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Abstract
Hepatocellular carcinoma (HCC) has a poor prognosis 
and systemic chemotherapies have disappointing resul
ts. The increasing knowledge of the molecular biology 
of HCC has resulted in novel targets, with the vascular 
endothelial growth factor and epidermal growth fac
tor receptor (EGFR)related pathways being of special 
interest. New blood vessel formation (angiogenesis) is 
essential for the growth of solid tumors. Antiangiogenic 
strategies have become an important therapeutic mo
dality for solid tumors. Several agents targeting angio
genesisrelated pathways have entered clinical trials or 
have been already approved for the treatment of solid 
tumors. These include monoclonal antibodies, receptor 
tyrosine kinase inhibitors and immunomodulatory drugs.  
HCC is a highly vascular tumor, and angiogenesis is be
lieved to play an important role in its development and 
progression. This review summarizes recent advances 
in the basic understanding of the role of angiogenesis 
in HCC as well as clinical trials with novel therapeutic 

approaches targeting angiogenesis and EGFRrelated 
pathways.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common 
form of  liver cancer and is the seventh most frequent 
cause of  cancer related death in Europe[1]. It is the fifth 
most common cancer in men and eighth most common 
cancer in women worldwide, resulting in at least 500 000 
deaths per year[2]. HCC accounts for 90% of  all liver can
cers. Its crude incidence in the European Union is 8.29/100 
000. Areas such as Asia and subSaharan Africa with high 
rates of  infectious hepatitis have incidences as high as 120 
cases per 100 000. HCC is four to eight times more com
mon in men and usually associated with chronic liver in
jury such as hepatitis B HBV, hepatitis C HCV and alcoho
lic cirrhosis. Most HCCs arise from chronic liver disease 
and cirrhosis, caused mainly by viral infections, fatty liver 
disease or alcohol induced cirrhosis[3]. 

The management of  HCC patients is multidisciplinary 
and treatment is influenced by the stage of  the disease, by 
the liver function (underlying liver cirrhosis) and by the 
patient's performance status. Potential curative therapy 
options such as liver transplantation, liver resection and 
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local liver ablation are only considered for patients with 
early stage HCC and with preserved liver function[4]. Most 
HCC patients are at an intermediate or late disease stage 
and the therapeutic options are limited to transarterial 
chemoembolization (TACE) or systemic chemotherapy. 
However, many patients are not suitable for TACE and 
the efficacy of  conventional systemic cytotoxic chemo
therapy is modest with limited benefit. Although a few 
randomized trials have been conducted, no single cyto
toxic regimen has emerged as superior to any other, and 
no drug or regimen has been shown to improve survival. 
Therefore new therapeutic options targeting specific 
pathways and new drugs are of  urgently needed. New 
insights into the biology of  hepatocarcinogenesis have 
been identified new therapeutic approaches like including 
antiangiogenesis or and inhibition of  specific growth 
factors like such as the Epidermal growth factor recep
tor (EGFR) or the Insulin like growth factor receptor 1 
(IGF1R)[5].

New blood vessel formation (angiogenesis) is funda
mental to tumor growth and spread. In adults, physiolog
ical angiogenesis is limited to a small number of  spe 
 cific processes, such as wound healing, tissue repair 
and the female reproductive cycle[6]. Following the pio 
 neering work of  Judah Folkman it was recognized that 
angiogenesis plays an important role in tumor develo
pment, progression, and metastasis[7]. Tumors require 
nutrients and oxygen in order to grow, and new blood 
vessels, formed by the process of  angiogenesis, provide 
these substrates. Tumor blood vessels are generated by 
various mechanisms, such as cooption of  the existing vas
cular network, expansion of  the host vascular network by 
budding of  endothelial sprouts (sprouting angiogenesis), 
remodeling and expansion of  vessels by the insertion of  
interstitial tissue columns into the lumen of  preexisting 
vessels (intussusceptive angiogenesis) and homing of  
endothelial cell precursors (EPC; CEP) from the bone 
marrow or peripheral blood to the endothelial lining 
of  neovessels (vasculogenesis)[8]. Bone marrow derived 
progenitor cells contribute significantly to neovasculariza
tion in a variety of  tumors[912].

The key mediator of  angiogenesis is the vascular endo
thelial growth factor (VEGF). Therefore, VEGF and its 
receptors are interesting targets for anticancer therapies. 
VEGF signaling inhibition has been shown to result in 
significant tumor growth delay in a wide range of  animal 
models[13]. Even a single VEGF allele knockout has be
en shown to lead to embryonic lethality in mice[14]. The 
clinical benefit of  this approach has also been confirmed 
and concentrated efforts in recent years have resulted in a 
number of  novel antiangiogenic agents. The humanized 
monoclonal antiVEGF antibody bevacizumab is the first 
VEGFtargeting drug, which is officially approved as first
line therapy in patients with metastatic colorectal cancer[15].

Tight control of  angiogenesis is maintained by a balan
ce of  endogenous antiangiogenic and proangiogenic fa
ctors. VEGF has a key, ratelimiting role in promoting tu
mor angiogenesis and exerts its effects by binding to one 
of  three tyrosine kinase receptors: VEGFR1, VEGFR2  

and VEGFR3. VEGFR1 [ligands include VEGFA, 
VEGFB and placental growth factor (PIGF)] and 
VEGFR2 (ligands include VEGFA, VEGFC and 
VEGFD) are predominantly expressed on vascular en
dothelial cells, and activation of  VEGFR2 appears to 
be both, necessary and sufficient, to mediate VEGF
dependent angiogenesis and induction of  vascular per
meability[16]. VEGFA binds to VEGFR1 and VEGFR2, 
whereas VEGFB and PlGF only bind to VEGFR1. 
Both receptor tyrosine kinases are expressed in all adult 
endothelial cells except for endothelial cells in the brain. 
VEGFR1 is also expressed on hematopoietic stem cells 
(HSC), vascular smooth muscle cells, monocytes, and leu
kemic cells[17]. VEGFR2 is also expressed on endothelial 
progenitor cells and megakaryocytes[18,19]. Although the 
exact contribution of  VEGFR1 signaling to angiogenesis 
is unclear, it has been shown to cooperate directly with 
VEGFR2 via heterodimerization, as well as to bind two 
additional VEGF homologues, VEGFB and PIGF[20]. 
VEGFR3, which is largely restricted to lymphatic endo
thelial cells, binds the VEGF homologues VEGFC and 
VEGFD and may play an important role in the regulation 
of  lymphangiogenesis. 

HCC is one of  the most vascular solid tumors and is 
characterized by an abnormal vascular structure. There
fore, proangiogenic factors such as VEGF and plateletderi
ved growth factor (PDGF) are of  major importance and 
are upregulated in hepatocarcinogenesis. Sorafenib, a multi
kinase inhibitor blocking VEGFR signaling was the first 
targeted agent showing an overall survival benefit in HCC 
patients[21] and provided a breakthrough in modern HCC 
therapy. 

New insides into the pathological and molecular me
chanisms of  HCC have led to the development of  num
erous targeting agents. This review summarizes a selection 
of  these new drugs. 

ANTI-ANGIOGENIC THERAPIES
As already mentioned above, HCC is a highly vascular 
tumor and so antiangiogenic therapies are of  major in
terest[2223]. In a variety of  solid tumors, antiangiogenic 
therapies like bevacizumab or sunitinib have already pro
ven clinical efficacy. Most of  these compounds can be 
broadly classified into two main categories: smallmolecule 
kinase inhibitors and monoclonal antibodies.

Sorafenib
Sorafenib is an oral tyrosine kinase inhibitor (RTKI) block
ing several receptors including VEGFR13, PDGFR β, 
cKIT and FLT3. Having shown anti HCC activity in 
several preclinical models Sorafenib[2426], progressed to 
clinical studies. The results of  four phase I studies were 
summarized in a review describing the tolerability and the 
pharmacokinetics of  sorafenib in pretreated patients[27]. 
Sorafenib was well tolerated and the maximal tolerated 
dose (MTD) was 400 mg twice daily. The most common 
adverse events were fatigue, diarrhea, rash and handfoot 
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skin reaction. Based on these results, phase Ⅱ and Ⅲ 
studies with 400 mg twice a day were started. The phase 
Ⅱ trials confirmed the antitumor efficacy and tolerability 
of  the drug[28]. 

In two large randomized, multicenter, controlled 
clinical phase Ⅲ trials sorafenib given as first systemic 
agent showed an overall survival benefit for patients with 
unresectable HCC[21]. In the sorafenib HCC assessment 
randomized protocol (SHARP) patients not eligible for 
locoregional therapy were randomly assigned to sorafenib 
400 mg twice daily or placebo. The study included 602 
primarily European patients (sorafenib n = 299, placebo 
n = 303) and inclusion criteria were ECOG performance 
status ≤ 2, Child Pugh liver function class A as well as no 
prior systemic therapy. The results of  the study showed a 
significant prolongation of  the time to progression (TTP) 
from 2.8 to 5.5 mo [HR = 0.58, 95% confidence interval 
(CI) = 0.45  0.74, P < 0.0001] and an improvement of  
survival from 7.9 to 10.7 mo (HR = 0.69, 95% CI = 0.55 
 0.87, P < 0.0001) in the sorafenib treatment arm. 

A similar study was performed in mainly Asian pa
tients where 271 patients were allocated to sorafenib or 
placebo[29], randomized in a 2:1 ratio. The outcome of  this 
study showed a median overall survival of  6.5 mo with 
sorafenib treatment compared to 4.2 mo in the control 
group. The discordance in the OS benefit between the 
SHARP and Asian could be related to a divergence in 
selection of  patients. In the Asian population unfavorable 
prognostic factors including the rate of  Hepatitis B virus 
infections, the stage of  disease (Asian population showed 
more level C Barcelona clinic liver criteria), age (Asians 
were younger) and performance status (Asian included 
more ECOG 2) were more often observed. The adverse 
event profile of  the two large phase Ⅲ trails was similar, 
with handfoot syndrome (8% Europe, 11% Asian), fa
tigue (8%10%), and diarrhea (9%) the most common. 

Sunitinib
Sunitinib is an oral RTKI, targeting the VEGFR13, the 
platelet derived growth factor receptor PDGFR α and 
β and the stem cell factor receptor (KIT). In several pre
clinical studies sunitinib showed anti HCC activity[30]. To 
date, Sunitinib is approved for the treatment of  advanced 
renal cell carcinoma (RCC) and gastrointestinal stroma 
tumors (GIST) after disease progression or intolerance 
to imatinib mesylate[31]. In RCC and GIST sunitinib is ad
ministered at a dose of  50 mg/d for 4 wk followed by 2 
wk of  no treatment. The optimal treatment dose assessed 
in preclinical studies was used in phase Ⅰ studies and was 
well tolerated. Described adverse events of  fatigue, hyper
tension and skin toxicity with sunitinib are typical for 
VEGFR tyrosine kinase inhibitors[32].

Suntinib was evaluated in HCC in two phase Ⅱ trials 
using different doses of  the drug. Zhu et al analysed 34 
patients and reported a 2.9% response rate, a median 
progression free survival (PFS) of  3.9 mo, and a median 
overall survival (OS) of  9.8 mo. The administered dose 
of  sunitinib was 37.5 mg daily for 4 wk (d1d28) at time 
intervals of  6 wk[33]. In another study by Faivre et al[34] 

where 37 patients were included, 50 mg sunitinib was 
given daily for 4 wk followed by two weeks offtreatment 
in 6 wk cycles. The authors reported similar results with 
a response rate of  2.7%, PFS of  5.2 mo and an OS of  
11.2 mo. A higher dose of  suntinib used in the study by 
Zhu revealed a high toxicity rate and 10% of  deaths were 
treatment related. Therefore the authors concluded that 
50 mg/d sunitinib is not appropriate and that the dose 
should be reduced to 37.5 mg without the 2 wk washout 
phase[32].

A direct comparison of  sunitinib and sorafenib in 
a randomized phase Ⅲ study in advanced HCC was 
discontinued in April 2010 after the first review by an 
independent data monitoring committee. The study was 
terminated based on higher incidence rates of  serious 
adverse events in the sunitinib treatment arm compared 
to the sorafenib arm and because the preliminary data did 
not meet the primary study endpoints (sunitinib did not 
improve survival compared to sorafenib) (Pfizer press re
lease April 22, 2010). 

Cediranib 
Cediranib (AZD2171, Recentin®) is a potent inhibitor 
of  both VEGFR1 and VEGFR2. It also has activity 
against ckit, PDGFRβ, and FLT4 at nanomolar concen
trations[35]. Cediranib has been shown to inhibit VEGF 
signaling. In our study, cediranib was well tolerated up to 

45 mg/d in patients with a broad range of  solid tumors[36]. 
The most common toxicities include diarrhea, dysphonia, 
and hypertension. In a phase Ⅱ study with cediranib in 28 
patients with advanced HCC, 19 patients were evaluable 
for toxicity[37]. The main adverse events were fatigue, hype
rtension and anorexia. 

Vatalanib
Vatalanib (formerly PTK787/ZK 222584) is an oral an
giogenesis inhibitor that is active against VEGFR and 
PDGFR tyrosine kinases, thereby offering a novel appr
oach to inhibiting tumor growth[38]. This drug interferes 
with the ATP binding sites of  VEGF receptors. In a phase 
Ⅰ study by us, vatalanib was well tolerated and showed 
clinical activity in a variety of  solid tumors[39]. Preclinical 
studies suggested antiangiogenic and angiogenesisinde
pendent effects on HCC growth arrest[40]. In a phase Ⅰ 
study of  vatalanib in 18 patients with unresectable HCC, 
nine patients had a best response of  stable disease (SD), 
and nine patients had progressive disease (PD)[41].

Bevacizumab 
Bevacizumab (Avastin®) is a humanized monoclonal an
tibody IgG1. It was created from a murine antihuman 
VEGF monoclonal antibody that blocks the binding of  
human VEGF to its receptors, thereby disrupting au
tocrine and paracrine survival mechanisms mediated by 
VEGFR1 and VEGFR2[42]. Bevacizumab is the first 
VEGF targeting drug, which is officially approved for 
cancer therapy. Initially, Bevacizumab demonstrated sur
vival benefits in patients with metastatic colon cancer 
when combined with conventional chemotherapy[15]. 
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Since then, it has been tested in several other cancer 
types. In patients with HCC, bevacizumab was examined 
as monotherapy or in combination therapies. In a phase 
Ⅱ study, monotherapy with bevacizumab was examined 
in 46 patients with advanced HCC[43]. Six patients had ob
jective responses (13%) and 65% were progressive after 
6 mo. Median progressionfree survival was 6.9 mo and 
overall survival rate was 53% at 1 year. The main adverse 
events were hypertension, thrombosis. Bevacizumab was 
associated with significant reductions in tumor enhance
ment by dynamic contrastenhanced magnetic resonance 
imaging and reductions in circulating VEGFA and 
stromalderived factor1 levels. In a phase Ⅱ study, be
vacizumab was studied in combination with gemcitabine 
and oxaliplatin in patients with advanced HCC[44]. The 
overall response rate was 20% in evaluable patients. An 
additional 27% of  patients had SD with a median dura
tion of  9 mo. The median overall survival was 9.6 mo 
and the median progressionfree survival was 5.3 mo. 
Main bevacizumabrelated side effects were hypertension, 
bleeding, and proteinuria.

TARGETING THE EPIDERMAL GROWTH
FACTOR RECEPTOR PATHWAY
The epidermal growth factor receptor is upregulated 
in HCC and plays an important role in tumor progres
sion[45,46]. The ligands of  the EGFR EGF and TGFα 
have been identified as key stimuli for HCC cell prolife
ration. The inhibition of  EGFR signalling can either be by 
extracellular neutralizing antibodies such as cetuximab and 
panitumumab or by receptor tyrosine kinase inhibitors 
such as gefitinib, erlotinib and lapatinib. To date these 
targeted agents are being assessed in clinical trials.

Gefitinib
Gefitinib is an oral EGFR tyrosine kinase inhibitor app
roved for the treatment of  non small cell lung cancer 
patients having an activating mutation in the EGFR ge
ne[47]. The beneficial effect of  Gefitinib is well analysed 
in many solid tumors including lung cancer, colorectal 
cancer, breast cancer. However, only a few studies have 
evaluated the effect of  Gefitinib in HCC. The only repor
ted study is a phase Ⅱ study with 31 advanced HCC pa
tients presented at the 2006 ASCO conference in which 
Gefitinib induced 3% of  objective responses and 22.6% 
of  stable disease. Median PFS and OS were 2.8 and 6.8 
mo, respectively[48]. The final outcome of  this study is not 
yet published in MedLine. At the 2010 ASCO conference, 
a pilot study, analyzing the feasibility of  gefitinib in adj
uvant treatment of  HCC patients was presented[49]. The 
study protocol includes a large biomarker program to 
identify prognostic as well as predictive markers and first 
results are awaited.

Erlotinib
Erlotinib is another oral EGFR RTKI that has showed 

clinical efficacy in the therapy of  HCC. In two phase Ⅱ 
studies reported by Philip et al[50] and by Thomas et al[51] 
erlotinib showed antitumor activity and a PFS of  3.2/3.1 
mo respectively and an OS 13/10.75 mo respectively. 
These studies included 38/40 patients respectively,  with 
advanced nonresectable HCC. The side effects reported 
in these studies of  erlotinib were rash, diarrhea or other 
skin events (acne, dry skin, pruritus). 

In a recently published phase Ⅱ study in 40 HCC 
patients, a combination therapy of  erlotinib with beva
cizumab was assessed[52]: The rationale of  this combi
nation is based on preclinical models where a dual inhi
bition of  VEGFR and EGFR showed additive effects. 
The combination therapy showed antitumor activity and 
the 16 wk PFS was 62.5% (primary end point), with 10 
patients achieving a partial response, giving a confirmed 
overall response rate of  25%. The median PFS was 
39 wk (95% CI, 26 to 45 wk; 9.0 mo), and the median 
overall survival was 68 wk (95% CI, 48 to 78 wk; 15.65 
mo). Compared these results with the sorafenib studies 
(phase Ⅱ and SHARP trials) the authors identified more 
favourable results from combination therapy compared to 
monotherapy. 

These retrospective comparisons are of  minor scien
tific relevance and should be tested in prospective studies. 
Several new studies comparing combination therapies of  
EGFR and VEGFR TKIs with the standard VEGFR 
TKI sorafenib (bevacizumab + erlotinib versus sorafenib; 
erlotinib and sorafenib versus sorafenib) will identify the 
most effective treatment with the best tolerability. 

Further antiEGFRbased approaches include cetu
ximab, a chimeric monoclonal antibody against EGFR, 
and lapatinib, a selective dual inhibitor of  both EGFR and 
ErbB2 tyrosine kinases. Both agents are currently being 
evaluated in clinical trials for patients with HCC. 

EVALUATION OF BIOMARKERS
A major focus of  research on targeted therapies should 
be the definition of  predictive biomarkers which will al
low identification of  potential responders. To date there 
is no direct evidence on which HCC patients respond to 
targeted therapies. Various possible biomarkers have been 
postulated, but adequate valuation in prospective studies is 
still lacking. Possible candidates that could be considered 
are clinical parameters like blood pressure increase, vari
ous proteins assessed by biochemical methods [e.g. phos
phorylated extracellular signal regulated kinase (pERK)] 
or levels of  circulating endothelial cells and progenitor 
cells (CEC, CEPs). In addition, angiogenic factors and 
new imaging strategies as DCEMRI[53] are currently being 
evaluated as possible biomarkers. 

About Alfa et al[28] showed that standard RECIST crite
ria for the evaluation of  response to sorafenib therapy 
in HCC patients are not ideal, because sorafenibtreated 
tumors do not decrease in size, although the necrotic 
index increases. In the same study, better responses to 
sorafenib were observed in patients with high mitogen 
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activated protein kinase (MAPK) activity and resulted in 
a prolonged time to progression. An increased activity 
of  MAPK was defined by elevated tumor cell pERK im
munohistochemical staining intensity (2  4 +) compared 
to normal (0  1 +) at baseline assessment before treat
ment. Greater activation of  the Ras signalling pathway 
could be due to loss of  sprouty and spreads[54,55]. Sprouty 
and spreads downregulation may reduce the threshold for 
cells to acquire malignant features. Lung cancer patients 
with upregulated Ras activity (battle trial) also show good 
response rates to sirafenib.

Hypertension is a common side effect of  antiangio
genic therapies. In renal cell cancer, studies identified a 
correlation between blood pressure elevation and better 
overall survival benefit on axitinib therapy[56]. Kim et al[57] 
assessing the predictive effect of  hypertension in patients 
taking sorafenib for advanced HCC, identified elevated 
blood pressure levels as a positive predictive marker for 
sorafenib therapy.

A recently published study proposed early alpha fe
toprotein (AFP) as a predictive marker for therapeutic 
effects in HCC patients treated with antiangiogenic thera
pies[58].

One of  the largest biomarker programs integrated in 
a phase Ⅱ trial by Zhu et al[33] included the assessment of  
angiogenic serum markers, CEPs and CECs, DCE MRI 
and immunhistochemical analyses of  tumor samples. 
In HCC patients, the authors found that rapid changes 
in vascular permeability and in circulating inflammatory 
biomarkers reflected response or resistance to sunitinib 
therapy. Thus, these candidate biomarkers should continue 
to be actively explored in trials of  antiangiogenic agents 
in patients, with the goal of  improving and individualizing 
cancer therapy[53].

CONCLUSION
Molecular targets are of  relevance in the treatment of  
HCC. Angiogenesis is upregulated in HCC and provides a 
target for novel agents. Therefore, VEGF and its receptors 
comprise the most important pathway in regulating neo
angiogenesis, vasculogenesis and recruitment of  endo
thelial progenitor cells. Further, VEGF stimulates prolife
ration, migration and survival of  HCC cells directly and 
is of  prognostic relevance. Further targets such as EGFR 
provide the possibility of  combination therapies in order 
to enhance treatment efficacy. A number of  clinical trials 
are underway to examine these novel agents in the hope 
of  improving treatment modalities in advanced HCC.

REFERENCES
1 Ferlay J, Autier P, Boniol M, Heanue M, Colombet M, Boyle P. 

Estimates of the cancer incidence and mortality in Europe in 
2006. Ann Oncol 2007; 18: 581-592

2 Farazi PA, DePinho RA. Hepatocellular carcinoma pathog-
enesis: from genes to environment. Nat Rev Cancer 2006; 6: 
674-687

3 Barazani Y, Hiatt JR, Tong MJ, Busuttil RW. Chronic viral he-

patitis and hepatocellular carcinoma. World J Surg 2007; 31: 
1243-1248

4 Bruix J, Sherman M. Management of hepatocellular carci-
noma. Hepatology 2005; 42: 1208-1236

5 Thomas MB, Jaffe D, Choti MM, Belghiti J, Curley S, Fong 
Y, Gores G, Kerlan R, Merle P, O’Neil B, Poon R, Schwartz L, 
Tepper J, Yao F, Haller D, Mooney M, Venook A. Hepatoce-
llular carcinoma: consensus recommendations of the National 
Cancer Institute Clinical Trials Planning Meeting. J Clin Oncol 
2010; 28: 3994-4005

6 Folkman J. Angiogenesis in cancer, vascular, rheumatoid and 
other disease. Nat Med 1995; 1: 27-31

7 Folkman J. Tumor angiogenesis: therapeutic implications. N 
Engl J Med 1971; 285: 1182-1186

8 Lyden D, Hattori K, Dias S, Costa C, Blaikie P, Butros L, 
Chadburn A, Heissig B, Marks W, Witte L, Wu Y, Hicklin D, 
Zhu Z, Hackett NR, Crystal RG, Moore MA, Hajjar KA, Manova 
K, Benezra R, Rafii S. Impaired recruitment of bone-marrow-
derived endothelial and hematopoietic precursor cells blocks 
tumor angiogenesis and growth. Nat Med 2001; 7: 1194-1201

9 Gunsilius E, Duba HC, Petzer AL, Kahler CM, Grunewald 
K, Stockhammer G, Gabl C, Dirnhofer S, Clausen J, Gastl G. 
Evidence from a leukaemia model for maintenance of vascu-
lar endothelium by bone-marrow-derived endothelial cells. 
Lancet 2000; 355: 1688-1691

10 Rafii S, Lyden D, Benezra R, Hattori K, Heissig B. Vascular 
and haematopoietic stem cells: novel targets for anti-angio-
genesis therapy? Nat Rev Cancer 2002; 2: 826-835

11 Peters BA, Diaz LA, Polyak K, Meszler L, Romans K, Guinan 
EC, Antin JH, Myerson D, Hamilton SR, Vogelstein B, Kinzler 
KW, Lengauer C. Contribution of bone marrow-derived endo-
thelial cells to human tumor vasculature. Nat Med 2005; 11: 
261-262

12 Ferrara N, Kerbel RS. Angiogenesis as a therapeutic target. 
Nature 2005; 438: 967-974

13 Kim KJ, Li B, Winer J, Armanini M, Gillett N, Phillips HS, 
Ferrara N. Inhibition of vascular endothelial growth factor-
induced angiogenesis suppresses tumour growth in vivo. Nat
ure 1993; 362: 841-844

14 Risau W. Mechanisms of angiogenesis. Nature 1997; 386: 
671-674

15 Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, 
Hainsworth J, Heim W, Berlin J, Baron A, Griffing S, Holmgren 
E, Ferrara N, Fyfe G, Rogers B, Ross R, Kabbinavar F. Bevaci-
zumab plus irinotecan, fluorouracil, and leucovorin for metas-
tatic colorectal cancer. N Engl J Med 2004; 350: 2335-2342

16 Gille H, Kowalski J, Li B, LeCouter J, Moffat B, Zioncheck 
TF, Pelletier N, Ferrara N. Analysis of biological effects and 
signaling properties of Flt-1 (VEGFR-1) and KDR (VEGFR-2). 
A reassessment using novel receptor-specific vascular endoth-
elial growth factor mutants. J Biol Chem 2001; 276: 3222-3230

17 Hattori K, Dias S, Heissig B, Hackett NR, Lyden D, Tateno M, 
Hicklin DJ, Zhu Z, Witte L, Crystal RG, Moore MA, Rafii S. 
Vascular endothelial growth factor and angiopoietin-1 stimu-
late postnatal hematopoiesis by recruitment of vasculogenic 
and hematopoietic stem cells. J Exp Med 2001; 193: 1005-1014 

18 Gill M, Dias S, Hattori K, Rivera ML, Hicklin D, Witte L, Gi-
rardi L, Yurt R, Himel H, Rafii S. Vascular trauma induces 
rapid but transient mobilization of VEGFR2(+)AC133(+) en-
dothelial precursor cells. Circ Res 2001; 88: 167-174

19 Casella I, Feccia T, Chelucci C, Samoggia P, Castelli G, Guer-
riero R, Parolini I, Petrucci E, Pelosi E, Morsilli O, Gabbianelli 
M, Testa U, Peschle C. Autocrine-paracrine VEGF loops po-
tentiate the maturation of megakaryocytic precursors through 
Flt1 receptor. Blood 2003; 101: 1316-1323

20 Autiero M, Luttun A, Tjwa M, Carmeliet P. Placental growth 
factor and its receptor, vascular endothelial growth factor 
receptor-1: novel targets for stimulation of ischemic tissue 
revascularization and inhibition of angiogenic and infla-
mmatory disorders. J Thromb Haemost 2003; 1: 1356-1370

February 27, 2011|Volume 3|Issue 2|WJH|www.wjgnet.com 42

Pircher A et al . Targeted therapies in liver cancer



21 Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc 
JF, de Oliveira AC, Santoro A, Raoul JL, Forner A, Schwartz 
M, Porta C, Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz 
JF, Borbath I, Haussinger D, Giannaris T, Shan M, Moscovici 
M, Voliotis D, Bruix J. Sorafenib in advanced hepatocellular 
carcinoma. N Engl J Med 2008; 359: 378-379

22 Moon WS, Rhyu KH, Kang MJ, Lee DG, Yu HC, Yeum JH, 
Koh GY, Tarnawski AS. Overexpression of VEGF and an-
giopoietin 2: a key to high vascularity of hepatocellular car-
cinoma? Mod Pathol 2003; 16: 552-557

23 Yoshiji H, Kuriyama S, Yoshii J, Yamazaki M, Kikukawa M, 
Tsujinoue H, Nakatani T, Fukui H. Vascular endothelial grow-
th factor tightly regulates in vivo development of murine 
hepatocellular carcinoma cells. Hepatology 1998; 28: 1489-1496

24 Huynh H, Ngo VC, Koong HN, Poon D, Choo SP, Toh HC, 
Thng CH, Chow P, Ong HS, Chung A, Goh BC, Smith PD, 
Soo KC. AZD6244 enhances the anti-tumor activity of sora-
fenib in ectopic and orthotopic models of human hepatocellul-
ar carcinoma (HCC). J Hepatol 2010; 52: 79-87

25 Huynh H, Ngo VC, Koong HN, Poon D, Choo SP, Thng CH, 
Chow P, Ong HS, Chung A, Soo KC. Sorafenib and rapamy-
cin induce growth suppression in mouse models of hepatoce-
llular carcinoma. J Cell Mol Med 2009; 13: 2673-2683

26 Liu L, Cao Y, Chen C, Zhang X, McNabola A, Wilkie D, Wil-
helm S, Lynch M, Carter C. Sorafenib blocks the RAF/MEK/
ERK pathway, inhibits tumor angiogenesis, and induces tum-
or cell apoptosis in hepatocellular carcinoma model PLC/
PRF/5. Cancer Res 2006; 66: 11851-11858

27 Strumberg D, Clark JW, Awada A, Moore MJ, Richly H, He-
ndlisz A, Hirte HW, Eder JP, Lenz HJ, Schwartz B. Safety, 
pharmacokinetics, and preliminary antitumor activity of 
sorafenib: a review of four phase I trials in patients with adva-
nced refractory solid tumors. Oncologist 2007; 12: 426-437

28 Abou-Alfa GK, Schwartz L, Ricci S, Amadori D, Santoro 
A, Figer A, De Greve J, Douillard JY, Lathia C, Schwartz B, 
Taylor I, Moscovici M, Saltz LB. Phase II study of sorafenib 
in patients with advanced hepatocellular carcinoma. J Clin 
Oncol 2006; 24: 4293-4300

29 Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, Luo 
R, Feng J, Ye S, Yang TS, Xu J, Sun Y, Liang H, Liu J, Wang J, 
Tak WY, Pan H, Burock K, Zou J, Voliotis D, Guan Z. Efficacy 
and safety of sorafenib in patients in the Asia-Pacific region 
with advanced hepatocellular carcinoma: a phase Ⅲ randomi-
sed, double-blind, placebo-controlled trial. Lancet Oncol 2009; 
10: 25-34

30 Huynh H, Ngo VC, Choo SP, Poon D, Koong HN, Thng CH, 
Toh HC, Zheng L, Ong LC, Jin Y, Song IC, Chang AP, Ong HS, 
Chung AY, Chow PK, Soo KC. Sunitinib (SUTENT, SU11248) 
suppresses tumor growth and induces apoptosis in xenograft 
models of human hepatocellular carcinoma. Curr Cancer Drug 
Targets 2009; 9: 738-747

31 Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski 
RM, Rixe O, Oudard S, Negrier S, Szczylik C, Kim ST, Chen I, 
Bycott PW, Baum CM, Figlin RA. Sunitinib versus interferon 
alfa in metastatic renal-cell carcinoma. N Engl J Med 2007; 356: 
115-124

32 Faivre SJ, Bouattour M, Dreyer C, Raymond E. Sunitinib in 
hepatocellular carcinoma: redefining appropriate dosing, 
schedule, and activity end points. J Clin Oncol 2009; 27: 
e248-e250; author reply e251-e252

33 Zhu AX, Sahani DV, Duda DG, di Tomaso E, Ancukiewicz 
M, Catalano OA, Sindhwani V, Blaszkowsky LS, Yoon SS, 
Lahdenranta J, Bhargava P, Meyerhardt J, Clark JW, Kwak 
EL, Hezel AF, Miksad R, Abrams TA, Enzinger PC, Fuchs CS, 
Ryan DP, Jain RK. Efficacy, safety, and potential biomarkers 
of sunitinib monotherapy in advanced hepatocellular carcin-
oma: a phase Ⅱ study. J Clin Oncol 2009; 27: 3027-3035

34 Faivre S, Raymond E, Boucher E, Douillard J, Lim HY, Kim 
JS, Zappa M, Lanzalone S, Lin X, Deprimo S, Harmon C, Rui-

z-Garcia A, Lechuga MJ, Cheng AL. Safety and efficacy of su-
nitinib in patients with advanced hepatocellular carcinoma: 
an open-label, multicentre, phase Ⅱ study. Lancet Oncol 2009; 
10: 794-800

35 Wedge SR, Kendrew J, Hennequin LF, Valentine PJ, Barry 
ST, Brave SR, Smith NR, James NH, Dukes M, Curwen JO, 
Chester R, Jackson JA, Boffey SJ, Kilburn LL, Barnett S, Rich-
mond GH, Wadsworth PF, Walker M, Bigley AL, Taylor ST, 
Cooper L, Beck S, Jurgensmeier JM, Ogilvie DJ. AZD2171: a 
highly potent, orally bioavailable, vascular endothelial grow-
th factor receptor-2 tyrosine kinase inhibitor for the treatment 
of cancer. Cancer Res 2005; 65: 4389-4400 

36 Drevs J, Siegert P, Medinger M, Mross K, Strecker R, Zirr-
giebel U, Harder J, Blum H, Robertson J, Jurgensmeier JM, Pu-
chalski TA, Young H, Saunders O, Unger C. Phase Ⅰ clinical 
study of AZD2171, an oral vascular endothelial growth factor 
signaling inhibitor, in patients with advanced solid tumors. J 
Clin Oncol 2007; 25: 3045-3054

37 Alberts SR, Morlan BW, Kim GP, Pitot HC, Quevedo FJ, 
Dakhil SR, Gross HM, Merchan JR, Roberts LR. NCCTG 
phase Ⅱ trial (N044J) of AZD2171 for patients with hepato-
cellular carcinoma (HCC)--Interim review of toxicity. 2007 
Gastrointestinal Cancers Symposium, 2007: Abstract 186

38 Drevs J, Muller-Driver R, Wittig C, Fuxius S, Esser N, Hu-
genschmidt H, Konerding MA, Allegrini PR, Wood J, Hen-
nig J, Unger C, Marme D. PTK787/ZK 222584, a specific 
vascular endothelial growth factor-receptor tyrosine kinase 
inhibitor, affects the anatomy of the tumor vascular bed and 
the functional vascular properties as detected by dynamic 
enhanced magnetic resonance imaging. Cancer Res 2002; 62: 
4015-4022

39 Mross K, Drevs J, Muller M, Medinger M, Marme D, Hennig J, 
Morgan B, Lebwohl D, Masson E, Ho YY, Gunther C, Laurent 
D, Unger C. Phase I clinical and pharmacokinetic study of 
PTK/ZK, a multiple VEGF receptor inhibitor, in patients 
with liver metastases from solid tumours. Eur J Cancer 2005; 
41: 1291-1299

40 Liu Y, Poon RT, Li Q, Kok TW, Lau C, Fan ST. Both antian-
giogenesis- and angiogenesis-independent effects are respon-
sible for hepatocellular carcinoma growth arrest by tyrosine 
kinase inhibitor PTK787/ZK222584. Cancer Res 2005; 65: 
3691-3699

41 Koch I, Baron A, Roberts S, Junker U, Palacay-Ramona M, Mas-
son E, Kay A, Wiedenmann B, Laurent D, Cebon J. Influence 
of Hepatic Dysfunction on Safety, Tolerability, and Pharmac-
okinetics (PK) of PTK787/ZK 222584 in Patients (Pts) with Un-
resectable Hepatocellular Carcinoma (HCC). J Clin Oncol 2005; 
23 (6 Suppl 16): 4134

42 Presta LG, Chen H, O’Connor SJ, Chisholm V, Meng YG, Kr-
ummen L, Winkler M, Ferrara N. Humanization of an anti-va-
scular endothelial growth factor monoclonal antibody for the 
therapy of solid tumors and other disorders. Cancer Res 1997; 
57: 4593-4599

43 Siegel AB, Cohen EI, Ocean A, Lehrer D, Goldenberg A, 
Knox JJ, Chen H, Clark-Garvey S, Weinberg A, Mandeli 
J, Christos P, Mazumdar M, Popa E, Brown RS Jr, Rafii S, 
Schwartz JD. Phase II trial evaluating the clinical and biolo-
gic effects of bevacizumab in unresectable hepatocellular 
carcinoma. J Clin Oncol 2008; 26: 2992-2998

44 Zhu AX, Blaszkowsky LS, Ryan DP, Clark JW, Muzikansky 
A, Horgan K, Sheehan S, Hale KE, Enzinger PC, Bhargava 
P, Stuart K. Phase II study of gemcitabine and oxaliplatin in 
combination with bevacizumab in patients with advanced he-
patocellular carcinoma. J Clin Oncol 2006; 24: 1898-1903

45 Hisaka T, Yano H, Haramaki M, Utsunomiya I, Kojiro M. 
Expressions of epidermal growth factor family and its rece-
ptor in hepatocellular carcinoma cell lines: relationship to cell 
proliferation. Int J Oncol 1999; 14: 453-460

46 Harada K, Shiota G, Kawasaki H. Transforming growth 

February 27, 2011|Volume 3|Issue 2|WJH|www.wjgnet.com 43

Pircher A et al . Targeted therapies in liver cancer



factor-alpha and epidermal growth factor receptor in chronic 
liver disease and hepatocellular carcinoma. Liver 1999; 19: 
318-325

47 Pircher A, Ploner F, Popper H, Hilbe W. Rationale of a rela-
unch of gefitinib in Caucasian non-small cell lung cancer 
patients. Lung Cancer 2010; 69: 265-271

48 O'Dwyer PJ, Giantonio BJ, Levy DE, Kauh JS, Fitzgerald DB, 
Benson AB. Gefitinib in advanced unresectable hepatocellular 
carcinoma: Results from the Eastern Cooperative Oncology 
Group’s Study E1203. J Clin Oncol 2006; 24 (6 Suppl 18); 2006: 
4143

49 Lopes G, Ho CK, Liau KH, Chung A, Cheow P, Chang AY. Ge-
fitinib in the adjuvant treatment of hepatocellular carcinoma: 
A pilot study by the Singapore hepatocellular carcinoma 
consortium. J Clin Oncol 2010; 28 (Suppl 15): abstr TPS210

50 Philip PA, Mahoney MR, Allmer C, Thomas J, Pitot HC, 
Kim G, Donehower RC, Fitch T, Picus J, Erlichman C. Phase 
II study of Erlotinib (OSI-774) in patients with advanced he-
patocellular cancer. J Clin Oncol 2005; 23: 6657-6663

51 Thomas MB, Chadha R, Glover K, Wang X, Morris J, Brown T, 
Rashid A, Dancey J, Abbruzzese JL. Phase 2 study of erlotinib 
in patients with unresectable hepatocellular carcinoma. Can
cer 2007; 110: 1059-1067

52 Thomas MB, Morris JS, Chadha R, Iwasaki M, Kaur H, Lin 
E, Kaseb A, Glover K, Davila M, Abbruzzese J. Phase II trial 
of the combination of bevacizumab and erlotinib in patients 
who have advanced hepatocellular carcinoma. J Clin Oncol 
2009; 27: 843-850

53 Duda DG, Ancukiewicz M, Jain RK. Biomarkers of anti-
angiogenic therapy: how do we move from candidate 
biomarkers to valid biomarkers? J Clin Oncol 2010; 28: 183-185

54 Yoshida T, Hisamoto T, Akiba J, Koga H, Nakamura K, Toku-
naga Y, Hanada S, Kumemura H, Maeyama M, Harada M, 
Ogata H, Yano H, Kojiro M, Ueno T, Yoshimura A, Sata M. 
Spreds, inhibitors of the Ras/ERK signal transduction, are 
dysregulated in human hepatocellular carcinoma and linked 
to the malignant phenotype of tumors. Oncogene 2006; 25: 
6056-6066

55 Fong CW, Chua MS, McKie AB, Ling SH, Mason V, Li R, 
Yusoff P, Lo TL, Leung HY, So SK, Guy GR. Sprouty 2, an 
inhibitor of mitogen-activated protein kinase signaling, is 
down-regulated in hepatocellular carcinoma. Cancer Res 2006; 
66: 2048-2058

56 Rini BI, Schiller JH, Fruehauf JP, Cohen EE, Tarazi JC, Ros-
brook B, Ricart AD, Olszanski AJ, Kim S, Spano J. Association 
of diastolic blood pressure (dBP) > 90 mmHg with overall 
survival (OS) in patients treated with axitinib (AG- 013736). J 
Clin Oncol 2008; 26 (5 suppl): abstr 3543

57 Kim RD, Byrne MT, Hammel J, El-Gazzaz G, Aucejo F. Asso-
ciation of hypertension with overall outcome in patients tak-
ing sorafenib in advanced hepatocellular carcinoma (HCC). J 
Clin Oncol 2010; 28 (suppl): abstr e14536

58 Shao YY, Lin ZZ, Hsu C, Shen YC, Hsu CH, Cheng AL. Early 
alpha-fetoprotein response predicts treatment efficacy of 
antiangiogenic systemic therapy in patients with advanced 
hepatocellular carcinoma. Cancer 2010; 116: 4590-4596

S- Editor Zhang HN    L- Editor  Hughes D    E- Editor  Zhang L

February 27, 2011|Volume 3|Issue 2|WJH|www.wjgnet.com 44

Pircher A et al . Targeted therapies in liver cancer


