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tumor providing a rationale to consider angio- the treatment of HCC.
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kinase inhibitors sorafenib and regorafenib
provide systemic treatment options. Their effi-
cacy in terms of survival prolongation has been
shown in the palliative setting. Both drugs
target among others the receptor of the vascular
endothelial growth factor (VEGF), and their
antitumor efficacy is believed to partly depend
on the anti-angiogenic properties.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
most common cancers in men worldwide and
represents the third most frequent cause of cancer
death (El-Serag 2011; Bosetti et al. 2014). The
prognosis of patients with HCC is dismal and the
mortality rates are almost the same as the inci-
dence rates. In the year 2008, 748,300 new HCC
and 695,900 deaths have been registered (Jemal
et al. 2011). In 70-80% of the cases, HCC is
diagnosed in patients with liver cirrhosis and a
compromised hepatic function. For these patients,
the cumulative 5-year risk to develop a HCC is
5-30% (El-Serag 2011). Major risk factors to
develop liver cirrhosis and subsequently HCC
are chronic infections with hepatitis B and C and
alcohol abuse. Additionally, nonalcoholic fatty
liver disease (NAFLD) is increasingly recognized
as an additional risk factor for the development of
liver tumors.

In clinical practice, several therapeutic options
are available for patients with HCC depending on
the stage of the disease, which depends on tumor
burden and liver function. Potentially curative
treatments for patients at early stage disease are
liver transplantation, resection, and radio-
frequency or microwave ablation (Bruix et al.
2011). Early stage disease is characterized by a
low tumor burden with small tumor lesions, no
more than three lesions, lack of vascular invasion
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and extrahepatic spread, and a preserved hepatic
function. However, HCC is most often diagnosed
at intermediate or advanced stage, where thera-
peutic options are mostly restricted to palliation
due to high tumor burden and/or impaired liver
function (Llovet et al. 2003; Park et al. 2015).
HCC is a highly vascularized malignant tumor
providing the rationale for anti-angiogenic strate-
gies through locoregional and systemic treatments.
Intermediate stage patients have liver-limited
disease, with multiple and large HCC lesions, but
no vascular invasion or extrahepatic spread, mak-
ing them appropriate candidates for local treat-
ment. Transarterial chemoembolization (TACE)
has been widely accepted as the standard of care
for patients at intermediate stage disease and is the
most common therapy in clinical practice for this
patient group (Park et al. 2015; Llovet et al. 2002;
Lo et al. 2002; Malek et al. 2014; Kirstein et al.
2016). TACE combines the administration of
cytotoxic drugs, with or without lipiodol, and
embolizing agents by means of a catheter directly
to the hepatic artery.

For patients with advanced disease, high
hepatic tumor burden, and/or evidence of vascular
invasion or extrahepatic tumor manifestations, the
multi-tyrosine kinase inhibitor sorafenib is so far
the only approved systemic drug (Llovet et al.
2008). Sorafenib targets the receptor of the vascu-
lar endothelial growth factor (VEGF) among
others suggesting that inhibition of angiogenesis
is one of its anti-tumoral mechanisms of action.
More recently, evidence has been provided for the
efficacy of the multi-tyrosine kinase inhibitor
regorafenib in patients with progressive disease
upon sorafenib. In the following we will summa-
rize the anti-angiogenetic approaches for patients
with HCC at intermediate and advanced stage
disease.

Inhibition of Angiogenesis in HCC

HCC is a highly vascular tumor, and angiogene-
sis, mediated mainly through VEGF, is thought to
play a major role in development, progression,
and prognosis of this cancer. Inhibition of angio-
genesis is achieved through local and systemic
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therapies in HCC. TACE is a local, embolizing
procedure most commonly performed in combi-
nation with the administration of local chemother-
apy. On the other hand, sorafenib is the
established therapy for patients at advanced stages
with higher hepatic tumor burden and/or vascular
invasion and extrahepatic metastases. Up to date,
sorafenib is the only approved agent for HCC.
After the approval of sorafenib, multiple molecu-
lar agents with anti-angiogenic properties have
been investigated to improve overall survival in
patients with advanced HCC. Most of these drugs
failed in phase II or III clinical trials until very
recently, when the positive phase III trial with the
multi-kinase inhibitor regorafenib has been
reported. In the following, we will describe and
discuss the different approaches that have been
undertaken to target angiogenesis in HCC.

Inhibition of Angiogenesis
with Transarterial Chemoembolization

TACE is the most common first-line treatment for
patients with HCC. Two early randomized trials
have confirmed significantly improved survival
rates of patients with intermediate stage disease
treated with TACE so that TACE has become the
standard treatment in these patients. In the first
trial reported by Llovet et al., more than 900 Cau-
casian patients were screened during a period of
4 years. Out of these 903 patients, 113 were
included in the trial, and a survival benefit was
reported for 35 patients treated with TACE as
compared to 38 patients treated with best support-
ive care (BSC); only survival in the BSC arm was
very long with 17.8 months indicating that a
highly selected patients population was included
in the trial with a good liver function and low
tumor burden. Survival in the TACE arm was
significantly improved to 28.7 months. In contrast
to the survival the pivotal trial, outcome of
patients treated with TACE in clinical practice is
still very poor with median overall survival rates
of 20 months or less (Sieghart et al. 2013;
Kadalayil et al. 2013; Hucke et al. 2014).

TACE is frequently part of a multimodal treat-
ment strategy at any stage. A high variability of
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second-line treatments after TACE has been
reported in real-life cohorts, where TACE was
most often followed by other local therapies rather
than by systemic therapies (Park et al. 2015;
Kirstein et al. 2016). In order to select the best
patients for TACE, several prognostic scores such
as the hepatoma arterial-embolization prognostic
score (HAP), the modified HAP-II, Selection for
TrAnsarterial —chemoembolization — TrEatment
(STATE), as well as an individual prognostic cal-
culator have been established (Kadalayil et al.
2013; Park et al. 2016; Hucke et al. 2014; Cappelli
et al. 2016). In addition, predictive scores have
been proposed in order to select the most appro-
priate patients for continuation with TACE
(Sieghart et al. 2013; Adhoute et al. 2015). It
still remains unclear though, at which time
patients should be switched from TACE to sys-
temic therapy according to the currently available
scores. Specifically, it has never been shown that
patients with a poor prognosis would benefit from
a switch to systemic therapy and to which extent
frequent TACE sessions may compromise post-
TACE survival due to impairing liver function.
The most popular TACE technique has been
established by the administration of lipiodol
followed by embolic agents. Lipiodol is used as
a vehicle to carry the chemotherapeutic agent
inside the tumor and as a microembolic agent
for tiny tumor vessels. A recent systematic
review of 101 mostly single-arm and/or non-
randomized studies including 10,108 subjects
revealed that the most commonly used chemo-
therapeutic agents, either as single agents or in
combination regimens, are doxorubicin,
epirubicin, cisplatin, and mitomycin (Lencioni
et al. 2016a). Median overall survival (OS) in
these studies was 19.4 months, which is consis-
tent with the data reported in previous meta-
analyses. The survival rates were 81.0% at
6 months post-TACE, 70.3% at 1 year, 51.8% at
2 years, 40.4% at 3 years, and remarkably 32.4%
at 5 years indicating that TACE can be very
efficacious in in specific subgroups. Median
PFS was only evaluated in a few studies and
ranged between 3 and 9 months, and the objec-
tive response rate, defined as sum of complete
and partial response, was approximately 50%.
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Using TACE with lipiodol, local embolization
(conventional TACE) of the vessels that supply
HCC induces inflammation and necrosis of the
lesions (Shim et al. 2008). Several attempts have
been made to improve the efficacy of TACE in
intermediate stage HCC. One approach, which is
increasingly used and standard of care in several
prospective trials, is the use of drug-eluting beads.
TACE with embolic doxorubicin-eluting beads
(DC  Bead; Biocompatibles UK  Ltd.;
DEB-TACE) was developed to simplify the pro-
cedure, reduce peak concentrations and total sys-
temic exposure to doxorubicin, and ensure high
concentrations in the tumor and adequate arterial
occlusion. One randomized phase II trial found
that DEB-TACE reduced the rates of systemic
adverse events and liver toxicity compared with
conventional TACE with lipiodol and doxorubi-
cin. The drug-eluting bead group showed numer-
ical higher rates of complete response, objective
response, and disease control compared with the
conventional TACE group (27% vs. 22%, 52%
vs. 44%, and 63% vs. 52%, respectively) in the
intention-to-treat (ITT) population of 212 patients,
which however did not reach the level of signifi-
cance (Lammer et al. 2010). Similarly, in one
randomized study, comparing conventional
TACE and DEB-TACE, there was no significant
difference in median OS with 28 and 29 months,
respectively, suggesting equal antitumor efficacy
for lipiodol TACE compared to beads TACE
(Golfieri et al. 2014). One very recent study
readdressed the question, whether the addition of
doxorubicin has any additional effect on response
and outcome after embolization with beads
(Brown et al. 2016). In this single-center study,
92 patients with comparable characteristics
underwent 129 embolizations to complete their
initial treatment, with a total of 209 embolizations
during the entire study. Median progression-free
survival (PFS) was 6.2 versus 2.8 months
(HR 1.36, p = 0.11) and median PFS 19.6 versus
20.8 months (hazard ration [HR], 1.11, p = 0.64)
for TACE without and with doxorubicin, respec-
tively. Moreover, there was no significant differ-
ence in the response rate measured by Response
Evaluation Criterial In Solid Tumor (RECIST) 1.1
and modified RECIST (mRECIST). This finding
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supports a previous study in which patients were
randomized to TAE with polyvinyl alcohol (PVA)
particles alone or sequential TACE with cisplatin
50 mg administered intra-arterially 4—6 h before
PVA embolization (Meyer et al. 2013). In this
study, median OS and median PFS were 17.3
versus 16.3 (p = 0.74) months and 7.2 versus
7.5 (p = 0.59), respectively, indicating that
the efficacy of TACE primarily depends on the
mechanical anti-angiogenic effect than on the
antitumor effect of the chemotherapy.

Inhibition of Angiogenesis
with Systemic Therapy

Sorafenib

Sorafenib is an oral multi-kinase inhibitor, which
inhibits proliferation of tumor cells and induces
apoptosis. Target structures are the serine-
threonine kinases Raf-1 und B-Raf, the platelet-
derived growth factor receptor-b (PDGFR-b), and
also the receptor tyrosine kinases of the vascular
endothelial growth factor (VEGF). The VEGF
family consists of five ligands VEGFA, VEGFB,
VEGFC, VEGFD, and placental growth factor
(PIGF) and the three receptor tyrosine kinases
VEGFR1, VEGFR2 and VEGFR3. Of the
VEGF receptors, VEGFR2 expression is
restricted to the vasculature and appears to play a
key role in angiogenesis.

The safety and efficacy of sorafenib have been
shown with the multicentric, randomized,
placebo-controlled SHARP trial (Sorafenib HCC
Assessment Randomized Protocol) (Llovet et al.
2008). Six hundred two patients with advanced
disease were included from 21 countries. The
study was preliminary stopped after the second
interims analysis, which revealed a significant
survival benefit for sorafenib. The median OS
was 10.7 months in the sorafenib arm and
7.9 months in the placebo group (HR 0.69;
p < 0.001). Time to radiological progression
was also significantly prolonged from 2.8 to
5.5 months with sorafenib (HR 0.58;
p < 0.00001). The results of the SHARP trial led
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to the approval by the FDA and EMA in 2007 for
advanced HCC, not suitable for local therapy.

Later on, the survival benefit for sorafenib
treatment was confirmed in Asian patients also
within another large phase III trial, the Asia-
Pacific Trial (HR 0.68, p < 0.05) (Cheng et al.
2009). Moreover, for differentiated conclusions of
HCC-therapy in real-life clinical practice, 2,770
patients were selected from 37 countries for a
systemic treatment with sorafenib to participate
within the GIDEON trial (Global Investigation
of Therapeutic Decisions in Hepatocellular Carci-
noma and of its Treatment with Sorafenib)
(Lencioni et al. 2010). The survival advantage
and the delay in progression were particularly
confirmed for patients with a well-preserved
hepatic function (Child-Pugh A). Accordingly,
sorafenib is recommended for patients with
Child-Pugh A within the current German and
international guidelines (Bruix et al. 2011;
Malek et al. 2014). The efficacy of sorafenib has
formally not been shown in patients with
advanced disease and more impaired hepatic
function (CP B) and is accordingly not
recommended by the guidelines. A more pro-
found prolongation of OS may also be conceiv-
able in patients with a less advanced tumor stage.
However, an “earlier” administration of sorafenib
at intermediate stage disease has so far not been
sufficiently investigated, and there are no head-to-
head trials comparing sorafenib with TACE.

In order to better understand the mechanism of
action of sorafenib and to identify patients that
respond to the drug alone or in combination with
other systemic drugs, several biomarkers have
been investigated in previous studies. One pro-
spective study found that lower baseline plasma
levels of insulin-like growth factor-1 and higher
plasma VEGEF levels correlate with advanced clin-
ical pathologic parameters and poor OS in
288 patients with HCC suggesting that high
VEGF levels are of prognostic relevance in HCC
(Kaseb et al. 2011). Subsequently, an analysis of
the 602 patients in the SHARP trial also observed
that baseline plasma concentrations of
angiopoietin 2 and VEGFA were independent
prognostic predictors of patient survival in the
entire patient population (Llovet et al. 2012).
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These data were further supported by a recent
analysis aimed to identify biomarkers predicting
prognosis or response to sorafenib with or without
erlotinib in HCC patients from the phase III
SEARCH trial. Treatment arm-independent ana-
lyses showed that elevated hepatocyte growth fac-
tor (HGF; HR,1.687 (high vs. low expression) and
elevated plasma VEGFA (HR, 1.386) were signif-
icantly associated with poor overall survival
(OS) in multivariate analyses (Zhu et al. 2016a).
Furthermore, a multi-marker signature of HGF,
VEGFA, KIT, EPGN, and VEGFC correlated
with improved median OS in the multivariate
analysis. These biomarkers were also tested in
predictive analyses in both trials to determine
whether their baseline concentrations correlated
with treatment benefit. However, none of them —
either alone or in combination — significantly pre-
dicted benefit from sorafenib.

Sunitinib

Sunitinib is an oral, multi-targeting tyrosine
kinase inhibitor of VEGFR-1, VEGFR-2, and
VEGFR-3 and other receptor tyrosine kinases
such as platelet-derived growth factor receptors
(PDGFRs), c-Kit, Flt-3, and RET receptors. The
drug has shown promising antitumor activity in
three phase Il studies of patients with advanced
HCC (Raymond et al. 2007; Faivre et al. 2009;
Zhu et al. 2009). Each study evaluated a different
dosing regimen: 37.5 mg/d on a 4-week-on-2-
week-off schedule (schedule 4/2), 50 mg/d on
schedule 4/2, and 37.5 mg via continuous daily
dosing. The 50 mg/d schedule 4/2 regimen was
associated with pronounced toxicities, and the
37.5 mg CDD schedule was selected for further
study in the large phase III SUN1170-HCC study
in order to compare the efficacy of sunitinib
against sorafenib (Faivre et al. 2009; Cheng
et al. 2013). The primary objective was to dem-
onstrate at least non-inferiority of sunitinib as
compared to sorafenib in terms of OS. As a result
of'aplanned safety review by the independent data
monitoring committee, carried out after the first
interims analysis, the trial was terminated and
enrolment was stopped for futility and safety



440

reasons. Moreover, interims analysis revealed that
18% of the death in the sunitinib arm were related
to the drug. Despite similarities in PFS and TTP,
the lack of OS benefit emphasizes the limitations
of surrogate endpoints in HCC. In the final anal-
ysis, an OS of 7.9 months in the sunitinib arm and
10.2 months in the sorafenib arm was reported
(HR 1.30, p < 0.01) and confirmed therefore the
approval data for sorafenib from the SHARP trial.
Interestingly, the survival difference between
sunitinib and sorafenib was specifically seen in
patients from non-Asian regions, many of whom
were HCV positive. In contrast, median OS was
similar in HBV-infected patients. These data are in
agreement with an exploratory subgroup analysis
from the SHARP study, in which survival with
sorafenib was longer in HCV-infected patients
compared to patients with alcohol- or
HBV-related HCC suggesting that HBV-related
and HCV-related HCC may respond differently
to targeted therapies (Bruix et al. 2012).

Brivanib

Another anti-angiogenic agent, which has been
extensively investigated in HCC, is brivanib.
Brivanib is an oral, selective dual inhibitor of the
VEGFR and the FGFR, which exhibit both anti-
proliferative and anti-angiogenic activity (Bhide
et al. 2010). Preclinical evidence suggested that
both pathways play a role in the pathogenesis of
HCC and that the FGFR family at least partly
mediate resistance to VEGF-driven angiogenesis.
Based on promising preclinical and phase II data
that indicated that brivanib could have a compa-
rable activity as sorafenib, three phase III trials
were initiated in the first-line (BRISK-FL) and
second-line (BRISK-SL) setting and in combina-
tion with chemoembolization (BRISK-TA). The
BRISK-PS study investigated the efficacy of
brivanib compared to best supportive care after
failure of sorafenib or intolerance to sorafenib
(Llovet et al. 2013). The primary endpoint for
the study was OS, which was however not
reached. While the study was mostly well strati-
fied, there was an imbalance in the number of
patients that had vascular invasion, which was

M. M. Kirstein and A. Vogel

masked by the fact that the majority of patients
had extrahepatic spread. In contrast to OS, TTP,
objective response rate, and disease control rate
were significantly improved with brivanib
suggesting that these imbalances in the patient
population could have contributed to missed OS
benefit.

Similarly, the BRISK-FL study did not meet its
primary endpoint of non-inferiority compared to
sorafenib (Johnson et al. 2013). This study
enrolled over 1,100 patients randomized 1:1 to
brivanib or sorafenib and stratified similarly to
the SHARP study. mOS did not differ signifi-
cantly from the sorafenib survival of 9.9 months
but exceeded the upper-limit HR 95% CI of 1.08
to prove non-inferiority. Results of the BRISK-TA
study are reported below. After these discouraging
results, all investigations on brivanib in HCC
were stopped.

Linifanib

Linifanib is an ATP-competitive inhibitor of all
VEGF and PDGF receptor tyrosine kinases. In an
open-label, phase II trial, linifanib demonstrated
clinical activity as monotherapy in mainly Asian
patients with advanced HCC with an TTP of
5.5 months and a mOS of 9.7 months. Based in
these promising data, the efficacy and tolerability
of linifanib versus sorafenib were tested in
patients with advanced HCC who had not
received prior systemic therapy. Patients receiving
linifanib had a longer TTP, PFS, and ORR than
patients receiving sorafenib. These improvements
however did not translate to an improvement in
OS, which was not significantly different between
the two treatments all in prespecified subgroups.
None of the predefined superiority and
non-inferiority OS borders for linifanib were met
within the trial (Cainap et al. 2015).

Cabozantinib and Tivantinib
Another class of drugs of increasing interest in

HCC is the inhibitors of the receptor tyrosine
kinase ¢-MET with its ligand the hepatocyte
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growth factor (HGF), either alone or in combina-
tion with VEGF inhibition. C-MET has been
implicated in tumorigenesis, and overexpression
or activation of c-MET has been shown within
several retrospective trials in HCC (Kaposi-
Novak et al. 2006; Ke et al. 2009). Cabozantinib
is a dual MET/VEGFR2 inhibitor. Cabozantinib
has been tested against placebo in a phase II
discontinuation trial with 41 patients with pro-
gressive HCC (Verslype et al. 2012). With a PFS
of 44 months and a promising OS of
15.1 months, a relevant antitumor activity was
assumed, and a phase III trial has been initiated
testing cabozantinib against placebo in
sorafenib-pretreated patients (Abou-Alfa et al.
2015). The trial is designed to enroll 760 patients
with advanced HCC who received prior
sorafenib. Patients are randomized 2:1 to receive
60 mg of cabozantinib daily or placebo. Follow-
ing an interims analysis in 2016, which was
scheduled to take place when 50% of the events
for the primary endpoint of OS had occurred, the
trial’s Independent Data Monitoring Committee
(IDMC) determined that the study should con-
tinue without modifications of the study
protocol.

However, challenging the assumption that
VEGEF inhibition is the key mediator of the anti-
tumor activity of cabozantinib, tivantinib, a selec-
tive, non-ATP-competitive inhibitor of the
MET-tyrosine kinase, also showed promising
results. Tivantinib has been investigated in a mul-
ticenter, placebo-controlled phase II trial (Santoro
et al. 2013), in which 107 patients after failure of
sorafenib or intolerance to sorafenib were
included. Primary endpoint was time to progres-
sion. In the total population, there was no
improvement, but in patients with an immunohis-
tochemically high c-MET expression, median OS
was improved from 3.8 to 7.2 months as com-
pared to placebo. Moreover, a negative prognostic
value of c-MET has been reported as c-MET high-
expressing patients had a significant shorter OS
compared to patients with a low c-met expression.
Based on these data, a phase III trial with
tivantinib in the second-line setting in c-MET-
overexpressing patients has been conducted and
the results are awaited for 2017 (NCTO01755767).
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Regorafenib

Regorafenib is a multi-tyrosine kinase inhibitor
that is structurally almost identical to sorafenib
with the addition of only one fluorine atom in
the center phenyl ring (Ravi and Singal 2014). In
addition to VEGFR-1, VEGFR-2, and VEGFR-3,
additional angiogenic targets of regorafenib are
PDGFR and FGFR-1 and FGFR-2 and, to a lesser
degree, the tyrosine kinase of the immunoglobulin
and epidermal growth factor homology domain
2 (TIE-2) receptor, another promoter of angiogen-
esis. Within a phase II trial, regorafenib revealed
an acceptable safety profile and a relevant efficacy
with an OS of 13.8 months and a TTP of
4.3 months in patients after sorafenib failure
(Bruix et al. 2013). Based on these results, the
phase III RESORCE trial (REgorafenib after
SORafenib in patients with hepatoCEllular carci-
noma) has been conducted, and for the first time
following the SEARCH study, a significant
improvement of OS could be demonstrated within
a phase III trial. Importantly, a significant benefit
of regorafenib versus placebo could be demon-
strated in all efficacy endpoints: mOS was pro-
longed from 7.8 to 10.6 months (HR 0.62,
p < 0.001); mPFS was 3.1 months for regorafenib
versus 1.5 months for placebo (HR = 0.46;
p < 0.001). Accordingly, median TTP was
3.2 months for regorafenib versus 1.5 months for
placebo (HR 0.44; p < 0.001). ORR was 10.6%
versus 4.1% (p = 0.005). The most frequent
adverse events (>grade 3) were hypertonia
(15.2% vs. 4.7%), hand and foot reaction (12.6%
vs. 0.5%), fatigue (9.1% vs. 4.7%), and diarrhea
(3.2% vs. 0%). Based on these results, regorafenib
is expected to be approved as second-line treat-
ment option for patients with HCC following pro-
gression on sorafenib.

Bevacizumab

Bevacizumab is a monoclonal antibody targeting
VEGFA and is the classical inhibitor of angiogen-
esis approved for various cancer types. By
targeting VEGFA, bevacizumab impacts on
VEGFR1 and VEGFR2 and the non-catalytic
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co-receptors neuropilin-1 and neuropilin-2.
VEGFA is a central regulator of endothelial cell
proliferation and survival, tumor angiogenesis,
and vascular permeability. Although the precise
mechanism of action is incompletely understood,
bevacizumab is thought to decrease tumor vascu-
larity and growth by directly binding to VEGF.
Bevacizumab may also help to normalize tumor
vasculature, improving oxygenation and the
delivery of cytotoxic drugs. Bevacizumab has
been evaluated in several small trials in HCC. A
recently published meta-analysis summarized the
results of eight trials with more than 300 patients
(Fang et al. 2012). In six trials, bevacizumab was
given as first- or second-line treatment and in
seven trials in combination therapy with erlotinib,
capecitabine, and/or oxaliplatin. The response rate
in most trials was approximately 20% with a dis-
ease control rate of 20-79%. Median PFS was
between 1.5 and 6.9 months, and median OS
was between 5.9 and 15.7 months. In all trials,
though accompanied with manageable, drug-
typical toxicities, bevacizumab was generally
well tolerated. Overall, these published data sug-
gest that bevacizumab could be an effective treat-
ment for advanced HCC, but to our knowledge,
further investigations regarding bevacizumab
have been largely stopped.

Ramucirumab

Ramucirumab is a monoclonal antibody against
VEGFR-2, where it binds to the extracellular
VEGF-binding domain with high degree of spec-
ificity and affinity, thereby preventing the binding
of the VEGF ligand to the VEGFR2 receptor. In a
small phase II and biomarker study, patients with
advanced HCC and no prior systemic treatment
received ramucirumab 8 mg/kg every 2 weeks
until disease progression or limiting toxicity
(Zhu et al. 2013). In this study, median PFS was
4.0 months, ORR 9.5%, and median OS
12.0 months suggesting that the drug may confer
anticancer activity in advanced HCC. The explor-
atory biomarker studies revealed that there was an
increase in serum VEGF and placental growth
factor (PIGF) and a transient decrease in soluble
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VEGFR-2
ramucirumab.
Based on these data, the global, randomized,
double-blind REACH trial was initiated compar-
ing ramucirumab to placebo as a second-line treat-
ment in patients with HCC after being treated with
sorafenib in the first-line setting. Median OS was
9.2 months on the ramucirumab arm compared to
7.6 months on the placebo arm (HR 0.866; 95%
CI: 0.717-1.046; p = 0.1391). While the median
OS was not statistically significant, a prespecified
subgroup of patients with an elevated baseline of
alpha-fetoprotein (AFP) >400 ng/mL showed a
greater survival improvement with ramucirumab
treatment regardless of Child-Pugh score (Zhu
et al. 2016b). Median OS in this subgroup of
patients was 7.8 months in the ramucirumab arm
compared to 4.2 months in the placebo arm
(HR 0.674; 95% CI 0.508-0.895; p = 0.0059)
supporting the use of baseline AFP as a method
to identify those patients most likely to benefit
from ramucirumab. Serum AFP has long been
recognized as a diagnostic and prognostic marker,
and the analyses from this study thus confirmed
elevated AFP levels as a marker of poor prognosis
in HCC. The association between efficacy and
baseline AFP could be because of the unique
selective inhibition of only VEGFR-2 by
ramucirumab, which might be relevant in this
poor prognosis group. Further investigation of
the efficacy and safety of ramucirumab in patients
with HCC and elevated baseline AFP are ongoing
in the phase Il REACH-2 trial (NCT02435433).

following treatment with

Combination of Local and Systemic
Therapy

TACE in Combination with Systemic
Therapy

As both TACE and systemic therapy can target
angiogenesis and the existing tumor-feeding arter-
ies and do not have overlapping toxicities, a com-
bination of both has been thought to increase
clinical outcome in patients with intermediate
stage HCC. Moreover, TACE has been shown to
lead to a spike in the intratumoral concentration of
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VEGF and FGF, which have been shown to be
associated with increased risk of tumor growth,
recurrence, metastasis, and poor survival provid-
ing a rationale to combine both treatments. The
addition of systemic therapy to TACE may there-
fore shrink or stabilize tumors remaining after
TACE, prevent tumors from spreading outside of
the liver, and may also suppress growth of micro-
scopic lesions not treatable by TACE. Several
single-arm phase I and II trials have explored the
combination of sorafenib plus conventional
TACE or DEB-TACE indicating that these com-
binations are feasible in patients with intermediate
stage HCC. Two reviews and meta-analysis
including four and, respectively, two randomized
trials concluded that the combination of TACE
and sorafenib does not improve OS or overall
response rates but improves time to progression
(Zeng et al. 2016; Wang et al. 2016). However,
recent data from four well-performed randomized,
placebo-controlled trials have shown discourag-
ing results for the combination of TACE with
sorafenib, brivanib, and orantinib.

Three hundred and seven patients were ran-
domized in the phase II SPACE-trial (Lencioni
et al. 2016b). Patients were 1:1 randomized to
receive either sorafenib or placebo. Systemic
treatment started on day 1, and the first TACE
was performed on days 3—7 using drug-eluting
beads (DEB-TACE). The primary outcome was
time to progression. Sorafenib plus DEB-TACE
improved TTP according to the predefined statis-
tical threshold for this exploratory study, but the
median TTP was the same (169 vs. 166 days,
respectively; HR 0.8; p = 0.072), and the combi-
nation did not improve TTP in a clinically mean-
ingful manner compared with DEB-TACE alone.
The overall response rates (ORRs) for patients in
the sorafenib and placebo groups were 55.9% and
41.3%, respectively, and not significantly differ-
ent. Similarly, the HR of OS in the sorafenib plus
DEB-TACE versus the placebo plus DEB-TACE
group was 0.898 (p = 0.295), with the median OS
not reached in either group after a median follow-
up of approximately 270 days.

The results of the randomized-controlled phase
III TACE-2 trial have recently been presented
(ASCO 2016 annual meeting, abstract #4018)).
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Patients with intermediate stage HCC were ran-
domized 1:1 to continuous sorafenib (400 mg BD)
or placebo. After randomization patients were
treated with the study drug. DEB-TACE was
performed at 2—5 weeks. The primary outcome
progression-free survival (PFS) was not met (7.8
for sorafenib vs. 7.7 months for placebo; HR 1.03;
p = 0.85). Moreover, there were no differences
between both arms in the secondary measures OS
(18.8 vs. 19.6 months; HR 1.03; p = 0.87) and
overall response (34.7% vs. 31.3%).

The efficacy of brivanib in combination with
TACE was evaluated in large prospective trials
with more than 500 patients. The final analysis
did not reveal an improvement in the primary
endpoint of mOS with a mOS of 26.4 months in
the brivanib group and 26.1 months in the placebo
group (HR: 0.9). There was also no improvement
in the composite endpoint of time to disease pro-
gression (TTDP) (defined as the time from the first
TACE to the development of extrahepatic spread
or vascular invasion, deterioration of liver func-
tion or ECOG-PS, or death) with brivanib versus
placebo (median 12.0 vs. 10.9 months) and in
respect to ORR (48% in the brivanib group and
42% in the placebo group). In contrast, TTES/IV
(time to extrahepatic spread or vascular invasion)
(median not reached vs. 24.9 months; HR, 0.64;
p =0.0096) and TTP (median, 8.4 vs. 4.9 months;
HR, 0.61; p < 0.0001) were longer in the brivanib
group than in the placebo group, suggesting that
brivanib may have some antitumor efficacy in this
setting, which was however not sufficient to
improve OS.

The combination of TACE has also been tested
with another multi-kinase inhibitor, orantinib in a
smaller phase II study. The results of the study
have so far been only reported in abstract form.
Similarly, data of a combination of TACE with
sunitinib are awaited for full publication.

Conclusion

Impairing arterial perfusion and vascularization of
HCC by means of TACE is effective and is
recommended as the standard of care for interme-
diate stage patients and as bridging therapy at
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earlier stage disease. Systemic therapy has been
shown to be effective in the first-line setting with
sorafenib and in the second-line setting with
regorafenib. So far, sorafenib is the only approved
drug for patients with advanced HCC. Regorafenib
however is the first drug, following the SHARP
study, to show a significant survival benefit in
patients with failure of sorafenib and provides now
a treatment option in second line. For both drugs,
however, the respective impact on anti-angiogenesis
for their antitumor efficacy has never been proven
and likely involves additional impact on other signal
cascades within the tumor cells.
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