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Summary

Hepatocellular carcinoma (HCC) is a severe form of liver cancer that is found worldwide.
Treatments such as liver transplantation and surgical resection and local-regional
therapies such as transarterial chemoembolization have progressed considerably and
play a prominent role in HCC management. After those treatments, though, systematic
drug intervention is required to deal with tumor metastasis in its early stages and the high
frequency of tumor recurrence and/or metastasis. The approval of sorafenib, an agent that
targets receptor tyrosine kinases (RTKSs), as the first effective drug for systemic treatment
of HCC represents a milestone in the treatment of this disease. In addition to sorafenib, a
number of agents that target various RTKSs or intracellular signal transduction molecules,
such as mTOR, are currently being investigated as monotherapy or combination therapy
for HCC. This article reviews advances in the study of molecularly targeted agents to treat

HCC.
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1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most
common cancer in men, the seventh most common
cancer in women, and the third most common cause
of cancer deaths worldwide. HCC resulted in 696,000
deaths worldwide in 2008 (/). The condition has
distinct geographical variation, with the vast majority
of cases (85%) occurring in countries in East Asia
and sub-Saharan Africa and lower incidence rates
in Australia, Northern Europe, and the US (2). The
pathogenesis of HCC is complex and not completely
understood. Hepatocarcinogenesis is a multistep process
involving inflammation, hyperplasia, and dysplasia that
finally leads to malignant transformation. The specific
sequence of genetic events that mediate these steps is
only partially known (3). Chronic hepatitis B (HBV)
infection and chronic hepatitis C (HCV) infection play
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a key role in the onset and development of HCC; HBV
is responsible for approximately half of the cases of
HCC. HBV is responsible for the majority of cases in
China and Africa while HCV is the major cause of HCC
in Japan, the US, and parts of Europe. Other risk factors
include toxins (aflatoxin B1 and alcohol), metabolic
diseases (non-alcoholic fatty liver disease and diabetes),
hereditary diseases (hemochromatosis), and immune-
related diseases (autoimmune hepatitis and primary
biliary cirrhosis) (4,5). In addition, cirrhosis is present
in 67% to 80% of patients with HCC, making HCC a
highly complicated disease (6,7).

Treatments for HCC include resection, liver
transplantation, percutaneous ethanol injection (PEI),
radiofrequency ablation (RF), transcatheter arterial
chemoembolization (TACE), and sorafenib depending
on the Barcelona Clinic Liver Cancer (BCLC) stage of
HCC (8). However, the asymptomatic nature of early
disease and the limited use of surveillance result in the
disease often being diagnosed in its advanced stages in
which systemic drug intervention is required. To date,
sorafenib (a small-molecule kinase inhibitor) is the only
standard drug therapy for patients with advanced HCC,
with modest effectiveness at prolonging patients' overall
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survival (OS) for around 2-3 months (9). However, the
mechanism by which sorafenib treats advanced HCC is
not well known, and no biomarkers have been identified
to predict the effectiveness of sorafenib in patients
with HCC. In addition, the tolerance and resistance to
sorafenib in some patients with HCC further limit the
clinical efficacy of sorafenib.

Given the modest efficacy of sorafenib, there is still
a need for a treatment of advanced HCC. The efficacy of
systemic chemotherapy therapies is limited in patients
with HCC because of their cirrhotic liver, potentially
poor hepatic reserve, and the chemoresistance of the
tumor (/0). Recently, molecularly targeted drugs to treat
HCC have been extensively studied. Multiple molecular
pathways implicated in HCC pathogenesis, including
vascular endothelial growth factor receptor (VEGFR),
fibroblast growth factor receptor (FGFR), platelet-
derived growth factor receptor (PDGFR), epidermal
growth factor receptor (EGFR), mesenchymal-epithelial
transition factor (c-MET), and the mammalian target
of rapamycin (mTOR) pathways, may act as potential
targets for therapeutic interventions (Figure 1) (/7).

This review describes the study of current kinase
inhibitors besides sorafenib and their combination
with other agents to treat HCC, and preclinical
data and clinical data are presented (Table 1, Table
S1 and S2) (http://www.ddtjournal.com/docindex.
php?year=2014&kanno=4). A retrospective analysis
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of these studies could provide a clearer understanding
of the study of kinase inhibitors in HCC and facilitate
further progress in the study of new kinase inhibitors.

2. Antiangiogenic agents

HCC is a highly vascularized tumor. VEGF is an
angiogenic growth factor and its elevated expression is
found in surgical specimens of HCC compared to non-
tumoral liver tissue (/2). Thus, one approach to treatment
of HCC is to target angiogenic factors, such as VEGF,
PDGFR, and FGFR. Sorafenib has already been approved,
but many VEGFR TKIs are also being investigated, such
as sunitinib, linifanib, and brivanib. Three multikinase
inhibitors (sunitinib, brivanib, and linifanib) have been
studied as first-line therapies in comparison to sorafenib,
but all failed to achieve their primary endpoints.

2.1. Sorafenib

Sorafenib is an oral multi-kinase inhibitor that blocks
multiple growth factor pathways including VEGFR-1,
-2, -3, PDGFR-B, Raf, RET, and FLT-3 (/3,14). To date,
sorafenib is the only drug approved for the treatment of
unresectable HCC, based on the results of the SHARP
trial and a parallel phase III trial in the Asia-Pacific
region. In the SHARP trial, sorafenib significantly
prolonged the median OS of patients with advanced
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Figure 1. Signal transduction pathways implicated in HCC pathology and molecularly targeted agents that are currently

being investigated.
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HCC from 7.9 months to 10.7 months (p < 0.001) and
the median time to progression (TTP) from 2.8 months
to 5.5 months (p < 0.001) (9). In the Asia-Pacific trial,
the median OS and TTP were prolonged from 4.2
months to 6.5 months (p = 0.014) and from 1.4 months
to 2.8 months (p = 0.0005), respectively. In both trials,
the median OS of patients with advanced HCC was
prolonged, but the shorter median OS in the Asia-
Pacific trial may be due to differences in the state of the
liver of patients in varied regions. In the Asia-Pacific
trial, 73.0% of patients had baseline HBV infection
compared to 12.0% in the SHARP study, whereas 8.4%
of patients in the Asia-Pacific trial had baseline HCV
infection compared to 30% in the SHARP trial (75).

However, the mechanism of sorafenib is still unclear
and no biomarker has been identified to predict suitable
patients for sorafenib treatment or the prognosis of
those patients.

2.2. Sunitinib

Sunitinib is a multi-targeted receptor tyrosine kinase
inhibitor of VEGFR, PDGFR, and ¢-KIT that was
already approved for the treatment of renal cell
carcinoma (RCC) and imatinib-resistant gastrointestinal
stromal tumors (GIST) (/6,17). In comparison to
sorafenib, sunitinib has no activity against Raf but
is about 10 times more active against most receptor
tyrosine kinases present on the cell surface (including
VEGFRs and PDGFR-B) (/8). In two phase II studies
of sunitinib in patients with advanced HCC, patients
received 50 mg/d of sunitinib orally, 4 weeks on and 2
weeks off (19,20). Both studies found that sunitinib had
a high toxicity, with treatment-related deaths occurring
in 10% of patients (4, n = 37) in one study and grade
3/4 adverse effects (AEs) occurring in 80% of patients
in the other study. The fact that sunitinib targets many
different receptors may explain the high incidence of
severe adverse events (SAEs) such as the classic hand-
foot syndrome, stomatitis, and other dermatologic
toxicities. In addition, a phase II study with continuous
sunitinib treatment (37.5 mg daily) yielded promising
results, with a progression-free survival at 12 weeks
(PFS-12) of 33.3% (21). However, a phase III study
of sunitinib malate versus sorafenib in patients with
advanced HCC (patients were given 37.5 mg of
sunitinib orally once a day or 400 mg of sorafenib twice
a day) was terminated in 2010 because of a higher
incidence of SAEs in the sunitinib arm and the fact that
sunitinib did not prove to be either superior or non-
inferior to sorafenib in terms of the OS of patients with
advanced HCC (22). Due to the failure of the phase
III trial, sunitinib is not considered as a therapeutic
option for HCC anymore. Nevertheless, it may have
anti-angiogenic and anti-fibrotic properties that may
occasion its reuse at a lower dose to treat cirrhosis or
advanced fibrosis (23).

2.3. Brivanib

Brivanib is the alanine ester of BMS-540215 and is
hydrolyzed to the active moiety BMS-540215 in vivo.
BMS-540215 has potent and selective inhibition of
VEGFR and FGFR, with a high selectivity for VEGFR-2
and -3 (24). Preclinical studies have shown that brivanib
has broad-spectrum in vivo antitumor activity at multiple
dose levels (25).

A number of studies on brivanib to treat HCC
have recently been conducted, and 3 relevant phase III
studies yielded negative results. The phase III BRISK-
PS Study involved 395 patients with advanced HCC
whose condition progressed after sorafenib or who
were intolerant to sorafenib (26). The patients were
randomly assigned (2:1) to receive 800 mg of brivanib
orally once a day plus best supportive care (BSC) or a
placebo plus BSC. The median OS was 9.4 months for
patients given brivanib and 8.2 months for those given
the placebo (p = 0.3307), so there was little difference.
Exploratory analyses revealed some differences between
the two arms in terms of the median TTP (4.2 months
for patients given brivanib vs. 2.7 months for patients
given the placebo) and overall response rate (ORR, 10%
for patients given brivanib vs. 2% for patients given
the placebo). Notably, hyponatremia, an AE that was
frequently reported in this study (occurring in 11% of
patients as a grade 3 to 4 AE), has not been reported with
other targeted agents, suggesting that this AE may be
relatively specific to brivanib.

The phase III BRISK-FL Study tested the efficacy of
brivanib versus sorafenib (27). In the study, patients with
advanced HCC who had no prior systemic therapy were
randomly assigned (1:1) to receive 400 mg of sorafenib
orally twice a day (n = 578) or 800 mg of brivanib orally
once a day (n = 577). The study did not meet its primary
endpoint of OS noninferiority for brivanib versus
sorafenib, with a median OS of 9.9 months for patients
given sorafenib and 9.5 months for patients given
brivanib. The two arms had a similar TTP and ORR. The
incidence of SAEs (sorafenib:brivanib = 11.7%:11.3%)
indicates that brivanib is less well-tolerated than
sorafenib.

In these two phase III trials, brivanib failed to
improve the OS for patients with advanced HCC but
it did improve TTP and ORR, indicating that brivanib
does have potential antitumor activity. Why it failed
to improve the OS in both trials warrants further
investigation.

In addition, the phase III Trans-Arterial Chemo-
Embolization (TACE) Adjuvant HCC (BRISK TA)
trial was terminated when 2 other phase III studies of
brivanib in patients with advanced HCC failed to meet
their OS objectives (28). In the trial, 502 patients were
randomized to receive TACE + 800 mg of brivanib daily
(n = 249, brivanib was stopped 2 days before a TACE
session and restarted between day 3 and day 21 following
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TACE) or TACE + a placebo (7 = 253). However, the OS
of both groups did not differ (26.4 months for patients
given brivanib vs. 26.1 for patients given the placebo).

2.4. Linifanib

Linifanib is a multi-targeted receptor tyrosine kinase
inhibitor that can inhibit members of VEGFR and
PDGFR families with minimal activity against
unrelated kinases (29,30). In a phase II trial of linifanib,
44 patients with advanced HCC who had received < 1
prior systemic therapy were given linifanib orally at a
dose of 0.25 mg/kg (31). The progression-free rate at 16
weeks (PFR-16) was 31.8%, with secondary endpoints
of an ORR of 9.1%, TPP of 3.7 months, and OS of 9.7
months. The incidence of grade 3/4 AEs was 59.1%,
with fatigue (13.6%) and hypertension (25.0%) being
the most common. Results indicated that single-agent
linifanib was clinically active in patients with advanced
HCC with an acceptable safety profile. However, a
phase III study of the efficacy and tolerance of linifanib
versus sorafenib in advanced HCC was terminated in
2012 for unexplained reasons (32).

2.5. Other kinase inhibitors

Antiangiogenic agents have been described thus far,
though other kinase inhibitors that target VEGFR are
also being tested to treat advanced HCC. Cediranib,
a VEGFR inhibitor, has completed a phase II trial
involving advanced HCC, with results shown in
Table S1 (http://www.ddtjournal.com/docindex.
php?year=2014&kanno=4) (33). Pazopanib, an
inhibitor that targets VEGFR and PDGFR and that
has already been approved by the FDA to treat
advanced RCC and advanced soft tissue sarcomas,
has completed a phase I trial involving patients with
HCC (Table S1) (http://www.ddtjournal.com/docindex.
php?year=2014&kanno=4) (34). Orantinib, a receptor
kinase inhibitor that targets VEGFR, PDGFR, and
FGFR, has finished a phase I/II trial involving patients
with advanced HCC and a phase II trial where it
was combined with TACE and displayed promising
antitumor ability (Table S1) (http://www.ddtjournal.
com/docindex.php?year=2014&kanno=4) (35,36).

3. c-Met inhibitors

The hepatocyte growth factor (HGF)/c-MET signaling
pathway plays a pivotal role in the development of
several solid tumors, including HCC. Stimulation
of the HGF/c-MET signaling pathway leads to the
cascade reaction of Ras/Raf/MEK/ERK and PI3K/
AKT, promoting tumor cell growth and invasion (37).
In HCC, activation of the HGF/c-MET pathway is
associated with an aggressive phenotype and poor
prognosis (38).

3.1. Tivantinib (ARQ 197)

Tivantinib (ARQ 197) is a selective, non-ATP
competitive, small-molecule ¢c-MET inhibitor that
inhibits growth and induces apoptosis in human tumor
cell lines expressing c-MET (39). In a phase II study
of tivantinib as a second-line treatment for advanced
HCC, patients with advanced HCC and Child-Pugh
class A cirrhosis who had progressed on or were unable
to tolerate first-line systemic therapy were treated with
tivantinib or a placebo (40). In the study, 71 patients
were randomly assigned to receive tivantinib and 36
patients were randomly assigned to receive a placebo.
Patients with tumors expressing high levels of c-MET
(> 2+ in > 50% of tumor cells) had a longer median
TTP when given tivantinib than when given a placebo
(2.7 months for 22 patients with high levels of c-MET
given tivantinib vs. 1.4 months for 15 patients with high
levels of c-MET given a placebo). The encouraging
results indicated that tivantinib is effective as a second-
line treatment for patients with HCC expressing high
levels of c-MET. Furthermore, c-MET expression
may be a promising biomarker in patients with HCC.
A pivotal phase III study of patients with advanced
HCC expressing high levels of ¢-MET after sorafenib
failure is currently underway (47/). However, some
researchers have, based on in-vitro studies, suggested
that tivantinib is not only a c-MET inhibitor but also an
antimitotic agent that kills tumor cells independently of
c-MET, contradicting the results of other studies (42,43).
Further studies to clarify the mechanisms of the anti-
HCC action of tivantinib are warranted.

3.2. Cabozantinib (XL184)

Cabozantinib (XL184) is an oral small-molecule
tyrosine kinase inhibitor that blocks phosphorylation
of ¢c-MET and VEGFR-2 and that also has activity
against AXL, RET, and KIT (44). Recently, HCC cell
and mouse xenograft experiments measuring total MET
and phosphorylated MET (p-MET) have indicated that
high levels of p-MET are associated with resistance to
adjuvant sorafenib treatment and that cabozantinib has
significant antitumor activity against HCC (45). In a
phase II randomized discontinuation trial, 41 patients
with Child-Pugh class A advanced HCC received up
to one round of prior systemic treatment before being
treated with cabozantinib at a dosage of 100 mg/day for
12 weeks. The median PFS was 4.4 months, median OS
was 15.1 months, and AFP response was 35% (reduction
of > 50%). In the trial, cabozantinib had encouraging
clinical activity against HCC (46).

4. mTOR inhibitors

Over the past few years, several molecular pathways
have been identified as contributing to the molecular
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pathogenesis of HCC; the PI3K/AKT/mTOR pathway
in particular plays a critical role (47,48). Upregulation
of mTOR signalling has been observed in 40-45% of
patients with HCC and a cell experiment indicated that
elevated levels of phosphorylated mTOR were correlated
with increased cell proliferation (49,50). Preclinical
studies have demonstrated that mTOR inhibitors were
effective at inhibiting cell proliferation, tumor growth,
and metastasis in HCC tumor models (57,52).

4.1. Rapamycin (sirolimus)

Rapamycin (sirolimus) is an immunosuppressant and
is used to prevent rejection in organ transplants, and
especially in kidney transplants. Recently, the drug has
been found to be effective at inhibiting mTOR and is
being studied as a treatment for HCC (52). In a phase
IT study of sirolimus in treatment-naive patients with
advanced HCC, 25 patients were treated with sirolimus
20 mg/week for 1 month and then 30 mg/week (53).
The median TTP was 3.8 months, the OS was 6.6
months, and the ORR was 8%. These data suggest that
sirolimus has antitumor action against advanced HCC,
and further study is needed to investigate the efficacy
of rapamycin in patients with advanced HCC.

4.2. Everolimus

Everolimus is a derivative of rapamycin and is also an
mTOR inhibitor. Preclinical studies have indicated that
everolimus inhibits tumour growth in xenograft models
of human HCC (54). A phase I/II study of everolimus
in advanced HCC has tested the toxicity and efficacy of
everolimus in patients with advanced HCC and adequate
hematologic, hepatic, and renal function (55). In the
study, 3 patients were treated with everolimus at 5 mg/
d and 25 patients were treated with everolimus at 10 mg/
d. The median PFS and OS for the latter group were
3.8 months and 8.4 months, respectively. The estimated
PFS at 24 weeks was 28.6%. A phase III study named
the EVOLVE-1 study tested the effect of everolimus
on survival in patients with advanced HCC after failure
of sorafenib (56). In the study, 362 patients were
randomized to receive everolimus 7.5 mg/d and 184
patients received a placebo. Both groups also received
BSC. Results indicated that everolimus did not improve
OS in patients with advanced HCC whose disease
progressed during or after receiving sorafenib or who
were intolerant of sorafenib. Despite preemptive antiviral
therapy in the EVOLVE-1 study, HBV reactivation
based on central laboratory findings occurred in 37.0%
of patients given everolimus and 22.7% of patients
given the placebo who were HBV-DNA or HBsAg-
positive (or both) at the baseline. The limitation of the
EVOLVE-1 study was believed to be because the study
was not designed to identify a molecularly or clinically
selected population that would potentially benefited

from everolimus. Furthermore, mTOR inhibitors have
immunosuppressive and antitumor actions, so the
potential benefits of this class of agents in the adjuvant
setting are being assessed in a phase III trial of sirolimus
for patients with HCC after liver transplantation (57).

5. MEK inhibitors

The Ras/Raf/MEK/ERK signaling pathway plays a
pivotal role in the regulation of many cellular processes,
including proliferation, survival, differentiation,
apoptosis, motility, and metabolism (58). A study
noted activation of this pathway in half of patients
with HCC; this pathway may be involved in multistep
hepatocarcinogenesis, and especially in the progression
of HCC (59). MEK inhibitors can inhibit the mitogen-
activated protein kinase enzymes MEK1 and/or MEK2.
Hence, MEK inhibitors have potential as a treatment
for HCC.

Selumetinib is a selective, non-ATP-competitive
small-molecule inhibitor of MEK1/2 (60). A phase II
study of selumetinib administered 100 mg of selumetinib
to 19 patients twice a day for 21 days, but the study
was terminated midway through since no response was
radiographically evident in this group. The short TTP
and no ORR indicated the minimal effectiveness of
selumetinib in treating advanced HCC (61).

6. Combined therapy

Drug resistance frequently occurs with molecularly
targeted cancer therapy. An important mechanism of
resistance is the compensatory activation of related
signaling pathways (62). To date, several molecular
pathways have been identified as contributing to the
molecular pathogenesis of HCC. Of these, the PI3K/
AKT/mTOR and Ras/Raf/MEK/ERK pathways
have been studied the most extensively. These two
pathways may be activated by multiple upstream
receptors (e.g., VEGFR and ¢-MET) and inhibition of
specific upstream receptors may lead to compensatory
activation via other pathways. Various inhibitors must
be combined with other therapies to more effectively
treat HCC.

6.1. Combination of sorafenib and TACE

Combinational therapies with sorafenib have the
potential to further improve therapeutic options for
patients suffering from advanced HCC. TACE is the
standard therapy for patients with HCC who are not
eligible for surgery (63). The hepatic artery is embolized
by selectively injecting small embolic particles coated
with chemotherapeutic agents. Molecular biology
studies have shown that plasma VEGF levels usually
increase after TACE treatment, providing a rationale for
the combination of TACE and sorafenib (64).
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In a trial involving patients with HCV-related
intermediate-stage HCC, 62 patients with Child-Pugh
class A disease were randomized (1:1) to receive 400
mg of sorafenib twice a day or a placebo 30 days after
TACE (30 mg of doxorubicin and 10 mg of mitomycin
C with 10 mL of iodinated nonionic contrast media
and 20 mL of iodinated oil) (65). The median TTP was
9.2 months in the sorafenib group and 4.9 months in
the placebo group (p < 0.001). Results indicated that a
conventional TACE procedure followed by sorafenib
treatment resulted in a significantly longer TTP for
patients with intermediate-stage HCV-related HCC.

However, another study revealed conflicting results.
In a phase III study of sorafenib after TACE in Japanese
and Korean patients, 458 patients with unresectable HCC,
Child-Pugh class A cirrhosis, and > 25% tumor necrosis/
shrinkage 1-3 months after 1 or 2 TACE sessions were
randomized at a ratio of 1:1 to receive 400 mg sorafenib
twice a day or a placebo (> 50% of patients started
sorafenib > 9 weeks after TACE) (66). The median TTP
was 5.4 versus 3.7 months (p = 0.252), and the 1-year and
2-year survival rates were 94.6% vs. 94.1% and 72.1% vs.
73.8%, respectively. This trial found that sorafenib did not
significantly prolong TTP in patients who responded to
TACE. Moreover, the researchers attributed their findings
to the delay in starting sorafenib after TACE and/or low
daily sorafenib doses.

In a propensity score matching study involving
Chinese patients with advanced HCC, 198 patients
were treated with TACE alone (1:1 ratio of cisplatin and
iodized oil), and 82 were treated with a combination
therapy of TACE and sorafenib (combined therapy
group) (67). In addition, the 82 patients were matched
using propensity-score matching at a 1:2 ratio with 164
patients who received TACE monotherapy. The median
OS and TTP were 7.0 months vs. 4.9 months (p = 0.003)
and 2.6 months vs. 1.9 months (p = 0.001), respectively.
In a phase II, prospective single-arm multinational
study, 192 patients with intermediate-stage, unresectable
HCC received doxorubicin-based TACE (an emulsion
of lipiodol 5-20 mL and doxorubicin 30-60 mg) with
interrupted dosing of sorafenib (sorafenib discontinued
for 3 days before and 4-7 days after TACE) and TACE/
sorafenib cycles were repeated every 6-8 weeks (66).
Combined TACE/sorafenib was well-tolerated, with
SAEs occurring in 27.1% of patients. Median PFS and
TTP were 12.8 and 13.8 months, respectively. These
two studies showed that the combination of TACE and
sorafenib is well-tolerated and more effective than TACE
monotherapy.

Overall, the combination of TACE and sorafenib
seems to be more effective than TACE monotherapy
(Table S2) (http://www.ddtjournal.com/docindex.
php?year=2014&kanno=4) (69-71). Randomized
controlled trials are still needed to further confirm this
effectiveness, characterize the optimal schedule of
sorafenib administration and TACE, and determine which

patients are most likely to benefit from this treatment.
Moreover, similar combinational strategies could be
investigated with other locoregional treatments (e.g.
radioembolization plus sorafenib and radiofrequency
ablation plus sorafenib).

6.2. Combination of bevacizumab and erlotinib

EGFR is a member of the RTK family and a potent
regulator of the activity of the Ras/Raf/MEK/ERK
cascade (72). EGFR is highly expressed in human
hepatoma cell lines, and the high expression of EGFR is
associated with higher cell proliferation (73). Erlotinib
is an EGFR inhibitor that inhibits the formation of
phosphotyrosine residues in EGFR and the initiation
of signal cascades by binding to the ATP binding site
of the receptor in a reversible fashion (74). However,
several phase II trials of erlotinib to treat advanced
HCC have indicated that single agent erlotinib provided
a modest clinical benefit (75,76), and a phase III trial of
erlotinib monotherapy to treat HCC was not conducted.

As a matter of fact, the multiplicity and complexity
of molecular aberrations in HCC necessitate a multi-
targeted approach combined with EGFR inhibitors.
Recently, several trials of erlotinib plus bevacizumab,
a recombinant humanized monoclonal antibody that
binds to VEGF in patients with advanced HCC, have
yielded results, although some are controversial.

A phase 1I trial of the combination of bevacizumab
and erlotinib involved 40 patients with advanced HCC
who received bevacizumab 10 mg/kg every 14 days
and 150 mg of oral erlotinib daily in a 28-day cycle
(77). The primary endpoint of PFS at 16 weeks was
62.5%. The median PFS was 9.0 months and OS was
15.65 months. Another phase II trial of bevacizumab
and erlotinib involving 59 patients with unresectable
HCC administered 150 mg of oral erlotinib daily
and 10 mg/kg of bevacizumab every 14 days in a 28-
day cycle. The PFS at 16 weeks was 64% and SAEs
occurred in 30.51% of patients (78). Both trials showed
that the combination of bevacizumab and erlotinib
had significant antitumor activity in patients who had
advanced HCC.

However, other trials had conflicting results. A
phase II study of bevacizumab plus erlotinib in patients
with advanced HCC has been conducted (79). In 27
patients treated with 150 mg of erlotinib daily and
10 mg/kg of bevacizumab on days 1 and 15 every 28
days, one patient had a confirmed partial response
and 11 (48%) had stable disease. Median TTP was 3.0
months and OS was 9.5 months. In addition, a phase
II study of bevacizumab and erlotinib in the treatment
of patients with advanced HCC not responding to
sorafenib administered 10 mg/kg of bevacizumab
every 2 weeks and 150 mg of erlotinib daily for a
maximum of 6 cycles (80). With 10 patients recruited,
the trial was halted in the first stage according to

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2014; 8(4):154-164. 161

pre-set statistical criteria. Of these 10 patients, none
responded or had stable disease. The median TTP was
1.81 months and OS was 4.37 months. A phase I trial
of 21 patients with metastatic or inoperable HCC who
had not received local or systemic therapy administered
15 mg/kg of bevacizumab every 3 weeks and 150 mg
of oral erlotinib daily. The PFS at 27 weeks was 23.8%
(73). These trials showed that erlotinib combined with
bevacizumab had minimal activity in patients with
advanced HCC or in an unselected population with
sorafenib-refractory advanced HCC.

Furthermore, a phase IlI trial is underway to evaluate
the clinical benefit of 400 mg of sorafenib twice a day
and 150 mg of erlotinib once a day versus 400 mg
of sorafenib twice a day and a placebo once a day in
patients with advanced HCC (87). The combination of
bevacizumab and erlotinib warrants additional evaluation
in randomized controlled trials.

In addition to the studies discussed thus far, some
in-vitro studies have provided a rationale for the
combination of EGFR TKIs and IGF-1R TKIs. In terms
of its mechanism of action, anti-IGF-1R therapy may
cause acquired resistance via the activation of HER3,
which EGFR TKIs may inhibit (8§2,83).

7. Conclusion and prospects for the future

Up to now, sorafenib has been the only standard therapy for
advanced HCC, with most phase III trials failing to reach
their primary endpoints. The failure of other molecularly
targeted drugs may be due to several reasons.

First, HCC is quite complex with a pathogenesis
including hepatitis B and C, and HCC is always
associated with liver cirrhosis. The heterogeneity of
hepatoma cells makes therapy much more complicated
and affects the performance of targeted drugs to treat
HCC. Therefore, effective treatment of HCC would
require the simultaneous treatment of three distinct
diseases: hepatitis, cirrhosis, and cancer. In addition,
many carcinogenic pathways are activated as HCC
develops, but no single pathway has been identified as
the most important (84). Second, most phase III trials
have shown that surrogate endpoints such as TTP, PFS,
and ORR inconsistently predict OS. Both the selection of
eligible patients and determination of primary endpoints
may affect the outcome of trials. However, there are
no yet known biomarkers that can predict whether
patients are sensitive to sorafenib or other molecularly
targeted drugs. In the absence of well-characterized
and validated predictive biomarkers, targeted agents
will likely continue to have a high risk of failure if
phase III trials are conducted in unselected populations.
Relevant biomarkers that may predict clinical outcome
in patients receiving everolimus are being assessed in
the EVOLVE-1 population (56). Third, the existing
TKIs used in trials to treat HCC are primarily agents
optimized for the treatment of other cancers and thus

may not exhibit the best kinase inhibitory profile
to counteract the signaling abnormalities that are
characteristic of HCC. This limitation, coupled with the
likely involvement of multi-genic lesions in HCC, may
affect the performance of targeted therapies in treating
HCC (85). Future studies of targeted agents to treat
HCC should focus on answering these questions and
particularly on identifying patient populations based on
molecular classification and predictive biomarkers.
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