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Angiogenesis as a therapeutic target in breast cancer 
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Abstract: Current evidence indicates that angiogenesis plays an important role in the pathogenesis of several 

malignancies, including breast cancer. Bevacizumab is a monoclonal antibody that targets the vascular endothelial growth 

factor (VEGF). Recent clinical data have demonstrated that the addition of bevacizumab to first-line chemotherapy 

improves the progression-free survival of patients with advanced breast cancer. This review presents an update on the role 

of bevacizumab, as well as other anti-angiogenic agents in the management of patients with breast carcinoma.  
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INTRODUCTION 

 Even though considerable improvements have been 
achieved in the treatment of breast cancer using 
chemotherapeutic agents, several limitations regarding 
chemotherapy still exist. Consequently, recent research has 
given emphasis on the investigation of specific molecular 
targets. Angiogenesis constitutes a crucial process in the 
pathogenesis of cancer, since tumors depend on the 
formation of their vessel network which will supply cancer 
cells with nutrients and oxygen. The initiation of 
angiogenesis requires the so-called angiogenic switch, which 
is activated by the prevalence of stimulatory over inhibitory 
angiogenic factors [1]. The vascular endothelial growth 
factor (VEGF) pathway represents the most dominant 
angiogenic pathway. The VEGF family consists of five 
homologous members: VEGF-� (usually referred to as 
VEGF), VEGF-B, VEGF-C, VEGF-D and PlGF. These 
factors represent ligands for VEGF tyrosine-kinase receptors 
(VEGFR-1, VEGFR-2 and VEGFR-3). Such receptors, 
which are expressed mainly by endothelial cells, are 
activated by VEGFs. More specifically, binding of VEGFs to 
the extracellular domain of VEGFRs leads to receptor 
dimerisation through conformational alterations. As a result, 
the cytoplasmatic catalytic function of the receptor is 
activated, leading to autophosphorylation on tyrosine 
residues. This autophosphorylation of the receptor stimulates 
a cascade of signaling pathways including 
phosphatidylinositol 3-kinase (PI3-K)-Akt and Ras-Raf-
MEK-mitogen-activated protein kinase (MAPK)-dependent 
pathway. VEGFR-1 is activated by VEGF, VEGF-B and 
PlGF, while VEGFR-2 is activated primarily by VEGF. The 
production of VEGF in cancer cells is controlled by various 
factors. Among them, hypoxia constitutes a major mediator 
of VEGF expression, through hypoxia-inducible transcription 
factors. The principal stimulator of angiogenesis in tumors is 
VEGF (mainly the isoforms VEGF121 and VEGF165).  
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The activation of VEGFR-2 by VEGF mediates vessel 
permeability. Moreover, signal transduction pathways 
activated by VEGFR-2 promote the survival, proliferation 
and migration of endothelial cells [2-5].  

 It has been demonstrated that breast cancer cells 
frequently overexpress VEGF [6, 7]. The significance of 
VEGF in adults is restricted in the female reproductive cycle 
and in wound healing. Therefore, the VEGF pathway 
represents an attractive target in the management of cancer 
patients [8]. At present, several agents targeting this pathway 
are in development, with anti-VEGF antibodies being the 
most extensively studied. Apart from monoclonal antibodies 
(mAbs) targeting VEGF, other types of agents that inhibit 
the VEGF pathway include: mAbs targeting the extracellular 
domain of VEGFR2 and VEGFR1, soluble VEGFR decoy 
receptors that target circulating VEGF, and tyrosine-kinase 
inhibitors (TKIs) that target multiple tyrosine-kinases, 
including VEGFRs (Fig. 1).  

MONOCLONAL ANTIBODIES TARGETING VEGF  

Bevacizumab 

 Bevacizumab is a humanized recombinant IgG1 mAb 
that selectively binds to all major isoforms of human VEGF 
with high affinity. This binding prevents the interaction of 
VEGF with its receptors and neutralizes the activity of 
VEGF. Bevacizumab’s molecular weight is approximately 
149 kDa.  

Mechanisms of Action 

 Although the exact mechanisms of action are not 
completely clarified thus far, recent data suggest that agents 
targeting VEGF are characterized by a wide spectrum of 
antitumor properties. Anti-VEGF therapies were initially 
expected to demonstrate activity by reducing the blood 
vessel density within tumors. It has been shown that the 
inhibition of VEGF by bevacizumab is associated with the 
regression of existing abnormal vessel network of the tumor, 
through apoptosis of endothelial cells [9]. Moreover, it 
seems that the inhibition of VEGF promotes the 
normalization of the structural and functional aberrations in 
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Fig. (1). Anti-angiogenic agents targeting VEGF pathway. 
 

the residual tumor vasculature [10], which may improve the 
penetration of chemotherapeutic agents into the cancer cells 
[11]. In addition, the inhibition of the proliferation and 
migration of endothelial cells, suppresses the development of 
new vessels in the tumor. Furthermore, treatment with 
bevacizumab prevents the regrowth of regressed 
microvessels. Recently, it has been found that except for 
endothelial cells, VEGFR-1 and VEGFR-2 receptors are also 
expressed in cancer cells and thus, a direct antitumor 
efficacy of bevacizumab cannot be excluded [12]. Moreover, 
it has been demonstrated that bevacizumab may interfere 
with the immunological system by increasing the levels of 
dendritic cells, T-lymphocytes and natural-killer cells [13]. 

The vascular effects of VEGF inhibition have been shown 
clinically for bevacizumab in patients with breast cancer 
[14]. Preclinical data have revealed efficacy of the antibody 
in breast cancer cells, as well as a synergistic effect in 
combination with cytotoxic agents such as albumin-bound 
paclitaxel and capecitabine [15, 16]. 

Pharmacokinetics 

 The pharmacokinetics of bevacizumab has been 
evaluated in patients with various types of tumors, including 
breast cancer. In all clinical trials bevacizumab was 
administered as intravenous (IV) infusion. The rate of 
infusion was based on tolerability with initial infusion 
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duration of 90 minutes and all subsequent infusions 
administered over 60 minutes. Bevacizumab’s 
pharmacokinetics has been evaluated in several studies with 
doses ranging from 1-20 mg/kg weekly, every 2 or 3 weeks. 
The pharmacokinetics of bevacizumab seems to be linear at 
doses ranging from 1 to 10 mg/kg. Overall, its disposition 
was characterized by a limited volume of the central 
compartment (Vc), a low clearance, and a long elimination 
half-life. The typical value for Vc was 2.66 L for females 
and 3.25L for males which is within the range reported with 
other mAbs. The estimated half-life of bevacizumab was 
approximately 20 days. The serum concentrations of 
bevacizumab following multiple IV doses every 2 or 3 
weeks were also evaluated. The estimated time to achieve 
steady state concentrations appears to be approximately 100 
days which is consistent with the long half-life of the agent. 
The clearance of bevacizumab varies by body weight and 
gender. The value for clearance was approximately 0.262 
and 0.207 L/d for male and female subjects, respectively. 
Bevacizumab is supposed to be eliminated following the 
general route of metabolism of IgG antibodies. It seems that 
males have a higher clearance (+26%) than females. 
Moreover, patients with low albumin (<2.9g/dl) and high 
alkaline phosphatase (>484U/L), both indicators of advanced 
disease, exhibited approximately 20% higher bevacizumab 
clearance compared to those with median laboratory values. 
Significant variations were not described when the 
pharmacokinetics of bevacizumab was assessed in patients of 
different ethnicity or age. Existing data also support that 
bevacizumab does not have an effect on the pharmacokinetics 
of conventional chemotherapeutic agents [17].  

Toxicity 

 The most frequent side effects of bevacizumab are 
generally mild or moderate in severity and thus, treatment 
with the antibody is usually well tolerated. Moreover, the 
toxicity profile of bevacizumab is similar across different 
indications [18]. Furthermore, most of the adverse events do 
not appear to be dose-related. Additionally, large 
observational studies have demonstrated that the 
development of serious toxicities does not increase following 
long-term exposure to bevacizumab [19]. The most common 
side effects of bevacizumab include hypertension, 
proteinuria and hemorrhage. It is possible that the 
pathogenesis of hypertension is related to a decrease in nitric 
oxide levels subsequently to VEGF inhibition, resulting in 
vasoconstriction [20]. Regarding breast cancer patients, in 
the randomized trials E2100 and AVF2119g the overall rate 
of bevacizumab-induced, grade 3 hypertension was 15.4% 
and 17.9%, respectively. Hypertension is usually sufficiently 
controlled with standard antihypertensive treatments, 
whereas permanent discontinuation of the antibody due to 
severe, uncontrolled hypertension is hardly ever necessary. 
Proteinuria of any grade is frequent but the incidence of 
grade 3 or 4 proteinuria in the abovementioned studies was 
below 2%. The most common hemorrhagic events include 
minor mucocutaneous bleeding, mainly epistaxis.  

 Serious adverse events such as arterial thromboembolism, 
wound healing complications, gastrointestinal perforation and 
reversible posterior leukoencephalopathy are experienced 
less frequently. An increased incidence of grade 3 or 4 

congestive heart failure/cardiomyopathy has been observed 
in patients with breast cancer treated with bevacizumab 
(2.2% and 3.1% in the E2100 and AVF2119g studies, 
respectively). Chest wall irradiation and previous exposure 
to anthracyclines are possible risk factors. Most cases of 
congestive heart failure improve following medical therapy. 
The toxicity profile of bevacizumab in other trials in breast 
cancer patients (AVADO, RIBBON 1 and MO19391) was 
similar to that of prior phase III studies. Osteonecrosis of the 
jaw (ONJ) is a rare side effect which is usually associated 
with the administration of bisphosphonates in cancer 
patients. Recent data suggest that anti-angiogenic agents 
such as bevacizumab may induce the risk of ONJ when used 
along with bisphosphonates, and this observation requires 
additional confirmation in a prospective manner.  

Clinical Efficacy in Chemotherapy-Naïve Patients 

 In the �2100 phase III trial, 722 patients with advanced 
breast cancer (mainly human epidermal growth factor 
receptor [HER] 2- negative) were randomized to receive 
paclitaxel as first-line therapy, with or without the addition 
of bevacizumab [21]. The dose of bevacizumab was 10 
mg/kg (every 2 weeks). The results of the study showed that 
bevacizumab significantly improved the primary endpoint of 
the trial which was progression-free survival (PFS) (median, 
11.8 months vs. 5.9 months; hazard ratio for progression, 
0.6; P<0.001). Moreover, the response rate (RR) was also 
improved (36.9% vs. 21.2%, P<0.001). On the other hand, 
no difference was shown with the use of bevacizumab in 
overall survival (OS).  

 The AVADO trial is another randomized, placebo-
controlled, phase III study, exploring the efficacy and safety 
of bevacizumab combined with docetaxel, as first-line 
treatment in patients with advanced breast cancer [22]. In this 
study, 736 HER2-negative patients were randomly assigned 
to receive docetaxel in combination with either bevacizumab 
(7.5 mg/kg or 15 mg/kg) or placebo. Bevacizumab 15 mg/kg, 
but not 7.5 mg/kg, combined with docetaxel demonstrated 
superior median PFS compared to placebo plus docetaxel. 
Response rates were also significantly increased with 
bevacizumab15 mg/kg. 

 The third randomized, placebo-controlled, phase III study 
of bevacizumab as first-line treatment is RIBBON 1 [23]. 
This study evaluated bevacizumab combined with different 
types of chemotherapeutic agents (single-agent capecitabine 
vs. single-agent taxane [nab-paclitaxel or docetaxel] vs. 
anthracycline-based regimen). RIBBON 1 included 1237 
women with HER2-negative breast cancer. The patients were 
randomized (at a 2:1 ratio) to receive either bevacizumab (15 
mg/kg) or placebo, every 3 weeks. Median PFS was longer 
for each bevacizumab combination.  

 A recent meta-analysis of the aforementioned phase III 
studies, presented at the Annual Meeting of the American 
Society of Clinical Oncology in 2010, demonstrated no OS 
benefit and a small improvement (2.5 months) in median 
PFS (P<0.0001) with the addition of bevacizumab to 
chemotherapy [24]. Following these data, the US Food and 
Drug Administration (FDA) is re-evaluating the approval of 
bevacizumab in metastatic breast cancer.  



Anti-angiogenic agents in breast cancer Mini-Reviews in Medicinal Chemistry, 2012, Vol. 12, No. 12    1233 

 MO19391 is an open-label, single-arm, multicentre trial 
of bevacizumab in combination with first-line (mainly 
taxane-based) chemotherapy, in patients with HER2-
negative, advanced breast carcinoma [25]. The primary 
objective of MO19391 was to evaluate the toxicity profile of 
the regimen in a broader population of breast cancer patients. 
An analysis of this study including 2251 patients revealed 
that the safety profile and the activity (PFS) of the 
combination in the general oncology practice context, appears 
to be comparable with that observed in phase III trials. 

 Regarding the duration of therapy, current data indicate 
that bevacizumab should be administered until the 
progression of the disease to optimize the benefit derived 
from the antibody. Preclinical studies have demonstrated 
rapid revascularization following early discontinuation of 
anti-VEGF treatment which might lead to re-growth of the 
tumor. Moreover, an exploratory analysis of the AVADO 
trial showed that maintenance use of bevacizumab after the 
discontinuation of docetaxel delayed progression of the 
disease, compared with placebo maintenance treatment [26].  

Clinical Efficacy in Refractory Disease 

 The efficacy of bevacizumab in pretreated patients with 
metastatic breast cancer was investigated in a randomized, 
phase III trial (AVF2119g) [27]. In this study, 462 women 
previously treated with an anthracycline and a taxane, were 
randomized to receive capecitabine alone or in combination 
with bevacizumab (15 mg/kg every 3 weeks). Although the 
RR was significantly improved with the use of bevacizumab, 
neither the PFS nor the OS were affected by the addition of 
the antibody. These findings may imply that bevacizumab 
could be more efficient in earlier stages of breast cancer, 
when the significance of VEGF as a promoter of 
angiogenesis may be more pronounced.  

 A more recent randomized trial (RIBBON 2) investigated 
whether the addition of the antibody to second-line 
chemotherapy (single-agent taxane vs. gemcitabine vs. 
vinorelbine vs. single-agent capecitabine) could increase 
PFS, in 650 patients with HER2-negative advanced disease. 
The selection of chemotherapy regimen was at the discretion 
of the investigator and patients were randomized at a 2:1 
ratio to receive either bevacizumab or placebo. In this study, 
the addition of bevacizumab significantly improved the RR 
and PFS [28]. 

 A number of trials which evaluated the combination of 
bevacizumab with metronomic chemotherapy revealed that 
such regimens may be active in pretreated patients with 
advanced breast cancer [29, 30]. It has been shown that the 
administration of metronomic chemotherapy is associated 
with an anti-angiogenic activity through inhibiting the 
mobilization of circulating endothelial progenitors [31]. 
Consequently, metronomic chemotherapy regimens might 
represent attractive partners for other anti-angiogenic 
treatments, such as bevacizumab.  

Combinations with Other Biological Agents 

 The majority of studies evaluating bevacizumab did not 
include patients with HER2-positive disease and hence, data 
concerning the role of this antibody in HER2-positive breast 

cancer are limited. Nevertheless, considerable cross-talk 
between HER2 and VEGF pathways seems to exist [32-35], 
as well as a synergistic effect between the mAbs trastuzumab 
and bevacizumab [36]. These observations along with the 
encouraging findings of phase II studies [37] represent the 
basis for ongoing, randomized phase III trials, which 
investigate the incorporation of bevacizumab into first-line, 
trastuzumab-based chemotherapy regimens in patients with 
HER2-positive, metastatic breast cancer (AVEREL, ECOG 
1105). Combinations of bevacizumab with other biological 
agents, such as lapatinib, sunitinib or sorafenib are also 
currently being evaluated. Preclinical data have also 
demonstrated considerable cross-talk between VEGF and 
estrogen receptor pathways [38, 39]. Following the 
encouraging results of phase II trials, the role of 
bevacizumab plus hormonal agents is currently being 
evaluated in phase III studies.  

Early Breast Cancer 

 The significance of VEGF appears to be more evident in 
the early steps of angiogenesis, since other inducers of this 
process are expressed during later stages of cancer 
progression. Consequently, the use of bevacizumab may be 
more valuable early in the process of carcinogenesis.  

 Following the results of phase II studies (ECOG 2104) 
[40] suggesting that integration of bevacizumab into 
anthracycline-containing adjuvant chemotherapy regimens is 
feasible, prospective phase III trials such as ECOG 5103 are 
evaluating the potential role of bevacizumab in the 
postoperative management of patients with early-stage breast 
cancer. BEATRICE is another randomized phase III study 
assessing the use of bevacizumab in the adjuvant treatment 
of patients with triple-negative early breast carcinoma, 
whereas BETH trial is investigating adjuvant chemotherapy 
plus trastuzumab, with or without the addition of 
bevacizumab, in patients with HER2-positive disease.  

 Furthermore, the potential role of bevacizumab in 
combination with neo-adjuvant regimens is also being 
evaluated in prospective, phase III studies. In two recently 
published clinical trials, the addition of bevacizumab to 
neoadjuvant chemotherapy significantly increased the rate of 
pathological complete response (pCR) among patients with 
HER2-negative early-stage breast cancer [41, 42]. 

OTHER ANTI-ANGIOGENIC TREATMENTS 

Monolonal Antibodies Targeting VEGFRs 

 Apart from mAbs against VEGF, mAbs targeting 
VEGFRs are also under evaluation, although these agents are 
in less advanced stages of development, compared to 
bevacizumab. An ongoing phase III trial (NCT00703326) is 
currently investigating the addition of the antibody 
ramucirumab to first-line chemotherapy with docetaxel, in 
patients with HER2-negative, metastatic or locally-recurrent 
breast cancer. 

VEGF-Trap 

 VEGF-Trap (aflibercept) is a fully recombinant, decoy 
fusion protein containing the extracellular domain 2 of 
VEGFR-1 and the extracellular domain 3 of VEGFR-2, 
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fused to the Fc portion of human IgG1 [43]. Aflibercept has 
the potential to bind to all isoforms of VEGF and to PlGF 
with high affinity. Preclinical models suggest that VEGF-
Trap promotes the regression of existing tumor vasculature, 
induces the normalization of remaining vessels, and inhibits 
the formation of new tumor vessels. Preclinical studies 
demonstrated the efficacy of VEGF-Trap in a wide range of 
tumors. In addition, other studies have evaluated VEGF-Trap 
combined with several anticancer agents. Based on phase I 
trials, the recommended dose of VEGF-Trap for further 
evaluation is 4 mg/kg every 2 weeks. Phase II studies 
investigating the role of VEGF-Trap in a variety of solid 
tumors are currently under way.  

Tyrosine Kinase Inhibitors 

 VEGFR TKIs are small molecules that block the ATP-
binding pocket in the tyrosine-kinase domain of the VEGFR. 

Axitinib 

 Axitinib is an oral inhibitor of the VEGFR, platelet-
derived growth factor receptor (PDGFR) and colony 
stimulating factor-1 receptor tyrosinekinases. Phase II 
studies assessing the activity of axitinib monotherapy or 
combinations with chemotherapy have demonstrated 
efficacy in different types of tumors, including breast cancer 
[44]. 

Sorafenib 

 Sorafenib is also an orally administered multi-kinase 
inhibitor targeting VEGFR-1, VEGFR-2, VEGFR-3, 
PDGFR-�, RAF kinase, c-Kit, and Flt-3. A randomized 
phase II study (SOLTI-0701) investigated sorafenib versus 
placebo combined with capecitabine in patients with 
advanced HER2-negative breast cancer [45]. A total of 229 
patients who had received �1 prior chemotherapy regimens 
were included in the study. The addition of sorafenib to 
capecitabine significantly improved the median PFS (6.4 
months vs. 4.1 months; P=0.0006), whereas the benefit was 
more pronounced in patients receiving the regimen as first-
line treatment. These results indicate that sorafenib may be 
active in combination with chemotherapy in patients with 
metastatic breast cancer. These findings have led to the 
design of a phase III trial in order to confirm the 
abovementioned phase II data. Furthermore, other studies are 
also evaluating the efficacy and safety of sorafenib combined 
with chemotherapy and/or hormonal therapy in patients with 
HER2-negative metastatic or locally advanced breast cancer 
[46].  

Sunitinib 

 Sunitinib is another TKI with anti-angiogenetic activity. 
Sunitinib inhibits not only VEGFRs but also PDGFR, c-Kit, 
RET and Flt-3. A phase II trial in heavily pretreated patients 
receiving sunitinib monotherapy demonstrated efficacy of 
the treatment, particularly in patients with triple-negative or 
HER2-positive disease [47]. However, a randomized phase 
III study which compared sunitinib with capecitabine in 
HER2-negative patients previously treated with 
anthracyclines and taxanes demonstrated that single agent 
sunitinib was inferior to capecitabine, in terms of PFS and 
RR [48]. Furthermore, two recent phase III trials evaluating 

the addition of sunitinib to first-line chemotherapy with 
docetaxel [49] or capecitabine as second or third-line therapy 
[50] showed no advantage for the combination, whereas 
toxicity was significantly increased. 

Vatalanib 

 Vatalanib is an oral administered TKI that blocks the 
function of VEGFR-1, VEGFR-2 and VEGFR-3 and to some 
degree, PDGFR, c-Kit and Fos [51]. Phase I/II studies are 
currently evaluating vatalanib in combination with a variety 
of agents such as docetaxel, trastuzumab or letrozole in 
patients with advanced breast cancer.  

RESISTANCE TO ANTI-VEGF AGENTS 

 It is well known that a considerable proportion of patients 
receiving anti-VEGF agents will not respond, due to inherent 
resistance. Furthermore, even when the disease responds to 
the treatment, the duration is usually short as a result of 
acquired resistance. The identification of pathways 
mediating resistance to bevacizumab and other VEGF 
targeted agents is expected to lead to the development of 
efficient strategies to overcome resistance and thus, it is 
great importance in the management of cancer patients.  

 Current data indicate the following mechanisms [52]: up-
regulation of alternative pro-angiogenic pathways, including 
those involving the fibroblast growth factor (FGF) family of 
ligands [53], PlGF [54], members of the ephrin and 
angiopoietin families [55] and the notch ligand/receptor 
system [56]; recruitment of bone marrow-derived cells that 
secrete pro-angiogenic factors [57]; increased pericyte 
coverage of tumor blood vessels, supporting the survival of 
endothelial cells and protecting tumor vasculature [58]; and 
enhancement of invasion of tumor cells into adjacent normal 
tissue to achieve vascular sufficiency [53].  

PREDICTIVE FACTORS 

 In patients with metastatic breast cancer, the addition of 
bevacizumab to chemotherapy improves the efficacy over 
chemotherapy alone, in terms of PFS. However, although 
treatment with bevacizumab is generally well tolerated, a 
small percentage of patients will develop serious, potentially 
life-threatening toxicities. Moreover, the cost of 
bevacizumab therapy is considerably high. Consequently, the 
detection of those patients who may benefit from the 
antibody is considered crucial in the treatment of breast 
cancer. 

 In December 2010 the FDA revoked the approval of 
bevacizumab in patients with metastatic breast cancer, 
concluding that the benefits of the treatment do not outweigh 
the risks. On the other hand, the European Medicines 
Agency (EMA) supported the use of bevacizumab in 
metastatic breast cancer combined with paclitaxel. Recently, 
the EMA also recommended the use of bevacizumab plus 
capecitabine as first-line therapy for patients who are not 
suitable for other options, such as anthracyclines or taxanes.  

 Thus far, no definitive biomarkers have been identified 
that can reliably predict benefit from bevacizumab or other 
anti-VEGF agents. Retrospective studies have evaluated 
genetic, molecular or biological markers for bevacizumab 
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efficacy. Recent data indicate a potential predictive 
significance of VEGF genotypes. A retrospective analysis 
investigated the correlation of VEGF genotypes with activity 
of the treatment in breast cancer patients involved in the 
E2100 study [59]. In this analysis, patients with VEGF-1154 
�A and VEGF-2578 �� genotypes treated with paclitaxel 
and bevacizumab had significantly improved median OS 
versus those with alternative genotypes. Furthermore, these 
findings were not demonstrated in the control arm of patients 
receiving paclitaxel only, suggesting the predictive value of 
these genotypes. Another study in patients with ovarian 
cancer treated with cyclophosphamide and bevacizumab 
showed that the VEGF-936 CT genotype was associated with 
a longer median PFS, compared with the CC and TT 
genotype [60]. 

 Recently, we showed that the VEGF-1154 GG genotype 
was associated with significantly shorter OS in patients with 
colorectal cancer receiving irinotecan-containing 
chemotherapy plus bevacizumab [61]. Moreover, the VEGF-
1154 GG genotype was more frequent in patients not 
responding to treatment compared with responders. It seems 
that the genetic variability of VEGF, which is a highly 
polymorphic gene, potentially affects the expression and 
function of VEGF. The VEGF-1154 GG genotype has been 
correlated with higher production of VEGF [62]. In another 
study in metastatic colorectal cancer evaluating the 
administration of irinotecan, gemcitabine and bevacizumab 
in pretreated patients, low VEGF level-associated single 
nucleotide polymorphisms (SNPs) were associated with an 
improved time to disease-progression [63]. Additionally, in 
the above mentioned study considering breast cancer patients 
[59], the VEGF-1154 AA and VEGF-2578 AA genotypes 
were associated with a trend for lower VEGF expression. 
These findings suggest a potential predictive role of VEGF 
genotypes affecting the expression levels of VEGF, for 
patients treated with bevacizumab-containing regimens. 
However, the predictive significance of the afore mentioned 
genotypes needs to be prospectively validated in larger 
cohorts.  

 In addition, recent evidence supports the predictive value 
of circulating endothelial cells (CECs) in cancer patients 
treated with bevacizumab-based therapy. It has been 
suggested that the level of CECs may reflect the angiogenic 
turnover and therefore may serve as a biomarker. A 
neoadjuvant trial which evaluated the combination of 
bevacizumab with letrozole and chemotherapy in patients 
with locally advanced breast carcinoma showed that basal 
circulating progenitors were positively correlated with 
clinical response [64]. Another study investigated the 
combination of bevacizumab with metronomic 
chemotherapy in pretreated patients with advanced breast 
cancer. In this study, baseline CECs and viable CECs were 
significantly increased in patients experiencing clinical 
response and clinical benefit. Moreover, baseline apoptotic 
CECs were associated with a significantly improved PFS 
[29]. Nevertheless, prognostic effects of CECs have also 
been demonstrated. In addition, the markers used to identify 
these cells vary considerably among different studies. 

 The occurrence of hypertension during therapy with 
bevacizumab may represent a surrogate biological marker of 
treatment efficacy, reflecting sufficient VEGF inhibition. 
Small studies in different tumor types support the predictive 
role of hypertension for treatment with bevacizumab [65-67]. 
Moreover, in E2100 phase III study, patients developing 
grade 3 or 4 hypertension, had a significantly improved 
median OS compared with those not developing 
hypertension [59]. Other retrospective analyses of phase III 
trials in patients with advanced non-small cell lung cancer 
and renal-cell carcinoma have demonstrated similar results, 
regarding the predictive value of hypertension for 
bevacizumab efficacy [68, 69]. On the other hand, another 
recent retrospective analysis of six studies showed that 
hypertension was predictive in only one trial [70]. It is 
obvious that the retrospective nature of the above mentioned 
analyses underlines the need for prospective studies in order 
to elucidate the potential predictive significance of 
hypertension. However, a major limitation is that the 
predictive value of hypertension can only be evaluated after 
the initiation of treatment. It is clear that useful biomarkers 
in the clinical practice could be only those that enable the 
prospective identification of candidate patients for 
bevacizumab therapy. 

 Finally, recent evidence suggests that imaging tools such 
as dynamic contrast enhanced (DCE)-MRI or PET may be 
useful to assess the activity of bevacizumab. However, the 
predictive value of these imaging criteria, as well as other 
circulating or in-situ biomarkers for the efficacy of 
bevacizumab is not validated thus far [71]. 

CONCLUSIONS AND FUTURE PERSPECTIVES  

 Current evidence indicates that the incorporation of 
bevacizumab in the treatment of unselected patients with 
advanced breast cancer offers a modest improvement in PFS, 
with no effect on OS. Since bevacizumab may be active in a 
specific subset of breast cancer patients, it is of great 
importance to identify reliable predictive markers for the 
individualized selection of patients who might benefit from 
the treatment. Nevertheless, even though accumulating data 
suggest predictive value for several biomarkers, no definitive 
factors have been identified so far. Moreover, the underlying 
pathways mediating resistance to treatment need to be 
further elucidated. Apart from chemotherapy, ongoing 
studies are evaluating the safety and activity of bevacizumab 
combined with various agents, such as hormonal treatments 
and other targeted therapies. Moreover, other trials are 
investigating the potential role of bevacizumab in earlier 
stages of the disease. Finally, alternative strategies to inhibit 
the VEGF pathway such as anti-VEGFR mAbs, VEGF-
Traps and anti-VEGFR TKIs are currently under clinical 
evaluation. The failure of bevacizumab studies to show 
survival benefit, along with the negative results of other 
trials investigating agents targeting the VEGF pathway (such 
as sunitinib), lead to the conclusion that targeted agents 
should not be studied in unselected patients. 

 Concerning other types of cancer, results of prospective 
clinical trials have been variable, ranging from negative 
studies to trials demonstrating PFS or OS benefits. The 
addition of bevacizumab to chemotherapy has been 
associated with a significant improvement in OS in patients 
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with metastatic colorectal cancer in first-line and second-line 
treatment, as well as in patients with advanced non-small cell 
lung cancer receiving first-line chemotherapy. In patients 
with advanced ovarian, renal and gastric carcinoma, an 
advantage in PFS has been demonstrated, whereas in 
recurrent glioblastoma the use of bevacizumab has been 
associated with a considerably high RR and 6-month PFS. 
Regarding anti-VEGFR TKIs, sunitinib has been associated 
with a PFS benefit in first-line treatment of advanced renal 
cancer, whereas sorafenib has shown an OS advantage in 
patients with hepatocellular carcinoma. Moreover, a phase 
III trial demonstrated an OS benefit from the addition of the 
VEGF-Trap aflibercept to second-line chemotherapy, in 
patients with metastatic colorectal cancer. It is well 
documented that the dependence of cancer pathogenesis on 
VEGF pathway differs considerably among several types of 
cancer, and this might explain the difference in activity of 
anti-angiogenic treatments in solid tumors. Moreover, there 
has been a debate whether PFS represents a valid endpoint in 
clinical trials. However, it is possible that the effect on OS 
may be influenced by several factors including the statistical 
power of the study to detect an OS benefit, cross-over to the 
investigational agent, treatments administered following 
disease progression, as well as duration of survival post 
progression. 

 In conclusion, it is clear that inhibition of angiogenesis 
works. It may not be a curative strategy, but it represents an 
important step forward in the treatment of a disease that is 
difficult to treat.  
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ABBREVIATIONS 

MEK = MAPK/extracellular signal-regulated kinase 
(Erk) kinase 

MAPK = Mitogen-activated protein kinase 

PI3-K = Phosphatidylinositol 3-kinase 

VEGF = Vascular endothelial growth factor 

PlGF = Placental growth factor 

Nrp1 = Neuropilin 1 

Nrp2 = Neuropilin 2 

TKI = Tyrosine-kinase inhibitor 

VEGFR = Vascular endothelial growth factor receptor 
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