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Table 2. Cont.

3310

Immune Suppressive Cells

Treatments, Future

Cancer References
Tregs MDSCs Treatments or Other Uses
non-small-cell lung Lo
o prognostic biomarker Hasegawa et al. [53]
cancer
Yukawa et al. [54]
o prognostic biomarker Liu ef al. [43]
Lewis lung carcinoma .. .
0 anti-miR214 Yin et al. [55]
(mouse model)
Pancreatic ductal Lo .
. o] prognostic biomarker Luardi et al. [57]
adenocarcinoma
. High-dose IL.2 followed
Renal Cell Carcionam o o . Monk ef al. [47]
by Sorafenib
o prognostic biomarker Mirza et al. [58]
o prognostic biomarker Kusmartsev et al. [59]
Solitary Fibrous . .
o Sunitinib malate Tazzari et al. [60]
Tumor
Thyroid cancer 0 Inhibition of FOXP3 Chu et al. [61]
Glioblastoma o prognostic marker Soyour E et al. [62]
Colon carcinoma . .
o o c-kit antibody Pan et al. [63]

(mouse model)

Recently, nucleoside analogues have emerged as an important treatment option for chronic hepatitis B
patients [64]. However, discontinuation of nucleoside analogues could frequently induce the reactivation
of chronic hepatitis [65,66]. Therefore, pegylated interferon (Peg-IFN) could be a significant treatment
to control replication of HBV by inducing an immune response. The efficacy of Peg-IFN treatment has
not yet become optimal [67]. Immune suppressive cells including Tregs and MDSCs might contribute to
the difficulty of inducing an effective immune response for HBV persistent infection and HCC. This
review focuses on the Tregs and MDSCs that could be potential targets for the immune therapy of
chronic hepatitis B patients and HCC.

2. Tregs Could Affect HBV Persistent Infection

In addition to hepatitis ¢ virus infection (HCV), it has been reported that the HBV-specific immune
response could be suppressed by CD4"CD25" Tregs in patients with HBV infection [68]. This report
indicated that not only Tregs from CH-B patients, but also those from patients with resolved HBV
infection could suppress HBV specific CD8" T cell. However, it has been reported that the frequency
of Tregs in CH-B patients was significantly higher than those in healthy controls and those with
resolved HBV infection [69]. Therefore, the frequency of Tregs might contribute to the disease status
of HBV infection [23,24,68-76] (Table 3). Tregs have been identified by using CD4, CD25, CD45RO
and CTLA-4 antibodies. Another group reported that the frequency of CD39"Tregs correlates with the
progression of HBV infection [77]. Therefore, we should consider this minor subset of Tregs in chronic
hepatitis B patients [77]. Previously, we reported that HBcAg-specific IL10 secreting CD4"CD25"
Tregs might contribute to the suppression of HBV-specific [FN-gamma secreting CD4" T cells [23].
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Moreover, the depletion of Tregs could recover the function of IFN-gamma secretion of CD4" T cells
in an ex vivo study [23]. Another group reported a similar phenomenon and the enhancement of
HBV-specific T cell proliferation after the depletion of Tregs [69]. Previously, several groups including
ours reported that the reduction of HBV could recover the frequency of HBV-specific T cells and the
function of T cells [15,78]. Tregs might contribute to suppressing the HBV-specific T cells. Therefore,
treatment with a nucleos(t)ide analogue might affect the Tregs. Previously, Stoop ef al. [71] described
that adefovir-induced viral load reduction caused a decrease in circulating Tregs together with a partial
recovery of the immune response. They described that the frequency of Tregs among CD4" T cells was
decreased at three and six months after adefovir treatment. Moreover, they determined that the frequency
of HBcAg-specific [IFN-gamma secreting cells was increased during adefovir treatment. We also reported
that the entecavir-induced viral load reduction caused a decrease in circulating Tregs [24]. Moreover,
we analyzed the mechanism of Tregs enhancement of functions in chronic hepatitis B patients [24].
Heat shock protein 60 produced from HBV-replicative hepatocytes might enhance the IL 10-secreting
function of Tregs via toll like receptor 2 (TLR2). The inhibition of TLR2 signaling could inhibit the
excessive function of Tregs. Another group reported that over-expression of TLR2/4 on monocytes
could modulate the activities of Tregs in chronic hepatitis B patients [79]. This report described that
the agonists of TLR2 and 4 activated-Tregs showed enhanced suppression function in chronic hepatitis
B patients. Another group reported that exogenous tumor necrosis factor alpha partially abrogated the
Tregs-mediated suppression [80]. The interaction between programmed death (PD)-1 and its ligand,
PD-L1, is important for the induction of exhausted T cells. In chronic hepatitis B patients, the antiviral
intrahepatic T cell response could be restored by blocking the PD-1 pathway [81]. Tregs express both
PD-L1 and PD-1 [82]. That PD-L1/PD-1 signaling might suppress the HBV-specific immune response
~ has been reported by many groups [81,83—-86]. The inhibition of PD-1 and cytotoxic lymphocyte
antigen-4 (CTLA-4) could slightly enhance the cellular proliferation and significantly increased the
IFN-gamma production of PBMCs co-cultured with Tregs [84]. Concerning the CD4" development
pathway, both induced Tregs and Th17 cells require TGF-B. In addition to TGF-, IL-2 promotes
development of Tregs and inhibits Th17 cells, whereas 1L6, IL21 and 1123 promote the development
of Th17 cells and inhibit that of Tregs. Therefore, the balance between Tregs and Th17 cells during
hepatitis B virus infection was analyzed [§7-90]. A group reported that acute or chronic HBV-related
liver failure patients have a dramatically higher IL17"/FOXP3" ratio than that in chronic liver failure
patients [87]. Another report described that a lower Treg/Th17 ratio induced greater liver fibrosis
progression [88]. Although these findings are unsurprising, the balance between Tregs and Th17 might
be usefully analyzed for the disease status and treatment response. A group described that the
frequency of Tregs increased in non-responders but not in responders during pegylated-interferon [91].
The frequency and/or function of Tregs could affect the natural course of chronic hepatitis B patients
and treatment response [92]. Most of the groups analyzed the peripheral blood to detect Tregs (Table 3).
Some groups analyzed liver-infiltrating lymphocytes in addition to peripheral blood to detect Tregs.
Xu et al. [70] indicated that the frequency of liver-infiltrating Tregs increased in CH-B patients and
chronic severe hepatitis B patients, as seen in peripheral blood. Yang et al. [72] reported that Foxp3+
cells were present in significantly higher numbers in liver tissue sections from chronic active hepatitis B,
as seen in peripheral blood. However, it is difficult to carry out the sequential analysis of liver-infiltrating
lymphocytes since liver biopsy has a risk of bleeding.
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Table 3. Association between HBV infection and Tregs.
Species or Frequency, Functions or
Disease Status Immune Subset o References
Model Findings
Human AHB Recovered Isolated CD4*CD25" Suppression of CD8" cells Franzese et al. [68]
Frequec
CHB ueeny
(AHB = CHB = Healthy)
Healhty subjects
Human AHB Recovered Isolated CD4*CD25* Suppression of CD4" cells Stoop et al. [69]
CH.B Frequency(Chronic > recovered:
Chronic > healthy donors)
Healthy subjects
Isolated CD47CD25™;
Human AH-B FOXP3* gated liver Suppression of CD4 * cells Xu et al. [70]
infiltrating lymphocytes
Frequency(CH-B severe >
CH-B CHB, CHB severe > AH-B,
CH-B severe > healthy donors)
Healthy subjects
Human CH-B Isolated CD4* CD25* Suppression of CD4" cells Kondo et al. [23]
Healthy subjects Chronic = healthy donors
CD4" CD25" CTLA4" Frequency
Human Treated CH-B Stoop et al. [71]
CD45RO" (FOXP3") (Treated CHB < CHB)
CH-B
Healthy subjects
Isolated CD4*CD25"; .
. Suppression of CD4" cells and
Human Recovered AH-B FOXP3" liver . Yang et al. [72]
. . CD8" cells
infiltrating lymphocytes
Frequency(Chronic
CH-B asymptomatic > chronic active
> resolved = healthy controls)
Healthy subjects
sHSP60 enhances Tregs activity
Human CH-B CD4*CD25*IL7R" . L Kondo et al. [24]
via TLR2 signaling
Treated CH-B Frequency
patients (Treated CHB < CHB)
Healthy subjects
Woodchuck Woodchuck
oodeTe oocer CD4°FOXP3* Frequency (WHV > Control)  Otano ef . [73]
hepatits hepatitis
Interleukin-12 Increases
HBYV model

Hepatic Tolerogenicity

-197-



Int. J. Mol. Sci. 2015, 16 3313

Table 3. Cont.

Species or . Frequency, Functions or
Disease Status Immune Subset T References
Model Findings

Down-regulating the antiviral
activity of effector T cells by

Mouse AdHBV CD4'FOXP3* Lo . . Stross et al. [74]
limiting cytokine production

and cytotoxicity
TGF-b-miR-34a-CCL22
Human HBV-HCC CD4*CD25"FOXP3 Signaling-Induced Treg Yang et al. [75]
Cell Recruitment

N N Frequency (CH-B = Acute on
Human CH-B CD4"CD25 ! Dong et al. [76]
choronic HBV = Healthy)

Acute on
choric HBV
Healthy

3. Tregs and HBV-Related HCC

It has been reported that the frequency of Tregs is increased in HCC patients [93,94]. Yang et al. [93]
analyzed the frequency of Tregs and CD8" T cell in peripheral blood and liver tissue. The results
indicated a significant increase in both the proportion and absolute numbers of CD4*CD25" T-cells in the
peri-tumor region [94]. Another group indicated the higher frequency of Tregs in the peripheral blood
from HCC patients in comparison to those from HCV patients and healthy subjects. The mechanisms
of increased Tregs in HCC were analyzed. Huh7 culture supernatants appear to promote CD4"CD25"
T-cell proliferation and inhibit CD4"CD25™ T-cell proliferation [95]. Moreover, the frequency of
Tregs could be a significant biomarker of survival in HCC patients. The frequency of circulating
CD4"CD25"FoxP3™ Tregs was increased significantly and correlated with the disease progression in
HBV-related HCC patients [22,96,97]. An abundant accumulation of Tregs concurrent with a significantly
reduced infiltration of CD8" T cells was found in tumor regions compared with nontumor regions [96].
Another group reported that the frequency of the CD45RO" subset in CD4"CD25%¢" Tregs was
associated with progression of HCCs [98]. Moreover, the frequency of the other phenotype of Tregs
(CD4"CD25°CD69") was also increased in HCC patients [99]. The induction of Tregs could be
affected by not only hepatitis B virus infection but also HCC. When PBMCs were co-cultured with
human hepatoma cell lines stably transfected with HBV (HepG2.2.15), the CD4"CD25" Tregs
population increased and upregulated Tregs-related genes [100]. Sorafenib is a multikinase inhibitor
that could suppress cell proliferation and angiogenesis. Sorafenib could reduce the frequency of hepatic
infiltrating Tregs by suppressing TGF-B signaling [101]. Suppressing Tregs might be one of the
significant targets for the induction of immunity for HCC.

4, MDSCs for HBV Persistent Infection and HBV-Related HCC

An emerging cell population of interest, MDSCs, could contribute to immune suppression. In a
mouse model, it has been reported that liver-derived MDSCs from HBV transgenic mice could
suppress the proliferative capacities of allogenic T cells and HBsAg-specific lymphocytes [34].
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Recently, it has been reported that y8T cells could drive MDSCs-mediated CD8" T cell exhaustion in
HBYV persistent infection [33]. In addition to the suppressive function of MDSCs, MDSCs could affect
the induction and function of Tregs [19]. It has been reported that MDSCs could induce Tregs in HCC
patients [19]. Moreover, another group reported that higher frequencies of GARP'CTLA-4"Foxp3*
Tregs and MDSCs in HCC patients are associated with impaired T-cell functionality [20]. Compared
to Tregs, few reports have described the relationship between MDSCs and HCC. However, many
groups including ours are focusing on MDSCs for the induction-mechanism of Tregs in HBV
persistent infection and HBV-related HCC.

5. Concluding Remarks

Many groups including ours have reported that Tregs and MDSCs suppress the immune reaction for
HBV and HCC. The excessive activation of immune suppressive cells could contribute to the
persistent infection of HBV and the progression of HCC. Therefore, detailed mechanisms of the
induction of Tregs and MDSCs should be investigated to control HBV persistent infection and
HBV-related HCC. Moreover, the ability to specifically suppress Tregs and MDSCs, and understanding the
appropriate time point to do so, might improve the treatment of HBV-related diseases.
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Hepatocellular carcinoma (HCC) can be lethal due to its
aggressive course and lack of effective systemic therapies for
advanced disease. Sorafenib is the only systemic therapy that
has demonstrated an overall survival benefit in patients with
advanced HCC, and new agents for treatment of advanced
HCC are needed. The multiple pathways involved in HCC onco-
genesis, proliferation and survival provide many opportuni-
ties for the development of molecularly targeted therapies.
Molecular targets of interest have expanded from angiogen-
esis to cancer cell-directed oncogenic signaling pathways for
treatment of advanced HCC. Agents targeting vascular endo-
thelial growth factor receptor, epidermal growth factor recep-
tor, fibroblast growth factor receptor, platelet-derived growth
factor receptor, c-mesenchymal-epithelial transition factor-1

and mammalian target of rapamycin signaling have been
actively explored. This article focuses on the evaluation of
molecular agents targeting pathogenic HCC and provides a
review of recently completed phase Ill drug studies (e.g.
involving sorafenib, sunitinib, brivanib, linifanib, erlotinib,
everolimus, ramucirumab or orantinib) and ongoing drug
studies (e.g. involving lenvatinib, regorafenib, tivantinib or
cabozantinib) of molecularly targeted agents in advanced
HCC, including a brief description of the biologic rationale
behind these agents.

Key words: clinical trials, hepatocellular carcinoma,
molecularly targeted therapy, novel agents, sorafenib

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is the

sixth most common cancer and the third most
common cause of cancer-related deaths worldwide.’
Because a considerable number of patients are diag-
nosed when the disease becomes advanced, only
approximately a third of all HCC patients are eligible for
potentially curative treatments, such as resection or
transplantation.? Surgical resection or transplantation
provides good survival rates (i.e. beyond 65% at 5
years).* Unfortunately, the prognosis for patients with
advanced stage HCC (Barcelona Cancer Liver Clinic
[BCLC] stage C) is extremely poor, with a median
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overall survival (OS) of 6.6 months.” In advanced cases,
only one systemic therapy is effective: the multikinase
inhibitor sorafenib, which was approved by the U.S.
Food and Drug Administration and which represented
a breakthrough in the management of the disease.>®
However, the median life expectancy of patients with
HCC on sorafenib is only 1 year, indicating the clear
need to improve their outcomes. Hepatocarcinogenesis
is a complex multistep process involving a number of
genetic and epigenetic alterations,”® our knowledge of
several key molecular pathways implicated in HCC
pathogenesis has revealed potential targets for therapeu-
tic interventions, including vascular endothelial growth
factor (VEGF), fibroblast growth factor (FGF), platelet-
derived growth factor receptor (PDGFR), epidermal
growth factor receptor (EGFR), RAS/RAF/mitogen-
activated protein kinase kinase (MEK)/extracellular
signal-regulated kinase (ERK) and phosphatidylinositol
3-kinase (PI3K)/AKT/mammalian target of rapamycin
(mTOR) pathways. This review will examine our current
understanding of these pathways as well as the efficacy
and safety data pertaining to the most promising
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molecularly targeted agents beyond sorafenib. In this
article, we first describe the pathogenesis of HCC and
then provide an update on the recent data on clinical
trials using molecularly targeted agents.

PATHOGENESIS OF HCC

EPATOCELLULAR CARCINOMA IS a hypervas-

cular tumor, and the central role of angiogenesis in
its initiation, growth and subsequent dissemination to
other tissues is well recognized. Angiogenesis in HCC is
mediated by a complex network of growth factors,
acting on both tumor cells and endothelial cells. The
most widely recognized angiogenic factors are VEGF,
FGF and PDGF.? These activate receptor tyrosine kinases
(RTK) and the RAS/RAF/MEK/ERK pathway and the
PI3K pathway in endothelial cells (Fig. 1).'%"' VEGF and
its receptors play a major role in tumor angiogenesis. In
fact, VEGF is a potent permeability factor that promotes

o &

Hepatology Research 2015

cell migration during invasion and acts as an endothe-
lial growth factor that stimulates endothelial cell prolif-
eration, inducing the budding of new blood vessels
around the growing tumor masses. In human specimens
and serum, increased expression of VEGF correlates with
aggressive behavior of HCC and poor prognosis.’? FGF
and its family of receptors has also been implicated in
HCC growth, invasion and angiogenesis.”> While VEGF
is the main driver of tumor angiogenesis, there is cross-
talk between VEGF and FGF signaling in angiogenesis.'*
The upregulation of FGF has been suggested to mediate
resistance to anti-VEGF receptor (VEGFR) therapy. The
great majority of the HCC cases have overexpression of
at least one FGF and/or FGF receptor (FGFR).!® Hence,
blocking the FGFR is another potentially important
approach for the treatment of HCC. PDGF is involved
in the development of immature tumor vessels,"” while
angiopoietins exert their action via stabilization of
vessels by recruiting surrounding pericytes and smooth

1) Sorafenib #
Other target; KIT

membrane 2) Sunitinib T
VEGFR] PDGFH_ |EGFR[  |c-MET FGFR Other targets; KIT, RET, Fit-3
— « 3) Brivanib T
1), 2), 3), 1.2), )\ 5))\ / \ « 4) Linifanib *
4), 8) 9), 10 3) 8),
4), 7), 8), Gab1 Grb2
11 5) Eriotinib 1

9), 11), 12)L
//<RAS

|

/ 12)

Other targets; HR-1

6) Everolimus

PIBK' 7) Ramucirumab t

PI3K RAF b 1), 9) 8) Lenvanitinb ’
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AKT MEK 9) Regorafenib ’
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Figure 1 Schematic diagram of key molecular targets and targeted agents in hepatocellular carcinoma. *Approved globally in
patients with advanced hepatocellular carcinoma (HCC). 'Completed studies of phase III of molecularly targeted agents in
advanced HCC. *Ongoing studies of phase 11 of molecularly targeted agents in advanced HCC. ¢-MET, c-mesenchymal-epithelial
transition factor-1; EGF, epidermal growth factor; EGFR, epidermal growth factor receptor; ERK, extracellular signal-regulated
kinase; FGF, fibroblast growth factor; FGFR, fibroblast growth factor receptor; Flt-3, Fms-like tyrosine receptor kinase-3; Gabl,
GRB2-associated binding protein 1; Grb2, growth factor receptor bound protein 2; HER-1, human epidermal growth factor
receptor-1; HGF, hepatocyte growth factor; MEK, mitogen-activated protein kinase/ERK kinase; mTOR, mammalian target of
rapamycin; PDGF, platelet-derived growth factor; PDGFR, platelet-derived growth factor receptor; PI3K, phosphatidylinositol
3-kinase; RET, rearranged during transfection; SCFR, stem cell growth factor receptor kit; VEGF, vascular endothelial growth factor;

VEGFR, VEGF receptor.
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muscle cells.'® PDGF is involved in fibrogenesis, angio-
genesis and tumorigenesis.””'"* PDGF expression is
upregulated in the early stages of chronic hepatitis, sug-
gesting its association with the development of fibrosis
in chronic hepatitis C.”” From a therapeutic point of
view, inhibition of these targets has been shown to
diminish the vascularity of tumors in preclinical studies.

Several intracellular signaling pathways are involved
in HCC pathogenesis; the most studied are the PI3K/
AKT/mTOR and RAS/RAF/MEK/ERK pathways. The
PISK/AKT/mTOR axis is involved in multiple cellular
processes, including survival and proliferation.®® This
pathway mediates its effects through activation of
various tyrosine kinase receptors, such as VEGFR, EGFR
and PDGFR, which in turn recruit and activate PI3K. The
activation of PI3K will lead to a cascade of activation of
downstream effectors, leading to activation of mTOR
(Fig. 1). The activation of the mTOR pathway in HCC
is associated with aggressive tumor behavior and
decreased survival, which supports the efforts to target
this pathway for therapeutic interventions.?' RAS/RAF/
MEK/ERK signaling regulates many important cellular
processes, such as proliferation, differentiation, angio-
genesis, survival and cell adhesion.”? Importantly, the
RAS/RAF/MEK/ERK pathway is constitutively activated
in HCC.»?

Apart from these major signal pathways in the patho-
genesis of HCC, the hepatocyte growth factor (HGF)/c-
mesenchymal-epithelial transition factor-1 (c-MET)
pathway is involved in tumor growth, invasion and
angiogenesis in various types of cancer. ¢-MET is a
tyrosine kinase receptor, with its ligand, HGF.”> HGF-
induced activation of c-MET ultimately leads to the acti-
vation of downstream effector molecules, including
PI3K and ERK (Fig. 1).%° Expression of the c-MET recep-
tor protein is present in human HCC samples?~?* and
has been shown to be a poor prognostic factor in
patients with HCC. Therefore, therapeutics aimed at the
¢c-MET receptor is a rational approach for HCC.

RESULTS OF PHASE Ill STUDIES

TUDIES ARE INVESTIGATING various agents for

HCC, most of which target the previously described
VEGF axis, FGF, PDGF, RAS/RAF/ERK and mTOR signal-
ing pathways (Fig. 1). We describe these molecularly
targeted agents and completed phase Il trials. We also
provide information on why phase III pivotal consecu-
tive randomized controlled trials (RCT) in HCC did not
meet the primary end-points (Table 1). Seven phase III
trials reported negative results for first-line therapy (e.g.

Molecularly targeted therapies against HCC 3

with sunitinib, brivanib, linifanib or erlotinib) and
second-line therapy (e.g. with brivanib, everolimus or
ramucirumab). Five of these studies were designed to
test for superiority (i.e. study of SUN 1170, SEARCH,
BRISK-PS, EVOLVE-1, REACH), and two of these studies
were designed to test for non-inferiority (i.e. study of
BRISK-FL, 0100953) with a primary end-point of OS.

Sorafenib

Sorafenib is a multikinase inhibitor that inhibits serine/
threonine kinases (BRaf and CRaf and VEGFR-1, -2 and
-3), PDGFR-o and -B, and the stem cell factor receptor,
c-kit. In the Sorafenib HCC Assessment Randomized
Protocol (SHARP) study,® a double-blind RCT with a
primary end-point of OS, sorafenib significantly
increased survival times of patients with HCC from 7.9
to 10.7 months (hazard ratio [HR], 0.69; 95% confi-
dence interval [CI], 0.55-0.87; P=0.001). Among the
enrolled patients, the proportion of patients with
Child~Pugh liver function class A and B disease was
97% and 3%, respectively, while that with BCLC stage B
and C disease was 17% and 83%, respectively. Sorafenib
was the first systemic therapy to demonstrate a signifi-
cant improvement in OS in patients with advanced
HCC, and its subsequent approval represented a major
breakthrough in the treatment of advanced HCC. A par-
allel phase I study was conducted in the Asia~Pacific
region. Median OS was 6.5 months in the sorafenib arm
and 4.2 months in the placebo arm (HR, 0.68; 95% CI,
0.50-0.93; P=0.014).° Among the enrolled patients,
the proportion of patients with Child-Pugh liver func-
tion class A and B disease was 97% and 3%, respectively,
while that with BCLC stage B and C disease was 5% and
95%, respectively. Similar toxicity profiles were seen in
both studies; sorafenib treatment was associated with
increased rates of diarrhea, weight loss, hand-foot skin
reaction and hypophosphatemia. Sorafenib is the first
and only agent to demonstrate an OS benefit and to
be approved by regulators globally in patients with
advanced HCC.

Sunitinib

Sunitinib is another multikinase inhibitor with broad
activity, inhibiting all VEGFR and PDGFR, c-kit, Fms-
like tyrosine receptor kinase (Flt)3 and rearranged
during transfection (RET). Sunitinib was evaluated
against sorafenib in a large phase III trial.*® All patients
had Child-Pugh liver function class A disease, and the
proportion of patients with BCLC stage B and C disease

was 15% and 85%, respectively. Median time to progres-
sion (TTP) for sunitinib and sorafenib was 4.1 and 3.8
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Table 1 Results of completed phase III trials of molecularly targeted therapies in HCC

vieewny) ‘W ¥

Drug

Main target

Design (trial)

TTP/PFS (months), HR, 95% CI

OS (months), HR, 95% CI

First-line advanced HCC
Sorafenib

Sunitinib

Brivanib

Linifanib

Erlotinib

Second-line advanced HCC
Brivanib

Everolimus

Ramucirumab

RAF, VEGFR,
PDGER, c-KIT

VEGER, PDGEFR,
KIT, RET, Flt-3

FGFR, VEGFR

VEGEFR, PDGFR

EGFR, HER-1

FGFR, VEGFR
mTOR

VEGFR

Sorafenib vs placebo (SHARP)
Sorafenib vs placebo (Asia-Pacific)
Sunitinib vs sorafenib (SUN 1170)
Brivanib vs sorafenib (BRISK-FL)
Linifanib vs sorafenib (0100953)

Erlotinib + sorafenib vs
placebo + sorafenib (SEARCH)

Brivanib vs placebo (BRISK-PS)
Everolimus vs placebo (EVOLVE-1)

Ramucirumab vs placebo (REACH)

49vs 4.1; P=0.77; HR, 0.58;
95% CI, 0.45-0.74

2.8vs 1.4; P<0.001; HR, 0.57;
95% CI, 0.42-0.79

4.1vs 3.8; P=0.169; HR, 1.13;
95% CI, 0.98-1.31

42vs 4.1; P=0.853; HR, 1.01;
95% CI, 0.88-1.16

5.4 vs 4.0, P=0.001; HR, 0.76;
95% CI, 0.64-0.90

3.2vs4.0; P=0.91; HR, 1.13;
95% CI, 0.94-1.36

4.2vs 2.7, P<0.001 HR, 0.56;
95% CI, 0.42-0.78

3.0 vs 2.6; HR, 0.93; 95% CI,
0.75-1.15

2.8vs 2.1; P<0.001; HR, 0.63;
95% CI, 0.52-0.75%

10.7 vs 7.9; P< 0.001; HR, 0.69;
95% CI, 0.55-0.87

6.5vs 4.2, P=0.014; HR, 0.68;
95% CI, 0.50-0.93

7.9 vs 10.2; P=0.0019; HR, 1.30;
95% CJ, 1.13-1.50

9.5vs89.9; P=0.373; HR, 1.06;
95% CI, 0.93-1.22

9.1 vs 9.8; P=NS; HR, 1.05;
95% CI, 0.90-1.22

9.5vs 8.5, P=0.2; HR, 0.92;
95% CI, 0.78-1.1

9.4 vs 8.2; P=0.331; HR, 0.89;
95% CI, 0.69-1.15

7.6 vs 7.3; P=0.68; HR, 1.27;
95% CI, 0.86-1.27

9.2 vs 7.6; P=0.14; HR, 0.87;
95% CI, 0.72-1.05

tProgression-free survival.

ClI, confidence interval; FGFR, fibroblast growth factor receptor; HCC, hepatocellular carcinoma; HER-1, human epidermal growth factor receptor-1; HR, hazard ratio;

mTOR, mammalian target of rapamycin; NS, not significant; OS, overall survival; PDGFR, platelet-derived growth factor receptor; PFS, progression-free survival; RET,
rearranged during transfection, Flt-3, Fms-like tyrosine receptor kinase-3; TTP, time to progression; VEGFR, vascular endothelial growth factor receptor.
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months, respectively (P=0.169); however, median OS
for sunitinib and sorafenib was 7.9 and 10.2 months
(HR, 1.30; 95% CI, 1.13-1.50; P = 0.0019), respectively.
The decision was based on a higher incidence of signifi-
cant toxicities (including grade 3/4 thrombocytopenia
[30%], neutropenia [25%]| and hemorrhagic events
[12%]) in the sunitinib arm and the futility of showing
either superiority or non-inferiority in OS when com-
pared with sorafenib. This trial was stopped prematurely
after inferior outcomes were noted in the sunitinib arm.

Brivanib

Brivanib is a dual inhibitor of VEGFR and FGFR, both of
which are implicated in the pathogenesis of HCC.*' Two
randomized phase I1I clinical trials were conducted to
assess the use of brivanib in the first-line (BRISK-FL) and
second-line (BRISK-PS) settings. BRISK-FL was a head-
to-head randomized phase [II clinical trial comparing
brivanib with sorafenib as the first-line therapy in
patients with unresectable HCC. Among the enrolled
patients, the proportion of patients with Child-Pugh
liver function class A and B disease was 92% and 8%,
respectively, while that with BCLC stage B and C disease
was 22% and 78%, respectively. The brivanib arm failed
to achieve a non-inferior median OS, with 9.5 months
for brivanib and 9.9 months for sorafenib (HR, 1.06;
95% Cl, 0.93-1.22; P=0.373). There was also no dif-
ference in TTP between brivanib and sorafenib (4.2 vs
4.1 months; HR, 1.01; 95% CI, 0.88-1.16; P=0.853).*
The study did not meet its primary OS objective based
upon a non-inferiority statistical design. In the second-
line setting, BRISK-PS compared brivanib with placebo
in patients who were refractory or intolerant to first-line
treatment with sorafenib. Although TTP was signifi-
cantly longer in the brivanib arm than with placebo (4.2
vs 2.7 months; HR, 0.56; 95% Cl, 0.42-0.78; P < 0.001),
the primary end-point of the study was not met, with a
median OS for brivanib and placebo of 9.4 and 8.2
months, respectively (HR, 0.89; 95% CI, 0.69-1.15;
P=0.331).** The most common grade 3/4 adverse
events (AE) were hypertension (19%), hyponatremia
(18%), fatigue (15%) and decreased appetite (12%).
Linifanib

Linifanib is an oral tyrosine kinase inhibitor (TKI) with
selective activity against VEGFR and PDGFR. Linifanib
was compared with sorafenib as first-line therapy in a
non-inferiority phase III trial.** Enrolled patients were
those with a histological and cytological diagnosis of

unresectable HCC and Child-Pugh liver function class
A. TTP with linifanib was significantly improved when
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compared with sorafenib (5.4 vs 4.0 months; HR, 0.76;
95% Cl, 0.64-0.90; P=0.001). However, median OS
was 9.1 months with linifanib and 9.8 months with
sorafenib (HR, 1.05; 95% CI, 0.90-1.22). Linifanib was
less well tolerated than sorafenib, with significantly
increased discontinuations and dose reductions/
interruptions because of AE.

Erlotinib

Erlotinib is an orally active, potent selective inhibitor of
the EGFR/human epidermal growth factor receptor-1-
related tyrosine kinase enzyme. In the phase [1I SEARCH
trial, advanced HCC patients were randomized to
sorafenib plus either erlotinib or placebo.’ Inclusion
criteria were a histological and cytological diagnosis of
unresectable HCC and Child-Pugh liver function class
A. Median OS was 9.5 months with sorafenib plus
erlotinib and 8.5 months with sorafenib (HR, 0.92; 95%
CI, 0.78-1.1; P =0.2). This result failed the prespecified
boundaries for non-inferiority. TTP was 3.2 months
with sorafenib plus erlotinib and 4.0 months with
sorafenib (HR, 1.13; 95% CI, 0.94-1.36; P=0.91).

Everolimus

The mTOR inhibitor, everolimus, has demonstrated
antitumor activity in several malignancies. A phase III
study comparing everolimus with placebo (EVOLVE-1)
in patients who have failed or become intolerant to
sorafenib has recently been completed. All patients had
Child-Pugh liver function class A, and the proportion of
patients with BCLC stage B and C disease was 14% and
86%, respectively. There were no significant difference
in TTP between everolimus (3.0 months) and placebo
(2.6 months) (HR, 0.93; 95% CI, 0.75-1.15). Further-
more, no significant difference in OS was seen between
everolimus (7.6 months) and placebo (7.3 months)
(HR, 1.05; 95% CI, 0.86-1.27; P=0.68). The most
common grade 3/4 AE for everolimus were anemia
(7.8%), asthenia (7.8%) and decreased appetite (6.1%).
No patients experienced hepatitis C viral flare. The
EVOLVE-1 study failed to reach its primary end-point of
extending OS with everolimus.*

Ramucirumab

Ramucirumab is a recombinant humanized antibody
that specifically targets the extracellular domain of
VEGFR-2. A phase 11 study of 42 patients with advanced
HCC and primarily well-preserved liver function
showed that first-line ramucirumab monotherapy pro-
duced a disease control rate of 69%. The median
progression-free survival (PFS) was 4.0 months and
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median OS was 12.0 months, respectively. Grade 3/4
toxicities included gastrointestinal bleeding (7%),
hypertension (12%) and fatigue (10%). These findings
prompted the initiation of the phase III RCT (REACH)
comparing ramucirumab versus placebo in patients who
failed or were intolerant to sorafenib (NCT01140347).%
Eligible patients had advanced HCC, stage BCLC C or
B disease that was refractory or not amenable to
locoregional therapy, and Child-Pugh liver function
class A. However, according to the preliminary results
released at European Society for Medical Oncology Con-
gress in 2014, ramucirumab failed to demonstrate supe-
riority in terms of OS when compared with placebo. The
OS HR was 0.866 (95% CI, 0.717-1.046; P=0.1391);
median OS was 9.2 months for ramucirumab versus 7.6
months for placebo. Median PFS with ramucirumab and
placebo was 2.8 and 2.1 months, respectively (HR, 0.63,
95% CI, 0.52-0.75; P < 0.0001).%"

ONGOING PHASE Ill CLINICAL TRIALS

N ADDITION TO the antiangiogenic multi-targeted

TKI, there is a growing number of biologics that target
different molecular pathways, such as ¢-MET. Some of
these treatments act on elements of intracellular signal-
ing pathways. A number of agents have shown promis-
ing preliminary data for HCC. We also comment on
ongoing phase 111 pivotal trials (Table 2). The inclusion
criterion of all four phase III studies was Child-Pugh
liver function class A disease.

Lenvatinib

Lenvatinib is an oral multi-tyrosine kinase inhibitor that
targets VEGFR-1-3, FGFR-1-3, RET, mast/stem cell

Hepatology Research 2015

growth factor receptor kit and PDGFR.*® A phase I/11 trial
of lenvatinib in patients with advanced HCC and Child-
Pugh score A liver function status showed a median OS
of 18.7 months (95% CI, 12.8-25.1) and a median TTP
of 7.4 months (95% CI, 5.5-9.4). Based on these results,
a phase III trial was designed to compare the safety and
efficacy of lenvatinib versus sorafenib in patients with
unresectable or advanced HCC and Child-Pugh A liver
status (NCT01761266).*° Subjects were categorized as
stage B (not applicable for transarterial chemoembo-
lization |[TACE]) or stage C based on the BCLC staging
system.

Regorafenib

Regorafenib is a multikinase inhibitor that targets
kinases involved in angiogenesis (e.g. VEGFR-1-3),
oncogenesis (e.g. c-kit, RET and BRAF) and the
tumor microenvironment (e.g. PDGFR and FGFR).*
Regorafenib (160 mg/day) was tested in an uncon-
trolled phase 11 study in patients with advanced HCC
after failure of prior sorafenib therapy (RESORCE)."
Median TTP was 4.3 months and median OS was 13.8
months. The most common grade 3/4 AE included
fatigue (17%), hand-foot skin reaction (14%) and
diarrhea (6%). Based on this data, a phase III RCT
in the second-line setting is under development
(NCT01774344). Inclusion criteria were BCLC stage B
or C disease, and failure to receive prior treatment with
sorafenib.

Tivantinib
Tivantinib is a selective inhibitor of ¢-MET.*? In a ran-
domized phase Il trial comparing the use of tivantinib

Table 2 List of ongoing phase III trials of novel targeted therapy for HCC

Drug Main target Design (trial) Status NCT number
1st line
Lenvatinib VEGFR, PDGFR, FGFR, Lenvatinib vs sorafenib Recruiting NCT01761266
RET, SCFR (E7080)
2nd line
Regorafenib VEGFR, PDGFR, BRAF, Regorafenib vs placebo Recruiting NCT01774344
FGFR, KIT, RET (RESORCE)
Tivantinib -MET Tivantinib vs placebo in Recruiting NCT01755767
subjects with ¢-MET
overexpressing (JET-HCC)
Cabozantinib -MET, VEGFR, RET Cabozantinib vs placebo Recruiting NCT01908426

(CELESTIAL)

c-MET, c-mesenchymal-epithelial transition factor-1; FGFR, fibroblast growth factor receptor; HCC, hepatocellular carcinoma; PDGFR,
platelet-derived growth factor receptor; RET, rearranged during transfection; SCFR, stem cell growth factor receptor kit; VEGFR, vascular

endothelial growth factor receptor.
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Table 3 Results of completed phase 111 trials of molecularly targeted therapy in combination with TACE for HCC

Drug Main target Design TTP (months, HR, 95% CI) OS (months)
Sorafenib RAF, VEGFR, PDGER, TACE + sorafenib vs 5.4 vs 3.7, P=0.252; HR, 0.87; 29.7 vs NE; P=0.790; HR,
¢-KIT TACE + placebo 95% CI, 0.70-1.09 1.06; 95% CI, 0.69-1.64
Brivanib FGFR, VEGFR TACE + brivanib vs 12.0 vs 10.9; P=0.62; HR, 26.4 vs 26.1; P=0.53; HR,
TACE + placebo 0.94; 95% CI, 0.72-1.22 0.90; 95% CI, 0.66-1.23
Orantinib VEGEFR, PDGEFR, FGFR TACE + orantinib vs t T
TACE + placebo

tFull data have not yet been reported at November 2014.

CI, confidence interval; HCC, hepatocellular carcinoma; FGFR, fibroblast growth factor receptor; HR, hazard ratio; NE, not estimable
due to immaturity of data; OS, overall survival; PDGFR, platelet-derived growth factor receptor; TTP, time to progression; VEGFR,

vascular endothelial growth factor receptor.

versus placebo as second-line treatment, the overall
analysis showed a marginal but significant improve-
ment in TTP in tivantinib over placebo (1.6 vs 1.4
months; HR, 0.64; 95% CI, 0.43-0.94; P=0.04). A
preplanned analysis of patients whose tumors demon-
strated overexpression of MET by immunohistochemis-
try revealed a more notable improvement in TTP, with
2.7 months in the MET-high tivantinib subset versus 1.4
months in the MET-high placebo subset (HR, 0.43; 95%
Cl, 0.19-0.97; P=0.03). Median OS was 7.2 months for
patients with MET-high tumors who received tivantinib
versus 3.8 months for MET-high patients who received
placebo (HR, 0.38, 95% ClI, 0.18-0.81; P=0.01)." The
most common grade 3/4 AE in the tivantinib group
were neutropenia and anemia; severe neutropenia rates
were higher prior to mandated dose reduction. Cur-
rently, a phase IIl study is underway to compare
tivantinib versus placebo in subjects with <MET-
overexpressing HCC who have failed one prior systemic
therapy (NCT01755767).

Cabozantinib

Cabozantinib, a multikinase inhibitor that inhibits
MET, VEGFR-2 and RET, was studied in a phase II trial of
HCC patients who had received at most one prior sys-
temic therapy.** Impressive efficacy was observed; the
PFS was 4.4 months while the median OS was 15.1
months in the cabozantinib arm.*”® A phase III clinical

trial testing the efficacy of cabozantinib in the second-
line setting is planned (NCT01908426).

Combination therapy

With regard to molecularly targeted agents combined
with other treatments, surgical resection and local abla-
tion are curative therapies for BCLC stage A, whereas
TACE is used for the management of patients of BCLC
stage B. Hepatic arterial infusion chemotherapy (HAIC)
is used for the management of patients of BCLC stage B
to C. In this article, we focused mainly BCLC stage B to
C. Tables 3 and 4 summarizes data regarding the use of
molecularly targeted agents combined with TACE or
HAIC.

The high rate of HCC recurrence after TACE
may be due to its enhancement of angiogenesis and
upregulation of VEGF and PDGFR expression, resulting
in the formation of rich vascular beds in residual
tumors.”® Administration of an antiangiogenic agents
with TACE may block angiogenesis and may therefore
lengthen time to recurrence and improve survival.

A phase 1] study of sorafenib in combination with
TACE versus TACE alone performed in Japan and Korea
likewise did not demonstrate any benefit with the com-
bination (TTP; sorafenib vs placebo [5.4 vs 3.7 months,
HR, 0.87; 95% CI, 0.70-1.09; P =0.252]; OS sorafenib
vs placebo; 29.7 months vs not estimable due to
immaturity of data [HR, 1.06; 95% CI, 0.69-1.64;

Table 4 List of ongoing phase IlI trials of therapy in combination with TACE or HAIC for HCC

Drug Design (trial) Status NCT number

Sorafenib TACE + sorafenib vs TACE + placebo Recruiting NCT01004978
Sorafenib TACE + sorafenib vs TACE + placebo Recruiting NCT01324076
Sunitinib TACE + sunitinib vs TACE + placebo Recruiting NCT01164202
Sorafenib HAIC + sorafenib vs sorafenib Recruiting NCT01214343

HAIC, hepatic arterial infusion chemotherapy; HCC, hepatocellular carcinoma; TACE, transcatheter arterial chemoembolization.
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