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Abstract: According to the current European Association for the Study of Liver guidelines,
transarterial chemoembolization (TACE) is the recommended first-line therapy for patients with
intermediate-stage (Barcelona Clinic Liver Cancer-B class) hepatocellular carcinoma (HCC).
The efficacy of this therapy is supported by robust evidence; however, there is still a lack of
standardization in treatment methodology, and TACE protocols are widely variable. Moreover,
TACE can be associated with a number of contraindications. Despite these limitations, research
on TACE is still ongoing with the aim of optimizing the use of this methodology in the current
management of HCC. In particular, TACE represents a control in comparative studies, and it
is currently being investigated in combination schemes, for example, with sorafenib. In this
review, we briefly describe the current scenario and the clinical innovations regarding TACE
for the treatment of HCC.
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Introduction

According to the guidelines issued by the European Association for the Study of Liver,
patients affected from hepatocellular carcinoma (HCC) can be classified and treated
according to the Barcelona Clinic Liver Cancer (BCLC) staging system.! In particular,
the first-line therapy recommended for patients with intermediate-stage (BCLC-B class)
HCC is transarterial chemoembolization (TACE).! The efficacy of this procedure is
supported by robust evidence.>* However, there is still a lack of standardization in
treatment methodology, and TACE protocols are widely variable.** Moreover, the
long-term outcomes of patients managed with TACE remain poor,® and TACE can be
associated with a number of contraindications.* Of note, patients with BCLC-B HCC
present highly heterogeneous features, and therefore, the behavior of intermediate-
stage HCC patients is difficult to anticipate.”® Indeed, BCLC-B stage includes large
(>5 cm) or multinodular HCC with no vascular invasion, in patients with good Eastern
Cooperative Oncology Group (ECOG) Performance Status and Child—Pugh class A
or B. This group of patients is rather heterogeneous because it includes tumors char-
acterized by different extension (ie, large monofocal unresectable HCCs, multifocal
small HCC, and extensive tumors with subtotal replacement of liver parenchyma),
different stages of liver function (from compensated cirrhosis in A5 Child—Pugh class
to decompensated liver disease in B9 Child—Pugh class), and presence or absence of
portal vein thrombosis, but no macrovascular invasion. Therefore, the development of
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an effective treatment strategy for all patients with BCLC-B
HCC does not seem to be an easy task: a tailored approach is
required to optimize the clinical outcomes in each patient.*!

In this complex scenario, research on TACE is still ongo-
ing with the aim of optimizing the use of this methodology
in the current management of HCC. In particular, TACE rep-
resents a control for comparative studies, and it is currently
being investigated into combination schemes, for example,
with sorafenib.’

In this review, we briefly describe the current scenario
and the clinical innovations regarding TACE for the treat-
ment of HCC.

Search strategy

With the aim of identifying the key publications specifi-
cally addressing the efficacy and safety of the TACE in
HCC patients, a literature search was conducted on the
MEDLINE database using the search terms “hepatocellular
carcinoma,” “liver cancer,” and “primary liver carcinoma,”
either individually or in combination with the terms “ran-

EEINT3

domized,” “controlled clinical trials,” “clinical trials,”

2

“Phase III studies,” “meta-analysis,” “combined therapy,”

“treatment,” “liver cancer,” “TACE,” “TAE,” “chemoem-

99 ¢

bolization,” “embolization,” and “locoregional treatments,”
as well as a manual search and review of reference lists
were done. The search was limited to studies published
in English, and only the studies published in 2015 and
2016 were considered. Studies were selected for inclusion
according to their relevance for the topic, in line with the

authors’ judgment.

TACE in head-to-head studies

The different efficacy of conventional TACE (cTACE)
and drug-eluting bead TACE (DEB-TACE; developed to
enhance drug delivery to the tumor and reduce its systemic
availability) remains a matter of debate. In a retrospec-
tive database study, Kloeckner et al compared the overall
survival (OS) of HCC patients who were treated with
c¢TACE (n=174) and DEB-TACE (n=76).!! These two
groups showed similar baseline characteristics. Patients on
DEB-TACE received a lower number of treatment sessions
compared with those on cTACE (2.9 vs 4.0; p=0.01). The
OS was comparable and equal to 13.6 months (95% CI:
10.7-16.2) in the ¢cTACE group and 12.3 months (95%
CI: 10.3-19.6) in the DEB-TACE group. This similar OS
was also consistent when stratifying patients according to
Child—Pugh stage. The authors of this study concluded that
DEB-TACE can be considered a more appealing treatment

option compared cTACE, because only a lower number of
treatment sessions are required to achieve similar survival
outcomes.

Liu et al have investigated the optimal therapeutic regi-
men for TACE by comparing the efficacy of chemoembo-
lization with different anticancer agents in a single-blind,
three-group randomized trial.'> Group 1 received single-
drug (doxorubicin) chemoembolization (n=50), whereas
Group 2 received double-drug (doxorubicin and mitomycin
C) chemoembolization (n=59). Patients in Group 3 were
treated with triple-drug (doxorubicin, mitomycin C, and
gemcitabine) chemoembolization (n=53). The OS and time
to progression (TTP) in Groups 1, 2, and 3 were 14.9 and
6.4, 13.2 and 6.4, and 20.5 and 6.8 months, respectively.
Overall response rates (ORRs) for these three groups were
22.0%, 40.7%, and 56.6%, respectively. Therefore, TACE
with multiple chemotherapeutic agents might significantly
improve survival and tumor response; in addition, gem-
citabine seems to be associated with a further improvement
in prognosis.

Selective internal radiation therapy (SIRT) has gained
mounting attention in the treatment of HCC.' In the SIR-
TACE open-label, multicenter, randomized pilot study, the
safety and health-related quality of life (HRQoL) changes
followed by TACE and SIRT were evaluated.!* Furthermore,
patients with unresectable HCC, Child—Pugh <B7, ECOG
performance status <2, and <5 liver lesions with no extra-
hepatic spread were randomly assigned to either TACE (at
6-week intervals; n=15) or single-session SIRT (yttrium-90
resin microspheres; n=13). Both these treatments were well
tolerated. At Week 12, neither treatment had any effect on
HRQoL as measured by Functional Assessment of Cancer
Therapy-Hepatobiliary total or its subscales. The ORRs
were 13.3% with TACE and 30.8% with SIRT; the disease
control rates (DCRs) were 73.3% and 76.9%, respectively.
Two patients in each group were downstaged for liver trans-
plantation or radiofrequency ablation.

In a similar randomized study, DEB-TACE was compared
with SIRT." In total, 12 patients were assigned to each group.
TACE was repeated every 6 weeks until no viable tumor tis-
sue was detected by using magnetic resonance imaging or
contraindications prohibited further treatment. SIRT could be
repeated once in case of recurrence. Median progression-free
survival (PFS) was comparable in the two groups (7.2 months
with TACE [25%—75% percentile 2.9/11.8] and 6.0 months
[4.0/13.8] with SIRT; p=0.61). Similarly, median TTP and
OS were comparable (TTP =11.2 months [3.0-20.3] vs
12.3 months [4.4-18.7], p=0.57; OS =26.2 [5.9-31.6] vs
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19.7 months [6.4-not reached], p=0.92). Seven patients
died in each group. Causes of death were liver failure (n=4
in SIRT group), tumor progression (n=4 in TACE group),
cardiovascular events (n=1 in each group), and undetermined
(n=1 in each group).

The similar efficacy of TACE (especially cTACE) and
SIRT was confirmed in a prospective observational study
on 86 patients.'> Furthermore, patients with BCLC-B HCC
received either TACE (n=42) or SIRT. Median OS (TACE:
18 months; SIRT: 16.4 months) and median TTP (6.8 vs 13.3
months) were comparable. However, the number of treatment
sessions, the average rate of treatment sessions per patient,
total hospitalization time, and the rate of adverse events were
higher with TACE.

Last, an interesting observational study, although with
a retrospective design, from the large Italian Liver Cancer
group database has evaluated 485 BCLC-B patients diag-
nosed with naive HCC after 1999.'¢ Treatment distribution
was as follows: TACE (n=233, 51.1%), curative treatments
(n=145, 31.8%), sorafenib (n=18, 3.9%), other (n=39, 8.5%),
and best supportive care (BSC; n=21, 4.6%). Twenty-nine
patients were lost to follow-up. Median OS was 45 months
(95% CI: 37.4-52.7) for curative treatments, 30 months
(95% CI: 24.7-35.3) for TACE, 14 (95% CI: 10.5-17.5) for
sorafenib, 14 months (95% CI: 5.2-22.7) for other treatments,
and 10 months (95% CI: 6.0-14.2) for BSC (p<0.0001). Of
note, curative treatments reduced mortality (hazard ratio [HR]
=0.197, 95% CI: 0.098-0.395) more compared with TACE
(HR =0.408, 95% CI: 0.211-0.789; p<0.0001) as compared
with BSC. These findings were confirmed with propensity
score matching.

TACE within combination schemes
The combination of TACE and sorafenib has been extensively
investigated.>® This approach is based on a strong mechanistic
rationale. In fact, TACE determines hypoxia and necrosis
of tumor tissue, increasing the concentration of angiogenic
growth factors such as vascular endothelial growth factor
and insulin-like growth factor 2, which contribute to disease
progression.'” Noteworthy, the degree of hypoxia induced by
TACE varies according to the liver segment to which TACE
is applied.’ The growth effects on the tumor induced by the
angiogenic factors can be blocked by sorafenib, eventually
improving clinical outcome.'

In an open-label trial published in 2015, Cosgrove et al
have evaluated the efficacy of the combination of DEB-TACE
and sorafenib in 54 naive patients with a Child—Pugh score
of A-B7 (62% in BCLC-C stage)." Sorafenib therapy was

started 1 week before the first DEB-TACE procedure. Up to
four rounds of DEB-TACE therapy were allowed on demand
within 6 months. The 6-month DCR was 94%; median TTP
and OS were 13.9 and 20.4 months, respectively. The wide
majority of toxicities were of Grades 1 and 2. Overall, these
findings suggest that continuous sorafenib therapy and on-
demand DEB-TACE allow excellent local disease control
and do not lead to multiplicative toxicities.

Overall similar findings were reported in the final results of
the Phase I, investigator-driven, prospective, single-arm multi-
national, UK Standardisation of Breast Radiotherapy trial.? In
total, 192 patients (81.5% of them in BCLC-B stage) received
DEB-TACE with interrupted dosing of sorafenib (discontinued
for 3 days before and 47 days after TACE) every 6—8 weeks.
Combination of TACE and sorafenib was well tolerated, with
only 8.1% of patients discontinuing due to adverse events. A
mean of 2.7 TACE cycles were administered, and 52.6% of
patients achieved complete response in target lesions. Median
PFS was 12.8 months, and median TTP was 13.8 months, with
an estimated 3-year OS of 86.1%. Last, a recently published
meta-analysis of five studies (three randomized trials, one
cohort study, and one prospective nonrandomized controlled
trial, for a total of 899 patients) suggested the efficacy of the
combination of TACE and sorafenib vs TACE alone.* The HR
for TTP was 0.75 (95% CI: 0.48-1.03, p=0.003), and for OS,
it was 0.76 (95% CI: 0.47-1.05, p=0.147).

However, in a more restricted setting of patients, that is,
those with main portal vein tumor thrombosis (MPVTT),
outcomes were different. Zhang et al retrospectively evaluated
89 consecutive patients with BCLC-C HCC and MPVTT;?
45 of them received TACE and sorafenib, and the other
44 patients received sorafenib alone. The mean number of
TACE sessions per patient was 2.6. The median durations of
sorafenib in the combination group and sorafenib-only group
were 5.6 and 5.4 months, respectively. DCR and TTP (3.0 vs
3.0) were similar between these two groups. Median OS was
7.0 months in the combination group and 6.0 months in the
sorafenib-only group (p=0.54). No difference in the rate of
sorafenib-related adverse events was reported. The authors
concluded that, considering patients’ morbidity after TACE,
sorafenib monotherapy is appropriate for managing patients
with advanced HCC and MPVTT.

Importantly, the Global Investigation of therapeutic
DEcisions in hepatocellular carcinoma and Of its treatment
with sorafeNib observational registry study of more than
3,000 HCC patients also provides information on TACE
within combination schemes.? In total, 3,202 patients were
eligible for safety analysis, of whom 1,511 (47.2%) patients
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underwent TACE prior to sorafenib and 325 (10.1%) patients
underwent TACE concomitantly. Adverse events were
reported in 2,732 (85.3%) patients, with no notable differ-
ences according to TACE treatment history. OS was 12.7
months in prior-TACE patients, 9.2 months in non-prior-
TACE subjects, 21.6 months in concomitant-TACE patients,
and 9.7 months in non-concomitant-TACE patients.

Remarkably, in the major Single Pill to Avert Cardiovascular
Events trial, patients with intermediate-stage multinodular HCC
were randomly assigned to DEB-TACE (150 mg doxorubicin)
plus sorafenib (n=154) or placebo (n=153).2* Median TTP
with DEB-TACE + sorafenib was 5.6 months, compared with
5.5 months with DEB-TACE alone. ORRs for patients in the
sorafenib and placebo groups were 55.9% and 41.3%, respec-
tively, and the DCRs were 89.2% and 76.1%, respectively. No
increase in adverse events was reported in the sorafenib group.
The authors suggested that the combination of DEB-TACE and
sorafenib is technically feasible, but it does not improve survival
and tumor response when compared with DEB-TACE alone.

Sorafenib is not the only systemic agent tested for com-
bination with TACE. In a small, randomized, Phase II study,
Pinter et al investigated the efficacy and safety of cTACE and
bevacizumab (n=20) vs cTACE only (n=20).% Patients under-
went cTACE with doxorubicin and intravenous administration
ofaplacebo (cTACE-C) or bevacizumab (cTACE-B; 5 mg/kg)
every 2 weeks for 52 weeks. After the first TACE procedure,
TACE was repeated twice in 4-week intervals if indicated and
on demand thereafter. The trial was stopped prematurely for
safety reasons. Overall, patients underwent a median of three
TACE cycles and received 13 infusions of bevacizumab vs
11 infusions of the placebo. Severe septic (n=8) and vascular
(n=9) side effects were observed in the combination group.
Median OS was shorter in the combination group than that in
the cTACE-only group (5.3 vs 13.7 months; HR =1.7; 95%
CI: 0.8-3.6) and became significant in patients with Child—
Pugh class A cirrhosis (7.3 vs 26.5 months; HR =2.6; 95%
CI: 1.0-6.6; p=0.049). There was no difference in radiologic
response between the groups at 3, 6, or 12 months.

A pooled analysis of four retrospective studies assessed
the survival outcome of TACE combined with RFA vs sur-
gical resection in early HCC patients with resectable small
tumor.2¢ Overall, TACE-RFA provided 1- and 3-year OS and
1-year recurrence-free survival rate compared with surgical
resection, with a lower risk of major complications.

Implications for clinical practice
TACE, either conventional or DEB-based, remains the stan-
dard therapy for the treatment of HCC patients with BCLC-B

disease. However, in recent years, its role has been chal-
lenged, due to lack of standardization and the high number
of contraindications in this procedure. The use of alternative
approaches, such as TARE, and of alternative staging systems
(eg, the Hong Kong Liver Cancer staging system) has been
suggested in this setting.?” %

In the past 2 years, clinical research has mainly consid-
ered TACE as a reference to test new TACE schemes or new
therapeutic strategies or as a part of combination regimens.

HCC patients, and in particular patients at intermediate-
stage HCC, represent a heterogeneous population, charac-
terized by varying tumor burden, liver function, and disease
etiology. For this reason, a tailored approach is usually
required to optimize the clinical outcomes for each sub-
ject. TACE represents the standard treatment approach in
intermediate-stage HCC. However, a general consensus on
the optimal schedule of TACE treatment is yet to be reached.
In various studies, treatment was repeated at fixed intervals
based on a preestablished number of courses or repeated on
demand based on radiological response. DEB-TACE seems
to reduce the frequency/severity of the post-TACE syndrome
with respect to cTACE; however, no clear advantages in
terms of survival were shown. Intriguing evidence appears
to support the use of multiple chemotherapy agents within
the single TACE procedure.

On the other hand, although indications are different and
therefore a direct comparison does not appear immediately
feasible, SIRT does appear to be at least as effective as TACE,
with a similar safety profile. TACE was also inferior to cura-
tive treatments in a large, well-conducted database studies
on patients with BCLC-B disease.

Despite these premises, due to the large clinical experi-
ence gained to date, TACE still has a role in clinical practice.
Moreover, we believe that a deeper investigation into com-
bination strategies should be recommended. In particular,
the combination of TACE and sorafenib appears based on a
very strong mechanistic rationale and has proved to be effec-
tive, especially in patients with BCLC-B disease, in most
studies conducted to date. However, studies should further
investigate the optimal timing of the embolization related to
antiangiogenic therapy (concomitant vs sequential) and the
ideal administration schedule in relation to different dosing
regimens of sorafenib. Another intriguing line of research is
the potential use of TACE and sorafenib in advanced-stage
(BCLC-C) HCC patients. This approach led to promising
results, but the optimal selection of suitable patients and
the possibility of tailoring treatment schemes according to
the specific needs should be better investigated in clinical
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studies.’ In particular, the combination of TACE and RFA
merits consideration.

Conclusion
We believe that TACE will retain a role in clinical practice,

especially within tailored combination regimens if the pre-

liminary results obtained to date will be confirmed.
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