The incidence of hepatocellular carcinoma (HCC) seems to
be on the rise, with more than 500,000 new cases world-
wide, most of them being diagnosed as advanced and unre-
sectable at presentation.' Patients with advanced unresectable
HCC, however, have more treatment options than they did 5
years ago, and the future looks brighter than ever. As sys-
temic and local therapies for unresectable HCC continue to
evolve, so does the combination of these two treatment
modalities. Moreover, new treatment options have emerged,
including injection of oncolytic virus vaccines and new ther-
apeutic targets of HCC metabolism.

In this review, we present an overview of some novel local
therapies for unresectable HCC that have been introduced
recently to the medical community or are currently under pre-
clinical and initial clinical testing. Because liver transplantation
and resection are the only curative options at present for HCC,
the long-term goal of all novel therapies must be to effectively
downstage patients with unresectable HCC and offer a chance
for cure. In order for these novel therapies to be successful and
have a significant impact on advanced liver cancer, it is highly
likely that they will be employed in combination with other
novel or existing therapies. It is also noteworthy that the standard
imaging criteria used to characterize HCC tumor response and/
or progression may need to further adapt and better define
tumor response on a molecular rather than morphological level.

Combination of Intra-arterial
Chemoembolization and
Antiangiogenic Therapy

Currently, sorafenib is the most popular antiangiogenic
agent that is being tested in combination with transcatheter
arterial chemoembolization (TACE). Since Pawlik et al.
reported on the efficacy of a phase II trial of the combination
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of drug-eluting beads TACE (DEB-TACE) and sorafenib,
encouraging results of the global phase II randomized,
double-blind, placebo-controlled SPACE study (sorafenib or
placebo in combination with TACE with DEB-TACE) and
positive results of the START trial (a phase II study in Asia
of the combination of TACE with sorafenib in patients with
HCC) have been reported.*™ In the SPACE study, which
included 307 patients with unresectable intermediate-stage
HCC and Child-Pugh A cirrhosis, there was a statistically
significant advantage of sorafenib over placebo in time to
progression (TTP; median, 169 days; hazard ratio, 0.797;
95% confidence interval, 0.588-1.080; P = 0.072). In the
START trial, which included 166 patients, the median TTP
was 9 months, and only 15% of patients discontinued treat-
ment due to severe adverse events.’

Two clinical trials that are currently recruiting patients are
the TACTICS trial and the ECOG E1208 trial. The TACTICS
trial  (ClinicalTrials.gov identifier NCTO01217034) is a
randomized phase III study led by the Japan Liver Oncology
Group in which sorafenib is started at a lower dose (400 mg
every other day) and, after tolerability is established, patients
resume with the full dose of 400 mg twice daily. In this trial,
sorafenib is interrupted 2 days before TACE and resumed at
3 days (and up to 21 days) after TACE. The primary end-
point is time to untreatable progression, as defined by pres-
ence of Child-Pugh C cirrhosis, increase in tumor size by
125% from baseline, vascular invasion, and/or extrahepatic
spread of more than 10 mm.

The ECOG E1208 trial (ClinicalTrials.gov identifier
NCT01004978) is a randomized, double-blind, prospective,
multicenter phase III study evaluating the combination of
TACE and sorafenib using an interrupted schedule. Preran-
domization stratification is performed according to Child-
Pugh score (A versus B7), type of TACE (conventional versus

Abbreviations: DEB-TACE, drug-eluting beads transcatheter arterial chemoembolization; HCC, hepatocellular carcinoma; TACE, transcatheter arterial
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DEB-TACE), and presence or absence of macrovascular intra-
hepatic portal vein invasion. A maximum number of four
TACE sessions within 6 months is allowed, after which
patients are placed on sorafenib maintenance until disease
progression. Patients begin receiving sorafenib 10-14 days
prior to TACE to establish dosage and monitor toxicity.
Sorafenib is held for 24 to 48 hours before TACE and is
resumed 7 to 14 days after each TACE session if certain cri-
teria for toxicities and ECOG performance status are met.
The primary objective is progression-free survival with TACE
alone or with sorafenib; secondary objectives include overall
survival and toxicity, extrahepatic versus intrahepatic pat-
terns of failure, and pharmacogenetic and pharmacokinetic
properties of sorafenib.

There is increased interest in testing TACE with other
new agents, including brivanib (the BRISK TA study, Clini-
calTrials.gov identifier NCT00908752), everolimus (the
TRACER study, ClinicalTrials.gov identifier NCT01379521),
and axitinib (ClinicalTrials.gov identifier NCT01352728).
Not surprisingly, more than 50 clinical trials are currently
assessing molecular targeting agents for intermediate and
advanced HCC in combination with TACE.

Combination of Intratumoral and
Intravenous Injection of Oncolytic Virus

Oncolytic viruses have been designed to exploit tumor-
selective viral replication, leading to subsequent tumor cell
lysis by mature virons and further infection of tumor cells.’
One example is the oncolytic virus JX-594, a targeted and
transgene-armed oncolytic poxvirus modified by insertion of
human granulocyte macrophage colony-stimulating factor
(CSF2) and LacZ genes into the thymidine kinase (TK) gene
region.®’ Selective replication of the virus in cancer cells is
driven by cellular epidermal growth factor receptor/Ras path-
way signaling, thymidine kinase elevation, and type 1 inter-
feron resistance.

In a phase I trial of intratumoral injection into liver
tumors, JX-594 was well tolerated and associated with repli-
cation, expression of biologically active CSF2, and tumor
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destruction. The vaccinia virus was also found to be ideally
suited for intravenous delivery, as it is resistant to comple-
ment and antibody-mediated neutralization in the blood, as
shown in a phase I trial of intravenous administration of JX-
594.% The results of a randomized dose-finding phase II trial
in which JX-594 was administered intravenously followed by
intratumoral injections in 30 patients with advanced HCC
(Clinicaltrials.gov ~ identifier NCT01171651) have been
reported recently. Treatment with high-dose JX-594 was
associated with prolonged survival versus low-dose JX-594
(median survival, 14.1 months versus 6.7 months; hazard
ratio, 0.39; P = 0.02).° A phase Ilb randomized, single-
blinded trial of JX-594 plus best supportive care versus
placebo plus best supportive care in patients with advanced
HCC who have failed sorafenib treatment (the TRAVERSE
study, Clinicaltrials.gov identifier NCT01387555) is currently
recruiting patients. In this study, patients randomized to
JX-594 will receive a dose of 107 plaque-forming units
intravenously on the first day of treatment, followed by five
intratumoral treatments between day 8 and week 18.

Intra-arterial Injection of 3-Bromopyruvate

The pyruvate analog 3-bromopyruvate is an alkylating
agent and a potent inhibitor of glycolysis. Because cancer
cells depend on glycolysis for their energy requirements,
3-bromopyruvate appears to be a potent new antiglycolytic
anticancer treatment option.'® The primary mechanism of
3-bromopyruvate’s action is thought to occur via preferential
alkylation of glyceraldehyde 3-phosphate dehydrogenase,
and 3-bromopyruvate-mediated cancer cell death is linked
to generation of free radicals, endoplasmic reticulum stress,
and inhibition of global protein synthesis."' 3-Bromopyru-
vate has been tested successfully in many animal tumor
models, and preparations for a phase I study of intra-arterial
injection of 3-bromopyruvate for unresectable liver cancer is
currently underway.

CORRESPONDENCE:
Jean-Francois H. Geschwind, Interventional Radiology Center, Sheikh Zayed

Tower, Suite 7203, The Johns Hopkins Hospital, 1800 Orleans Street,
Baltimore, MD 21287. E-mail: jfg@jhmi.edu

4. Pawlik TM, Reyes DK, Cosgrove D, Kamel IR, Bhagat N, Geschwind JF. Phase
11 trial of sorafenib combined with concurrent transarterial chemoemboliza-
tion with drug-eluting beads for hepatocellular carcinoma. J Clin Oncol 2011;
29:3960-3967.

5. Schmitt CA. Immunotherapy: seek and destroy: oncolytic virus shows prom-
ise in phase I trial. Nat Rev Clin Oncol 2011;8:630.

6. Liu TC, Hwang T, Park BH, Bell J, Kirn DH. The targeted oncolytic poxvirus
JX-594 demonstrates antitumoral, antivascular, and anti-HBV activities in
patients with hepatocellular carcinoma. Mol Ther 2008;16:1637-1642.

7. Park BH, Hwang T, Liu TC, Sze DY, Kim JS, Kwon HC, et al. Use of a targeted
oncolytic poxvirus, JX-594, in patients with refractory primary or metastatic
liver cancer: a phase I trial. Lancet Oncol 2008;9:533-542.

8. Breitbach CJ, Burke J, Jonker D, Stephenson J, Haas AR, Chow LQ, et al. Intra-
venous delivery of a multi-mechanistic cancer-targeted oncolytic poxvirus in
humans. Nature 2011:;477:99-102.

210 Clinical Liver Disease, Vol. 1, No. 6, December 2012

An Official Learning Resource of AASLD



¥

9.

10.

REVIEW

Heo J, Reid T, Ruo L, Bloomston M, Lim HY, Chung HC, et al. Randomized,
controlled phase 2 clinical trial of JX594, a targeted multi-mechanistic onco-
lytic poxvirus, in patients with advanced hepatocellular carcinoma: final data
[abstract LB-1]. Hepatology 2011;54:1426A.

Liapi E, Geschwind JF, Vali M, Khwaja AA, Prieto-Ventura V, Buijs M,
et al. Assessment of tumoricidal efficacy and response to treatment with
18F-FDG PET/CT after intraarterial infusion with the antiglycolytic agent

11.

Novel Local Therapies in HCC  Liapi and Geschwind

3-bromopyruvate in the VX2 model of liver tumor. ] Nucl Med 2011;52:
225-230.

Ganapathy-Kanniappan S, Kunjithapatham R, Torbenson MS, Rao PP, Car-
son KA, Buijs M, et al. Human hepatocellular carcinoma in a mouse
model: assessment of tumor response to percutaneous ablation by using
glyceraldehyde-3-phosphate dehydrogenase antagonists. Radiology 2012,
262:834-845.

211

Clinical Liver Disease, Vol. 1, No. 6, December 2012

An Official Learning Resource of AASLD



