 participants with HCC less than 7 cm (94 in the TACE
plus RFA group and 95 in the RFA alone group) reported
TACE plus RFA was superior to RFA alone in improving
survival for patients with HCC less than 7 cm.*

Although the role of combined RFA with TACE in the
treatment of HCC has not been completely determined, these
published results provide evidence of the rationale for using
combination therapy in the future treatment of intermediate-
stage HCC.

TACE and radiation therapy

The meta-analysis of ten studies, which included 400 patients
in the TACE plus Three-dimensional Conformal Radiation
Therapy (3D-CRT) group and 508 patients in the TACE
group, reported TACE plus 3D-CRT significantly improved
1-year (OR =1.87, 95% CI =1.37-2.55, P<<0.0001), 2-year
(OR=2.38,95% CI=1.78-3.17, P<<0.00001), and 3-year (OR
=2.97,95% CI=2.10-4.21, P<<0.00001) OSs. Furthermore,
combination therapy resulted in higher complete and partial

response rates (OR =3.81,95% CI=2.70-5.37; P<<0.00001)
and a more rapid decline in serum alpha-fetoprotein levels
(OR =3.24, 95% CI =2.09-5.02, P<<0.00001). This meta-
analysis indicated that TACE plus 3D-CRT achieved better
results than TACE monotherapy, and the authors suggested
that further large-scale multicenter trials be conducted.*

Technological advancements in radiation planning and
delivery such as Stereotactic Body Radiotherapy (SBRT) are
noninvasive, administered on an outpatient basis, and allow
short treatment course and higher radiation dose to be focused
on the target tumor while maximally sparing the surrounding
noninvolved liver. A prospective Phase I trial of liver SBRT
reported a 1-year survival of 48% and that 29% of patients
developed grade 3 or higher toxicity at 3 months.*” Another
study of 17 HCC patients reported a 1-year survival of 77%
and three cases of grade 3 toxicity at 1 year.*® Subsequently,
a Phase II trial conducted to evaluate the efficacy of SBRT
in 38 Child-Pugh class A patients with HCC found OS of
94%, 77%, and 52% at 1, 2, and 3 years, respectively.’ On
the basis of these results, TACE plus SBRT appears to be
a promising effective combination therapy in unresectable
HCC. Nevertheless, further studies are needed.

Preoperative treatment

TACE has also been used as a preoperative neoadjuvant
chemotherapy to improve survival in patients with resectable
HCC.* However, several RCTs have reported no increase in
survival for preoperative TACE.>*>2 Nonetheless, TACE is
the most frequently used therapy before liver transplantation
for HCC, and is thus referred to as “bridging” therapy.>
However, relatively few prospective studies have been
conducted on TACE before liver transplantation, and a study
that compared cTACE and DEB-TACE showed no definite
difference in local tumor control and OS.>*

Conclusion

Here, we have provided a review of the literature on transcath-
eter arterial embolic therapies used to treat HCC, but the level
of evidence is generally not provided. Although TACE is the
most commonly used first-line treatment for intermediate-
stage HCC and for some advanced-stage HCCs, its clinical
benefits in advanced-stage HCC would undoubtedly be
improved by a better understanding of the characteristics of
HCC. Therefore, we have addressed the issues of ¢cTACE,
DEB-TACE, preoperative TACE, and several combined
therapies with TACE, including sorafenib, RT, and RFA.
The optimal treatment choice, in any given case, remains
challenging because of the complexity of HCC and the
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need to balance treatment effectiveness and organ-function
preservation, which requires an understanding of the char-
acteristics of the HCC and the patient. In some cases, meta-
analyses based on nonrandomized studies have been cited,
and therefore conclusions could not be definitive before the
results of randomized trials were available. In order to achieve
better efficacy for treating patients with unresectable HCC,
we still need new and combination approaches and further
well-defined studies to develop future therapies.
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