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Abstract
Hepatocellular carcinoma (HCC) is a lethal disease in 
most patients, due to its aggressive course and a lack 
of effective systemic therapies for advanced disease. 
Surgical resection and liver transplantation remain the 
only curative options for a small subset of patients. Few 
patients with HCC are diagnosed early enough to be eli-
gible for curative treatment. Angiogenesis inhibition is a 
natural therapeutic target for all solid tumors, but par-
ticularly for the highly vascularized HCC tumors. With 
the approval of the targeted agent sorafenib, there are 
now additional options for patients with HCC. Although 
sorafenib does produce some improvement in survival 
in HCC patients, the responses are not durable. In addi-
tion, there are significant dermatologic, gastrointestinal, 
and metabolic toxicities, and, as importantly, there is 
still limited knowledge of its usefulness in special sub-
populations with HCC. Other angiogenesis inhibitors are 
in development to treat HCC both in the first-line set-
ting and for use following sorafenib failure; the furthest 
in development is brivanib, a dual fibroblast growth 
factor pathway and vascular endothelial growth factor 
receptor inhibitor. Additional agents with antiangiogenic 
properties also in phase Ⅱ and Ⅲ development for the 
treatment of patients with HCC include bevacizumab, 
ramucirumab, ABT-869, everolimus and ARQ 197.
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INTRODUCTION
Primary liver cancer, including hepatoma and hepatocel-
lular carcinoma (HCC) is diagnosed in more than 560 000 
people worldwide each year[1], including more than 24 
000 Americans[2]. HCC accounts for up to 90% of  all pri-
mary liver cancers[3]. HCC can be treated curatively with 
surgical resection or liver transplantation if  diagnosed at 
an early stage; however, since most HCC patients present 
with advanced disease, only 15% are eligible for curative 
treatments[4]. Even for patients undergoing surgical resec-
tion, recurrence rates may be as high as 50% after 2 years 
and 76% by 10 years[5,6]. Patients meeting the Milan crite-
ria who undergo liver transplantation can achieve a 5-year 
cancer-free survival rate greater than 60%[7].

As most patients with HCC are diagnosed with ad-
vanced disease, they generally have a poor prognosis, 
with median survival times of  less than 1 year[3]. This is 
due, at least in part, to the absence of  effective systemic 
therapies. Systemic therapies examined in the past, includ-
ing both cytotoxic and hormonal agents, have provided 
limited or no benefit for these patients[6]. In late 2007, the 
angiogenesis inhibitor sorafenib was approved for use 
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in advanced HCC based on an improvement in survival 
compared with placebo[8,9]. While initial responses are ob-
served, over time a loss of  efficacy is apparent that may 
be due to “resistance” via escape/compensatory mecha-
nisms. Like other angiogenesis inhibitors, sorafenib also 
has known class side effects, including skin-related toxici-
ties, hypertension, proteinuria, diarrhea, and an increased 
risk for thromboembolism and bleeding events[10-12]. While 
most are manageable, certain rare events can be life-threa
tening (i.e., gastrointestinal perforation, fatal hemoptysis, 
thromboembolic events). Thus, the balance between risk 
and benefit in every clinical setting is an integral part of  
the differentiation and evaluation of  targeted agents.

RATIONALE FOR ANGIOGENESIS INHIBI-
TION IN HCC
Angiogenesis is a ubiquitous process that is required for 
tumor growth[13,14]. Angiogenic processes are also indi-
rectly involved in tumor invasion and metastasis through 
the secretion of  matrix-degrading proteinases by vascular 
endothelial cells[15] and the ability of  tumor cells to travel 
to distant sites via the vascular network[16].

Proangiogenic factors are attractive therapeutic targets 
because they stimulate cancer formation, growth, and 
proliferation via angiogenesis using a number of  distinct 
mechanisms. Established proangiogenic factors and their 
receptor signaling pathways include vascular endothelial 
growth factor (VEGF), fibroblast growth factor (FGF)-2, 
platelet-derived growth factor (PDGF), angiogenin, 
and angiopoietin-2 (Ang-2)[17]. Other mediators, such as 
c-MET and mTOR, although not directly related to new 
vessel formation, affect angiogenesis via influences on 
downstream signaling.

HCC tumors are generally hypervascularized[18], sug-
gesting that they may be especially vulnerable to angio-
genesis inhibition. Several endogenous proangiogenic 
factors are expressed in HCC[19-22], and evidence indicates 
they play a role in HCC pathogenesis. For instance, serum 
VEGF levels increase with advancing HCC stages, being 
highest in patients with metastatic disease[23]. Elevated 
VEGF levels after locoregional therapy also are associated 
with poor prognosis and diminished response to thera-
py[24,25]. Expression of  the proangiogenic factor FGF-2, 
the target of  newer agents, is also elevated in patients 
with HCC[22] and its expression in HCC correlates with 
tumor microvessel density[26] and postoperative recurrence 
rate[27]. Tumor angiogenin expression correlates with mi-
crovascular density in patients with HCC, and high serum 
angiogenin levels are associated with decreased survival at 
5 years[28]. Finally, mRNA angiopoietin expression level (via 
Ang-2/Ang-1 ratio) is positively correlated with tumor 
portal vein invasion, diameter, microvascular density, and 
poor prognosis[29]. Taken together, this evidence provides 
a strong rationale for targeting angiogenesis and related 
proangiogenic factors to provide more effective therapies 
for the treatment of  HCC.

CHALLENGES AND LIMITATIONS OF 
SORAFENIB IN TREATING HCC
Sorafenib was the first systemic targeted therapy to be 
approved by the US Food and Drug Administration for 
patients with unresectable HCC[30], based on a 2.8-mo 
survival advantage over best supportive care (BSC) [haz-
ard ratio (HR) 0.69, P = 0.00058] in the Sorafenib Hepa-
tocellular carcinoma Assessment Randomized Protocol 
(SHARP) trial[31]. Sorafenib, which is also approved for 
advanced renal cell carcinoma (RCC)[30] inhibits the fol-
lowing receptor tyrosine kinases: VEGFR-2, VEGFR-3, 
PDGFR-b, c-KIT, and Flt-3[32]. It also binds to the serine-
threonine kinases Raf, MEK, and ERK[32,33]. The VEGFR 
and PDGFR pathways and Raf-1 have all been implicated 
in the pathogenesis of  HCC[34,35], providing a rationale for 
sorafenib activity in HCC. 

Although sorafenib represents a much needed treat-
ment option for patients with HCC, it also produces 
toxicities that may significantly affect patients’ quality 
of  life. High rates of  dermatologic side effects are com-
monly reported with sorafenib, the most clinically sig-
nificant being hand-foot skin reaction (HFSR)[36]. HFSR 
typically develops in the first few weeks of  therapy, with 
painful hyperkeratotic lesions on the palms and soles that 
are surrounded by a ring of  erythema localized on areas 
of  pressure or flexure[37]. A meta-analysis examining the 
incidence of  HFSR in phase Ⅱ and Ⅲ trials across solid 
tumors reported an incidence of  33.8% with sorafenib 
use, 8.9% of  which were grade 3[38]. In the SHARP trial, 
sorafenib-associated HFSR had an overall incidence of  
21% and a grade 3 incidence of  8%[9]. Of  particular con-
cern, HSFR appears to be more prevalent in Asian pa-
tients, the population most affected worldwide by HCC.  
A phase Ⅲ trial conducted solely in Asian patients with 
HCC reported a doubling of  the overall incidence of  
HFSR compared with the SHARP trial[8,9]. Similarly, a 
phase Ⅲ trial of  sorafenib monotherapy following trans-
arterial chemoembolization in Asian patients reported an 
HFSR incidence of  82%[39].

Bleeding events, albeit rare, are also a toxicity of  so
rafenib and other angiogenesis inhibitors. In a meta-anal-
ysis of  2109 patients enrolled in sorafenib clinical trials or 
expanded-access programs, the relative risk of  bleeding 
events was 1.86 (P < 0.001) and the incidence of  grade 3 
or higher bleeding events was 2.2%[40]. It is notable that 
patients with HCC have not demonstrated an increased 
incidence of  bleeding events with sorafenib; for example, 
in the SHARP trial, grade 3/4 bleeding events were 1% in 
the sorafenib arm.

By design, SHARP was conducted in the Americas, 
Europe, and Australasia, and thus generated limited data 
in Asian patients. Patients included in SHARP had pre-
served liver function and were of  mostly Child-Pugh (C-P) 
A status[9]. In order to gain additional data, a randomized 
phase Ⅲ trial in Asian patients with advanced HCC was 
completed, but again C-P B and C patients were exclud-
ed[8,39]. The overall trend of  response to sorafenib from 
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this Asian population was similar to those of  SHARP, 
with time to progression (TTP) and overall survival (OS) 
improved compared with placebo, and similar treatment 
effects (HRs of  0.68-0.69). However, median OS ap-
peared to be shorter (6.2 mo) vs SHARP (10.7 mo), most 
likely due to more advanced disease based on perfor-
mance status, number of  tumor sites, and presence of  
lung metastases compared with SHARP[8,9]. A subsequent 
single-arm, phase Ⅱ trial was conducted in Asian patients 
with worse prognosis, including C-P B and C status (29%) 
and portal vein thrombosis (43%)[41]. In this trial, 26% of  
patients derived clinical benefit from sorafenib. Again, 
the incidence of  toxicities was higher than in SHARP, 
with grade 3/4 diarrhea occurring in 20% and grade 3/4 
HFSR in 16% of  patients. As the majority of  HCC cases 
are found in Asia[42], the development of  safe and more 
effective therapies for this population represents a signifi-
cant unmet need.

Hence, while the sorafenib trials have provided valu-
able information in patients with preserved liver func-
tion[8,9,41], determining efficacy and safety in the substan-
tial portion of  patients with advanced HCC remains a 
challenge. Other recent phase Ⅱ trials are beginning to 
provide preliminary evidence of  sorafenib safety and ef-
ficacy in patients with more advanced disease. A trial of  
sorafenib monotherapy in 59 patients with unresectable 
HCC, including 39% with C-P B status and 17% of  C-P 
C status, showed promising activity regardless of  disease 
stage and liver function[43]. Responses for patients of  C-P 
B status were similar to those from SHARP. Median OS, 
however, declined with more advanced C-P status, most 
likely due to underlying cirrhosis, and because drug toxici-
ties are more prevalent with compromised liver function, 
causing liver-related or systemic complications that lead 
to early treatment discontinuations. In a second phase Ⅱ 
trial, pharmacokinetic profiles of  sorafenib were similar 
in both C-P A and B subgroups, while median TTP and 
OS appeared shorter and adverse events related to poorer 
liver function were more frequent in C-P B patients[44]. 
Finally, another single-arm, phase Ⅱ trial in 51 Asian pa-
tients, including 15 (29%) with C-P B/C status, found no 
significant differences between C-P B/C status patients 
and C-P A patients in disease control rate, median OS, 
grade 3/4 hematologic toxicities, or grade 3/4 nonhema-
tologic toxicities[41].

Despite initial responses to sorafenib, and similar to 
other targeted agents, most HCC patients experience a loss 
of  efficacy. Furthermore, across clinical trials, 20%-38% of  
patients discontinued sorafenib due to adverse events[8,9,41]. 
Similar to what has been reported with bevacizumab, 
some data indicate that patients who discontinue sorafenib 
therapy may experience “rebound,” whereby symptom 
and tumor progression develops rapidly upon discontinu-
ation[45]. While this accelerated growth effect appears to be 
temporarily curtailed with re-initiation of  therapy, insensi-
tivity to treatment returns quickly. No effective second-line 
treatment options currently exist outside of  clinical trials 
for patients who are resistant or refractory to and/or intol-
erant of  sorafenib.

THE FAILED PROMISE OF SUNITINIB
Next to sorafenib, sunitinib is the most studied multitar-
geted tyrosine kinase inhibitor. Like sorafenib, sunitinib 
is an inhibitor of  VEGFR and PDGFR and is currently 
indicated for the treatment of  RCC, as well as for gastro-
intestinal stromal tumors[46]. While early indications were 
that sunitinib would have efficacy in HCC, the phase Ⅲ 
SUN 1170 trial comparing sunitinib with sorafenib in 
patients with advanced HCC was discontinued due to 
increased serious sunitinib-related adverse events and the 
improbability of  achieving noninferior efficacy[47]. As a 
result, sunitinib is no longer in development for the treat-
ment of  HCC.

CHALLENGES IN ASSESSING TUMOR RE-
SPONSE
The 2 traditional imaging criteria widely used for measur-
ing tumor responses to treatment are Response Evalu-
ation Criteria In Solid Tumors (RECIST)[48], which are 
used primarily in the United States, and the World Health 
Organization (WHO) criteria[49], which are used interna-
tionally. With the advent of  targeted therapies that are 
cytostatic, and in particular regarding HCC tumors, these 
traditional criteria are limited in their usefulness to assess 
treatment response because (1) cirrhotic livers may not 
remodel around a necrotic tumor; (2) HCC tumors are 
occasionally diffuse and infiltrative in cirrhotic livers; (3) 
arterial phase enhancement of  premalignant dysplastic 
nodules can be mistaken for progression; and (4) cy-
tostatic targeted agents alter tumor vascularity without 
affecting tumor size[50]. Both criteria have been updated 
in the past decade to account for HCC tumor viability 
in order to appropriately evaluate the extent of  tumor 
necrosis and/or viability to quantify treatment response. 
The European Association for the Study of  the Liver 
updated the WHO criteria in 2000[51], and in 2008 the 
American Association for the Study of  Liver Diseases 
updated RECIST[52] and then further clarified the modi-
fied criteria in 2010[53]. Specific differences between these 
current criteria-modified WHO (mWHO) and modified 
RECIST (mRECIST)-for treatment response in HCC are 
listed in Table 1.

As an example of  the variability in response assess-
ment that can arise according to which of  the 2 criteria is 
used, Finn et al[54] retrospectively compared response as-
sessment by the necrosis-adjusted mRECIST (mRECIST 
has not yet been validated) for HCC with the prospective 
use of  mWHO criteria in 101 patients with HCC who 
received brivanib, an antiangiogenic targeted agent. They 
found that mWHO criteria underreported treatment 
benefit compared with mRECIST for HCC, with 31 pa-
tients classified as having progressive disease under the 
mWHO criteria but stable disease or partial response un-
der mRECIST. This suggests that these patients may have 
been prematurely discontinued from treatment while still 
deriving benefit. These discrepancies can be explained 
by differences in the methodologies of  mRECIST and 

Frenette C et al . Targeted therapies for hepatocellular carcinoma



501 February 14, 2012|Volume 18|Issue 6|WJG|www.wjgnet.com

mWHO, which employ different measurements and cal-
culations of  tumor size, thereby producing distinct inter-
pretations of  treatment response. In addition, there are 
differences in how progression is defined, with cytologic 
confirmation of  ascites required with mRECIST and 
small new lesions (< 1 cm) unlikely representing progres-
sion with the mRECIST. While not conclusive, these 
results suggest that treatment response based on assess-
ment criteria vary widely and indicate the need for further 
clinical validation.

LOSS OF EFFICACY TO ANTIANGIOGEN-
IC THERAPY: ESCAPE AND RESISTANCE
Clinical trials of  antiangiogenic agents have shown that 
most patients with advanced tumors eventually experi-
ence progression, including those who initially respond 
to treatment[8,9,55-57]. Recent evidence suggests that re-
lapse during treatment with antiangiogenic agents occurs 
due to VEGF inhibition-driven hypoxia, which induces 
upregulation of  alternate proangiogenic signals such as 
FGF, which overrides the VEGFR inhibition[58]. This was 
demonstrated preclinically in murine tumors that initially 

responded to treatment with an anti-VEGFR-2 antibody, 
but relapsed after 2 wk, showing higher levels of  other 
proangiogenic signals, including FGF-1 and FGF-2, than 
untreated tumors[59]. Moreover, blockage of  FGF signal-
ing in this model slowed tumor growth and attenuated 
its revascularization during the relapse phase. Clinically, 
this has been observed in patients with HCC[26,27,60] and, 
more recently, in glioblastoma patients treated with the 
pan-VEGFR inhibitor AZD2171, in whom increased 
plasma levels of  FGF were detected upon relapse[61]. 
Another study showed that approximately half  of  pa-
tients with metastatic colorectal cancer who received 
bevacizumab plus chemotherapy had more than a 5-fold 
increase in either placental growth factor or FGF prior 
to progression[62]. Patients with late-stage breast cancer 
have been reported to express a large number of  proan-
giogenic factors, including FGF-2, in contrast to earlier 
stage lesions, which primarily express VEGF[58,63]. Taken 
together, these data support the hypothesis that tumor 
progression during inhibition of  angiogenesis may be 
facilitated via activation of  compensatory proangiogenic 
and tumorigenic mechanisms. 

COMPOUNDS IN DEVELOPMENT FOR 
TREATMENT OF HCC
Several compounds in development stand to address the 
challenges and limitations of  targeted therapy in the treat-
ment of  HCC. These are discussed in the following sec-
tions and summarized in Table 2.

Brivanib
Brivanib is currently in phase Ⅲ trials in HCC. It is dis-
tinct from both sorafenib and sunitinib in that it is an 
oral, selective, dual inhibitor of  the FGF and VEGF sig-
nalling pathways[64,65]. Since FGF signaling may contrib-
ute to acquired “resistance,” or compensatory signaling, 
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Table 1  Response assessment by modified World Health Organization criteria and modified Response Evaluation Criteria in Solid Tumors

Parameter Modified WHO Modified RECIST

Type of assessment Spiral CT Spiral CT or dynamic MRI
Frequency of assessment ≥ 4 wk 6-8 wk
Measurement of tumor volume Bidimensional measurement Unidimensional measurement
Tumor necrosis measurement Reduction in viable tumor area using contrast-enhanced 

radiological imaging
Reduction in viable tumor area using contrast-enhanced 
radiological imaging

Viable tumor definition Enhanced areas inside treatment lesions Uptake of contrast agent in the arterial phase 
Complete response Complete disappearance of tumor enhancement deter-

mined by 2 observations ≥ 4 wk apart
Disappearance of any intratumoral arterial enhancement in 
all target lesions

Partial response > 50% reduction in total area of tumor enhancement 
determined by 2 observations ≥ 4 wk apart

≥ 30% decrease in the sum of diameters of viable target 
lesions, taking as reference the baseline sum of the diameters 
of target lesions

Stable disease Insufficient shrinkage to qualify for partial response and 
insufficient increase to qualify for progressive disease 

Any cases that do not qualify for either partial response or 
progressive disease

Progressive disease > 25% increase in total area of tumor enhancement or the 
appearance of new lesions

≥ 20% increase in the sum of the diameters of viable target 
lesions, taking as reference the smallest sum of the diameters 
of viable target lesions recorded since the treatment started 
or the appearance of 1 or more new lesions

CT: Computed tomography; MRI: Magnetic resonance imaging; RECIST: Response Evaluation Criteria in Solid Tumors; WHO: World Health Organization.

Table 2  Agents with antiangiogenic properties in develop-
ment for the treatment of hepatocellular carcinoma

Agent Therapeutic target Phase of 
study

Brivanib VEGFR, FGFR Ⅲ
Bevacizumab VEGF Ⅱ 
Ramucirumab VEGFR-2 Ⅲ
ABT-869 VEGFR-1, VEGFR-2, PDGFR-b, c-KIT, Flt-3 Ⅲ
Everolimus mTOR Ⅲ
ARQ 197 c-MET Ⅱ 

PDGFR: Platelet-derived growth factor receptor; VEGFR: Vascular endo-
thelial growth factor receptor.
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during anti-VEGFR therapy[58], the simultaneous inhibi-
tion of  these[64,65] 2 pathways by brivanib may both delay 
initial progression in response to antiangiogenic therapy 
(as first-line treatment) and successfully treat tumors that 
have already progressed during anti-VEGFR therapy 
(as second-line treatment). With respect to its potential 
as first-line therapy, brivanib has delayed initial progres-
sion compared with sorafenib in preclinical studies[66]. 
It has also shown specific inhibitory activity in patient-
derived HCC xenografts implanted in mice[67]. Clinically, 
brivanib has demonstrated a disease control rate of  51%, 
a median TTP of  2.8 mo, and an OS of  10 mo as first-
line monotherapy in a phase Ⅱ trial of  predominantly 
Asian patients with HCC[68]. A retrospective analysis using 
mRECIST for HCC criteria also demonstrated an objec-
tive response rate of  25%, with 9% complete respons-
es[68]. Brivanib was also associated with a low incidence 
of  grade 3/4 adverse events, including hypertension 
(10.9%), diarrhea (3.6%), and HFSR (1.8%)[68]. Due to its 
unique mechanism of  action and favorable safety profile, 
brivanib is currently under phase Ⅲ investigation as first-
line therapy vs sorafenib in patients with advanced HCC 
(BRISK-FL). As a potential second-line agent following 
antiangiogenic therapy, brivanib has demonstrated activ-
ity against xenograft tumors that were nonresponsive to 
bevacizumab[69]. Allen et al[66] also used a mouse model of  
pancreatic neuroendocrine cancer to show that brivanib 
administered after sorafenib failure could delay tumor 
growth modestly, despite showing evidence of  revascu-
larization. In a phase Ⅱ trial of  brivanib in patients with 
HCC who had been treated with sorafenib, brivanib pro-
duced a median TTP of  2.7 mo and an OS of  9.8 mo[70]; 
in a retrospective analysis of  paired TTP, at least 40% of  
patients had longer TTP with brivanib than with prior 
sorafenib[71]. Brivanib is currently under investigation in 
2 second-line phase Ⅲ trials-1 in Asian patients follow-
ing sorafenib failure (progression or intolerance; BRISK-
APS), and another similar trial that is enrolling an ethni-
cally unselected patient population (BRISK-PS).

Bevacizumab
The anti-VEGF monoclonal antibody bevacizumab was 
the first angiogenesis inhibitor to be approved as an an-
tineoplastic agent[72]. Bevacizumab has shown activity in 
phase Ⅱ HCC testing in combination with chemothera-
py[72-75], with the epidermal growth factor receptor inhibi-
tor erlotinib[76], and as monotherapy[77]. Despite initial 
safety concerns, particularly gastrointestinal bleeding and 
thrombosis, phase Ⅱ trials in HCC have shown toxicities 
to be manageable[78]. New bevacizumab combinations 
are under investigation in ongoing phase Ⅱ HCC trials, 
including combination with sorafenib, everolimus, temsi-
rolimus, chemoembolization, and hepatic arterial infusion 
of  floxuridine and dexamethasone.

Ramucirumab
The monoclonal antibody ramucirumab is a specific in-
hibitor of  VEGFR-2[79]. A phase Ⅱ study of  42 patients 
with advanced HCC and primarily well-preserved liver 

function (75% C-P A status) showed that first-line ramu-
cirumab monotherapy produced a disease control rate 
of  50% and a median progression-free survival (PFS) of  
4.3 mo[80]. This positive study prompted the initiation of  
the phase Ⅲ REACH trial in HCC, which is comparing 
ramucirumab/supportive care with placebo/supportive 
care for second-line treatment after sorafenib.

ABT-869
ABT-869 is a multitargeted tyrosine kinase inhibitor that 
inhibits multiple members of  the VEGFR and PDGFR 
families[81]. In a xenograft model of  HCC, ABT-869 sig-
nificantly reduced tumor burden, either alone or in com-
bination with rapamycin[82]. Interim phase Ⅱ results in 
patients with advanced HCC showed a median TTP of  3.7 
mo with ABT-869 treatment and a safety profile consis-
tent with angiogenesis inhibition[83]. ABT-869 is in phase 
Ⅲ testing as a first-line treatment for advanced HCC ver-
sus sorafenib.

INHIBITION OF OTHER ANGIOGENIC AND 
TUMORIGENIC PATHWAYS
mTOR inhibitors: Everolimus and sirolimus
mTOR inhibitors are not traditionally considered direct 
angiogenesis inhibitors; rather, they have well-known im-
munosuppressive properties. In fact, 2 of  these agents, 
sirolimus and everolimus, are used to prevent rejection 
in organ transplant recipients[84]. mTOR inhibitors also 
have antineoplastic properties, via mTOR regulation of  
tumor proliferation and metabolism[85]. MTOR indirectly 
modulates angiogenesis through regulation of  VEGF 
expression and translation of  proteins involved in angio-
genesis[86]. Clinically, there is growing evidence to sug-
gest that mTOR inhibitors may reduce de novo malignant 
growth[87] and recurrence in the liver post-transplant[88]. In 
patients with advanced HCC, everolimus produced a me-
dian PFS of  3.8 mo and a disease control rate of  44% in 
phase Ⅰ/Ⅱ testing[81]. Consequently, the ongoing phase 
Ⅲ EVOLVE-1 trial has been initiated to compare evero-
limus with BSC in patients with HCC who progressed on 
or after sorafenib or who were intolerant to sorafenib.

ARQ 197
Similar to everolimus, ARQ 197 has antiangiogenic prop-
erties, but is not considered an angiogenesis inhibitor. 
ARQ 197 is an inhibitor of  the oncogene c-MET, which 
stimulates tumor growth, invasion, metastasis, and angio
genesis via binding of  its ligand, hepatocyte growth fac-
tor[89]. In phase Ⅰ testing in cirrhotic patients with HCC, 
ARQ 197 demonstrated some activity and was well toler-
ated, with serious adverse events that were primarily he-
matologic[90]. ARQ 197 is currently in phase Ⅱ testing in 
second-line advanced HCC.

CONCLUSION
Unmet needs for HCC remain, despite the availability of  
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sorafenib. Indeed, sorafenib has some significant limita-
tions, including modest, transient benefits, and toxicity 
challenges; and its use in patients with more advanced 
liver disease and in Asian patients has not yet been fully 
defined. The development of  newer targeted therapies 
that inhibit angiogenesis simultaneously with inhibition of  
other key proangiogenic factors in HCC, such as FGFR 
or c-MET signaling, is providing further insights into the 
underlying pathogenesis of  HCC tumors. Compounds 
that directly block angiogenesis and tumorigenesis via dual 
inhibition of  FGFR and VEGFR, such as brivanib, and 
other compounds that indirectly modulate angiogenesis, 
such as mTOR inhibitors, are providing novel mecha-
nisms that exploit critical pathways in HCC tumor pro-
gression and may have the potential to improve clinical 
outcomes both as monotherapy and in the case of  escape 
from sorafenib. In the coming years, a number of  phase 
Ⅲ clinical trials examining these angiogenesis inhibitors 
will be mature, providing a better picture of  the clinical 
utility and treatment options for patients with HCC.
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