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in Combination with Sorafenib

Hayato Hikita,"* Tetsuo Takehara," Satoshi Shimizu,' Takahiro Kodama,' Minoru Shigekawa,' Kyoko Iwase,'
Atsushi Hosui,' Takuya Miyagi,' Tomohide Tatsumi,' Hisashi Ishida,' Wei Li,' Tatsuya Kanto,'
Naoki Hiramatsu," and Norio Hayashi®

Tumor cells are characterized by uncontrolled proliferation, often driven by activation of
oncogenes, and apoptosis resistance. The oncogenic kinase inhibitor sorafenib can signifi-
cantly prolong median survival of patients with advanced hepatocellular carcinoma
(HCC), although the response is disease-stabilizing and cytostatic rather than one of tu-
mor regression. Bcl-xL (B cell lymphoma extra large), an antiapoptotic member of the B
cell lymphoma-2 (Bcl-2) family, is frequently overexpressed in HCC. Here, we present
in vivo evidence that Bcl-xL overexpression is directly linked to the rapid growth of solid
tumors. We also examined whether ABT-737, a small molecule that specifically inhibits
Bcl-xL but not myeloid cell leukemia-1 (Mcl-1), could control HCC progression, espe-
cially when used with sorafenib. Administration of ABT-737, even at an in vivo effective
dose, failed to suppress Huh7 xenograft tumors in mice. ABT-737 caused the levels of Mcl-
1 expression to rapidly increase by protein stabilization. This appeared to be related to re-
sistance to ABT-737, because decreasing Mcl-1 expression levels to the baseline by a small
interfering RNA-mediated strategy made hepatoma cells sensitive to this agent. Impor-
tantly, administration of ABT-737 to Mcl-1 knockout mice induced severe liver apoptosis,
suggesting that tumor-specific inhibition of Mcl-1 is required for therapeutic purposes.
Sorafenib transcriptionally down-regulated Mcl-1 expression specifically in tumor cells
and abolished Mcl-1 up-regulation induced by ABT-737. Sorafenib, not alone but in com-
bination with ABT-737, efficiently induced apoptosis in hepatoma cells. This combination
also led to stronger suppression of xenograft tumors than sorafenib alone. Conclusion:
Bcl-xL inactivation by ABT-737 in combination with sorafenib was found to be safe and
effective for anti-HCC therapy in preclinical models. Direct activation of the apoptosis
machinery seems to unlock the antitumor potential of oncogenic kinase inhibitors and
may produce durable clinical responses against HCC. (HeraroLoGy 2010552:1310-1321)
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associated X protein (Bax), as well as several structur-
ally diverse proapoptotic Bcl-2 homology domain-3
(BH3)-only proteins like Bcl-2-associated agonist of
cell death (Bad), BH3-interacting domain death ago-
nist (Bid), and Bcl-2-like 11 (Bim). Bak and Bax,
effector molecules in this family, homo-oligomerize
into proteolipid pores within the mitochondrial outer
membrane, leading to release of cytochrome ¢ followed
by activation of downstream caspases, such as caspase-
3/7, which dismantle a variety of cellular substrates,
leading to cell death. Antiapoptotic Bcl-2 proteins
function as regulators of apoptosis by directly or indi-
rectly antagonizing Bak and Bax activity to maintain
cellular integrity. BH3-only proteins, sensors of apo-
ptosis, are activated by a variety of cellular stresses and
either directly activate Bak and Bax or neutralize antia-
poptotic Bcl-2 proteins, inducing cell death. Because
tumor cells encounter a variety of cellular stresses, such
as genotoxic and environmental factors, overexpression
of antiapoptotic Bcl-2 family proteins is commonly
observed and leads to survival of tumor cells.” We and
others have reported that Bcl-xL is frequently overex-
pressed in  human  hepatocellular
(HCCs).>® These reports point to the resistance of
hepatoma cells to a wide variety of stress-inducing
conditions. For example, Bcl-xL blocks p53-induced
apoptosis in hepatoma cells, implying that Bcl-xL
overexpression may be one of the mechanisms by
which HCC survives under genotoxic conditions.” In
addition, Bcl-xL overexpression was found to be asso-
ciated with poor overall survival and disease-free sur-
vival after surgical resection for HCC.” These findings
suggest that Bel-xL may be a therapeutic target for
HCC, although this possibility has not yer been
addressed. Bcl-xL is also expressed in normal hepato-
cytes and plays a critical role in maintaining their in-

carcinomas

tegrity.” Thus, special caution is necessary when Bcl-xL
inactivation is applied to therapeutic purposes.

Despite advances in understanding the mechanisms
of cell death and the biology of Bcl-2 family proteins,
therapeutic  strategies for HCC rtargeting apoptotic
molecules have been hampered due to a lack of specific
inhibitors. ABT-737 is one of the first small-molecule
inhibitors of Bcl-2 family proteins and opens the field
for cancer treatment targeting the apoptosis machinery.
ABT-737, designed as a Bad mimetic, binds and neu-
tralizes Bcl-2, Bcl-xL, and Bcl-w, but not Mcl-1 or
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BA-1."" It has single-agent activity in a number of
hematopoietic cancers and some solid tumors.'*'? Its
orally available derivative, ABT-263, is in early clinical
trials against lymphoid malignancies, small-cell lung
cancer, and chronic lymphocytic leukemia, with some
promising results.'® In this study, we investigated the
impact of ABT-737 in treating human hepatoma in
culture and using a xenograft model. We found that
hepatoma cells are relatively resistant to ABT-737, pre-
sumably due to reciprocal up-regulation of Mcl-1
upon ABT-737 exposure. Although concomitant Mcl-1
inhibition appears to be effective for inducing apopto-
sis by ABT-737, it should be done in a tumor-specific
manner, because administration of ABT-737 leads to
liver deterioration in Mcl-1 knockout mice. Finally,
sorafenib, an anti-HCC agent recently approved by
the U.S. Food and Drug Administration, down-regu-
lates Mcl-1 expression in a tumor-specific manner and
induces apoptosis and tumor growth suppression in
cooperation with ABT-737. Combination therapy with
sorafenib and a Bcl-xL inhibitor seems to be an attractive
strategy for controlling tumor progression in HCC.

Materials and Methods

Cell Lines and Reagents. Primary human hepato-
cytes were obtained from ScienCell Research Laborato-
ries (Carlsbad, CA) and cultured with the provided
medium. Human hepatoma cell lines were cultured
with Dulbecco’s modified Eagle medium (DMEM)
supplemented with 10% heat-inactivated fetal bovine
serum (Sigma, St. Louis, MO). Cycloheximide was
purchased from Nacalai Tesque (Kyoto, Japan), sorafe-
nib tablets were purchased from Bayer HealthCare
(Osaka, Japan), and ABT-737 was kindly provided by
Abbott Laboratories (Abbott Park, IL). They were dis-
solved with dimethyl sulfoxide for 7% vitro use.

Hela Cells Expressed Bcl-xL with the Tet-on Sys-
tem. pcDNA3HABcl-xL, an expression vector coding
human Bel-xL tagged with hemagglutinin (HA), was
provided by Dr. G. Nunez (University of Michigan
Medical School, Ann Arbor, MI). The pcDNA4/
TOHABcl-xL was constructed by inserting the comple-
mentary DNA (cDNA) for Bcl-xL gene with HA-tag
from pcDNA3HABcl-xL into the EcoRI site of
pcDNA4/TO (Invitrogen, Carlsbad, CA). TREx-Hela
cells (Invitrogen) were transfected with pcDNA4/
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TOHABd-xL using Lipofectin (Invitrogen). The cells
were cultured with DMEM containing 1.1 pg/mL zeo-
cin, and zeocin-resistant clones were isolated. After ex-
amination of HA-Bcl-xL induction by doxycycline,
two clones (Hela=Bcl-xL"™°" clone A, clone B) were
established and used for further experiments.

Mice. Conditional Bd-xL knockout mice (bel-x"
Alb-Cre [albumin/cre recombinase]) and Mcl-1 knock-
out mice (mcl-I™  Alb-Cre) were previously
described.’®> Balb/c nude mice (CAnN.Cg-Foxnl™/
CrlCrlj) were purchased from Charles River Laboratories
(Yokohama, Japan). They were maintained in a specific
pathogen—free facility and treated with humane care
with approval from the Animal Care and Use Commit-
tee of Osaka University Medical School.

Apoptosis Assay. The in vitro apoptosis assay, mea-
surement of caspase-3/7 activity, and the water-soluble
tetrazolium salt (WST) assay, were described previ-
ously.'® The in vivo apoptosis assay, measurement of
serum alanine aminotransferase (ALT) level, and cas-
pase-3/7 activity and histological analyses were also
previously described.'”

Western Blot Analysis. Whole-cell extracts from
cultured cells or tissues were prepared and subjected to
western blot. For immunodetection, the following
antibodies were used: anti-Bcl-xL antibody and anti-
human Mcdl-1 antibody from Santa Cruz Biotechnol-
ogy (Santa Cruz, CA); anti-mouse Mcl-1 antibody
from Rockland (Gilbertsville, PA); anti-Bid antbody,
anti-Bax antibody, and anti-cleaved caspase-3 antibody
from Cell Signaling Technology (Beverly, MA); anti-
Bak antibody from Millipore (Billerica, MA); anti-Bim
antibody from Assay Design (Ann Arbor, MI); ant-
ubiquitin-specific peptidase 9, X-linked (USP9X) anti-
body from Abnova (Taipei, Taiwan); and anti-beta
actin antibody from Sigma-Aldrich (St. Louis, MOQO) or
Cell Signaling Technology.

Xenograft Tumor. To produce a xenograft tumor, 3
% 10° to 5 x 10° Hela—Bcl-xL™°" clone A or Huh7
cells were subcutaneously injected to Balb/c nude mice.
For induction of HA-Bcl-xL, the mice that were injected
with Hela-Bcl-xL™"°" clone A cells were fed with water
containing 100 pg/mL doxycycline. For anticancer ther-
apy, ABT-737 was administered as described.!” Sorafenib
tablets were crushed and orally administered with water
containing 12.5% Cremophor EL (Sigma-Aldrich) and
12.5% ethanol. We estimated the volume of the xenograft
tumor using the following formula: tumor volume = 7/6
X (major axis) X (minor axis)”.

Small RNA Interference. Hepatoma cell lines were
transfected with Stealth select RNAI (set of three oligo-
nucleotides, Invitrogen) RNA interference (RNAI)
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directed against Mcl-1 or USP9X. A Stealth RNAi
negative control kit (set of three oligonucleotides, Invi-
trogen) was used as a control for sequence-independent
effects following Stealth RNAi delivery. The transfec-
tions were carried out using Lipofectamine RNAIMAX
(Invitrogen) according to the reverse transfection
protocol.

Real-Time  Reverse-Transcription ~ Polymerase
Chain Reaction. Real-time reverse-transcription PCR
(RT-PCR) was performed as previously described."”
Mcl-1 messenger RNA (mRNA) expressions were
measured using TagMan Gene Expression Assays
(Assay 1D: Hs03043899_m1) and were corrected with
the quantified expression level of beta actin mRNA
measured using TagMan Gene Expression Assays
(Assay 1D: Hs99999903_m1).

Statistical Analysis. Data are presented as mean *
standard deviation. Differences between two groups
were determined using the Student ¢ test for unpaired
observations unless otherwise noted. Multiple compari-
sons were performed by analysis of variance followed
by Scheffe post hoc correction. P < 0.05 was consid-
ered statistically significant.

Results

Bel-xL Overexpression Is a Molecular Mechanism
of Rapid In Vivo Tumor Growth. Research has
shown that Bcl-xL overexpression confers resistance to
apoptosis in a variety of tumor cells. To examine its
impact on tumor growth 7n vivo, we generated the
Hela—Bcl-xL"*°" cell line which expresses the modified
tetracycline repressor molecule (rtTA) and Bel-xL under
control of tetracycline-responsive  cis-elements.  We
chose Hela cells as a model because they expressed a rel-
atively small amount of Bcl-xL in comparison with
human hepatoma cells including Huh7, Hep3B, and
HepG2 (Fig. 1A). Tetracycline analogue doxycycline
treatment efficiently induced Bcl-xL in Hela—Bcl-xL'"
" cells as expected (Fig. 1B) and conferred resistance to
apoptosis as evidenced by significantly lower levels of
caspase-3/7 activity in culture (Fig. 1C), although it did
not have a significant effect on cell growth assay (Fig.
1D). Next, we subcutaneously injected Hela—Bcl-xL™"
°" cells into nude mice. When subcutaneous tumors
grew to approximately 1 cm, the mice were randomly
assigned to two groups: a doxycycline-drinking group
and a water-drinking group. Subcutaneous tumors grew
rapidly in the doxycycline-drinking group compared
with the water-drinking group (Fig. 1E). As expected,
xenograft tumors displayed higher levels of Bcl-xL
expression than those in the water drinking group (Fig.
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= 5 or 6 per group). (E) The percentage
of xenograft tumor volume. (F) Westemn 300 -
blot analysis of xenograft tumor for the
expression of Becl-xL. *P < 0.05 versus 100

the other two groups. **P < 0,05 versus
the DOXY (+) group.

1F). In addition, switching the mice to water drinking
at 7 days after doxycycline drinking decreased Bcl-xL
expression and retarded tumor growth compared with
continuing doxycycline drinking (DOXY + — — ver-
sus DOXY +, respectively; Fig. 1F). These results indi-
cate that Bcl-xL overexpression was directly linked to
rapid growth of tumors in vive and suggest that Bel-xL
may be a therapeutic target for inhibiting tumor pro-
gression, especially for Bel-xL—overexpressing tumors.
Bel-xL  Inhibitor ABT-737 Dose-Dependently
Induces Apoptosis of Hepatoma Cells but Fails to
Suppress Tumor Growth in a Xenograft Model. To
examine the impact of pharmaceutical inactivation of
Bcl-xL. overexpressed in hepatoma cells, Huh7 and
Hep3B hepatoma cells were cultured with escalating
doses of ABT-737. ABT-737 dose-dependently acti-
vated caspase-3/7 in hepatoma cells and suppressed tu-
mor growth at high dosages (Fig. 2A,B). To examine

the in vivo effect of ABT-737, nude mice were subcu-
taneously injected with Huh7 cells to generate xeno-
graft tumors and were randomly assigned into two
groups when the diameter of the subcutaneous tumors
reached approximately 1 cm: ABT-737 injection group
and vehicle injection group. Administration of ABT-
737 at 50 mg/kg body weight/day for 7 days failed to
suppress tumor growth (Fig. 2C). In contrast, mild
ALT elevation and thrombocytopenia were observed in
ABT-737-injected mice (Fig. 2D). Previous research
has demonstrated that both are observed in mice after
ABT-737 administration,'”'® confirming that the dose
injected in the present experiment is sufficient for
inducing a biological effect of ABT-737 i vivo.
ABT-737 Posttranscriptionally Increases Expres-
sion of Mcl-1. To examine the mechanisms underlying
relative resistance of hepatoma cells to ABT-737, we
examined the expression profile of the Bcl-2 family
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proteins. Administration of ABT-737 did not affect
expression of proapoptotic multidomain members Bak
and Bax or BH3-only proteins Bid and Bim in cul-
tured hepatoma cell lines Huh7 and Hep3B (Fig. 3A).
Although the slower migrating species of Bim at 4
hours was increased, this change disappeared at 24
hours. In agreement with previous research,'”?’ Mdl-1
was constitutively expressed in hepatoma cells. Of im-
portance is the finding that the levels of Mcl-1 expres-
sion were rapidly increased as early as 4 hours after
ABT-737 exposure. Expression of mcl-1 mRNA did
not differ between ABT-737—treated cells and vehicle-
treated cells (Fig. 3B), suggesting the involvement of a
posttranscriptional mechanism. Because Mcl-1 is a
rapid-turnover protein, the levels of Mcl-1 may be
regulated by protein degradation.”’ To examine this,
we treated hepatoma cells with cycloheximide, a well-
established protein synthesis inhibitor, in the presence
or absence of ABT-737. Cycloheximide-induced rapid
decline in Mcl-1 expression was substantially blocked
in the presence of ABT-737, suggesting that ABT-737
significantly delays degradation and prolongs the sta-
bility of Mcl-1 (Fig. 3C). Recently, it was reported
that the deubiquitinase USP9X is involved in stabiliza-
tion of Mdc-1.”* In this study, western blot analysis
revealed that the levels of USP9X expression were not
changed in Huh7 and Hep3B with ABT-737 (Sup-

porting Fig. 1A). Furthermore, USP9X down-regula-
tion by small interfering RNA (siRNA) could not
block the Mcl-1 up-regulation induced by ABT-737
(Supporting Fig. 1B).These results suggest that USP9X
was not involved in Mcl-1 up-regulation induced by
ABT-737. Of importance is the finding that Mcl-1
expression was also up-regulated after administration
of ABT-737 in our xenograft model (Fig. 3D). Because
Mcl-1 is not a target of ABT-737, relative resistance to
ABT-737 of hepatoma cells may be due, at least in
part, to posttranscriptional induction of Mcl-1.

Mecl-1 Knockdown Sensitizes Hepatoma Cells to
ABT-737. To examine the impact of Mcl-1 induction
in hepatoma cell resistance to ABT-737, we silenced
Mcl-1 expression through use of three different siR-
NAs. Western blot analysis revealed that Mdl-1
siRNA2 and siRNA3 completely knocked down Mcl-1
expression in Hep3B cells, whereas Mcl-1 siRNA1 did
so only partially (Fig. 4A). Mcl-1 knockdown or a me-
dium dose of ABT-737 (4 uM) modestly activated cas-
pase-3/7 in Hep3B cells, whereas both substantially
activated caspase-3/7 (Fig. 4B). In addition, Mdl-1
knockdown or ABT-737 alone failed to suppress the
growth of tumor cells but caused significant suppres-
sion when used together (Fig. 4C). Caspase-3 activa-
tion was also confirmed by western blots (Fig. 4A). It
should be noted that Mcl-1 siRNAI reduced Mdl-1
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Fig. 3. Up-regulation of Mcl-1 in human hepatoma cells by ABT-737 in vitro and in vivo. (A,B) Huh7 and Hep3B cells were cultured with 4
uM ABT-737 for the indicated times. (A) Westemn blot analysis for the expression of Bcl-2 family proteins. (B) Real-time RT-PCR analysis for mcl-
1 mRNA expression (N = 6). The levels were normalized to each group without ABT-737. N.S., not significant. (C) Huh7 cells were cultured with
or without 4 M ABT-737 for 4 hours and then further treated with 1 mM cycloheximide (CHX) for the indicated times. Western blot analysis for
Mcl-1 expression. (D) Nude mice carrying xenograft tumors of Huh7 cells were intraperitoneally administered 50 mg/kg ABT-737 or vehicle daily
for 7 days. Western blot analysis of xenograft tumor after 7-day treatment for the expression of Bcl-2 family proteins.

expression in ABT-737-treated cells to levels similar to
those of untreated cells (Fig. 4A). Even in this case, mcl-
1 knockdown enhanced caspase activation and growth
suppression of Hep3B cells induced by ABT-737. Similar
data were obtained with another hepatoma cell line,
Huh7 (Fig. 4A and Supporting Fig. 2). These results
indicate that Mcl-1 up-regulation induced by ABT-737 is
involved in the resistance of hepatoma cells to ABT-737
and suggest that combination therapy with ABT-737 and
Mcl-1 inhibitor may be predictably effective 7 vivo.

We previously reported that, similar to Bcl-xL, Mcl-1
plays an important role in apoptosis resistance of normal
hepatocytes. In addition, knockdown of both Mcl-1 and
Bcl-xL led to impaired liver development during
embryogenesis.'” Thus, the concern arises that simulta-
neous inactivation of both Bcl-xL and Mcl-1 may cause
severe liver injury in adults. To examine this possibility,

we injected ABT-737 into hepatocyte-specific Mcl-1
knockout mice or wild-type littermates. ABT-737 injec-
tion into wild-type mice led to mild liver apoprosis,
which is consistent with our previous finding,'” whereas
injection into Mcl-1 knockout mice induced massive
liver apoptosis leading to severe liver injury, and most
animals died within 1 day (Fig. 4D,E). This result indi-
cates that inactivation of both Bcl-xL and Mcl-1 may be
hazardous and that Mcl-1 inactivation should be done
in a tumor-specific manner.

Sorafenib Down-Regulates Mcl-1 Expression in
Hepatoma Cells Much Move Strongly than in Nor-
mal Liver Cells. Previous research has shown that sorafe-
nib down-regulates Mcl-1 expression in hepatoma cells in
a mitogen-activated protein kinase/extracellular signal-
regulated kinase (MEK/ERK)-independent manner.'®*?
In the present study, to examine whether Mdl-1
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Fig. 4. Effects of ABT-737 under inhibition of Mcl-1 in vitro and in vivo. (A-C) Hep3B and Huh7 cells were transfected with Mcl-1 siRNAs
(Mcl-1 1, Mcl-1 2, and Mcl-1 3) or control siRNAs (Cont 1, Cont 2, Cont 3). Forty-eight hours after transfection, they were treated with or without
4 uM ABT-737 for 24 hours (N = 4). (A) Western blot analysis for the expression of Mcl-1, Bel-xL, and cleaved caspase-3. (B) Caspase-3/7
activities of supernatant in Hep3B culture dishes. *P < 0.05. (C) Cell viability of Hep3B cells by the WST assay. *P < 0.05. (D,E) Wild-type
mice (Mcl-1 +/+) and hepatocyte-specific Mcl-1 knockout mice (Mcl-1 —/—) were intraperitoneally administered 50 mg/kg of ABT-737. (D)
Survival curve of the mice (N = 13 or 15). (E) Hematoxylin and eosin (HE) and terminal deoxynucleotidyl transferase-mediated deoxyuridine tri-
phosphate nick-end labeling (TUNEL) staining of the liver sections 16 hours after administration of ABT-737 with wild-type mice and immediately
after death with Mcl-1 knockout mice. Representative photographs are shown.
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were normalized to each group
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suppression of sorafenib is tumor-specific, nontransformed
human hepatocytes and hepatoma cell lines were treated
with sorafenib. Sorafenib down-regulated Mcl-1 expres-
sion in all hepatoma cell lines tested, but had a lesser effect
on nontransformed human hepatocytes (Fig. 5A). Sorafe-
nib down-regulated mcl-1 mRNA expression in Huh7
and Hep3B hepatoma cells but not in nontransformed he-
patocytes (Fig. 5B). To examine the posttranscriptional
effect of sorafenib for Mcl-1 expression, we treated Huh7
cells with cycloheximide in the presence or absence of sor-
afenib. Cycloheximide-induced decline in Mcl-1 expres-
sion was not accelerated by sorafenib (Fig. 5C). This result
indicated that, in contrast to the case of ABT-737, sorafe-
nib does not affect the degradation process of Mcl-1.

We also examined Mcl-1 expression in the liver as
well as xenograft tumors. Administration of sorafenib

* <4 Beta actin
L “ %= Bolxl
500

* Mcl-1 0

3000

2500 -

2000

1500 -

ALT U/

1000

significantly suppressed Mcl-1 expression in Huh7 xen-
ograft tumors but not in the liver (Fig. 5D). To exam-
ine the safety of sorafenib in the absence of Bcl-xL
in vive, we administered sorafenib to hepatocyte-spe-
cific Bel-xL knockout mice. These mice had elevated
levels of serum ALT at baseline, as we reported previ-
ously,® but displayed neither further ALT elevation nor
lethal liver failure upon sorafenib administration (Fig.
5E). Taken together, these results indicate that sorafe-
nib did not affect Mcl-1 expression in the liver and
therefore did not cause further liver injury even if Bcl-
xL was inactivated.

ABT-737 Induced Apoptosis of Hepatoma Cells
and Suppressed Growth of Xenograft Tumor with
Sorafenib Coadministration. To examine the impact
of coadministration of sorafenib and ABT-737 on
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Fig. 6. Effects of ABT-737 with sorafenib treatment in vitro and in vivo. (A,B) Huh7 and Hep3B cells were treated with or without 4 uM ABT-
737 together with or without 5 uM sorafenib. (A) Western blot analysis for the expression of Mcl-1 and cleaved caspase-3. (B) Caspase-3/7 ac-
tivity of culture supernatants. *P < 0.05. (C,D) Nude mice carrying xenograft tumors of Huh7 cells were intraperitoneally administered daily 50
mg/kg ABT-737 or vehicle with daily oral administration of 30 mg/kg sorafenib for 7 days (N = 8 or 11). (C) The percentage of xenograft tumor
volume. (D) Circulating platelet (PIt.) count and serum ALT levels. *P < 0.05.

inducing apoptosis, we treated Huh7 and Hep3B hep-
atoma cells with ABT-737 and/or sorafenib. Although
ABT-737 up-regulated Mcl-1 expression in Huh7 and
Hep3B cells, sorafenib abolished the Mcl-1 up-regula-
tion induced by ABT-737; the levels of Mcl-1 expres-
sion of cells treated with both were similar to those of
nontreated cells (Fig. 6A). Sorafenib failed to activate
caspase-3/7 in hepatoma cells by itself, but efficiently
activated it in the presence of ABT-737 (Fig. 6B). It
was also confirmed by efficient cleavage of caspase-3
on western blot analysis (Fig. 6A).

To examine whether ABT-737 has an antitumor
effect in the presence of sorafenib, we administered
ABT-737 and sorafenib together to nude mice bearing
Huh?7 xenograft tumors. Although even sorafenib alone
significantly suppressed tumor growth compared with

the vehicle alone (Supporting Fig. 3), coadministration
of ABT-737 and sorafenib led to significant further
suppression of tumor growth compared to administra-
tion of sorafenib alone (Fig. 6C). Similar to adminis-
tration of ABT-737 as a single agent, coadministration
of sorafenib and ABT-737 also induced mild thrombo-
cytopenia and ALT elevation (Fig. 6D). However,
coadministration did not induce further morbidity or
mortality in mice, suggesting that this regimen is safe
and effective for controlling HCC progression.

Discussion

Tumor cells have two characteristic features: uncon-
trolled proliferation and apoptosis resistance. Uncon-
trolled proliferation, driven by activation of a variety
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of oncogenes, is directly linked to tumor growth.
Apoptosis resistance is believed to be required for
the oncogene-induced aberrant proliferation, because
without it, tumor cells tend to undergo apoptosis.”*
However, the direct link between apoptosis resistance
and growth of solid tumors iz vivo has not been well
studied. Clarifying this point is very important, espe-
cially because a very recent study by Weber et al.”’
produced the contradictory finding that aged hepato-
cyte-specific Mcl-1 knockout mice develop HCC-like
lesions, suggesting a link between hepatocarcinogenesis
and increased proliferation resulting from increased ap-
optosis. In the present study, we used conditional
expression of Bcl-xL in tumor cells to show that Bel-
xL overexpression, which is frequently found in human
HCC, can be direcdy linked to tumor growth in vive,
although it did not promote significant cell growth
in vitro. Our results suggest that tumor cells encounter
a variety of cellular stresses and require antiapoptosis to
survive in vivo rather than #n wvitro. Thus, we consider
antiapoptosis to be an important mechanism for progres-
sion of a solid tumor, even if it may not be the case for
tumor development as suggested by Weber et al.”> Our
finding also provides proof of the concept that Bcl-xL
may be a target for therapy against HCC progression.

In the present study, we showed that, unlike hema-
topoietic malignancy, hepatoma cells are relatively re-
sistant to ABT-737. Although ABT-737 dose-depend-
ently induced apoptosis in hepatoma cells, a relatively
high dose of ABT-737 (more than 8 M) was required
to suppress tumor growth iz wvitro. Importantly,
administration of an 7n vive effective dose of ABT-737
(50 mg/kg) failed to suppress xenograft tumors. We
found increased expression of Mcl-1 in cultured hepa-
toma cells as well as xenograft tumors upon ABT-737
treatment. This may be part of the mechanism of their
relative resistance to ABT-737 because hepatoma cells
were highly sensitive to this agent if Mcl-1 expression
levels were kept constant by an siRNA strategy. Previ-
ous articles have reported that Mcl-1 knockdown
makes some tumor cells sensitive to ABT-737.7%%
The present study showed that ABT-737 up-regulation
of Mcl-1 rather than Mcl-1 expression itself may be a
mechanism of tumor cell resistance to this agent.

A recent study demonstrated that long-term expo-
sure to ABT-737 made initially sensitive lymphoma
cell lines resistant to this agent via up-regulation of
Mdl-1.2% In this study, Mcl-1 up-regulation in the
ABT-737-resistant lymphoma cells were reported to be
mediated by transcriptional up-regulation. In the pres-
ent study, hepatoma cells showed immediate, posttran-
scriptional up-regulation of Mcl-1. This rapid response
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may contribute to the difficulty of treating hepatoma
cells with ABT-737 compared with lymphoma cells in
which ABT-737 is reported to be effective not only
in vitro®® but also in vivo.*® The mechanism by which
hepatoma cells posttranscriptionally up-regulate Mcl-1
upon ABT-737 exposure is not clear at present. How-
ever, our study has shown that Mcl-1 up-regulation
was mediated by delayed degradation of Mcl-1 protein
in  ABT-737-treated cells without involving the
USPIX deubiquitinase. ABT-737 is a Bad mimetic
small molecule and preferentially binds with the BH3-
binding groove of Bcl-xL. This binding may release
endogenous BH3-only proteins such as Bim and Bid
and presumably Bak and Bax from Bcl-xL and these
unleashed Bcl-2 proteins may then bind Mcl-1. The
interaction between Mcl-1 and the unleashed Bcl-2
proteins may cause increased Mcl-1 stability. Because
Bak/Bax and Bid/Bim function as effectors and activa-
tors for the mitochondrial pathway of apoptosis,
respectively, their binding with Mcl-1 may also cause
apoptosis resistance to ABT-737.

Not only efficacy but also safety is an important
point when considering a therapeutic strategy for can-
cer. Tumor cells sometimes share similar mechanisms
for survival with normal cells. Indeed, HCCs overex-
press Bcl-xL, but this molecule also plays an important
role in maintaining the integrity of normal hepato-
cytes.® In the present study, we administered ABT-737
to Mdl-1 knockout mice and demonstrated that inacti-
vation of both Bcl-xL and Mcl-1 could induce lethal
hepatitis. We previously reported that Bcl-xL and Mcl-
1 are required for liver development during embryo-
genesis,’” and the present study also revealed the criti-
cal importance of both molecules in the adult liver.
Recently, the possibility of combination therapy for
down-regulation of Becl-xL and Mcl-1 has been
reported in vitro.”**”*" The present study, for the first
time, focused on the in vivo safety of this strategy.

Regarding safety concerns about the inactivation of
both Mcl-1 and Bcl-xL, sorafenib is an attractive agent
because as we have revealed in this study, it down-reg-
ulates Mcl-1 expression in a relatively specific manner
in tumor cells. Experiments with sorafenib administra-
tion into Bcl-xL knockout mice confirmed the safety
of coadministration of sorafenib and ABT-737. The
underlying mechanisms by which sorafenib down-regu-
lates Mcl-1 in a tumor-specific manner are not clear.
Some reports have shown that the down-regulation of
Mcl-1 by sorafenib is independent of MEK/
ERK,'®**? but is dependent on Raf, AKT (protein
kinase B), and Tyr705 phosphorylation of signal trans-
ducer and activator of transcription 3 (STAT3).>>%
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Together with the report that activatdon of Ras/Raf
and STAT3 pathways was found in HCC,> these
pathways in tumor cells may be more activated than in
healthy cells and result in the specificity of Mcl-1
down-regulation in tumor cells by sorafenib. Further
experiments are needed to clarify this point.

Sorafenib belongs to a recently approved new class of
targeted therapeutics that inhibit the oncogenic kinase
pathway for HCC. It has been found to significantly pro-
long survival of patients with advanced HCC, although
its effect appeared to be one of maintaining a stable dis-
case state rather than inducing tumor regression.”®*” It is
speculated that sorafenib produces anticancer effects
through a variety of ways such as suppression of angio-
genesis and cell cycle arrest of tumor cells. Although it
down-regulates Mcl-1,'4*3323% its effect on apoptosis
has not been clearly understood. In the present study, we
found that sorafenib could not efficiently induce apopto-
sis in hepatoma cells by itself. This might explain why
this agent clicits predominantly disease-stabilizing, cyto-
static responses rather than tumor regression. Adding
ABT-737 efficiently induced apoptosis of hepatoma cells,
clearly indicating that the target of ABT-737, presumably
Bcl-xL, blocks the apoptosis-inducing potency of sorafe-
nib. Furthermore, coadministration of ABT-737 and sor-
afenib led to stronger suppression of xenograft tumor
growth than did administration of sorafenib alone. These
results suggest that combining sorafenib with ABT-737
may be an attractive strategy for producing durable clini-
cal responses to combat HCC.

In conclusion, we have demonstrated that the inhibi-
tion of Bcl-xL by ABT-737 under sorafenib administra-
tion was safe and effective for anti-HCC therapy in pre-
clinical models. ABT-737, a direct activator of apoptosis
machinery, may unlock the potent antitumor potential
of oncogenic kinase inhibitors such as sorafenib.
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Abstract

The largest burden of hepatocellular carcinoma (HCC) lies in Asia, secondary to hepatitis B virus (HBV) infection.
Improved survival with sorafenib has fostered new research but many challenges remain in designing clinical trials.
The disease, its management, and populations affected by it are heterogeneous worldwide and within Asia. An
expert conference of Eastern Asian oncologists and hepatologists was convened to foster consensus in clinical trial
design. The panel identified key areas that need to be addressed to facilitate clinical trials in Asia. Stratification by
viral etiology is desirable within Asia and by region in global trials. Antiviral therapy should also be considered as a
stratification factor and incorporated into HCC management in trials. The panel agreed that histological diagnosis is
not required for trial entry and that Barcelona-Clinic Liver Cancer (BCLC) staging is acceptable for trials as long as
portal hypertension can be better defined with standardized methodology. Consensus in treatment must be
sought to allow multi-national trials and it must be recognized that first-line sorafenib is not largely feasible in Asia.
Finally, Asian nations must be urged to participate in clinical trials, many of which are ongoing, to advance new

treatment options in this challenging disease.

Background

Over 600,000 cases of hepatocellular carcinoma (HCC)
are diagnosed annually worldwide and the mortality-to-
incidence rate ratio is second only to pancreatic cancer
[1,2]. The incidence of HCC varies widely by geographi-
cal region. Asia carries the largest burden with 55% of
all cases occurring in China [1]. Age-standardized inci-
dence rates per 100,000 persons for men are 45.0 in
Korea (1999-2001) [3], 37.9 in China (2002) [1], and
23.1 in Japan (2002) [1]. Corresponding rates for women
are 12.0, 14.2, and 7.6. Globally, the predominant cause
of HCC is viral infection with hepatitis B virus (HBV) or
hepatitis C virus (HCV) [4].

Hepatocellular carcinoma is refractory to cytotoxic
chemotherapy [5] and the failure of cytotoxic regimens
has led to a bleak outlook. However, the recent develop-
ment of molecular targeted therapies is changing the
landscape and offering hope. Researchers have found
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new optimism for initiating clinical trials after sorafenib
showed efficacy in advanced disease [6]. Currently, trials
are planned or ongoing in all stages of HCC; however,
many issues remain [7]. Most salient is the variability in
management practices both between Asia and the West
and within Asia. Key differences are apparent in the
etiology, diagnosis, staging, and treatment of HCC
among countries. These differences complicate the con-
duct of international clinical trials that will foster
approval and availability of new therapeutic entities.

In order to forge a better understanding of how HCC
clinical practices in the Eastern Asian region compare to
current global clinical trial requirements, an expert con-
ference was held. Participants of the panel (the authors)
are oncologists and hepatologists representing China,
Hong Kong, Japan, Korea, and Taiwan who have an
expertise in treating HCC. Each panelist offered insight,
reviewed herein, about how HCC is managed across
Eastern Asia and how management practices and clinical
trial requirements can be unified to advance new treat-
ments, particularly targeted agents, for HCC.

© 2010 Yeo et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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Etiology

Viral etiology varies by region with HBV predominating
in non-Japanese Asians and accounting for approxi-
mately 70-80% of cases. In Japan, most of Europe, and
in the United States, HCV is more common than HBV
among viral etiologies [3,8-11]. However, in the United
States, 67% of HCC cases are seronegative for both
viruses [10].

The increased incidence of HBYV-HCC in Eastern Asia
compared to Japan and Western nations leads to differ-
ent management issues and prognosis that affect clinical
trial design. Hepatitis C virus-HCC is more likely to
develop in the background of cirrhosis than HBV-HCC
[12]. Therefore, the underlying liver disease may differ
in HCC patients by region, a factor that weighs heavily
in treatment decisions.

Survival differences have been observed according to
geographic region and viral etiology, though the reasons
for these observations remain unclear. In clinical trials
of systemic therapy for advanced HCC, trials done in
Asian countries reported inferior survival compared
with trials done in non-Asian countries [13]. Possible
reasons include variation in genetic and/or epigenetic
aberrations between different viral etiologies and the
propensity for Asian physicians to use local therapy
more aggressively and in later stages, resulting in enroll-
ment of a more advanced patient population to trials of
systemic therapy. Survival between HBV-HCC and
HCV-HCC appears similar in early-stage, resectable
HCC, if staging and other clinical parameters are con-
sidered [14]. However, two retrospective studies have
found poorer survival in HBV-HCC among patients
with unresectable, advanced disease [15,16]. Attributing
the survival difference to viral etiology alone is difficult
but demonstrates the need for considering the potential
differences in clinical trials.

Additionally, in contrast to HCV, HBV reactivates
with immune suppression, complicating treatment with
immunosuppressive regimens [17,18]. The predomi-
nance of HBV-HCC in Asia is associated with increased
use of antiviral agents to prevent viral reactivation dur-
ing HCC treatment. Antiviral therapy with lamivudine
has reduced the incidences of HBV reactivation and
hepatitis, reduced the severity of hepatitis episodes, led
to fewer disruptions in chemotherapy, and reduced mor-
tality related to HBV reactivation in clinical trials of
patients with HCC or other cancers who are receiving
chemotherapy [19-22]. Anti-viral therapy following cura-
tive resection, radiofrequency ablation, or other local,
non-chemotherapeutic treatments for HBV-HCC, has
been shown to increase residual liver volume and/or
function and may prolong survival {23-25]. Furthermore,
interferon, given after curative therapy, may increase
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recurrence-free survival rates [26,27]. These benefits
indicate that use of antiviral therapy is an important
confounding factor in HCC clinical trials.

A separate international expert panel has recom-
mended stratification according to region for global
trials but discouraged further stratification according to
etiology [7]. However, in light of the confounding fac-
tors described herein, the current panel agreed that
trials within Eastern Asia should include stratification by
HBV or HCV etiology. Further, antiviral therapy should
be both considered as a stratification factor and incor-
porated into the overall management of patients in
international HCC clinical trials.

Screening

Stage at diagnosis differs both within Eastern Asia and
between Eastern Asia and Western nations. Using
TNM-based staging systems, China and Japan have rela-
tively high proportion of patients diagnosed at Stage 1
or II compared to Hong Kong and Korea. In the United
States, a higher percentage of patients are diagnosed
with distant metastasis compared to Asian countries
[28,29].

The differences may reflect variable screening prac-
tices. The proportion of patients who receive screening
in the United States appears to vary according to the
individual’s healthcare. Only 25% of family practice phy-
sicians report routinely screening appropriate patients
for HCC compared to 84% of physicians who are mem-
bers of the Association for the Study of Liver Diseases
(AASLD) [30,31]. In a study of 157 patients diagnosed
with HCC at three US Veteran Affairs (VA) medical
centers, 39% of patients with a known risk factor for
HCC received screening [32]. With the exception of
Hong Kong, where screening has been conducted in the
context of study, screening high-risk populations is the
standard of care in Asia. With diagnosis occurring at
earlier stages, Eastern Asian countries are better able to
utilize curative therapies, significantly affecting treat-
ment paradigms and clinical trial populations.

Diagnosis

Both pathological and clinical diagnostic procedures
vary according to country. The majority of pathological
diagnoses are made by core biopsy in Korea, China, and
Hong Kong, with fine needle aspiration (FNA) used
infrequently. In contrast, 30% or fewer of pathological
diagnoses are made by core biopsy in Japan, and Tai-
wan, Taiwan employs FNA in approximately 10% of
cases but utilizes surgery for pathologic diagnosis in
approximately 38% of cases. Protocols designating
biopsy-proven HCC as an enrollment requirement
would conflict with current practices in Japan and
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Taiwan. The panel agreed that for trials conducted in
the advanced/metastatic setting, histological confirma-
tion of HCC is not necessary. Further, pre-treatment
biopsy may result in tumor seeding which would com-
plicate neoadjuvant trials.

Staging

A variety of staging systems are employed worldwide
[33-36]. Several of these systems are based on the
tumor-node-metastasis (TNM) paradigm or incorporate
TNM groupings as a variable [33-35,37]. Other systems,
such as the Barcelona-Clinic Liver Cancer (BCLC) sta-
ging system, incorporate measures of liver function and
underlying disease. Complicating international clinical
trial design is the variable use of these systems both
within Asia and globally. Each region of Asia repre-
sented by the panel currently utilizes a different system.
In China, the revised Staging Criteria of Primary Liver
Cancer is used. This system was developed by the Chi-
nese Society of Liver Cancer. The system uses criteria
based on size, number and location of tumors, lymph
node spread, extrahepatic metastasis, portal vein throm-
bosis, and liver function (Child-Pugh scores) [38]. In
Japan, both the staging system and treatment algorithm
apply liver function as the first category of evaluation
rather than tumor size. Hong Kong does not have a uni-
fied staging system. Although BCLC is considered a
valuable tool for a treatment algorithm in Hong Kong,
the system is considered less useful for prognostication.
The Chinese University Prognostic Index (CUPI) [37]
has been found useful for prognostication at one center
due to the more advanced population [39]. Korea
employs a modified International Union Against Cancer
(UICC) system and Taiwan uses BCLC.

The TNM-based staging systems have an important
drawback: these systems do not account for underlying
liver disease [40]. In HCC, the presence of liver disease
is a common and important prognostic factor that is
integral in determining treatment [40,41]. For these rea-
sons, TNM-based systems have limited value in the
comprehensive management of HCC. The Child-Pugh
(CP) score is a widely-accepted system to evaluate liver
function. Despite empirical selection of variables, this
tool represents a simple, bedside tool that predicts mor-
tality in cirrhotic patients with a degree of accuracy not
substantially less than the more statistically sound
model for end-stage liver disease (MELD) [42]. The
BCLC staging system incorporates measures of liver
function (portal hypertension, bilirubin, and CP scores
at higher stages) and has emerged as the standard for
clinical trial design [6,43]. However, this system is not
generally used in Eastern Asia with the exception of
Taiwan. China, specifically, has failed to adopt this sys-
tem due to the omission of portal vein thrombosis as a
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factor, which has been shown to independently predict
mortality [41]. Additionally, BCLC includes portal
venous hypertension which requires an invasive proce-
dure to measure that is not standard practice in Asia.
However, the panel indicated that, if required for clinical
trials seeking United States Food and Drug Administra-
tion approval, BCLC would be acceptable if the
protocols also incorporated portal vein hypertension -
measured and defined with non-invasive standardized
methodology - and further evaluation of liver function.

Treatment Practices

Treatment practices vary somewhat throughout Eastern
Asia and no unified treatment algorithm exists. Japan,
China, Hong Kong, Korea, and Taiwan each use sepa-
rate treatment algorithms, all of which differ from the
BCLC treatment algorithm [7,44,45]. Such variations in
treatment practices cause challenges in defining treat-
ment protocols for international clinical trials.

Potentially Curative Treatment Options

Resection is utilized more often in Eastern Asia versus
Western nations, which may reflect diagnosis at earlier
stages and less cirrhosis in Asia [46]. In some centres in
China, Taiwan, and Japan, between 34-40% of patients
undergo resection, while the proportion is approxi-
mately 10-20% in others. In parts of East Asia [47,48],
patients with recurrence undergo re-resection. Local
ablation is performed in approximately 15% of patients
in China, Hong Kong, and Taiwan and approximately
30% of patients in Japan. Liver transplant is the only
treatment modality that offers a cure both for HCC and
the underlying liver disease, but its application is limited
both in Eastern Asia and the West.

Nonsurgical Local Treatments

Although TACE and transarterial embolization (TAE)
are standards of care, significant heterogeneity exists
among countries and institutions with respect to the
types of embolizing materials and techniques utilized.
Embolizing materials used typically include a mixture of
iodized oil (lipiodol) and an anthracycline (epirubicin or
doxorubicin) or cisplatin followed by gelatin sponge par-
ticles (Japan, Taiwan, Hong Kong). Nonetheless, other
agents are used, particularly in China where 5-fluoroura-
cil (5-FU) and mitomycin-C may be employed. Japan
uses HAI with cisplatin alone, 5-FU and cisplatin (FP),
or 5-FU and interferon. Currently, no consensus has
been reached regarding the interval between procedures
or endpoints. Other local therapies are variably utilized
and include intratumoral injection, laser therapy,
cryotherapy, microwave coagulation therapy, hepatic
arterial infusion (HAI), intraarterial radiotherapy with
yttrium-90 and conformal external radiotherapy.
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Systemic Therapy With Sorafenib

Targeted therapy has been employed only for advanced
disease (7,44,45]. A multitude of targeted therapies have
been investigated for use in HCC; however, only sorafe-
nib is approved for use in Asian and Western countries.
These approvals were based on improved survival in the
SHAREP trial and the parallel Asian phase III trial [6,49].
Although sorafenib has been approved in Asia, the
agent is not widely used largely due to cost [50]. Cost-
sharing programs have been started in some countries
to manage this issue. Such programs have been success-
ful in that they expand usage; however, lack of long-
term coverage renders the practice unsustainable.

In addition to cost, emerging evidence suggests that
sorafenib may be less well tolerated by Asian patients
compared to Western patients. Hand-foot skin reaction
(HFSR) appears to be more frequent in Asians, particu-
larly lower-grade reactions. Hand-foot skin reaction (all
grades) occurred in 21% of patients in the US SHARP
study; the rate was 45% in the Asian phase III sorafenib
trial [6,46]. Grade 3 event rates were 8% in SHARP
compared with 11% in the Asian trial. Korean and Japa-
nese studies have reported rates of 56%-57% (all grades)
[51,52]. In the Korean population, HFSR was the most
common reason for treatment interruption, Indeed, dose
reductions for HFSR were more frequent in the Asian
phase III trial (11%) than in SHARP (5%) [6,46] The
panelists noted that in practice, dose reduction or use of
a reduced starting dose of sorafenib is common in Asia.
Lower dosing is being investigated in small Asian trials.
In a Japanese phase I study, sorafenib 200 mg twice
daily led to a 38% incidence of HFSR [52].

Though HFSR is most common, some differences
between Westerners and Asians may be present with
respect to the drug’s effect on the liver. The Korean
population experienced a 4% rate of grade 3 or 4 hyper-
bilirubinemia associated with marked ALT elevations
[51]. Individual differences in drug metabolism may be
present. Increased bilirubin was reported separately in a
patient with UGT1A1 polymorphism; the authors pro-
posed that sorafenib inhibition of UGT1A1l in this
patient may have contributed to the hyperbilirubinemia
[53].

Other Systemic Therapies

Systemic cytotoxic chemotherapy has failed to prolong
survival in advanced HCC [5]. Small studies of cytotoxic
chemotherapy plus biochemical modulation may achieve
tumor control in patients with good performance status
and liver function reserves and no hypersplenism
[54-56]. In Korea, chemotherapy is used as part of con-
current chemoradiotherapy protocols at some centers.
In Hong Kong, systemic cytotoxic chemotherapy is con-
sidered when a patient fails or is ineligible for anti-
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VEGF therapy. Chemotherapy was not recommended in
Japanese treatment guidelines.

In China, use of traditional Chinese medicine (TCM)
is common and unique compared to Western nations.
These medicines can be categorized according to two
main purposes: 1) promoting liver health and delaying
cirrhosis and 2) countering the side effects of che-
motherapy. Panelists indicated that the first type of
TCM must be allowed in clinical trials; excluding these
treatments would severely restrict enrollment. However,
the second type of TCM could potentially be excluded if
required.

Investigational Targeted Therapy

Targeted agents are at the forefront of HCC clinical
research. Promoting clinical trial participation in Asia is
important to foster development of new drugs appropri-
ate for this population. Recently completed phase II
trials of new treatments are described below and
ongoing phase II and III trials of targeted therapies in
HCC are reviewed in Table 1.

The combination of sorafenib and chemotherapy has
been investigated in phase II trials. A randomized phase
IT trial found superior outcomes with the combination
of sorafenib plus doxorubicin compared to placebo plus
doxorubicin [57]. Median progression-free and overall
survival times were 6.9 months and 13.8 months in the
sorafenib arm compared to 2.8 months and 6.5 months
in the placebo arm, respectively. The combination was
associated with a 21% incidence of left ventricular dys-
function, though mostly of grade 1 or 2 severity. The
SECOX trial evaluated sorafenib plus capecitabine and
oxaliplatin [58]. Response was observed in 14% with
stable disease in 61%. Median time to progression (TTP)
was 7.1 months and median survival was 10.2 months.
Toxicities included HFSR, diarrhea, and neutropenia.
When sorafenib was paired with metronomic tegafur/
uracil (UFT; 125 mg/m? twice daily), the combination
led to overall response and stable disease rates of 6%
and 51%, respectively [59]. Median progression-free sur-
vival was 3.7 months and median survival was 7.4
months. The most common grade 3 or 4 adverse events
were fatigue (15%), HFSR (9%), and bleeding (8%).

Sunitinib has been evaluated at various doses and
schedules. The SAKK 77/06 trial utilized sunitinib 37.5
mg/day continuously in 45 Swiss patients [60]. Median
progression-free survival (PFS) was 2.8 months and
median survival was 9.3 months. The most frequent
grade 3/4 toxicities were fatigue in 24% and thrombocy-
topenia in 18%. Two US studies evaluated sunitinib 37.5
mg daily for 4 weeks every 6 weeks [61,62]. Response
rates were 3%-6% and stable disease rates were 35%-
47%. One study reported PFS and survival; median PFS
was 4.0 months and median survival was 9.9 months.
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Table 1 Ongoing Phase I/l Trials in Advanced HCC
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Study Name Phase Intervention Setting Location

Clinicaltrials.gov

Identifier

Advanced Disease

Targeted Agents With Cytotoxic Therapy

NCT00832637 1 Erlotinib + gemcitabine + oxaliplatin Prior systemic therapy allowed us

HOG GI06-101 1 Erlotinib + docetaxel Third-line or less us

NCT00532441

NCT00384800 Il Thalidomide + tegafur/uracil No prior chemotherapy Taiwan

NCT00519688 Il Thalidomide + tegafur/uracil No prior chemotherapy Taiwan

NCT00862082 171 Sorafenib + PR104 First-line US, Asia
Sorafenib

Anti-VEGF Agents as Monotherapy

BRISK I Brivanib + placebo First-line International

NCT00858871 Sorafenib + placebo

NCT00825955 Il Brivanib + placebo Sorafenib failure International
BSC + placebo

NCT00659374 [l Sunitinib First-line International
Sorafenib

NCT00247676 Il Sunitinib First-line France, Korea, Taiwan

Other Targeted Agents as Monotherapy

NCT00225290 i Thalidomide Any line Taiwan
Placebo Poor liver reserve

NCT00033462 I Erlotinib First- or second-line us

NCT00077441 il Bortezomib First-line US, Australia, Korea,

HK

NCT00390195 171l Everclimus (weekly or daily) Any line Taiwan

NCT00920192 1A Foretinib Any line Taiwan, HK

Combination Targeted Therapy

SEARCH Nl Sorafenib + erlotinib Sorafenib First-line International

NCT00901901

NCT00881751 If Erlotinib + bevacizumab Sorafenib First-line us

NCT00365391 It Erlotinib + bevacizumab First- or second-line us

TCOGP-1209 171l Thalidomide + sorafenib First-line Taiwan

NCT00971126

NCT00828594 1 Everolimus + sorafenib Placebo + First-line International
sorafenib

NCT00791544 iz AVE1642* +/- sorafenib or erlotinib Any line France

Earlier-stage Disease

STORM Il Sorafenib Adjuvant (post-resection or -local ablation) International

NCT00692770 Placebo

BRISK-TA 1l Brivanib + TACE BCLC B International

NCT00908752 Placebo + TACE

NCT00921531 il Thalidomide + TACE BCLC A-B China
TACE

NCT00728078 /111 Thalidomide, low dose Adjuvant (post-RFA) China

START It Sorafenib + TACE BCLC B Taiwan

NCT00990860

NCT00855218 I Sorafenib + TACE BCLCB International
Placebo + TACE

COTSUN 1l Sorafenib + TACE TNM Ill/IVa Korea

NCT00919009

NCT00576199 i Bevacizumab Pre- and Post-TACE HK
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Table 1 Ongoing Phase Il/Ill Trials in Advanced HCC (Continued)

JLOG 0901 I/ Sorafenib + fluorouracil/platinum HAI Not suitable for resection, ablation, TACE Japan
NCT00933816
NCT00293436 11l Erlotinib + celecoxib Adjuvant (post-resection, -TACE, or -RFA), us

high-risk

BSC, best supportive care; ECOG, Eastern Cooperative Oncology Group; HAI, hepatic arterial infusion; HK, Hong Kong; HOG, Hoosier Oncology Group; JLOG, Japan
Liver Oncology Group; RFA, radiofrequency ablation; TACE, transarterial chemoembolization; US, United States; VEGF, vascular endothelial growth factor

*Anti-insulin-like growth factor receptor-1 monoclonal antibody

The most common grade 3/4 toxicities were fatigue and
elevated liver function tests. A study in Europe and Asia
that evaluated high-dose sunitinib (50 mg daily for 4
weeks every 6 weeks) found similar response and stable
disease rates but higher toxicity with four grade 5 events
[63].

Other multiple receptor tyrosine kinase inhibitors that
target VEGF under investigation include brivanib, linifa-
nib (formerly ABT-869), vandetanib, and pazopanib. Bri-
vanib inhibits VEGF and fibroblast growth factor; a
phase 1II trial showed median survival of 10 months in
treatment-naive patients [64] and a 58% stable disease
rate in patients who failed one prior antiangiogenic ther-
apy [65]. The most frequent grade 3/4 toxicities were
hyponatremia (41%), fatigue (16%), and AST elevation
(19%) [64]. Linifanib inhibits VEGF and PDGF receptor
tyrosine kinases. A phase II study (n = 44; 84% treat-
ment-naive) showed a response rate of 7%, median PFS
of 3.7 months and median survival of 9.3 months [66].
Toxicities are consistent with anti-VEGF agents. A
phase II, placebo-controlled study of vandetanib, which
targets VEGFR, EGFR, and RET signaling, showed activ-
ity in HCC but failed to meet its primary endpoint of
tumor stabilization in a Taiwanese trial [67]. A phase I
dose-ranging study of pazopanib, which inhibits VEGF,
PDGF, and c-kit, showed evidence of activity [68].

Phase II trials of erlotinib plus bevacizumab are pro-
mising. In 16 previously untreated patients, the combi-
nation led to a median TTP of 2.3 months and median
survival of 13.7 months [69]. In 40 patients, 73% of
whom were previously untreated, the response rate was
25%, median PFS was 9.0 months, and median survival
was 15.7 months [70]. In 58 patients, 76% of whom
were previously untreated, median PFS times were 8.8
months in patients with no prior therapy, 7.9 months in
patients previously treated with sorafenib, and 6.6
months in those previously treated with therapy other
than sorafenib [71]. Corresponding median survival
times were 15.6 months, 13.3 months, and 14.4 months,
In all studies, adverse events were consistent with the
individual drug profiles.

Asian Panel Opinions on Clinical Trial Design
In 2008, the American Association for the Study of
Liver Diseases (AASLD) published a framework for

clinical trial design in HCC [7]. During the current
expert panel meeting, participants provided their views
about clinical trial design from an Asian perspective.
These views are outlined in Table 2.

The Asian panel also provided additional insights into
clinical trial issues specific to disease stage. The panel
noted a great need for trials in resectable disease. The
panel felt that testing compounds in the adjuvant setting
before establishing efficacy in the metastatic setting is
possible, citing positive phase II adjuvant results with
muparfostat (formerly P1-88) [72] and noting the need
for effective therapies in this setting. The panel also
expressed interest in chemoprevention with sorafenib
and other agents after resection or local ablation. In
unresectable disease, especially where locoregional ther-
apy is indicated, placebo-controlled trials remain feasi-
ble, though the panel acknowledged opportunities are
limited. In this setting, it may be beneficial to limit
enrollment to patients who experience a maximal
response after TACE based on modified EASL criteria
[73]. Such a requirement would facilitate identification
of subsequent disease progression across patients. How-
ever, additional research is necessary to identify the best
clinical endpoints in this setting. Because it remains dif-
ficult to differentiate recurrent disease from a second
primary cancer, time to development of a new lesion
may be an appropriate outcome in this setting. Finally,
in the advanced/metastatic setting, the panel felt that
developing new agents in the second-line setting is
warranted.

Summary

Hepatocellular carcinoma is a disease of variable inci-
dence and etiology that is managed differently world-
wide. This expert panel has identified key areas that
need to be addressed to facilitate clinical trials in Asia.
Stratification by viral etiology is desirable within Asia
and by region in global trials. Antiviral therapy should
also be considered as a stratification factor and incorpo-
rated into HCC management in trials. The panel agreed
with AASLD that histological diagnosis is not required
for trial entry. Staging and treatment plans vary signifi-
cantly. The panel felt BCLC staging is acceptable for
trials as long as portal vein hypertension can be mea-
sured and defined with non-invasive standardized
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