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 VEGF as a Key Mediator of Angiogenesis 
in Cancer 

 Peter Carmeliet 

 Center for Transgene Technology and Gene Therapy, Flander’s Interuniversity Institute for Biotechnology, 
University of Leuven,  Leuven , Belgium 

They are also leaky and hemorrhagic, which leads to 
high interstitial pressure. These characteristics mean 
that tumor blood fl ow is suboptimal, resulting in hypox-
ia and further VEGF production. This central role of VEGF 
in the production of tumor vasculature makes it a rational 
target for anticancer therapy. 

 Copyright © 2005 S. Karger AG, Basel 

 Introduction 

 Vascular endothelial growth factor (VEGF), also 
termed VEGF-A, is a member of the VEGF platelet-de-
rived growth factor (PDGF) family of structurally related 
mitogens. Other family members, which include placen-
tal growth factor (PlGF), VEGF-B, VEGF-C and VEGF-
D, show varying degrees of homology with VEGF  [1] . 

 VEGF is a homodimeric glycoprotein with a molecular 
weight of approximately 45 kDa. At least four main 
VEGF isoforms exist as a result of alternative patterns of 
splicing. These isoforms are 121, 165, 189 and 206 amino 
acids long, with the 165-amino acid form representing the 
predominant species of VEGF ( fi g. 1 )  [2, 3] . The larger 
species, VEGF-165, VEGF-189 and VEGF-206, are basic 
and bind to isolated heparin and heparin proteoglycans 
distributed on cellular surfaces and extracellular matrices 
 [4] . The smaller species, VEGF-121, however, is acidic 

 Key Words 
 Angiogenesis  �  VEGF  �  Hypoxia  �  Angiogenic switch  �  
Vasculature 

 Abstract 
 Vascular endothelial growth factor (VEGF) is a homodi-
meric glycoprotein with a molecular weight of approxi-
mately 45 kDa. It is the key mediator of angiogenesis (the 
formation of new blood vessels), and binds two VEGF 
receptors (VEGF receptor-1 and VEGF receptor-2), which 
are expressed on vascular endothelial cells. In healthy 
humans, VEGF promotes angiogenesis in embryonic de-
velopment and is important in wound healing in adults. 
VEGF is the key mediator of angiogenesis in cancer, in 
which it is up-regulated by oncogene expression, a vari-
ety of growth factors and also hypoxia. Angiogenesis is 
essential for cancer development and growth: before a 
tumor can grow beyond 1–2 mm, it requires blood ves-
sels for nutrients and oxygen. The production of VEGF 
and other growth factors by the tumor results in the ‘an-
giogenic switch’, where new vasculature is formed in 
and around the tumor, allowing it to grow exponentially. 
Tumor vasculature formed under the infl uence of VEGF 
is structurally and functionally abnormal. Blood vessels 
are irregularly shaped, tortuous, have dead ends and are 
not organized into venules, arterioles and capillaries. 

 Published online: November 21, 2005 Oncology 
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and is more freely diffusible  [4] . The heparin proteogly-
can forms of VEGF can be released from cellular surfac-
es and extracellular matrices by heparinases, plasmin and 
matrix metalloproteinases (MMP), proteases that are 
proteolytically activated during tissue remodeling  [5] . 
VEGF itself activates proteinase cascades leading to plas-
min and MMP generation, thereby creating a positive 
feedback loop for VEGF activity. 

 VEGF gene expression is up-regulated by a variety of 
factors. A number of growth factors have been demon-
strated to induce VEGF gene expression, including 
PDGF, fi broblast growth factor (FGF), epidermal growth 
factor (EGF), tumor necrosis factor (TNF), transforming 
growth factor- �  and interleukin-1 (IL-1)  [6] . Another in-
ducer of VEGF is hypoxia. Hypoxic induction of VEGF 
appears to be a ubiquitous response, since a wide range 
of cultured cells have been observed to increase VEGF 
mRNA levels by approximately 10- to 50-fold in response 
to lowering oxygen levels from ambient 21% to 0–3%  [7] . 

Similar induction of VEGF is seen in response to hypox-
ia in vivo; occlusion of coronary arteries induces ischemia 
and rapid induction of VEGF mRNA expression in por-
cine hearts  [8] . Acidosis, like hypoxia, is a consequence 
of inadequate perfusion and an effective inducer of VEGF 
 [9] . 

 The physiological effects of VEGF are mediated 
through binding to two homologous VEGF receptors, 
VEGF receptor-1 (Flt-1) and VEGF receptor-2 (KDR), 
which are expressed on vascular endothelial cells [re-
viewed in Thomas, 1996,  10] . Like other growth factor 
transmembrane tyrosine kinase receptors, VEGF recep-
tors undergo ligand-induced dimerization. This triggers 
signal transduction by promoting receptor phosphoryla-
tion and subsequent recruitment of specifi c downstream 
signal transduction mediators. A third receptor, VEGF 
receptor-3 (Flt-4) has been shown to be involved in VEGF-
C- and -D-mediated lymphangiogenesis  [6]  ( fi g. 2 ). 

  Fig. 2.  The VEGF family and its receptors. 
Reproduced with permission from Ferrara 
et al., Copyright Nature Medicine 2003 
 [3] . 

  Fig. 1.  VEGF structure. 
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 VEGF binding to VEGF receptor-2 elicits an effi cient 
endothelial cell response  [11] . Although VEGF receptor-1 
binds VEGF with high affi nity, it is believed to act primar-
ily by modulating the availability of VEGF for binding to 
VEGF receptor-2. A further level of regulatory control is 
afforded by the existence of a soluble form of VEGF re-
ceptor-1 (sVEGF receptor-1), which lacks intracellular ki-
nase domains  [12] . sVEGF receptor-1 retains its specifi c 
high affi nity for VEGF and inhibits VEGF-induced mito-
genesis, presumably by sequestering VEGF. In addition 
to sequestering VEGF, sVEGF receptor-1 may further in-
hibit VEGF-mediated signaling by heterodimerization 
with VEGF receptor-2; heterodimerization with sVEGF 
receptor-1 would in effect ablate the signal transduction 
properties of VEGF receptor-2, because sVEGF receptor-
1 lacks intracellular tyrosine kinase domains  [10] . How-
ever, the roles and interactions of VEGF receptor-1 and 
VEGF receptor-2 remain to be fully elucidated. 

 The Role of VEGF 

 VEGF induces angiogenesis via a direct effect on en-
dothelial cells  [13] . In in vitro experiments using micro-
vascular endothelial cells grown on the surface of three-
dimensional collagen gels, VEGF was shown to induce 
the cells to invade the underlying matrix and to form cap-
illary-like tubules. 

 VEGF also elicits non-mitogenic responses by vascu-
lar endothelial cells. Endothelial cells in newly formed 
vasculature undergo apoptosis in the absence of survival 
signals. By inducing anti-apoptotic signals, VEGF is in-
strumental in maintaining the viability of immature vas-
culature  [14] . In addition, there is in vivo evidence that 
VEGF can rapidly increase vascular permeability, allow-
ing leakage of plasma proteins and development of an 
extravascular matrix, which further enhances the envi-
ronment for subsequent endothelial cell growth  [10] . 
Such increased vascular permeability also has the effect 
of increasing interstitial pressure. Finally, VEGF induces 
chemotaxis  [15] , and the expression of plasminogen acti-
vators  [16]  and collagenases  [17]  in endothelial cells. 
VEGF is therefore a key mediator of angiogenesis as it 
facilitates blood vessel growth and remodelling processes, 
as well as providing mitogenic and survival stimuli for 
endothelial cells. 

 VEGF also infl uences the immune system in a number 
of different ways. Murine studies have demonstrated that 
VEGF directly interferes with T cell development from 
early hematopoietic progenitor cells, and results in defec-

tive dendritic cell function  [18] . Additionally, VEGF has 
been shown to have a mobilizing effect on circulating en-
dothelial precursor cells and hematopoietic stem cells, as 
well as mediating monocyte migration  [6] . 

 Given its key role in angiogenesis, it is not surprising 
that VEGF is central to the processes of embryonic vas-
culogenesis  [19, 20] . Deletion of a single VEGF allele re-
sults in abnormal blood vessel development and lethality 
in murine embryos. VEGF and angiogenesis are also re-
quired for endochondral bone formation  [21] . Although 
VEGF mRNA remains detectable in several organ types 
in adults, angiogenesis is minimal in adult men and is 
largely restricted to neovascularization processes in the 
estrus cycle in females  [22] . However, a role for VEGF in 
wound healing is established  [23] , with animal experi-
ments demonstrating induction of VEGF mRNA follow-
ing injury. 

 Given the role of VEGF as a key mediator of normal 
physiological angiogenesis, abnormalities of VEGF ex-
pression have the potential to be important in disease 
processes. A large body of evidence exists to support a 
role for VEGF in the pathogenesis of diseases character-
ized by neovascularization, including ocular diseases and 
infl ammatory conditions. Additionally, biopsies repre-
senting a large number of human tumor types have been 
shown to exhibit enhanced expression of VEGF, and 
VEGF has been recognized to be fundamental to tumor-
igenesis and disease progression in a wide range of human 
cancers  [24] . 

 Why VEGF-Mediated Angiogenesis Is Essential 
for Cancer Growth 

 Without an adequate vascular supply, solid tumors 
can grow only to a critical size of 1–2 mm (or about 10 6  
cells), primarily due to lack of oxygen and nutrients  [25, 
26] . Folkman (1971)  [27]  hypothesized that tumor 
blood vessel formation was dependent on a tumor an-
giogenic factor (TAF), and that its blockade during the 
period when a tumor is most vulnerable (i.e. prior to 
angiogenesis) may restrict tumor growth. VEGF was 
later identifi ed as one of the most potent TAF molecules 
 [28] . 

 Tumors may remain dormant, in an avascular phase, 
maintaining a steady state between cell proliferation and 
apoptosis before converting to an angiogenic phenotype. 
This conversion, which is known as the ‘angiogenic 
switch’, is due to an alteration in the balance of inhibi-
tory and stimulatory factors such that growth stimulation 
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is favored  [26]  ( fi g. 3 ). VEGF acts as the central mediator 
of tumor angiogenesis, stimulating the growth of new 
blood vessels from nearby capillaries and allowing tumors 
to access the oxygen and nutrients they need to grow 
 [26] . 

 As solid tumors grow in size, the cells within the ex-
panding mass frequently become hypoxic because of 
 increasing distance from the nearest blood vessels. For 
instance, in human glioblastoma multiforme tumors, ex-
pression of VEGF mRNA was maximal in regions char -
 acterized by necrosis and a lack of vasculature, and there-
fore hypoxic  [7] . Such a distribution pattern for VEGF 
expression is consistent with the hypothesis that tumor 
angiogenesis may be driven, at least in part, by hypoxia 
 [1] . Further evidence for the role of hypoxia in the control 
of VEGF production is provided by the example of the 
von Hippel-Lindau (VHL) protein. VHL is ubiquitinized 
under normoxic conditions, and in this state can degrade 
hypoxia inducible factor-1 �  (HIF-1 � )  [29, 30] . Degrada-
tion prevents HIF-1 �  dimerization and binding to a pro-
moter on the VEGF gene. This in turn suppresses VEGF 
gene transcription and VEGF protein production. Under 
hypoxic conditions, VHL is not ubiquitinized and does 
not degrade HIF-1 � . This allows HIF-1 �  dimerization 
and binding to the VEGF gene promoter, stimulating 
VEGF production and angiogenesis. Mutation of VHL so 
that it is dysfunctional results in VHL disease, which is 
characterized by high levels of VEGF and results in high-
ly vascular renal cell tumors  [30] . 

 The expression of VEGF by tumor cells is also poten-
tiated by common genetic events that lead to malignant 
transformation, such as those that cause aberrant mito-
genesis and resistance to apoptosis. Experimental evi-

dence suggests that the loss of tumor suppressor genes 
such as p53, and activation of oncogenes such as Kras, 
Hras, v-src, human epidermal growth factor (HER) 2, 
HER1/EGF receptor (EGFR), FOS, trkB, V-p3K, PTTG1 
and Bcl-2 is associated   with increased VEGF expression 
 [31] . For example, in a series of head and neck tumor bi-
opsies, VEGF was signifi cantly correlated with expres-
sion of both EGFR and HER2  [32] . 

 PDGF, FGF, TNF and IL-1 are some of a number of 
growth factors that have been demonstrated to up-regu-
late VEGF gene expression  [6] . In this way, tumor-de-
rived growth factors promote tumor angiogenesis. Fur-
thermore, recent evidence suggests that some tumor cell 
lines may express VEGF and VEGF receptors, so that 
VEGF can act as both an autocrine and paracrine factor, 
leading to a positive feedback loop for a direct effect on 
tumor cells  [33] . Notably, tumor cell lines of non-endo-
thelial origin expressing both VEGF and VEGF receptor-
1 are wide-ranging and include melanoma, ovarian, pan-
creatic and prostate carcinomas  [33] . 

 VEGF also plays an integral part in tumor growth by 
protecting the neovasculature of tumors from apoptosis, 
through induction of the anti-apoptotic factors Bcl-2  [34]  
and survivin  [35] . Additionally, VEGF mediates the se-
cretion and activation of enzymes involved in degrading 
the extracellular matrix, such as plasminogen activator 
 [16]  and the MMP interstitial collagenase, allowing un-
hindered development of further blood vessels  [17] . 

 The activities of VEGF described show that, in addi-
tion to being key to the angiogenic switch and vascular-
ization of the tumor, VEGF mediates the secretion and 
activity of enzymes that degrade the extracellular matrix 
and also encourages tumor growth by protecting neovas-

  Fig. 3.  VEGF and other signals promote the 
angiogenic switch in tumors. 
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culature from apoptosis. Thus, because angiogenesis and 
maintenance of the tumor vasculature are essential for 
cancer growth and VEGF is essential for tumor angiogen-
esis, VEGF is a critical factor in tumor development. 

 The Impact of VEGF on Tumor Blood Vessels 

 A number of studies have been undertaken to evaluate 
tumor vasculature and have demonstrated signifi cant dif-
ferences between the vasculature of tumors and that of 
normal tissue  [36–40] . Of note, tumor vasculature has 

been shown to have increased variability in pore size 
compared with the vasculature of normal tissue, and 
studies of permeability using various dye reagents show 
increased permeability in tumor vessels compared with 
normal vessels  [37] . The increased concentrations of 
VEGF in tumor also result in blood vessels that are struc-
turally different from normal blood vessels. In contrast 
to the architecture of normal vasculature, tumor vascula-
ture is irregularly shaped, dilated and tortuous, with nu-
merous blind ends  [26, 39, 41, 42]  ( fi g. 4 ). Additionally, 
the vessels are not organized into a hierarchy of defi nitive 
venules, arterioles and capillaries like normal blood ves-
sels, but instead have chaotic versions of all of them  [41] . 
Tumor vasculature is also functionally abnormal, dem-
onstrating increased leakage and hemorrhage compared 
with normal vessels, and, as a consequence of the in-
creased permeability of tumor vessels, interstitial pres-
sure is increased  [26, 43]  ( fi g. 5 ). 

 As a result of the disordered architecture of tumor vas-
culature, tumor blood fl ow is often suboptimal, with areas 
of stagnation due to dead-end vessels and disordered 
blood fl ow due to abnormal connections between vessels 
 [26] . This in turn predisposes to areas of hypoxia, further 
stimulating VEGF release and creating further disorga-
nized vasculature. In situ analysis of tumor specimens 
undergoing neovascularization reveals clustering of capil-
laries alongside VEGF-producing cells in close proximity 
to areas of necrosis  [7] . 

 It has been proposed that inhibiting VEGF may result 
in the remodeling of the tumor vasculature, leading to 
decreases in tumor perfusion, microvascular density, vas-
cular volume and interstitial fl uid pressure in patients 

  Fig. 4.  Blood vessels under the infl uence of VEGF are physically 
abnormal and ineffi cient. Reproduced with permission from Jain,  
Copyright Nature Medicine 2001  [43] . 

  Fig. 5.  Tumor vasculature is structurally 
abnormal. 
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with colorectal cancer  [44] . The resulting vasculature will 
be more effi cient, allowing the effective delivery of che-
motherapy to the tumor. Preclinical studies have shown 
that anti-VEGF therapy is synergistic with chemothera-
py, resulting in effective tumor growth inhibition  [45] . 
Anti-VEGF therapy will potentially have broad applica-
bility, because progression of all solid tumor types (as well 
as hematological malignancies) is dependent on VEGF, 
making VEGF an important therapeutic target in the 
treatment of cancer. 

 In summary, tumor blood vessels produced due to 
VEGF stimulation are structurally and functionally ir-
regular, with dead ends, disordered blood fl ow and in-
creased permeability. These irregularities in blood fl ow 
lead to further tumor hypoxia and subsequent increases 
in VEGF production. Thus, a positive feedback loop is 
established by which the tumor keeps producing VEGF. 
This ensures that the immature tumor vasculature is 
maintained, but also means that tumor vasculature is 
consistently abnormal. 

 Discussion and Conclusions 

 VEGF, a member of the PDGF family of mitogens, 
effects its biological activity via transmembrane tyrosine 
kinase receptors on endothelial cells. VEGF is required 
for angiogenesis in embryonic development, but in adults 
its role is largely restricted to the angiogenic processes of 
the female estrus cycle and wound healing. However, 

VEGF plays a pivotal role in the pathogenesis of diseases 
characterized by neovascularization, including a wide 
range of human cancers. In order to grow beyond 1–2 mm 
diameter, human tumors must trigger the angiogenic 
switch, thereby developing vasculature for effective trans-
fer of oxygen and nutrients. Up-regulation of VEGF in 
malignant transformation may result from a number of 
different factors including oncogene activation, inhibi-
tion of tumor suppression molecules and release of growth 
factors as well as tumor hypoxia and necrosis. In addition 
to acting as a mitogenic signal for vascular endothelial 
cells, VEGF also protects tumor vasculature from apop-
tosis through induction of anti-apoptotic factors. Further-
more, VEGF mediates the secretion and activation of 
enzymes involved in degrading the extracellular matrix 
thereby further facilitating tumor angiogenesis. The tu-
mor vasculature that results from the activity of VEGF is 
irregularly shaped, dilated and tortuous, with numerous 
blind ends, and is functionally abnormal, demonstrating 
increased leakage and hemorrhage compared with nor-
mal vessels. The disordered architecture of tumor vascu-
lature leads to poor tumor perfusion and areas of hypox-
ia, which, in turn, further stimulate VEGF release and 
create an additional positive feedback loop for tumor an-
giogenesis. The evidence demonstrates the pivotal role
of VEGF in tumor angiogenesis and consequently, the 
pathogenesis of a wide range of human cancers. The evi-
dence also suggests that VEGF has many of the attributes 
of a potential therapeutic target whose inhibition will 
have specifi c anticancer effects. 
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with vascular endothelial growth factor (VEGF) being the 
key mediator. VEGF expression has been shown to be 
upregulated in many tumor types and has been shown to 
be of a prognostic value  [4] . Furthermore, VEGF levels 
are linked to the degree of tumor angiogenesis  [5] . These 
observations support the role of VEGF as the key media-
tor of tumor angiogenesis and make it an important ther-
apeutic target. 

 The role of VEGF in tumor progression has been suc-
cessfully evaluated using a number of molecular tech-
niques, including antisense oligonucleotides directed 
against VEGF mRNA  [6] , mutant dominant-negative 
VEGF receptors  [7]  and receptor tyrosine kinase inhibi-
tors  [8] . The most successful strategy to date has been the 
use of monoclonal antibodies  [9]  that bind VEGF and 
prevent it from binding and activating its receptors VEGF 
receptor-1 and -2 (also known as Flt-1 and KDR). 

 Preclinical studies have demonstrated that anti-VEGF 
antibodies block tumor angiogenesis  [10] , inhibit tumor 
growth by up to 90%  [11]  and reduce the number of me-
tastases  [12, 13] . These observations suggest that target-
ing VEGF is likely to be an effective anticancer therapy. 

 Bevacizumab (Avastin ® ) is a humanized monoclonal 
antibody developed from A4.6.1, a murine antibody that 
recognizes all isoforms of VEGF  [14] . Recent studies 
have shown that bevacizumab may not only inhibit an-
giogenesis but may also improve the delivery of chemo-
therapy to the tumor. The administration of A4.6.1 in-
creased intratumoral concentrations of chemotherapy 
(irinotecan) in a mouse model  [15] . Another study showed 

 Cancer is the second leading cause of death in western 
countries  [1] , preceded only by cardiovascular disease. 
Colorectal cancer (CRC) is the third most common can-
cer, with over 1 million new cases diagnosed worldwide 
each year and around half of all patients dying due to the 
disease  [2] . 

 Although surgery is the principal treatment for pri-
mary CRC, chemotherapy alone or in combination with 
radiotherapy is often administered before surgery to 
make the cancer resectable, and after surgery to prevent 
recurrence. In patients with recurrent metastatic disease, 
chemotherapy has been the treatment of choice for many 
years. A combination of systemic chemotherapies and 
radiotherapy has provided improvements in clinical out-
comes, but often at the expense of increased toxicity. Our 
enhanced knowledge of cancer pathogenesis, together 
with advances in pharmaceutical biotechnology, has led 
to the development of novel, targeted agents with poten-
tially increased effi cacy and limited toxicity compared 
with conventional chemotherapies. 

 The components of a number of biological processes 
that are essential for tumor growth and progression have 
been targeted, including the cell cycle, cellular adhesion, 
cellular migration, growth factor secretion and angiogen-
esis. Angiogenesis is the growth of new blood vessels from 
existing vessels and plays a major role in malignant pro-
gression  [3] . The role of angiogenesis in tumor growth and 
metastasis is apparent from the high density of vascula-
ture seen in large, established tumors. Angiogenesis is 
regulated by pro-angiogenic and anti-angiogenic factors, 
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that treatment with bevacizumab led to a decrease in mi-
crovessel density, tumor blood perfusion and interstitial 
fl uid pressure, thus potentially improving access for che-
motherapy in patients with colorectal cancer  [16] . 

 It has been hypothesized that in addition to supporting 
tumor growth by inducing angiogenesis, VEGF may also 
act directly through VEGF receptors expressed by tumor 
cells  [17] . Since many tumors express or have the capac-
ity to express VEGF, expression of VEGF receptors by 
tumor cells implicates a potential role for autocrine and 
paracrine activity in regulating tumor growth. Recent 
studies have shown that disruption of the VEGF/VEGF 
receptor autocrine loop leads to tumor cell growth arrest 
and apoptosis, indicating that VEGF and its receptors 
may directly regulate tumor growth  [18, 19] . Therefore, 
blockade of VEGF is a rationally developed therapeutic 
approach. 

 Bevacizumab is the fi rst anti-VEGF and anti-angio-
genic agent to show clinical benefi t when combined with 
standard chemotherapy in patients with metastatic CRC. 
In February 2004, the US Food and Drug Administration 
(FDA) approved the use of bevacizumab in combination 
with 5-fl uorouracil (5-FU)-based chemotherapy for the 
fi rst-line treatment of metastatic colorectal cancer. The 
European Commission (EC) recently approved bevaci-
zumab as fi rst-line therapy for metastatic CRC in combi-
nation with intravenous 5-FU/leucovorin with or without 
irinotecan. 

 The articles herein present a detailed discussion of 
VEGF and its role in angiogenesis and tumor develop-

ment, together with clinical data on bevacizumab and 
information regarding its future development. The infor-
mation presented will provide: 
 • an overview of VEGF, its biological activity in angio-

genesis and its essential role in tumor development 
 • information on why VEGF is an attractive therapeutic 

target and an overview of the approaches used to in-
hibit VEGF 

 • an overview of the development of bevacizumab and 
preclinical data regarding its effi cacy and safety 

 • detailed clinical data from phase II/III trials of beva-
cizumab in combination with standard chemotherapy 
regimens for metastatic CRC 

 • data on the safety profi le of bevacizumab and recom-
mendations for the management of patients treated 
with bevacizumab 

 • a review of the ongoing development of bevacizumab 
in both primary and metastatic CRC 

 • details of trials that have investigated the potential of 
adding bevacizumab to standard therapies in other in-
dications, together with information regarding the on-
going development program in these indications. 
 In this way, readers should obtain a full picture of the 

rationale for anti-VEGF therapy with bevacizumab, the 
signifi cant effi cacy benefi ts that are obtained by combin-
ing bevacizumab with standard chemotherapy in meta-
static CRC, the safety profi le of bevacizumab and how to 
manage associated side effects, and the future develop-
ment of bevacizumab in colorectal cancer and other ma-
lignancies. 
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 Introduction 

 The development of an adequate vasculature to de-
liver nutrients and oxygen to tumor cells is essential for 
tumor growth. The process of angiogenesis, the develop-
ment of new blood vessels, occurs by stimulation of host 
vasculature to sprout new capillaries  [1, 2] . Recognition 
of the crucial role of angiogenesis in a variety of diseases 
has led to intensive research of its regulatory factors, with 
a range of molecules that affect angiogenesis being identi-
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 Abstract 
 Tumors require nutrients and oxygen in order to grow, 
and new blood vessels, formed by the process of angio-
genesis, provide these substrates. The key mediator of 
angiogenesis is vascular endothelial growth factor 
(VEGF), which is induced by many characteristics of tu-
mors, most importantly hypoxia. Therefore, VEGF is an 
appealing target for anticancer therapeutics. In addition, 
VEGF is easy to access as it circulates in the blood and 
acts directly on endothelial cells. VEGF-mediated angio-
genesis is rare in adult humans (except wound healing 
and female reproductive cycling), and so targeting the 
molecule should not affect other physiological process-
es. Tumor blood vessels, formed under the infl uence of 
VEGF, are disorganized, tortuous and leaky with high in-
terstitial pressure, reducing access for chemotherapies. 
Inhibiting VEGF would reduce the vessel abnormality 
and increase the permeability of the tumor to chemo-
therapies. Several approaches to targeting VEGF have 
been investigated. The most common strategies have 
been receptor-targeted molecules and VEGF-targeting 
molecules. The disadvantage of receptor-targeted ap-
proaches is that the VEGF receptors also bind different 
members of the VEGF super-family and affect systems 
other than angiogenesis. The best-studied and most ad-
vanced approach to VEGF inhibition is the humanized 
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  Table 1.  Regulators of angiogenesis 

Promoters Inhibitors

VEGF Thrombospondin
Acidic fi broblast growth factor Angiostatin
Basic fi broblast growth factor Endostatin
Transforming growth factor-�, � Vasostatin
Epidermal growth factor Prolactin
Tumor necrosis factor-� Growth hormone
Angiogenin Canstatin
Interleukin-8 Tumstatin
Angiopoietin-1, 2 Interferon-�

http://dx.doi.org/10.1159%2F000088479
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fi ed ( table 1 ). Most of these molecules, such as basic fi bro-
blast growth factor and matrix metalloproteinases, have a 
relatively broad range of action, with effects on other sys-
tems in addition to their potential role in angiogenesis. 

 Vascular endothelial growth factor (VEGF) has been 
identifi ed as the central mediator of angiogenesis  [3, 4 ; 
reviewed by Ferrara et al.;  5, 6] . The role of VEGF as a 
key mediator of angiogenesis is discussed earlier in this 
issue  [7] . 

 VEGF expression is elevated in many cancers includ-
ing colorectal cancer (CRC), breast, lung and other tu-
mors  [8–10] . The level of VEGF expression also corre-
lates with microvessel density and metastatic spread in 
some tumor types, including colorectal, breast and cervi-
cal cancer and melanoma. Given the central role of VEGF 
in tumor angiogenesis and the correlation with tumor 
growth, VEGF has emerged as the most promising thera-
peutic target for angiogenesis inhibition. 

 Targeting VEGF as a Therapeutic Strategy 

 The most powerful rationale for targeting VEGF is its 
central role in tumor angiogenesis and its expression by 
many tumors. Several other characteristics also make 
VEGF an attractive target. Because VEGF circulates in 
the blood, and acts directly on endothelial cells, it is not 
necessary to penetrate tumor tissue to inhibit tumor an-
giogenesis through VEGF. While VEGF is a potent mito-
gen for endothelial cells, it has little effect on other cell 
types, and so should not affect other physiological pro-
cesses. Angiogenesis has limited importance in normal 
physiology except wound healing and female reproduc-
tion and therefore inhibition of VEGF would not be ex-
pected to cause the range of side effects that can occur 
with other cancer treatments, particularly chemother-
apy. 

 In addition, VEGF acts on endothelial cells, which are 
relatively stable, quiescent in adults and have a lifespan 
of many years. This stability means that the cells are less 
likely to mutate to a treatment-resistant phenotype than 
genetically unstable tumor cells, making them a more at-
tractive target for long-term therapy. 

  Actions of VEGF on Tumor Vasculature  

 In physiological angiogenesis, VEGF stimulates the 
formation of new blood vessels and maintains immature 
vessels in coordination with other factors to ensure blood 

vessels have a normal structure and function. This coor-
dination is lost in tumor blood vessels stimulated by 
VEGF, leading to prolifi c growth of disordered vessels 
with blind ends. VEGF also increases the permeability of 
blood vessels, resulting in poorly perfused tumors, with 
subsequent hypoxia stimulating further VEGF produc-
tion. In addition, the leaky blood vessels result in high 
tumor interstitial pressure. These effects make it diffi cult 
for chemotherapy to access to tumor tissue. Inhibition of 
VEGF results in normalization of permeability and re-
duced interstitial pressure, improving accessibility for 
treatments such as chemotherapy. 

 Regulators of VEGF Production 

 The most signifi cant regulator of VEGF production is 
hypoxia. As a tumor increases in mass and becomes hyp-
oxic, VEGF is induced and stimulates growth of new ves-
sels. Transcription of VEGF mRNA is up-regulated in 
hypoxia through transcription factors known as hypoxia-
inducible factors (HIFs) that bind to the VEGF promoter 
 [11, 12] . The up-regulation of VEGF in the hypoxic state 
is highly specifi c: HIFs do not increase expression of
other members of the VEGF gene superfamily  [13] . Un-
der normal oxygen tension, VEGF is suppressed by the 
product of a tumor suppressor gene known as the von 
Hippel Lindau (VHL) gene, which is involved in the deg-
radation of VEGF protein. Patients with a defective VHL 
gene suffer from VHL disease, a condition in which there 
is excessive blood vessel formation resulting in angiomas 
in the retina and cerebellum as well as other areas. Nota-
bly, patients with VHL disease also have a markedly in-
creased susceptibility to renal and brain cancers, suggest-
ing an important role for VEGF in the pathogenesis of 
these tumors  [14] . 

 VEGF production is up-regulated by several major 
growth factors which are frequently expressed by tumors, 
including epidermal growth factor, transforming growth 
factor- �  and - � , fi broblast growth factor and platelet-de-
rived growth factor  [6] . Hormones such as estrogen and 
thyroid-stimulating hormone  [14]  and infl ammatory cy-
tokines including interleukin-1 and interleukin-6 also in-
duce VEGF expression in many cell types  [13] . Mutations 
in tumor suppressor genes including p53  [15]  and onco-
genes such as  ras   [16]  have also been shown to up-regulate 
VEGF. Induction of VEGF expression appears to be 
characteristic of many tumor types and it is likely that 
inhibition of VEGF would inhibit the angiogenic activity 
of these tumors. 
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 Other Activities of VEGF 

 The effects of VEGF on endothelial cells and vascula-
ture are well documented. However, VEGF has other 
roles that infl uence tumor growth and progression, in-
cluding inhibiting functional maturation of dendritic 
cells  [17]  and enhanced adhesion of natural killer cells to 
microvessels  [18] . The importance of these effects in hu-
man tumors is not fully established, but data suggest that 
induction of VEGF may contribute to the evasion of host 
immune responses by growing tumors. 

 Direct effects of VEGF on apoptosis in tumor cells 
have also been described. In murine and human tumor 
cell lines, addition of VEGF up-regulated expression of 
the anti-apoptotic gene  bcl-2  and addition of anti-VEGF 
antibodies induced apoptosis  [19] . Similarly, in human 
breast cancer cell lines, induction of VEGF expression by 
hypoxia provided an autocrine survival signal, while ad-
dition of anti-VEGF expression induced apoptosis  [20] . 
These data suggest that VEGF expression may have di-
rect, autocrine effects in promoting tumor cell growth and 
survival, in addition to promoting angiogenesis. 

 Prognostic Signifi cance of VEGF Expression 

 Increased neovascular formation and intratumoral 
microvessel density in human tumors are associated with 
poorer prognosis  [10] . These fi ndings appear to be corre-
lated with the degree of VEGF expression, as VEGF ex-
pression was also found to be a powerful prognostic indi-
cator in a range of solid tumors  [10] . The prognostic sig-
nifi cance of VEGF expression has subsequently been 
confi rmed in a variety of different solid tumors and he-
matological malignancies  [10, 21–24] . 

 Approaches to Targeting VEGF 

 VEGF is an ideal therapeutic target; it is crucial for 
tumor growth and progression with limited applications 
in normal physiology. Several approaches have been in-
vestigated, including agents that target either VEGF or 
its cell surface receptors. Receptor-targeted molecules in-
clude monoclonal antibodies and inhibitors of VEGF-re-
ceptor tyrosine kinases. Molecules targeting VEGF in-
clude monoclonal antibodies and soluble receptor con-
structs. A disadvantage of receptor-targeted approaches 
is that the VEGF receptors (VEGF receptors 1 and 2) may 
also bind different members of the VEGF superfamily 

and affect systems other than angiogenesis  [25, 26] . The 
same argument applies to soluble receptor constructs, 
which may also bind to factors other than VEGF. There-
fore, one of the major advantages in targeting VEGF, the 
fact that effects on normal physiological processes are 
minimized, may be reduced by approaches that do not 
target the VEGF molecule with high specifi city. 

 The best-studied and most advanced approach to 
VEGF inhibition is the humanized monoclonal antibody 
bevacizumab (Avastin ® ), which is the only anti-angio-
genic agent approved for treatment of cancer. In a large 
randomized controlled trial, the addition of bevacizumab 
to standard chemotherapy for patients with previously 
untreated metastatic CRC resulted in a 30% increase in 
median survival (Hurwitz et al. 2004  [27] , described in 
more detail later in this issue). Bevacizumab was devel-
oped from a murine antibody to human VEGF by recom-
binant DNA technology  [28]  and was selected for clinical 
development based on preclinical evidence showing high 
antiangiogenic and antitumor activity. 

 Preclinical Evidence for Bevacizumab Activity 

 The murine parent antibody of bevacizumab, muMAb 
A.4.6.1, was fi rst evaluated in mouse models where it 
completely suppressed neovascularization of rhabdo-

  Fig. 1.  Tumor growth delay in mice treated with A4.6.1 in combi-
nation with radiotherapy. Reproduced with permission from Lee 
et al., Copyright American Association for Cancer Research 2000 
 [37] . 
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  Fig. 3.  Synergistic effect of Avastin ®  and capecitabine in a preclinical CRC model  [36] . 

  Fig. 2.  A4.6.1 plus topotecan in Wilms tumor. Reproduced with permission. Copyright Elsevier 2001  [35] . 
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myosarcoma  [29]  and reduced vascular permeability, 
vessel diameter and tortuosity within tumors  [30] . At dos-
es of  6 2.5 mg/kg, muMAb A.4.6.1 was able to suppress 
tumor growth  [31] . Subsequently, the humanized anti-
body bevacizumab was found to have antitumor effects 
and to inhibit VEGF-induced growth of endothelial cells 
in vitro in a similar fashion to the murine parent  [28] . 

 In animal xenograft models, bevacizumab was shown 
to have profound effects on tumor vasculature. Tumor 
vascular density was markedly lowered and interstitial 
pressure decreased by 75% in colon xenografts  [9] , while 
vascular permeability was decreased in breast tumor 
xenografts in athymic rats  [32] . Bevacizumab has dem-
onstrated synergy in combination with chemotherapy 
or radiotherapy in vitro, where bevacizumab overcomes 
VEGF-induced protection of endothelial cells against 
docetaxel treatment  [33] , and in vivo, where bevaci-
zumab enhances tumor suppression in animals when 
added to cisplatin (Platinol ® )  [34] , topotecan (Hycam-
tin ® )  [35] , capecitabine (Xeloda ® )  [36]  or radiation  [37]  
( fi g. 1–3 ). 

 The safety and pharmacokinetics of bevacizumab were 
evaluated in young adult cynomolgus monkeys. Following 
twice-weekly administration of bevacizumab at doses up 
to 50 mg/kg, the only side effects seen were physeal dys-
plasia and reduction in ovarian and uterine weight. Both 
of these effects were reversible on cessation of treatment 
and no other treatment-related effects were observed  [38] . 
The pharmacokinetics of bevacizumab were predictable, 
with a terminal half-life of 1–2 weeks, clearance of 5 ml/
day/kg and 100% bioavailability  [39] . The encouraging 
data from these preclinical studies formed the foundation 

for the extensive clinical trials program, which led to the 
approval of bevacizumab in combination with chemo-
therapy for treatment of metastatic CRC and the ongoing 
evaluation of the antibody in a wide variety of other solid 
tumors and hematological malignancies. 

 Conclusions 

 Angiogenesis, mediated by VEGF, is crucial for tumor 
growth and normal development, but has limited applica-
tions in adults. Anti-angiogenic therapy has therefore 
been the subject of intensive research, with VEGF repre-
senting the best therapeutic target. 

 Targeting VEGF in cancer therapy has a number of 
advantages. Because VEGF is a circulating molecule, 
therapy does not need to penetrate the tumor, and inhibi-
tion of circulating VEGF reduces vascular permeability 
and thus tumoral interstitial pressure, permitting easier 
penetration of the tumor by conventional chemothera-
peutic targets. 

 The clinical development of anti-angiogenic therapy 
is now at an advanced stage in a variety of tumors, but 
the only agent to have demonstrated a signifi cant anti-
cancer benefi t is the humanized monoclonal antibody 
bevacizumab, which targets VEGF directly. Preclinical 
data demonstrated that bevacizumab has high anti-
tumor activity with a favorable and predictable safety 
profi le, and a randomized trial has shown a signifi cant 
survival advantage for the addition of bevacizumab to 
chemotherapy in CRC. Trials in other settings are on-
going. 
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though uncommon, gastrointestinal perforation and ar-
terial thromobembolic events are the most serious side 
effects reported to date. Bevacizumab is currently being 
evaluated in combination with oxaliplatin (Eloxatin ® )-
based therapies and preliminary data are encouraging. 
Ongoing trials of bevacizumab in combination with stan-
dard fi rst-line chemotherapy regimens will evaluate be-
vacizumab’s potential in a range of cancer types. 

 Copyright © 2005 S. Karger AG, Basel 

 Introduction 

 Until recently, 5-fl uorouracil (5-FU) had been the only 
proven treatment for colorectal cancer (CRC). 5-FU has 
been the backbone for CRC therapy for the past 40 years 
and is generally combined with leucovorin (LV)  [1] . Sur-
vival in patients with metastatic CRC treated with 5-FU/
LV has been shown to vary depending on the method of 
5-FU administration. Phase III clinical trials have dem-
onstrated that infusional 5-FU/LV is associated with a 
longer median overall survival (OS) compared with bolus 
5-FU/LV (14.1 vs. 12.6 months)  [2] . 

 Treatment options for patients with CRC have ex-
panded over recent years, with the introduction of novel 
cytotoxic agents such as irinotecan (Camptosar ® ), oxali-

 Key Words 
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 Abstract 
 For several decades, 5-fl uorouracil (5-FU) with or without 
leucovorin defi ned the standard of care for the treatment 
of metastatic colorectal cancer (CRC). The addition of 
other chemotherapy regimens to 5-FU has improved sur-
vival, but often at the expense of increased toxicity. Re-
cent advances in our understanding of the molecular ba-
sis of CRC have led to the production of novel targeted 
agents, such as bevacizumab (Avastin ® ). Bevacizumab 
is currently approved for the fi rst-line treatment of meta-
static CRC and is currently being tested in combination 
with standard therapies for a range of indications. Phase 
II/III trials have demonstrated that the addition of beva-
cizumab to 5-FU-based fi rst-line chemotherapy improves 
survival, progression-free survival and response rate 
compared with chemotherapy alone. Combination ther-
apy does not appear to exacerbate side effects known to 
be associated with the chemotherapy regimen. The most 
common side effects attributable to bevacizumab thera-
py include hypertension, proteinuria and bleeding. Al-
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platin (Eloxatin ® ) and capecitabine (Xeloda ® ). The sur-
vival of patients with metastatic disease has improved 
with the use of fi rst-line combinations of 5-FU/LV with 
these new agents. The addition of irinotecan to bolus 5-
FU/LV signifi cantly improved median OS from 12.6 to 
14.8 months (p = 0.042)  [3] . A greater improvement in 
OS was seen when irinotecan was added to infusional 5-
FU/LV (14.1 vs. 17.4 months, p = 0.032)  [2] . Irinotecan 
was approved for the treatment of metastatic CRC in 
combination with bolus 5-FU/LV in 1996 and this com-
bination, known as IFL, became the new fi rst-line stan-
dard of care in the US for patients able to tolerate inten-
sive chemotherapy  [2, 3] . This was the standard regimen 
for the treatment of metastatic CRC at the time that phase 
III trials of bevacizumab were initiated. 

 Oxaliplatin is a third-generation platinum analog, 
which was approved in the US in 2002 as second-line 
therapy for CRC refractory to fi rst-line IFL. The use of 
fi rst-line oxaliplatin with infusional 5-FU/LV (FOLFOX) 
resulted in an OS of 16.2 months compared with 14.7 
months in patients treated with 5-FU/LV alone  [4] . Al-
though the addition of oxaliplatin to 5-FU/LV improved 
OS, the outcome was not statistically signifi cant (p = 
0.12). In another study by Giacchetti et al., the addition 
of oxaliplatin to fi rst-line 5-FU/LV also failed to signifi -
cantly improve OS (19.4 months in the combination arm 
and 19.9 in the 5-FU/LV arm)  [5] . A more recent study 
by Goldberg et al. (2004) demonstrated a survival benefi t 
in patients treated with fi rst-line FOLFOX compared 
with patients treated with IFL (19.5 vs. 15.0 months, re-
spectively)  [6] . Improvements in progression-free surviv-
al (PFS) and response rate were also seen (8.7 vs. 
6.9 months and 45% vs. 31%, respectively). Based on 
these data, the US Food and Drug Administration (FDA) 
recently approved the FOLFOX regimen as fi rst-line 
therapy for metastatic CRC. 

 Finally, capecitabine is an oral fl uoropyrimidine indi-
cated for fi rst-line treatment of patients with metastatic 
CRC. Two large, randomized phase III trials compared 
capecitabine (1,250 mg/m 2  twice daily for the fi rst 2 weeks 
of a 3-week cycle) (n = 603) with bolus 5-FU/LV (Mayo 
Clinic regimen) (n = 604) in patients with previously un-
treated metastatic CRC. While time-to-progression (TTP) 
and OS were similar in both treatment groups (4.6 vs. 
4.7 months and 12.9 vs. 12.8 months, respectively), re-
sponse rate was signifi cantly higher in patients treated 
with capecitabine  [7] . Safety analysis showed that 
capecitabine has a safety profi le superior to that of 5-FU/
LV, with a signifi cantly lower incidence of adverse events 
and fewer hospitalizations  [8] . 

 While these new drugs have improved clinical out-
comes for patients with CRC, the poor prognosis of this 
disease means that new therapies are still needed. Ideally, 
these would improve survival without increasing toxicity. 
A number of novel targeted therapies have been devel-
oped with this aim. Therapies targeting components of 
signaling pathways known to drive tumor progression 
have produced improvements in clinical outcomes in a 
number of indications; for example, trastuzumab (Her-
ceptin ® ) in breast cancer  [9]  and erlotinib (Tarceva ® ) in 
non-small cell lung cancer  [10] . 

 Studies have shown that tumor progression and me-
tastasis are dependent on angiogenesis (the formation of 
new blood vessels from existing vasculature), which pro-
vides the tumor with essential nutrients and oxygen  [11] . 
These observations led to the hypothesis that blockade of 
anti-angiogenic signals combined with cytotoxic agents 
may result in effective tumor regression. 

 Bevacizumab is a humanized monoclonal antibody 
designed to inhibit vascular endothelial growth factor 
(VEGF), the key mediator of tumor angiogenesis  [12] . 
Bevacizumab is currently approved in the USA and EU 
for the treatment of metastatic CRC in combination with 
fi rst-line 5-FU-based chemotherapy, and is being evalu-
ated in combination with standard therapies for a range 
of indications, including CRC. 

 The aim of this review is to provide an overview of the 
current clinical data for bevacizumab in combination 
with standard therapy in metastatic CRC. 

 Phase I Data with Bevacizumab 

 Early, phase I studies of bevacizumab focussed on the 
pharmacokinetics and safety of the drug. In the fi rst of 
two trials, 25 patients with refractory solid tumors were 
treated with bevacizumab monotherapy at doses ranging 
from 0.1 to 10 mg/kg administered as a 90-min intrave-
nous (i.v.) infusion on days 0, 28, 35 and 42  [13] . Phar-
macokinetic assessments revealed that bevacizumab has 
a half-life of around 21 days in humans, which is compa-
rable to the half-life of similar Fc fragment-based anti-
bodies. 

 Infusions of bevacizumab were well tolerated, with no 
reported grade 3 or 4 infusion-related toxicities. The most 
common adverse events related to bevacizumab therapy 
included tumor-related bleeding, hypertension, head-
ache, nausea and grade 1/2 asthenia. Of the 25 patients, 
two (8%) had a minor response and 12 (48%) had stable 
disease. Interestingly, fi ve of the 12 patients who had sta-
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ble disease had renal cell cancer, which is characterized 
by elevated levels of VEGF due to a mutation of the von 
Hippel-Lindau (VHL) gene that results in its inactivation 
and upregulation of hypoxia inducible factor 1 alpha 
(Hif1 � ), which in turn upregulates many angiogenic fac-
tors, including VEGF  [14] . 

 In a second phase I trial, bevacizumab was evaluated 
in combination with chemotherapy in 12 patients with 
previously treated metastatic cancer  [15] . Bevacizumab 
3 mg/kg weekly was administered in combination with 
chemotherapy: doxorubicin 50 mg/m 2  every 4 weeks
(n = 4); carboplatin at area under the curve of 6 plus pa-
clitaxel (Taxol ® ) 175 mg/m 2  every 4 weeks (n = 4); or 5-
FU 500 mg/m 2  plus LV 20 mg/m 2  weekly for the fi rst 6 
weeks of an 8-week cycle (n = 4). Treatment was well tol-
erated without apparent synergistic toxicity. Three pa-
tients (one in each treatment arm) responded to treat-
ment and continued receiving bevacizumab for more 
than 9 months. 

 The effects of long-term bevacizumab therapy were 
evaluated in an extension study involving patients from 
these trials and the initial phase II trial program  [16] . The 
study evaluated 35 patients with advanced solid tumors 
who had received bevacizumab for at least 1 year. Six 
patients were treated for over 2 years. Of the 35 patients, 
23 patients received bevacizumab in combination with 
chemotherapy. All patients underwent an observation pe-
riod of 6 months, during which treatment was ceased. 
Therapy was re-introduced on disease progression and 
continued for a mean duration of 14 months, excluding 
the observation period. A complete response was seen in 
three patients, partial response in 15 patients and stable 
disease in 14 patients. Median survival had not been 
reached, but at the time of the report was  1 27.5 months, 
with 71% of patients alive at 2 years. In general, long-term 
therapy with bevacizumab was well tolerated; the overall 
rate of adverse events per patient-year of exposure to be-
vacizumab was lower in patients treated for longer than 
1 year than in the overall trial population.  

 Overall, these early studies demonstrated that bevaci-
zumab has the potential to be combined with many stan-
dard chemotherapy regimens and to be used in many of 
the major cancer types, including colorectal, non-small 
cell lung, breast and renal cell cancers. The development 
of bevacizumab is most advanced in metastatic CRC, 
which is the topic of the remainder of this review. 

 Phase II and III Trials of Bevacizumab for the 
Treatment of Metastatic CRC 

 Bevacizumab plus IFL 
 The fi rst reported phase III trial of bevacizumab in 

metastatic CRC evaluated bevacizumab in combination 
with fi rst-line irinotecan-based chemotherapy  [17] . 
AVF2107 was a blinded, placebo-controlled, randomized 
phase III study designed to determine whether bevaci-
zumab (5 mg/kg i.v. every 2 weeks) in combination with 
irinotecan (125 mg/m 2  by i.v. infusion), 5-FU (500 mg/m 2  
by i.v. bolus) and LV (20 mg/m 2  by i.v. bolus) (IFL) week-
ly for 4 of 6 weeks prolongs OS in patients with previ-
ously untreated metastatic CRC. As previously discussed, 
when the trial was initiated in September 2000, IFL was 
the standard therapy for metastatic CRC in the US. 

 Patients were randomly assigned to one of three arms: 
IFL/placebo (n = 411); IFL/bevacizumab 5 mg/kg (n = 
402); and 5-FU/LV (Roswell Park regimen)/bevacizumab 
(n = 110) in which LV 500 mg/m 2  was administered over 
2 hours by i.v. infusion, and 5-FU 500 mg/m 2  was admin-
istered by i.v. bolus weekly for 6 weeks of an 8-week cycle 
 [17] . The latter arm was used as a comparator to ensure 
that safety in the IFL arms was acceptable because no data 
were available to indicate the safety profi le of bevacizum-
ab when combined with irinotecan. The 5-FU/LV arm 
closed after an independent data monitoring committee 
reviewed safety data when approximately 100 patients
had been enrolled to each arm (n = 313) and concluded 
that safety in the IFL arms was comparable to that in the 
5-FU/LV arm. Patients were treated until disease progres-
sion, after which patients in the IFL/bevacizumab and
5-FU/LV/bevacizumab arms could continue bevacizumab 
therapy. No crossover to bevacizumab was allowed in the 
IFL-alone arm, meaning that any improvement in surviv-
al could be attributed to bevacizumab therapy if second-
line therapies were balanced between the arms. 

 The primary endpoint was OS, which was signifi cant-
ly increased by 30%, from 15.6 to 20.3 months (p  !  0.001), 
on the addition of bevacizumab ( fi g. 1 )  [17] . Second-line 
therapies were balanced between the arms, indicating 
that the improvement in survival was attributable to be-
vacizumab therapy. In addition, PFS was signifi cantly 
increased by 71%, from 6.2 to 10.6 months (p  !  0.001). 
The overall response rate was 44.8% and 34.8% for the 
IFL/bevacizumab and IFL/placebo arms, respectively
(p = 0.004;  table 1 ). 

 Following adjustment of factors that are prognostic for 
OS, PFS and objective response, the clinical benefi t of 
adding bevacizumab to chemotherapy was shown to ex-
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tend to all patient subgroups, including those defi ned by 
age, sex, performance status, location of primary tumor, 
number of organs involved and duration of metastatic 
disease  [18] . These observations suggest that patient and 
disease characteristics should not be used to select pa-
tients to receive bevacizumab therapy. 

 A further subgroup analysis showed that patients who 
were given fi rst-line IFL/bevacizumab followed by oxali-
platin-based post-progression therapy had a median OS of 
25.1 compared to 19.6 months for patients in this arm who 
did not receive oxaliplatin post progression  [19] . These 
data are consistent with the notion that there may be a 
subset of patients who may still benefi t from treatment past 
the amount of progression permissible in most protocols; 

i.e. in settings where the clinician believes there has been 
a marked effect on the rate of tumor progression. To date, 
however, no prospective clinical trial data are available to 
address what value, if any, is conferred by continuation of 
bevacizumab past progression. 

 The addition of bevacizumab to chemotherapy was 
generally well tolerated and did not exacerbate chemother-
apy-related adverse events ( table 2 ). Safety results were not 
adjusted for treatment duration, which was 40.4 weeks in 
the IFL/bevacizumab arm and 27.6 weeks in the IFL/pla-
cebo arm  [17] . 

 Potential safety concerns identifi ed in phase II trials 
of bevacizumab included hypertension, proteinuria,
epistaxis, thrombosis, gastrointestinal (GI) bleeding, fe-
ver, rash and headache  [20] . Of these, the most common 
side effect attributable to bevacizumab therapy in the 
phase III trial was hypertension (IFL plus bevacizumab, 
22.4% vs. IFL plus placebo, 8.3%), which was easily man-
ageable using oral antihypertensives without any lasting 
clinical consequences. Thromboembolic events occurred 
at a similar incidence in the IFL/bevacizumab and IFL/
placebo arms (19.4 vs. 16.2%), but further analysis re-
vealed that arterial thromboembolic events were more 
frequent in the bevacizumab arm  [17] . A subsequent 
pooled analysis of fi ve randomized trials in CRC and 
other tumors has indicated that the incidence of arterial 
thromboembolic events associated with bevacizumab is 
3.8 vs. 1.7% with chemotherapy alone  [21]  .  

 From a clinical perspective, the most signifi cant side 
effect was GI perforation. Although infrequent, occur-
ring in  ! 2% of patients treated with bevacizumab, one 
patient died as a direct result of this complication  [17] . 
In a US surveillance registry opened to enrol 2,000 pa-
tients with metastatic CRC receiving bevacizumab with 
fi rst-line chemotherapy, the incidence of GI perforation 
was 1.6% in the 1,367 patients enrolled to date  [22] . 
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p < 0.001

  Fig. 1.  Kaplan-Meier estimate of overall survival. Reproduced with 
permission. Copyright 2004 Massachusetts Medical Society. All 
rights reserved  [17] . 

  Table 1.  Analysis of effi cacy [17, 20, 23] 

AVF2107 AVF0780 AVF2192

IFL +
placebo
(n = 411)

IFL + 
bevacizumab
5 mg/kg
(n = 402)

p value 5-FU/LV
(n = 36)

5-FU/LV +
bevacizumab
5 mg/kg
(n = 35)

p value 5-FU/LV +
placebo
(n = 105)

5-FU/LV +
bevacizumab
5 mg/kg
(n = 104)

p value

Median OS, months 15.6 20.3 <0.001 13.8 21.5 0.137 12.9 16.6 0.1597
PFS, months 6.2 10.6 <0.001 5.2 9.0 0.005 5.5 9.2 0.0002
Overall response rate, % 34.8 44.8 <0.004 17 40 0.029 15.0 26.0 0.0552
Duration of response, months 7.1 10.4 <0.001 – – – 6.8 9.2 0.1184
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 Bevacizumab plus 5-FU-Based Chemotherapy 
 The initial trial (AVF0780) of this combination was a 

randomized, open-label, double-blind, phase II trial in 
104 patients with untreated metastatic CRC  [20] . Pa-
tients were randomized to one of three treatment arms: 
control (5-FU 500 mg/m 2  and LV 500 mg/m 2  [Roswell 
Park regimen]) (n = 36); bevacizumab 5 mg/kg every 
2 weeks plus 5-FU/LV (n = 35); and bevacizumab 10 mg/
kg every 2 weeks plus 5-FU/LV (n = 33). 5-FU/LV was 
given weekly for the fi rst 6 weeks of each 8-week cycle. 
Patients were treated until disease progression, after 
which they could receive bevacizumab 10 mg/kg mono-
therapy every 2 weeks. Patients in the 5-FU/LV arm were 
allowed to crossover to receive bevacizumab on disease 
progression, which biases against observing a survival ad-
vantage for bevacizumab therapy. 

 The addition of bevacizumab 5 mg/kg to 5-FU/LV sig-
nifi cantly improved the primary endpoint of TTP by 73%, 
from 5.2 to 9.0 months ( table 1 )  [20] . Tumor response rate 
was increased from 17 to 40% and there was also an in-
crease in median OS from 13.8 to 21.5 months. 

 Bevacizumab 5 mg/kg was generally well tolerated and 
did not increase chemotherapy-related toxicity. Bevaci-
zumab therapy was associated with mild-to-moderate fe-
ver, headache, rash and chills. Bleeding (mainly epistax-
is), hypertension, thrombosis and proteinuria, all of which 
were increased in patients receiving bevacizumab plus 
chemotherapy, are being monitored in all trials of beva-
cizumab. 

 In a second randomized, double-blind, controlled, 
phase II trial (AVF2192), bevacizumab was evaluated in 

combination with 5-FU/LV in patients with untreated 
metastatic CRC who were not optimal candidates to re-
ceive fi rst-line irinotecan  [23] . A total of 209 patients were 
randomized to either placebo plus 5-FU/LV (600 mg/m 2  
and 500 mg/m 2 , respectively) (n = 105) (Roswell Park 
regimen) or bevacizumab 5 mg/kg every 2 weeks plus 5-
FU/LV (n = 104). The chemotherapy regimen was admin-
istered weekly for 6 weeks of an 8-week cycle. 

 The addition of bevacizumab to 5-FU/LV signifi cantly 
prolonged the TTP by 67%, from 5.5 to 9.2 months
(p = 0.0002) ( table 1 )  [23] . The primary endpoint of sur-
vival was also improved by 29%, from 12.9 to 16.6 months, 
but was not statistically signifi cant (p = 0.1597). This lack 
of signifi cance in survival may be explained by the small 
number of patients in the trial and the increased availabil-
ity of second-line therapies compared to previous trials. 

 The safety profi le was similar to that reported for the 
phase III trial. Grade 3 hypertension, which was managed 
with oral medications, and asymptomatic proteinuria 
were the most common bevacizumab-related events. Be-
vacizumab therapy was also associated with GI perfora-
tion, which was reported in two (2%) patients receiving 
bevacizumab; there were no reported incidences of GI 
perforation in the control arm. 

 A combined analysis of the two phase II trials and the 
third arm of the pivotal phase III trial showed that add-
ing bevacizumab to 5-FU/LV improves OS and PFS ( ta-
ble 3 )  [24] . The analysis included a control arm of patients 
with metastatic CRC treated with either 5-FU/LV or IFL. 
In the phase III trial, only patients from the IFL arm who 
were concomitantly enrolled with those receiving 5-FU/

  Table 2.  Bevacizumab does not increase chemotherapy-related toxicities 

Adverse event Study 2192 [23]* Study 2107 [17]*

5-FU/LV +
placebo
(n = 104)

5-FU/LV +
bevacizumab
5 mg/kg (n = 100)

IFL + placebo
(n = 397)

IFL + bevacizumab
5 mg/kg
(n = 393)

Diarrhea, grade 3 or 4, % 40 39 24.7 32.4
Leucopenia, grade 3 or 4, % 7 5 31.1 37
Vomiting, grade 3 or 4, % 10 7 10.4 7.7
All-cause mortality at 60 days, % 13.5 5.0 4.9 3.0
Adverse event leading to death, % 7 4 2.8 2.6
Adverse event leading to study

discontinuation, % 12 10 7.1 8.4

NB = Results not adjusted for different time on therapy.
* Roche data on fi le.
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LV plus bevacizumab were included as part of the control 
group. This group of patients was compared with patients 
from these studies who were treated with 5-FU/LV plus 
bevacizumab 5 mg/kg every 2 weeks. The addition of be-
vacizumab to 5-FU/LV increased OS and PFS from 14.6 
to 17.9 months (p = 0.0081) and 5.6 to 8.8 months (p = 
0.0001), respectively. This improvement in OS and PFS 
is similar to or better than that observed when irinotecan 
or oxaliplatin is added to 5-FU/LV  [3, 4] . 

 Bevacizumab plus Capecitabine 
 The effect of bevacizumab and capecitabine on the in 

vivo growth of CRC xenografts in nude mice has been 
studied and suggests that these agents have at least addi-
tive effects independent of treatment sequence  [25] . This 
study provides evidence to support the use of bevacizum-
ab combined with capecitabine to treat CRC. 

 To date, only one trial of bevacizumab plus capecita -
 bine alone has been reported and this was in patients with 
metastatic breast cancer. Enrolled patients had previously 
been treated with both an anthracycline and a taxane. The 
trial failed to achieve its primary endpoint (PFS), but the 
addition of bevacizumab to capecitabine produced a sig-
nifi cant increase in the objective response rate in patients 
treated with capecitabine plus bevacizumab compared 
with capecitabine alone (19.8% vs. 9.1%, p = 0.001; as-
sessed by an independent review facility)  [26] . The failure 
of this trial to show an improvement in PFS may be due to 
the fact that the patients in this trial had failed previous 
therapy and that the cancer may be at a later stage when 
there is less infl uence of VEGF  [27] . Side effects were con-
sistent with those reported in other trials of bevacizumab 
and included hypertension, proteinuria and epistaxis in the 
bevacizumab arm, with hypertension being the most com-

mon side effect (17.9% in the bevacizumab plus capecita-
bine arm vs. 0.5% capecitabine-alone arm). This trial pro-
vides an indication that administering bevacizumab with 
capecitabine is feasible and has biological activity. 

 While capecitabine plus bevacizumab has not yet been 
evaluated in metastatic CRC, the above data together 
with the similarity of outcomes for capecitabine and 5-
FU/LV suggest that this combination will have similar 
effi cacy to 5-FU/LV plus bevacizumab, while the safety 
profi le may be improved. 

 Bevacizumab plus Oxaliplatin-Based Chemotherapy 
 Several phase II and III trials have been designed to 

investigate bevacizumab in combination with oxalipla-
tin-based regimens. NO16996 and TREE-2 are ongoing 
trials evaluating the addition of bevacizumab to oxali-
platin-based regimens as fi rst-line therapy in patients 
with metastatic CRC. In the phase II trial TREE-2, be-
vacizumab signifi cantly improved overall response rates 
when combined with either modifi ed FOLFOX6, bolus 
5-FU/LV plus oxaliplatin (bFOL) or capecitabine plus 
oxaliplatin (XELOX) (p = 0.004, pooled logistical re-
gression analysis)  [28] . 

 Safety data show that grade 3/4 hypertension is in-
creased when bevacizumab is added to any of the chemo-
therapy regimens. To date, the most serious side
effect has been GI perforation. Although rare, it is poten-
tially life-threatening. A detailed discussion on the safety 
profi le of bevacizumab is provided in the accompanying 
article authored by Gordon and Cunnningham. 

 The recently completed E3200 trial evaluated bevaci-
zumab 10 mg/kg every 2 weeks plus FOLFOX4 versus 
FOLFOX4 alone and bevacizumab alone in 829 previ-
ously treated patients with metastatic CRC  [29] . Treat-

Assessment 5-FU/LV or
IFLa (n = 241)

5-FU/LV + bevacizumab 
5 mg/kg (n = 249)

Patients who died 165 151
Median duration of survivalb, months 14.6 17.9
Hazard ratioc stratifi ed analysis – 0.74
p value (log rank) – 0.0081
Median progression free survival, months 5.6 8.8
Hazard ratioc stratifi ed analysis – 0.63
p value, log rank – 0.0001

a Patients in control arms of phase II/III bevacizumab studies.
b Summary statistics are shown from Kaplan-Meier analysis.
c Relative to 5-FU/LV or IFL arm; estimated by Cox regression.

  

  Table 3.  Combined analysis: effi cacy [24] 
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ment with this combination regimen signifi cantly im-
proved median OS from 10.8 months with FOLFOX4 
alone, to 12.9 months (p = 0.0018). Patients treated with 
bevacizumab plus FOLFOX had an increased incidence 
of grade 3/4 hypertension, bleeding, sensory neuropathy 
and vomiting events compared with patients treated with 
FOLFOX4 alone. 

 Furthermore, preliminary data from a phase II study 
of bevacizumab combined with XELOX in fi rst-line 
treatment of 30 patients with metastatic CRC have shown 
this regimen to be highly active  [30] . Median TTP was 
approximately 12 months and the response rate was 57%. 
The regimen was generally well tolerated. 

 Together, the safety data indicate that combining be-
vacizumab with oxaliplatin-containing and infusional 5-
FU regimens is well tolerated and does not substantially 
alter the toxicity profi les of these regimens. 

 Conclusions 

 Bevacizumab is the fi rst anti-angiogenic agent with 
demonstrated anticancer benefi t. The addition of beva-
cizumab to fi rst-line chemotherapy provides unprece-
dented improvement in PFS and OS in patients with 

metastatic CRC when combined with IFL. There is also
signifi cant survival benefi t for the combination of beva-
cizumab with 5-FU/LV. In second-line refractory meta-
static CRC, the combination of bevacizumab with 
FOLFOX also confers a clinically signifi cant survival 
advantage. Based on the unique mechanism of action of 
bevacizumab, which is different to that of other thera-
pies used to treat CRC, and the consistent survival ben-
efi t seen with all regimens tested to date, it is expected 
that bevacizumab will be an effective partner for all oth-
er currently used regimens, hopefully increasing surviv-
al and improving patients’ lives without causing addi-
tional toxicity. Bevacizumab is currently being investi-
gated with other chemotherapy regimens (capecitabine 
monotherapy, FOLFOX, 5-FU/LV plus irinotecan 
[FOLFIRI],  XELOX and capecitabine plus irinotecan 
[XELIRI]). 

 Based on these data for bevacizumab in combination 
with 5-FU-based chemotherapy, the US FDA awarded a 
licence for the use of bevacizumab in combination with 
fi rst-line 5-FU-based regimens for the treatment of meta-
static CRC. A European license was granted in January 
2005 for the fi rst-line use of bevacizumab in combination 
with i.v. 5-FU/LV with or without irinotecan. 
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 Introduction 

 Targeted and biological therapies have been investi-
gated as methods of improving anticancer therapy for 
many years. Such agents have several general character-
istics that make them attractive options as anticancer 
drugs, but the most important is the potential to improve 
patient outcomes with limited associated toxicity. Sev-
eral agents have been approved for the treatment of can-
cer as a result of this approach, most notably trastuzum-
ab (Herceptin ® ) for the treatment of human epidermal 
growth factor receptor-2 (HER2)-positive metastatic 
breast cancer and rituximab (MabThera ® ) for the treat-
ment of non-Hodgkin’s lymphoma. However, until re-
cently no agent had been shown to have effi cacy in 
colorectal cancer (CRC). New agents introduced over 
the past decade for the treatment of CRC, such as oxali-
platin (Eloxatin ® ) and irinotecan (Camptosar ® ), have 
modestly improved survival but also had signifi cant ef-
fects on toxicity  [1, 2] . Furthermore, the potential for 
further incremental improvement in outcomes with cy-
totoxic agents is likely to be limited. Therefore, there is 
considerable interest in novel targeted agents as a meth-
od of improving survival without adding signifi cant tox-
icity. 

 One approach to targeted therapy is to inhibit tumor 
angiogenesis, which has a critical role in the development 
of cancer  [3] . The humanized monoclonal antibody be-
vacizumab (Avastin ® ), directed against vascular endo-
thelial growth factor (VEGF)  [4] , is the fi rst and current-
ly the only anti-angiogenic agent to be approved for can-
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 Abstract 
 The anti-angiogenic agent bevacizumab (Avastin ® ) has 
been rationally designed to target vascular endothelial 
growth factor (VEGF), a key mediator of tumor angiogen-
esis. Based on its limited roles in adults, VEGF inhibition 
using bevacizumab would be expected to have limited 
side effects. Furthermore, because its mechanism of ac-
tion is different to that of standard chemotherapeutic 
agents, bevacizumab would not be expected to cause 
typical cytotoxic agent-related toxicity or to exacerbate 
the toxicity of concomitant chemotherapy. We have re-
viewed clinical trials published to date, primarily in met-
astatic colorectal cancer, and describe the safety profi le 
of bevacizumab. The review focuses on hypertension, 
proteinuria, arterial thrombosis, effects on wound heal-
ing, bleeding and gastrointestinal (GI) perforation, which 
are the principal bevacizumab-related events seen in 
clinical trials. These events are for the most part mild to 
moderate in severity and clinically manageable (hyper-
tension, proteinuria, minor bleeding) or occur uncom-
monly (wound healing complications, GI perforations 
and arterial thrombosis). The side-effect profi le of beva-
cizumab makes it a suitable adjunct to standard chemo-
therapy in settings where effi cacy has been demonstrat-
ed, and it is now approved for use in the USA, the 
European Union and other markets worldwide. 

 Copyright © 2005 S. Karger AG, Basel 
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cer therapy. Approval of bevacizumab was based on the 
results of several large phase II and III studies in patients 
with previously untreated metastatic CRC  [5–8] . A ran-
domized phase III trial in patients with previously un-
treated metastatic CRC showed a 30% increase in me-
dian overall survival (OS) and a 71% increase in pro-
gression-free survival (PFS) for patients treated with 
bevacizumab plus irinotecan/5-fl uorouracil (5-FU)/leu-
covorin (LV) (IFL) compared with those treated with 
IFL alone  [5] . Two phase II studies have shown that 
adding bevacizumab to fi rst-line 5-FU/LV in patients 
with metastatic CRC signifi cantly improves PFS from 
5.2 to 9.0 months and from 5.5 to 9.2 months, respec-
tively (an approximately 70% increase)  [6, 7] . Combin-
ing data from these three studies has demonstrated that 
adding bevacizumab to fi rst-line 5-FU/LV-based che-
motherapy signifi cantly improves OS  [8] . Thus, major 
studies of bevacizumab as fi rst-line therapy for meta-
static CRC demonstrate that it has clinically signifi cant 
benefi t when added to intravenous 5-FU with or without 
irinotecan. 

 Angiogenesis is a critical process in tumor develop-
ment, but has limited roles in normal adult physiology 
 [9] . Furthermore, the pro-angiogenic factor VEGF is re-
quired for the maintenance of immature blood vessels, 
such as those that are found in tumors, but not of the ma-
ture vasculature typical of adult organs and tissues  [10] . 
Based on these features, it would be expected that beva-
cizumab would have limited toxicity and would not be 
associated with the gastrointestinal (GI), myelosuppres-
sive and other effects typical of chemotherapy. 

 In clinical trials of bevacizumab monotherapy in renal 
cell cancer  [11] , breast cancer  [12]  and other tumors  [13] , 
few grade 3 or 4 adverse events and no dose-limiting or 
infusion-related toxicities have been observed. The most 
commonly observed adverse events were hypertension, 
proteinuria and bleeding, which were generally mild to 
moderate and manageable, and thrombosis. A similar 
side-effect profi le for bevacizumab was observed in early 
trials in combination with chemotherapy  [14] . No exac-
erbation of chemotherapy-related toxicity was seen in 
these trials, and this observation has been confi rmed in 
the phase II and III trials in CRC  [5–7] . 

 Based on these data, the proven effi cacy of bevaci-
zumab in a variety of tumor types, and the known role of 
VEGF in the progression of many tumors  [15] , bevaci-
zumab is being investigated in a wide range of tumor 
types and in combination with a variety of different che-
motherapeutic and other agents [reviewed by Chen et al., 
2004,  16] . To date, the side-effect profi le of bevacizumab 

has been consistent and generally manageable. The side 
effects of bevacizumab are discussed below, together with 
management recommendations. 

 Safety of Bevacizumab in Combination with 
Chemotherapy 

 In early phase I trials, bevacizumab alone and in com-
bination with carboplatin (Paraplatin ® ) plus paclitaxel 
(Taxol ® ), doxorubicin (Adriamycin ® ) or 5-FU was well 
tolerated at doses of bevacizumab associated with VEGF 
blockade, with no evidence of exacerbation of chemo-
therapy-related toxicities and no cumulative or late tox-
icities  [13, 14] . In subsequent phase II and III trials of 
bevacizumab  [5–7, 11, 12, 17–19] , the side effects associ-
ated with bevacizumab therapy were: hypertension (the 
most common bevacizumab-related event); generally 
 asymptomatic proteinuria; arterial thrombosis; effects on 
wound healing; bleeding events, which were usually mi-
nor mucocutaneous events; and rare but potentially life-

  Table 1.  Safety in the randomized study of bevacizumab plus IFL 
versus IFL alone in patients with previously untreated metastatic 
CRC. Reproduced with permission. Copyright 2004 Massachu -
 setts Medical Society. All rights reserved [5] 

Adverse event IFL
% patients
n = 397

IFL + beva-
cizumab
% patients
n = 393

Any grade 3/4 adverse event 74.0 84.9*
Hospitalization due to adverse event 39.6 44.9
Discontinuation due to adverse event 7.1 8.4
Death from adverse event 2.8 2.6
Death within 60 days of treatment 4.9 3.0
Grade 3/4 leucopenia 31.1 37.0
Grade 3/4 diarrhea 24.7 32.4
Hypertension (all grades) 8.3 22.4*
Grade 3/4 hypertension 2.3 11.0*
Any thrombotic event 16.2 19.4
Deep thrombophlebitis 6.3 8.9
Pulmonary embolus 5.1 3.6
Grade 3/4 bleeding 2.5 3.1
Proteinuria all grades 21.7 26.5
Proteinuria grade 3 5.8 3.1
Proteinuria grade 4 0.8 0.8
GI perforation 0 1.5

Data were not adjusted for differences in the median duration 
of therapy between the group given IFL plus placebo and the group 
given IFL plus bevacizumab (27.6 vs. 40.4 weeks).

* p < 0.01.
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threatening occurrences of GI perforation. In the phase 
III trial of bevacizumab plus IFL versus IFL alone in 813 
patients with metastatic CRC, there was a 10% absolute 
increase in the incidence of grade 3/4 adverse events, pri-
marily due to the increase in grade 3 hypertension  [5]  
( table 1 ). It is interesting to note that in this trial bevaci-
zumab did not increase, and actually appeared to reduce, 
60-day mortality, a combined measure of treatment-re-
lated death and treatment effi cacy. Similar results were 
observed in the phase II trial in which patients unsuitable 
for fi rst-line irinotecan therapy were randomized to 5-
FU/LV with or without bevacizumab  [7] . 

 Trials to date indicate that the side effects associated 
with bevacizumab therapy are generally mild to moderate 
in severity and manageable, although there are specifi c, 
uncommon events that are more severe and can be life-
threatening. The side-effect profi le of bevacizumab is 
considered in detail below. 

 Hypertension 

 Hypertension is the most common side effect seen in 
trials of bevacizumab plus chemotherapy, with an overall 
incidence of 22–32% and grade 3/4 events in 11–16% of 
patients with metastatic CRC  [5–7]  ( table 2 ). In a retro-
spective study of medical records from 40 CRC patients 
treated with bevacizumab, 30% had hypertension of any 
degree that was new or worsened  [20] . In the randomized 
phase II trial of bevacizumab plus 5-FU/LV versus 5-FU/
LV alone in patients with previously untreated metastat-

ic CRC, grade 3/4 hypertension was not seen in patients 
treated with 5-FU/LV alone but occurred in 3/35 patients 
treated with bevacizumab at the 5 mg/kg dose level and 
in 8/32 patients treated at the 10 mg/kg dose level  [6] . 
These data suggest a possible dose relationship. In the 
randomized phase III trial of bevacizumab 5 mg/kg every 
2 weeks plus IFL versus IFL alone, grade 3 hypertension 
occurred in 11.0% of patients in the bevacizumab arm 
compared with 2.3% in the control arm  [5] ; similarly, in 
the phase II trial of fi rst-line 5-FU/LV with or without 
bevacizumab in patients unsuitable for irinotecan thera-
py, the incidence was 16.0%, compared to 3% in the con-
trol arm  [7] . These data suggest that at the recommended 
bevacizumab dose, the incidence of grade 3/4 hyperten-
sion is approximately 10–15%. 

 Most of these events are grade 3; few grade 4 events 
have been observed and only 0.7% of all bevacizumab-
treated patients have discontinued therapy due to hyper-
tension  [21] . In the Common Toxicity Criteria version 2.0 
used in trials of bevacizumab to date, grade 3 hypertension 
is defi ned as an increase in blood pressure that requires the 
initiation of oral antihypertensive therapy or a change in 
existing antihypertensive therapy to control blood pres-
sure. Based on this, management of hypertension in pa-
tients treated with bevacizumab generally requires the ad-
ministration of standard oral antihypertensive medica-
tion. Drugs used successfully in trials of  bevacizumab 
include angiotensin-converting enzyme inhibitors and cal-
cium channel blockers. In the phase III randomized study 
 [5] , all instances of hypertension were manageable in this 
way and no long-term complications of hypertension were 

Trial Regimen All grades Grade 3/4 Grade 3 Grade 4

AVF0780 5-FU/LV 3 0 NR NR
5-FU/LV + bevacizumab 5 mg/kg 11 8.6 NR NR
5-FU/LV + bevacizumab 10 mg/kg 28 25 NR NR

AVF2107 IFL 8.3 NR 2.3 0
IFL + bevacizumab 5 mg/kg 22.4 NR 11 0

AVF2192 5-FU/LV 4.8 NR 2.9 0
5-FU/LV + bevacizumab 5 mg/kg 32.0 NR 16.0 0

NCI CTC defi nitions of hypertension are: grade 1, asymptomatic, transient (<24 h) 
increase by >20 mm Hg (diastolic) or to >150/100 mm Hg if previously within normal 
limits (WNL) (intervention not indicated); grade 2, recurrent or persistent (624 h) or 
symptomatic increase by >20 mm Hg (diastolic) or to >150/100 mm Hg if previously WNL 
(monotherapy may be indicated); grade 3, requiring more than one drug or more intensive 
therapy than previously; grade 4, life-threatening consequences (e.g. hypertensive crisis).

NR = Not reported.

  

  Table 2.  Hypertension (%) in clinical tri-
als of bevacizumab in metastatic CRC [5–
7] 
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evident: no patient required discontinuation of bevaci-
zumab due to hypertension and there were no deaths or 
hospitalizations due to hypertension. In the earlier phase 
II study  [6] , one patient stopped bevacizumab treatment 
because of angina and hypertension. 

 In clinical trials, the onset of hypertension in bevaci-
zumab-treated patients occurred at any time during ther-
apy and did not appear to differ from that in patients 
treated with chemotherapy alone (Roche data on fi le). 
Langmuir et al., 2002  [22]  have reported that in a group 
of 35 patients treated with bevacizumab for longer than 
a year, the incidence of hypertension is lower than in the 
overall population of patients. This suggests that hyper-
tension tends to develop during the fi rst year of therapy 
if it is going to develop. However, because of the limited 
sample size, further research is needed to fully clarify 
when hypertension is most likely to occur. 

 The mechanism of bevacizumab-related hypertension 
is not clearly understood. However, it seems likely that it 
may be related to inhibition of VEGF by bevacizumab, 
which is known to decrease the production of nitric oxide 
 [23] . Nitric oxide is a known vasodilator, and therefore 
decreased production due to VEGF inhibition would re-
sult in vasoconstriction and increased blood pressure. This 
specifi c mechanism for bevacizumab-related hypertension 
fi ts with the fact that hypertension resolves in most pa-
tients once bevacizumab therapy is withdrawn. It is also 
interesting to note that hypertension appears to be a class 
effect of agents targeting the VEGF pathway and has been 
observed with a number of such agents  [24–26] . 

 In summary, patients who develop hypertension while 
receiving bevacizumab can be managed using standard 
oral antihypertensive therapy. To ensure that hyperten-
sion is identifi ed and treated as early as possible, it is rec-
ommended that patients receiving bevacizumab have 
their blood pressure monitored at least every 2–3 weeks. 
Bevacizumab should not be initiated in patients with un-
controlled hypertension. Furthermore, if hypertension 

cannot be managed using standard oral antihypertensive 
therapy then bevacizumab therapy should be stopped. 
Similarly, bevacizumab should be permanently discontin-
ued in any patient who experiences a hypertensive crisis. 

 Proteinuria 

 The incidence of proteinuria in trials of bevacizumab 
in metastatic CRC has been reported as 22.8–38%  [5–7] . 
This compares to an incidence of 11.4–21.7% in patients 
treated with chemotherapy alone in these trials. In a ret-
rospective study of medical records from 40 CRC pa-
tients treated with bevacizumab, 22.5% had proteinuria 
 [20] . In the full safety population of 1,132 patients with 
different types of cancer treated in clinical trials of beva-
cizumab, the incidence was 23%  [27] . 

 Bevacizumab-related proteinuria is predominantly an 
asymptomatic event detectable only through laboratory 
analysis, as it is in patients treated with chemotherapy 
alone. In the phase II and phase III randomized trials of 
bevacizumab in metastatic CRC, in which patients with 
signifi cant baseline proteinuria were excluded, there was 
no increase in the incidence of symptomatic, grade 3/4 
proteinuria in bevacizumab-treated patients compared to 
those treated with chemotherapy alone, and grade 4 events 
were not observed  [5–7]  ( table 3 ). Nephrotic syndrome 
has been seen only rarely in trials of bevaciz umab. 

 Monitoring of patients treated with bevacizumab for 
proteinuria is recommended. This can be done using reg-
ular dipstick urinalyses. Those with a dipstick reading 
 6 2+ should be monitored further by 24-hour urine col-
lection for total protein. It is recommended that bevaci-
zumab therapy be interrupted in patients with protein-
uria  6 2 g/24 h and that therapy be discontinued if a pa-
tient develops nephrotic syndrome, which is defi ned as 
persistent marked proteinuria resulting in hyperalbumin-
emia, hypercholesterolemia and edema. 

Trial Regimen All grades Grade 3/4 Grade 3 Grade 4

AVF0780 5-FU/LV 11.4 NR NR NR
5-FU/LV + bevacizumab 5 mg/kg 22.8 NR NR NR
5-FU/LV + bevacizumab 10 mg/kg 28.1 NR NR NR

AVF2107 IFL 21.7 NR 0.8 0
IFL + bevacizumab 5 mg/kg 26.5 NR 0.8 0

AVF2192 5-FU/LV 19.2 NR 0 0
5-FU/LV + bevacizumab 5 mg/kg 38.0 NR 1.0 0

  
  

  Table 3.  Incidence (%) of proteinuria in 
trials in metastatic CRC [5–7] 
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 Thrombosis 

 An apparently increased risk of thromboembolic 
events in bevacizumab-treated patients was detected in 
the phase II study in metastatic CRC in which patients 
received bevacizumab 5 or 10 mg/kg every 2 weeks  [6] . 
The background incidence of thromboembolic events is 
high in patients with metastatic CRC and associated with 
both the disease and chemotherapy  [28] , but this trial sug-
gested that these events were increased with bevacizumab 
therapy. In the light of these fi ndings, thromboembolic 
events were analyzed in detail in subsequent studies in 
metastatic CRC  [5, 7] . These analyses revealed that be-
vacizumab does not increase the overall risk of thrombo-
embolism (incidence 18.0–19.4 vs. 16.2–18.3%) or the 
risk of venous thromboembolic events. However, an in-
creased risk of arterial thromboembolism was noted, al-
though such events were uncommon  [29] . Both of these 
trials suggested that the risk of arterial thromboembolic 
events is increased two-fold in bevacizumab-treated pa-
tients, prompting a retrospective analysis of fi ve trials to 
try to identify the true risk  [30] . 

 This analysis examined fi ve completed clinical trials 
of bevacizumab: the phase III trial in fi rst-line metastatic 
CRC (n = 925)  [5] ; the phase II trial of two bevacizumab 
doses in fi rst-line metastatic CRC (n = 104)  [6] ; the phase 
II trial in patients with metastatic CRC not suitable to 
receive irinotecan (n = 209)  [7] ; a phase III trial in re-
lapsed metastatic breast cancer (n = 462) in which pa-
tients were randomized to capecitabine (Xeloda ® ) plus 
placebo (n = 230) or capecitabine plus bevacizumab (n = 
232)  [31] ; and a phase II trial in advanced or recurrent 
non-small cell lung cancer (NSCLC) in which patients 
were randomized to carboplatin/paclitaxel plus placebo 
or one of two bevacizumab doses (n = 98)  [19] . The anal-
ysis revealed that the incidence of arterial thromboem-
bolic events was 3.8% in patients receiving bevacizumab 
plus chemotherapy compared with 1.7% in patients re-
ceiving chemotherapy alone  [30] . Mortality due to arte-
rial thromboembolic events was 0.8% compared with 
0.4%. The events that occurred included cardiovascular 
accident (stroke), transient ischemic attack, subarach-
noid hemorrhage, myocardial infarction and angina. 

 Based on this analysis, in August 2004 the US Food 
and Drug Administration (FDA) required that a Dear 
Doctor letter be sent to all US oncologists describing the 
increased risk of developing arterial thromboembolic 
events in patients treated with bevacizumab. The letter 
included the information that patients with a history of 
arterial thromboembolic events and those aged  1 65 years 

have an increased risk of developing arterial thromboem-
bolic events during bevacizumab therapy. 

 Information from the phase III trial of bevacizumab 
in metastatic CRC suggests that patients at risk of arte-
rial thromboembolic events who receive bevacizumab 
can benefi t from therapy  [30] . Patients who developed 
venous thromboembolism were managed using full-dose 
anticoagulation, as described below  [32] . A subgroup 
analysis of the phase III trial of IFL with or without be-
vacizumab demonstrated that patients aged  1 65 years 
who are treated with bevacizumab obtain survival ben-
efi t (24.2 vs. 14.9 months; hazard ratio = 0.61) despite the 
increased risk of arterial thromboembolism  [33] . Further-
more, Hambleton et al.  [32]  analyzed hemorrhagic com-
plications in patients in the phase III study who received 
anticoagulant therapy (full-dose warfarin) for thrombotic 
events, and found no evidence for any increase in these 
complications for patients in the bevacizumab arm ( ta-
ble 4 ). 

 In summary, patients treated with bevacizumab are at 
an increased risk of arterial thromboembolic events, par-
ticularly those aged  1 65 years or with a history of such 
events. Data indicate that patients aged  1 65 years benefi t 
from bevacizumab therapy despite being at increased 
risk, and that patients can receive full-dose anticoagula-
tion without any increase in the risk of bleeding. How-
ever, patients experiencing an arterial thromboembolic 
event while receiving bevacizumab should discontinue 
therapy immediately. 

 Wound Healing Complications 

 Angiogenesis is a critical process in wound healing and 
therefore bevacizumab inhibition of VEGF blockade 
would be expected to interfere with the wound healing 
process. The effects of bevacizumab on wound healing 
have been analyzed in most detail in a phase III trial  [34] . 
The investigators examined the incidence of wound heal-
ing complications for patients who underwent surgery at 

  Table 4.  Patients receiving warfarin and incidence of bleeding in 
the phase III trial of IFL with or without bevacizumab [32] 

Therapy Patients receiving
full-dose warfarin

Bleeding
incidence

IFL + placebo, n = 396 30 (8%) 2 (6.6%)
IFL + bevacizumab, n = 392 53 (14%) 2 (3.8%)
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28–60 days prior to starting bevacizumab therapy and for 
those patients who underwent surgery during bevacizum-
ab therapy. Their analysis demonstrated that there was 
no increase in the risk of wound healing complications in 
patients who underwent surgery prior to bevacizumab 
therapy (incidence 3.4 vs. 2.2 vs. 2.8% in the IFL plus 
bevacizumab, 5-FU/LV plus bevacizumab and IFL alone 
arms, respectively); however, patients undergoing surgery 
during bevacizumab therapy are at an increased risk of 
wound healing complications (incidence 10.0 vs. 6.7 vs. 
0%) ( table 5 )  [34] . 

 Based on this analysis, it is currently recommended 
that bevacizumab should be discontinued in patients who 
develop wound dehiscence requiring medical interven-
tion and that, where possible, bevacizumab therapy 
should be discontinued prior to elective surgery. Based 
on clinical experience and the half-life of bevacizumab 
(21 days)  [21] , the gap between bevacizumab discontinu-
ation and surgery should be at least 30 days. Emergency 
surgery during bevacizumab therapy can be undertaken 
following a careful risk:benefi t analysis. 

 Bleeding 

 In patients with metastatic CRC treated with bevaci-
zumab 5 mg/kg every 2 weeks in combination with che-
motherapy, the incidence of grade 3/4 bleeding events 
was 3.1–5.1%  [5–7]  ( table 6 ). This is considered to be not 
different to the incidence in patients treated with chemo-
therapy alone (2.5–2.9%). Similarly, in the full safety pop-
ulation of 1,132 patients with different tumor types, the 
incidence of grade 3 and 4 bleeding events was 4.0% 
 [27] . 

 Serious hemorrhagic complications have been ob-
served in patients with NSCLC treated with bevacizum-
ab  [19] . Six of 66 patients (9%) experienced life-threaten-

ing pulmonary hemorrhage and/or hemoptysis, with four 
of these episodes being fatal. Based on a multivariate 
analysis, patients with squamous cell tumors were most 
at risk of hemorrhage, and these patients have been ex-
cluded from subsequent trials of bevacizumab in NSCLC. 
The incidence of pulmonary hemorrhage in lung tumors 
may also be related to the effi cacy of bevacizumab, with 
many of the tumors involved being necrotic or having 
central cavitation, and the proximity of the tumors to 
major blood vessels. However, further research is war-
ranted. 

 In other settings, the hemorrhagic complications of be-
vacizumab have been largely limited to minor epistaxis. 
These events are most commonly grade 1, last less than 
5 min and resolve without medical intervention. They 
occur in 20–40% of bevacizumab-treated patients. Gin-
gival and vaginal bleeding have also been observed, but 
are less common. 

 It is important to note that the risk of central nervous 
system (CNS) hemorrhage in patients with CNS metas-
tases receiving bevacizumab has not been fully evaluated 
because these patients were excluded from clinical trials. 
Furthermore, no information is available on the safety 
profi le of bevacizumab in patients with congenital bleed-
ing diathesis, acquired coagulopathy or in patients receiv-
ing full dose of anticoagulants for the treatment of throm-
boembolism prior to starting bevacizumab treatment. 
However, as noted above, patients who developed throm-
bosis while receiving bevacizumab did not appear to be 
at increased risk of serious bleeding when treated with 
full-dose warfarin and bevacizumab concomitantly  [32] . 
Similarly, no increased bleeding risk was reported with 
concomitant use of low-dose aspirin and bevacizumab 
 [35] . 

 Recommendations for the management of bleeding 
events in patients receiving bevacizumab include: epi-
staxis can be managed using standard fi rst-aid tech-

IFL +
bevacizumab

5-FU/LV +
bevacizumab

IFL

Surgery 28–60 days before treatment
Underwent surgery/total no. of patients (%) 173/402 (43.0) 45/110 (40.1) 180/411 (43.8)
Incidence of bleeding events, % 1.7 2.2 2.8
Incidence of wound healing events, % 1.7 0 0

Surgery during treatment
Underwent surgery/total no. of patients (%) 40/402 (9.9) 15/110 (13.6) 25/411 (6.1)
Incidence of events, % 10.0 6.7 0

  

  Table 5.  Incidence of wound-healing
complications and bleeding events in
patients who underwent surgery 28–60 
days prior to or during bevacizumab
therapy [34] 
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niques, including local pressure; patients with congenital 
bleeding diathesis, acquired coagulopathy and those re-
ceiving full-dose anticoagulation for the treatment of 
thromboembolism prior to starting bevacizumab treat-
ment should be treated with bevacizumab with caution; 
bevacizumab should not be used in patients with CNS 
metastases; and patients requiring medical intervention 
for the management of bleeding should discontinue be-
vacizumab. 

 Gastrointestinal Perforation 

 GI perforation is an infrequent (incidence approxi-
mately 1.5%) but potentially life-threatening event that 
has occurred in a small percentage of patients with CRC 
treated with bevacizumab ( table 7 ). In the phase III study, 
six patients (1.5%) receiving bevacizumab experienced 
GI perforation, several of whom died as a result  [5] . These 
events included: 
 • sub-diaphragmatic air on plain abdominal radiograph 

not requiring surgery; the patient recovered and re-
mained on study 

 • a perforated stomach ulcer; the patient recovered and 
remained on study 

 • colonic perforation associated with carcinomatosis; 
the patient recovered and remained on study 

 • colonic perforation with abdominal abscess; the pa-
tient died 

 • small bowel obstruction, abscess and perforated trans-
verse colon; the patient recovered but was withdrawn 
from the study 

 • bowel obstruction, ileal necrosis and perforation; the 
patient recovered but was withdrawn from the study. 
 In the phase II trial in patients unsuitable for irinote-

can therapy, GI perforations included: 

 • perforated diverticulum in sigmoid colon; the patient 
died 

 • perforated diverticulum in sigmoid colon; the patient 
recovered and remained on study. 
 The common feature of these GI perforations was 

intra-abdominal infl ammation, either due to gastric ul-
cer disease, tumor necrosis or diverticulitis, or chemo-
therapy-associated colitis  [19] . Preliminary data from a 
safety registry of bevacizumab with fi rst-line chemo-
therapy in 1,367 patients with metastatic CRC showed 
that the incidence of GI perforation was 1.6%. More 
than half of patients experiencing GI perforation had 
one or more identifi ed risk factors, such as acute diver-
ticulitis, obstruction, tumor at site of perforation, ab-
dominal carcinomatosis or a history of abdominal ra-
diation  [36] . 

 Therefore, some patients with metastatic CRC and an 
intra-abdominal infl ammatory process may be at in-
creased risk for the development of GI perforation when 

Trial Regimen All grades Grade 3/4 Grade 3 Grade 4

AVF0780 5-FU/LV 11* 0* NR NR
5-FU/LV + bevacizumab 5 mg/kg 52* 0* NR NR
5-FU/LV + bevacizumab 10 mg/kg 69* 9.4* NR NR

AVF2107 IFL NR 2.5 NR NR
IFL + bevacizumab 5 mg/kg NR 3.1 NR NR

AVF2192 5-FU/LV NR 2.9 1.9 1.0
5-FU/LV + bevacizumab 5 mg/kg NR 5.1 3.0 2.0

* Epistaxis + GI hemorrhage.

  

  Table 6.  Incidence (%) of bleeding events 
in trials of bevacizumab in metastatic 
CRC [5–7] 

  Table 7.  Incidence (%) of GI perforations in trials in CRC to date 
[5–7] 

Regimen Incidence of
GI perforation

AVF2107
IFL + placebo (n = 397) 0
IFL + bevacizumab (n = 393) 1.5
5-FU/LV + bevacizumab (n = 110) 0.9

AVF2192
5-FU/LV + bevacizumab (n = 104) 0
5-FU/LV + bevacizumab (n = 100) 2.0

Note that GI perforation was not observed in the phase II trial 
of 5-FU/LV with or without two doses of bevacizumab [6].

  



 Gordon   /Cunningham    
  
  

 Oncology 2005;69(suppl 3):25–33 32

treated with bevacizumab and chemotherapy. These pa-
tients should therefore be treated with caution. Bevaci-
zumab should be permanently discontinued in patients 
who develop GI perforation. Furthermore, early detec-
tion of GI perforation is essential and patients receiving 
bevacizumab need to be monitored carefully for signs of 
GI perforation. These include abdominal pain associated 
with constipation and/or vomiting. 

 Long-Term Safety of Bevacizumab Therapy 

 A long-term extension study has evaluated bevacizum-
ab-related side effects in 35 patients with advanced solid 
tumors treated with bevacizumab with or without chemo-
therapy for more than 1 year  [22] . The profi le of events 
was similar to that seen in other trials of bevacizumab 
(predominantly mild and manageable hypertension, 
bleeding, proteinuria and/or thrombosis) and no unex-
pected events or deaths occurred with long-term bevaci-
zumab treatment. Only one patient discontinued treat-
ment due to an adverse event. Overall the rate of adverse 
events per patient-year was lower, primarily due to a low-
er risk of hypertension over time. In addition to these 
data, Yang, 2004  [37]  has reported on four patients with 
renal cell cancer who have been treated with bevacizum-
ab for up to 5 years. The only reported long-term side ef-
fect in these patients was proteinuria, which was substan-
tial and affected three patients. However, renal function 
remained normal. Together, these data indicate that
single-agent bevacizumab is not associated with cumula-
tive or late toxicity and can therefore be used long term 
in patients with cancer who continue to respond to ther-
apy. 

 Conclusions 

 Bevacizumab is the fi rst anti-angiogenic agent to be ap-
proved for the treatment of cancer, and prolongs survival 
when added to standard chemotherapy for treatment of 
CRC  [5, 8] . Bevacizumab has a favorable safety profi le for 
combination with chemotherapy: it does not exacerbate 
the toxicity associated with chemotherapy; and the side-
effect profi le of bevacizumab is well defi ned and does not 
overlap with those of chemotherapeutic agents. The most 
common side effect of bevacizumab, hypertension, is gen-
erally easily manageable with standard oral antihyperten-
sive medication and does not usually require interruption 
of treatment. Minor mucocutaneous bleeding events such 
as epistaxis are also more common with bevacizumab, but 
are easily manageable using standard fi rst aid techniques; 
the incidence of  asymptomatic proteinuria is also in-
creased, but symptomatic events are uncommon and oc-
cur at a similar incidence with chemotherapy and chemo-
therapy plus bevacizumab. 

 Serious adverse events are uncommon with bevacizum-
ab combination therapy, but GI perforation and arterial 
thrombosis have been identifi ed as potentially life-threat-
ening events that require careful monitoring. Patients pre-
senting with abdominal pain on bevacizumab therapy 
should be monitored for signs of GI perforation and beva-
cizumab should be stopped if GI perforation is suspected 
or the patient has wound healing complications. 

 Overall, the addition of bevacizumab to standard che-
motherapy is well tolerated with a generally favorable and 
manageable safety profi le. Bevacizumab does not in-
crease the incidence or severity of the side effects of che-
motherapy, making it suitable for use in combination 
with standard chemotherapy. 
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oxaliplatin (Eloxatin ® )-based regimens. Similarly, in the 
adjuvant setting, phase III trials are assessing the effi -
cacy and tolerability of bevacizumab in combination
with oxaliplatin-based chemotherapy (AVANT, NSABP 
C-08). 
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 Introduction 

 Emergence of new drugs has improved the prognosis 
of colorectal cancer (CRC) over the past 20 years  [1] . In 
addition, recent advances in the understanding of the bi-
ology of the disease have led to the development of tar-
geted therapies, such as bevacizumab (Avastin ® ). Signifi -
cant survival benefi t has been gained on adding bevaci-
zumab to 5-fl uorouracil (5-FU)-based chemotherapy in 
the management of metastatic CRC  [2–5] . It is thus clear 
that bevacizumab has the potential to improve effi cacy 
outcomes when added to standard chemotherapies, but 
the most effective combination strategies have yet to be 
fully defi ned. 

 This review initially describes the chemotherapy op-
tions currently used in the management of CRC before 
reviewing current data showing the effi cacy of bevaci-
zumab with chemotherapy. The future development of 
bevacizumab is then described, detailing planned and on-
going clinical trials of bevacizumab-based treatments in 
both the metastatic and adjuvant CRC settings. 

 Key Words 
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 Abstract 
 Bevacizumab (Avastin ® ), the fi rst approved therapy de-
signed to inhibit tumor angiogenesis, has signifi cant 
clinical benefi ts in the management of colorectal cancer 
(CRC). When bevacizumab is added to IFL (5-fl uorouracil 
[5-FU]/leucovorin [LV]/irinotecan [Camptosar ® ]) as fi rst-
line therapy for metastatic CRC, signifi cant overall and 
progression-free survival benefi ts are obtained. Similar 
survival benefi ts may be achieved when bevacizumab is 
added to 5-FU/LV alone. In addition, additive and syner-
gistic effects with a range of chemotherapeutic agents 
illustrate that bevacizumab has considerable potential in 
combination with existing therapeutic options. Clinical 
data indicate that bevacizumab is the only agent in addi-
tion to chemotherapy that has demonstrated survival 
benefi t in the fi rst- and second-line settings. In addition, 
bevacizumab is expected to produce clinical benefi t in 
the adjuvant setting: inhibition of vascular endothelial 
growth factor should prevent the angiogenic switch in 
micrometastases, which is a key factor in malignancy. 
The clinical program is examining the activity of bevaci-
zumab in combination with the likely future standard of 
care in both the metastatic and adjuvant treatment set-
tings. Phase III trials (NO16966C, CONcePT and TREE-2) 
are studying the benefi t of combining bevacizumab with 
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 Chemotherapy Options for Metastatic CRC 

 The development of new chemotherapies has im-
proved survival in metastatic CRC, but the optimal treat-
ment strategy remains to be defi ned, particularly the best 
sequence of drug administration  [6] . A lack of head-to-
head comparative effi cacy trials for the fi rst- and second-
line treatment of metastatic CRC has resulted in wide 
variation in clinical practice between countries, regions 
and even hospitals  [7, 8] . Choice of treatment is often 
dependent on factors such as physician and patient pref-
erence and convenience. 

 Currently, combinations usually incorporate a fl uoro-
pyrimidine (5-FU or capecitabine [Xeloda ® ]) and either 
oxaliplatin (Eloxatin ® ) or irinotecan (Camptosar ® ). Al-
though 5-FU-containing regimens are most often used in 
the management of metastatic CRC, no consensus exists 
for the optimal treatment schedule for 5-FU. 5-FU is ad-
ministered using various dosing schedules and approach-
es, including both bolus and short-term and protracted 
infusions, all with the aim of improving survival while 
limiting tolerability. 5-FU is usually combined with leu-
covorin (LV), as this combination produces higher re-
sponse rates than 5-FU alone  [9–11] . 

 5-FU in Metastatic CRC 
 Administration of 5-FU as a continuous infusion is 

more effective than bolus 5-FU  [12] . Two studies dem-
onstrated that infusional 5-FU/LV produced higher re-
sponse rates and prolonged progression-free survival 
(PFS) compared with the bolus Mayo Clinic regimen  [10, 
13] . However, both of these trials showed that there was 
no signifi cant difference in overall survival (OS). Com-
pared with patients given a bolus injection, patients given 
infusional 5-FU have a lower incidence of gastrointesti-
nal (GI) and hematologic toxicity. However, a skin toxic-
ity, hand-and-foot syndrome, is increased in patients re-
ceiving infusional 5-FU  [10, 13] . Based on these and sim-
ilar data, infusional 5-FU is widely used in Europe, both 
as monotherapy and in combination with irinotecan and 
oxaliplatin. 

 5-FU-Based Combinations in Metastatic CRC 
 To improve survival, 5-FU must be used in combina-

tion with other chemotherapeutic agents  [9, 10, 12] . Typ-
ical chemotherapy combination regimens are shown in 
 table 1 . Combination of irinotecan with 5-FU produces 
signifi cant improvements in survival compared with 5-
FU/LV alone  [14–16]  ( table 2 ). Addition of oxaliplatin to 
5-FU/LV has also shown greater therapeutic benefi t than 

5-FU/LV alone, with phase III trials showing improve-
ments in PFS  [17–19]  ( table 3 ). Regimens such as FOL-
FOX (5-FU/LV plus oxaliplatin) and FOLFIRI (5-FU/
LV plus irinotecan) (defi ned in  tables 2  and  3 ) can prolong 
median OS in advanced CRC to 18+ months. Review of 
the irinotecan and oxaliplatin combination trials ( tables 
2  and  3 ) shows greater benefi t in later trials, perhaps due 
to increased access to all active drugs (irinotecan, oxali-
platin and 5-FU). 

 Although combinations including 5-FU/LV with iri-
notecan or oxaliplatin have all shown effi cacy in the treat-
ment of advanced CRC, current data do not defi nitively 
show which is the best regimen or the best sequence of 
treatment. Comparison of fi rst-line treatment with IFL 
or FOLFOX4 showed that IFL was a more toxic regimen 
than FOLFOX4. This greater toxicity is likely to be due 
to the use of bolus 5-FU in the IFL regimen rather than 
infusional 5-FU used in FOLFOX4. In addition, only 
data for high-dose irinotecan were reported, even though 
this dose was reduced during the trial due to toxicity. 
Compared to IFL (5-FU/LV/irinotecan), FOLFOX 
showed better effi cacy. Median time to disease progres-
sion (TTP) differed signifi cantly   between patients receiv-
ing IFL (6.9 months) and those   receiving FOLFOX (8.7 
months)  [20] . FOLFOX also produced longer OS: 19.5 
months compared with 15.0 months for IFL. However, 
it should be noted that the design of this study may have 
impacted on the results. Most importantly, imbalances in 
second-line therapy between the IFL and FOLFOX arms, 
which led to more FOLFOX-treated patients receiving 
second-line irinotecan than IFL-treated patients receiv-
ing second-line oxaliplatin, may have biased OS in favor 
of the FOLFOX arm. 

 Recent studies comparing oxaliplatin- and irinotecan-
based regimens have produced inconsistent results. In a 
phase II trial (n = 225), when combined with bolus 5-FU, 
both irinotecan and oxaliplatin were equally effective 
when given fi rst line to patients with metastatic CRC (re-
sponse rate 33 vs. 32%; TTP 8.9 vs. 7.6 months; OS 17.6 
vs. 17.4 months)  [21] . The authors state that irinotecan-
based therapy may be preferable to avoid any neurotoxic-
ity associated with the oxaliplatin regimen. Similarly, in 
a phase III trial involving 2,135 patients, OS was not sig-
nifi cantly different for patients treated with irinotecan or 
oxaliplatin combined with the modifi ed de Gramont reg-
imen fi rst or second line (OS 16.3 vs. 15.2 months, p = 
0.165)  [22] . In contrast, in a recent phase III trial of iri-
notecan plus high-dose folinic acid/5-FU (IFIFAFU) ver-
sus oxaliplatin plus high-dose folinic acid/5-FU (OXA-
FAFU) (n = 274), the OXAFAFU regimen was more ac-
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tive (OS 18.9 vs. 15.6 months; p = 0.032) and showed less 
toxicity than IRIFAFU in patients with advanced CRC 
 [23] . 

 No comparisons of the therapeutic benefi t of FOLFIRI 
and FOLFOX, which are both infusional 5-FU-based reg-
imens and any comparison of which would illustrate the 

relative benefi t of irinotecan and oxaliplatin, have been 
reported. To evaluate whether FOLFIRI or FOLFOX is 
preferable as fi rst-line therapy, sequencing of these drugs 
was compared in a phase III trial (FOLFIRI  ]  FOL-
FOX6 vs. FOLFOX6  ]  FOLFIRI)  [24] . Both treatment 
sequences showed similar OS and PFS, and the toxicity 

  Table 1.  Commonly used regimens in CRC 

Regimen Drug Dose Day Schedule*

Mayo Clinic dl-LV 20 mg/m2 bolus 1–5 Every 4 weeks (5-week cycle)
5-FU 425 mg/m2 bolus 1–5 Every 4 weeks (5-week cycle)

Roswell Park dl-LV 500 mg/m2 over 2 h 1 Once weekly for 6 weeks (8-week cycle)
5-FU 500 mg/m2 by slow push 1 Once weekly for 6 weeks (8-week cycle)

De Gramont (LVFU2) dl-LV 200 mg/m2 over 2 h 1 and 2 Every 2 weeks
5-FU 400 mg/m2 bolus 1 and 2 Every 2 weeks
5-FU 600 mg/m2 over 22 h 1 and 2 Every 2 weeks

AIO dl-LV 500 mg/m2 over 2 h 1 Once weekly for 6 weeks (8-week cycle)
5-FU 2.3–2.6 g/m2 over 24 h 1 Once weekly for 6 weeks (8-week cycle)

FOLFOX4 Oxali 85 mg/m2 1 Every 2 weeks
dl-LV 200 mg/m2 followed by 1 and 2 Every 2 weeks
5-FU 400 mg/m2 bolus 1 and 2 Every 2 weeks
5-FU 600 mg/m2 over 22 h 1 and 2 Every 2 weeks

FOLFOX6 Oxali 100 mg/m2 over 2 h 1 Every 2 weeks
dl-LV 400 mg/m2 over 2 h followed by 1 Every 2 weeks
5-FU 400 mg/m2 bolus 1 Every 2 weeks
5-FU 2.4–3 g/m2 over 46 h 1 Every 2 weeks

FUFOX Oxali 50 mg/m² over 2 h 1 Once weekly for 4 weeks (5-week cycle)
dl-LV 500 mg/m² over 2 h 1 Once weekly for 4 weeks (5-week cycle)
5-FU 2.0 g/m² over 24 h 1 Once weekly for 4 weeks (5-week cycle)

Saltz Irino 125 (reduced to 100) mg/m2 over 1.5 h 1 Once weekly for 4 weeks (6-week cycle)
dl-LV 20 mg/m2 slow push (15 mins) 1 Once weekly for 4 weeks (6-week cycle)
5-FU 500 (reduced to 400) mg/m2 bolus 1 Once weekly for 4 weeks (6-week cycle)

Douillard Irino 180 mg/m2 over 1.5–2 h 1 Every 2 weeks
dl-LV 200 mg/m2 followed by 1 and 2 Every 2 weeks
5-FU 400 mg/m2 bolus 1 and 2 Every 2 weeks
5-FU 600 mg/m2 over 22 h 1 and 2 Every 2 weeks

FOLFIRI Irino 180 mg/m2 over 1.5–2 h 1 Every 2 weeks
dl-LV 400 mg/m2 over 2h followed by 1 Every 2 weeks
5-FU 400 mg/m2 bolus 1 Every 2 weeks
5-FU 2.4–3 g/m2 over 46 h 1 Every 2 weeks

XELOX Oxali 130 mg/m2 1 Every 3 weeks
Cape 850–1,000 mg/m2 b.d. 1–14 Every 3 weeks

XELIRI Irino 250 mg/m2 i.v. 1 Every 3 weeks
Cape 800–1,000 mg/m2 b.d. 1–14 Every 3 weeks

Oxali = Oxaliplatin; Irino = irinotecan; Cape = capecitabine.
* All regimens are given until progression or unacceptable toxicity.
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profi les were as expected: grade 3/4 GI toxicities, muco-
sitis and grade 2 alopecia were more frequently seen with 
FOLFIRI, and grade 3/4 neutropenia and neurotoxicity 
were more frequent with FOLFOX6. The results of this 
study, which show OS is similar regardless of treatment 
sequence, were confi rmed by analysis of data from seven 
phase III trials in advanced CRC  [25] . OS was strongly 
associated with the use of three active drugs (5-FU/LV, 
irinotecan and oxaliplatin), irrespective of the order in 
which patients received the drugs in the course of disease. 
Therefore, to maximize OS, it is important to make all 
drugs that have well-demonstrated clinical activity avail-
able to all patients with advanced CRC. Grothey et al. 
 [25]  also state that PFS is a better measure of drug  effi cacy 
because the effect of second-line therapy is excluded. 

 Capecitabine in Metastatic CRC 
 Another drug that has shown clinical benefi t in meta-

static CRC is capecitabine  [26] . Capecitabine is a tumor-
selective oral fl uoropyrimidine generating 5-FU prefer-

entially in tumor tissue via the activity of thymidine phos-
phorylase. In patients with metastatic CRC, capecitabine 
produces improved objective tumor responses and has 
greater tolerability than 5-FU/LV (Mayo Clinic regimen) 
 [27] . 

 As well as its use as monotherapy, capecitabine can be 
administered orally in combination with oxaliplatin (XE-
LOX) or irinotecan (XELIRI), with similar effi cacies in 
both regimens. In a trial of 161 patients with metastatic 
CRC, the response rate in patients receiving capecitabine 
plus irinotecan (41%) was lower than that in patients re-
ceiving capecitabine plus oxaliplatin (51%)  [28] . There 
was no signifi cant difference in median OS (17 months 
in both groups) or PFS (7.1 months in the irinotecan 
group and 7.2 in the oxaliplatin group). Overall, this study 
showed that XELOX and XELIRI are highly effective 
and well-tolerated fi rst-line treatments for metastatic 
CRC. 

 Combining Bevacizumab with 5-FU-Based 
Regimens – Current Status 

 As studies have shown that none of the currently used 
regimens have demonstrated clear superiority over other 
regimens  [25] , it is likely that bevacizumab will be com-
bined with many different chemotherapy regimens. Initial 
studies have examined the benefi ts of combining bevaci-
zumab with 5-FU and IFL, and ongoing studies are exam-
ining combinations with oxaliplatin and capecita bine. 

 Bevacizumab, the fi rst approved therapy designed to 
inhibit angiogenesis, has considerable clinical benefi ts as 
fi rst-line therapy for metastatic CRC. Studies have shown 
that bevacizumab combined with 5-FU/LV (Roswell 
Park regimen) is associated with clinical benefi t  [4, 29, 
30] . Combined analysis of the data from three trials, in 
which patients treated with 5-FU/LV and bevacizumab 
5 mg/kg (excluding patients from the third arm of the 
phase III trial) were compared with those treated with 5-
FU/LV of IFL, demonstrated that addition of bevacizum-
ab to 5-FU/LV signifi cantly improved OS (17.9 vs. 14.6 
months; p  !  0.0081) and PFS (8.8 vs. 5.6 months p  !  
0.0001), compared with 5-FU/LV alone  [31] . 

 In a phase III trial involving 813 patients with previ-
ously untreated metastatic CRC who were treated with 
IFL with or without bevacizumab (5 mg/kg every 2 weeks), 
IFL plus bevacizumab produced signifi cant increases in 
OS compared with IFL plus placebo ( table 4 )  [5] . This 
trial also showed that response rates and PFS were sig-
nifi cantly improved in patients receiving IFL plus beva-

  Table 2.  Phase III trials showing the benefi t of adding irinotecan 
to 5-FU/LV for the fi rst-line treatment of patients with metastatic 
CRC 

Regimen Median OS
months

Median PFS
months

5-FU/LV (Mayo) 12.6 4.3
5-FU/LV + irinotecan [15] 14.8 (p < 0.05) 7.0 (p < 0.01)
LV5FU2 14.1 4.4
5-FU/LV + irinotecan [14] 17.4 6.7 (p < 0.001)
5-FU/LV (AIO) 16.9 6.4
5-FU/LV infusion + irinotecan [16] 20.1 8.5 (p < 0.001)

AIO = Arbeitsgemeinschaft Internische Onkologie.

  

  Table 3.  Phase III trials showing the benefi t of adding oxaliplatin 
to 5-FU/LV in the fi rst-line treatment of patients with metastatic 
CRC 

Regimen Median OS
months

Median PFS
months

5-FU/LV CMI 19.9 6.1
5-FU/LV + oxaliplatin [17] 19.4 8.7 (p < 0.05)
5-FU/LV 14.7 6.2
5-FU/LV + oxaliplatin [18] 16.2 9.0 (p < 0.001)
Bolus 5-FU/LV 16.1 5.3
5-FU/LV infusion + oxaliplatin [19] 20.4 7.8 (p < 0.001)
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cizumab compared to those given IFL plus placebo. Ret-
rospective analysis demonstrated that patients treated 
with IFL plus bevacizumab fi rst line who then received 
oxaliplatin following progression had extended survival 
compared with patients treated with IFL plus placebo fol-
lowed by oxaliplatin  [5, 31] . The subgroup of 97 patients 
who progressed after treatment with IFL plus bevacizum-
ab and then received second-line oxaliplatin had median 
OS of 25.1 months, compared with 22.2 months in the 
109 patients who received IFL plus placebo followed by 
second-line treatment with oxaliplatin  [32] . 

 The signifi cant survival benefi ts seen when bevacizum-
ab is combined with 5-FU/LV and IFL in patients with 
metastatic CRC have led to its approval for the fi rst-line 
treatment of metastatic CRC in combination with 5-FU-
based regimens. Furthermore, the consistent effect of be-
vacizumab on survival ( table 4 ) and the use of different 
chemotherapy regimens depending on local practice and 
patient preference have led to the investigation of the role 
of bevacizumab in other combinations and settings in 
CRC. In patients with metastatic CRC, treatment with 
bevacizumab plus chemotherapy has consistently extend-
ed median OS by approximately 4–5 months compared 
with chemotherapy alone. This evidence clearly suggests 
that adding bevacizumab to oxaliplatin-based combina-
tions will further improve outcomes. 

 Survival data for bevacizumab in combination with 
fi rst-line oxaliplatin or infusional 5-FU regimens have 
not been reported. Similarly, effi cacy data for bevacizum-
ab plus capecitabine alone are not yet available, although 
this combination has been shown to have biological activ-
ity and to be well tolerated in metastatic breast cancer 
 [33] . However, several studies have reported preliminary 

data with these regimens  [34–36] . Results from a phase 
II trial have demonstrated that the combination of 
 XELOX and bevacizumab is an active regimen in the 
fi rst-line treatment of metastatic CRC  [34] . Patients 
 received oxaliplatin (85 mg/m 2  on day 1), capecitabine 
(1,000 mg/m 2  bid on days 1–5 and days 8–12) and beva-
cizumab (10 mg/kg on day 1) administered on a 2-week 
cycle. In the 30 evaluable patients, 57% had a complete 
or partial response. Although hand-foot syndrome and 
diarrhea resulted in most patients requiring capecitabine 
dose modifi cation, following modifi cation the regimen 
was well tolerated. This study is continuing enrolment 
using a capecitabine dose of 850 mg/m 2  bid. 

 Combining Bevacizumab with Oxaliplatin-
Based Regimens – Current Status 

 Three large studies are investigating the combination 
of bevacizumab with oxaliplatin-based chemotherapy 
regimens for the fi rst-line (studies TREE-2 and NO16966) 
and second-line therapy (study E3200) of metastatic 
CRC. 

 TREE-2 is a randomized clinical study examining the 
benefi t of three oxaliplatin-based infusional 5-FU regi-
mens plus bevacizumab in 223 patients with metastatic 
CRC  [35] . Patients receive bFOL (bolus 5-FU/LV plus 
oxaliplatin) plus bevacizumab (5 mg/kg every 2 weeks), 
XELOX plus bevacizumab (7.5 mg/kg every 3 weeks), or 
a modifi ed FOLFOX6 regimen (mFOLFOX6) plus beva-
cizumab (5 mg/kg every 2 weeks). The trial is now fully 
recruited and preliminary effi cacy data are available. An 
analysis of response showed a best response rate of 63% 

Trial Regimen Median OS
months

Median PFS
months

Response rate
%

AVF0780g [4] Bevacizumab/5-FU/LV
vs.
placebo/5-FU/LV

21.5 and 16.1*

13.8, p > 0.05

7.4**

5.2, p = 0.013

32**

17, p = 0.086

AVF2192g [29] Bevacizumab/5-FU/LV
vs.
placebo/5-FU/LV

16.6

12.9, p = 0.160

5.5

9.2, p < 0.001

26

15, p = 0.055

AVF2107g [5] Bevacizumab/IFL 
vs.
placebo/IFL

20.3

15.6, p < 0.0001

10.6

6.2, p < 0.001

45

35, p = 0.004

* Results shown for bevacizumab 5 and 10 mg/kg respectively; ** pooled data (bevaci-
zumab 5 and 10 mg/kg)

  

  Table 4.  Summary of the therapeutic
benefi t demonstrated in trials with
bevacizumab in combination with
chemotherapy in patients with advanced 
CRC 
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with the mFOLFOX6 plus bevacizumab regimen, 43% 
with the bFOL combination regimen and 57% with the 
XELOX combination regimen  [37] . This was a signifi cant 
improvement over the response rates seen with these reg-
imens alone in TREE-1. Preliminary safety data indicate 
that all three study regimens are well tolerated, with a 
similar number of grade 3/4 events during the fi rst 12 
weeks of exposure and overall  [35, 37] . Importantly,
when the toxicity results are compared with those of the 
TREE-1 study, no increase in the incidence of adverse 
events associated with chemotherapy has been seen 
 [35] . 

 Study NO16966 is a randomized study with a 2 ! 2 
factorial design investigating the effi cacy of XELOX with 
or without bevacizumab (7.5 mg/kg every 3 weeks) versus 
FOLFOX4 with or without bevacizumab (5 mg/kg every 
3 weeks) as fi rst-line treatment for patients with meta-
static CRC ( fi g. 1 ). It is planned that a total of 1,960 pa-
tients will be recruited. The primary objectives of the 
study are to demonstrate at least equivalent TTP with 
XELOX (with/without bevacizumab) versus FOLFOX4 
(with/without bevacizumab) and to show superior
TTP with bevacizumab plus XELOX/FOLFOX versus
XELOX/FOLFOX alone. No data are available yet from 
this study. 

 E3200 evaluated a higher dose of bevacizumab
(10 mg/kg every 2 weeks) in combination with
FOLFOX4 as second-line therapy for metastatic CRC 
 [36] . Patients previously treated with a fl uoropyrimidine 
and irinotecan were randomized to one of three arms 
(FOLFOX4 plus bevacizumab or FOLFOX4 alone or 
bevacizumab alone). Objectives of the study were to 
compare response, TTP and OS and examine toxicity. It 

is important to note that second and later lines of thera-
py may not be the optimal setting for bevacizumab due 
to the decreased infl uence of vascular endothelial growth 
factor (VEGF)  [38]  and as shown by Chen et al.  [39] . 
However, recent data from E3200 demonstrate a signifi -
cant improvement in OS with FOLFOX4 plus bevaci-
zumab versus FOLFOX4 alone (12.9 vs. 10.8 months, 
respectively; hazard ratio [HR] = 0.76; p = 0.0018)  [36] . 
Interim safety results suggest that the addition of beva-
cizumab to FOLFOX4 does not substantially alter these 
regimens’ toxicity profi les. As with previous studies, hy-
pertension was associated with use of bevacizumab  [36] . 
Fistula and bowel perforation may also be related to the 
use of bevacizumab, but occur infrequently. However, 
no increased risk of thromboembolism was evident. Ox-
aliplatin-associated events were as expected, although 
the incidence of neurotoxicity was increased in the beva-
cizumab arm  [36] ; this is likely to be due to an increased 
duration of oxaliplatin therapy in the bevacizumab arm, 
although toxicity data over time have not been reported. 
Overall, the results illustrate that bevacizumab, even at 
a dose of 10 mg/kg every 2 weeks, can be safely admin-
istered with FOLFOX4, that adding bevacizumab to 
FOLFOX4 does not substantially alter the toxicity pro-
fi le of FOL FOX4 and that bevacizumab is effective in 
combination with FOLFOX4  [36] . 

 Initial data from the TREE-2 and E3200 studies sug-
gest that bevacizumab is an effective agent when com-
bined with infusional 5-FU-containing, capecitabine-
containing and oxaliplatin-containing regimens in the 
fi rst- and second-line setting in patients with metastatic 
CRC. The combinations are well tolerated and bevaci-
zumab does not exacerbate the safety profi le of the che-

  Fig. 1.  Schematic diagram illustrating the 
design of the phase III trial NO16966C
examining bevacizumab combined with 
oxaliplatin-based chemotherapy for the
treatment of patients with metastatic CRC
(q2w = every 2 weeks). 
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motherapy regimen. The studies conducted to date have 
validated the hypothesis that inhibition of angiogenesis 
by bevacizumab is a valid approach in metastatic CRC. 
The future clinical role of bevacizumab in CRC will be 
driven by clinical data. Consequently, in addition to the 
ongoing studies described above, a number of other trials 
are ongoing. 

 Clinical Development Plans for Bevacizumab 
in CRC 

 Preclinical studies suggest that anti-angiogenic thera-
py should be used early in disease (either as adjuvant 
therapy or early in metastatic disease) to optimize its ben-
efi ts  [38] . VEGF plays an essential role in tumor angio-
genesis by stimulating the growth of blood vessels that are 
essential for tumor growth. In addition, a positive corre-
lation has been repeatedly demonstrated between circu-
lating levels of VEGF and either tumor progression or 
patient survival  [40–42] . At early stages in the disease, 
tumors are more reliant on VEGF than later in develop-
ment, when other growth factors increasingly play a role 
 [38] . In this regard, anti-VEGF treatment is likely to be 
most effective early in disease. 

 Trials in Metastatic CRC 
 In phase II and III trials to date, bevacizumab given 

as fi rst-line treatment combined with chemotherapy has 
signifi cantly improved response rates, TTP and OS in 
patients with metastatic CRC  [4, 5] . Furthermore, beva-
cizumab has demonstrated a signifi cant survival benefi t 
when combined with chemotherapy in patients with 
metatstatic CRC who have failed previous chemotherapy 
 [36] . Given our understanding of angiogenesis the focus 
of trials of bevacizumab in metastatic CRC remains on 
fi rst-line treatment. 

 Chemotherapy Re-Introduction Strategy 
 The optimal use of chemotherapy to treat metastatic 

CRC remains the subject of debate. One area that is be-
ing examined is strategies to reduce the toxicity of che-
motherapy regimens. The OPTIMOX or ‘stop-and-go’ 
approach has been used to reduce the cumulative sensory 
neurotoxicity of oxaliplatin, and involves administering 
a fi xed number of cycles of FOLFOX, followed by a fi xed 
number of cycles of 5-FU/LV with subsequent reintro-
duction of FOLFOX  [43] . This approach maintains the 
effi cacy of FOLFOX. Given that bevacizumab increases 
PFS and treatment duration, cumulative neurotoxicity 

could be an issue when it is administered in combina - 
tion with oxaliplatin-containing regimens. Therefore,
the OPTIMOX approach is being examined in clinical 
trials to try to limit this while maintaining effi cacy. 

 The ‘stop and go’ strategy will be used in the DREAM 
trial, which is a randomized, international, phase III 
study with a 2  !  2 factorial design being conducted with 
the French clinical trials group, GERCOR. In this trial, 
patients will initially be randomized to bevacizumab 
with modifi ed FOLFOX7 (mFOLFOX7) or XELOX2 
for six cycles, with bevacizumab continuing until tumors 
reattain their original size or new tumors appear, when 
FOLFOX7 or XELOX2 will be re-introduced. There will 
be a second randomization to erlotinib (Tarceva ® ), an 
epidermal growth factor receptor-specifi c small molecule 
tyrosine kinase inhibitor, or placebo. A total of 640 pa-
tients will be recruited with the aim of showing an im-
provement in PFS with erlotinib. 

 CONcePT is another placebo-controlled trial with a
2 ! 2 factorial design that will recruit 532 patients with 
metastatic CRC ( fi g. 2 ). This trial is examining the time-
to-treatment failure of four treatment strategies aimed at 
reducing the neurotoxicity associated with mFOLFOX7 
plus bevacizumab. All patients receive mFOLFOX plus 
bevacizumab. Patients are initially randomized to re-
ceive either placebo or calcium and magnesium infu-
sions. This is followed by a second randomization to re-
ceive mFOLFOX either as continuous treatment until 
progression or using a ‘stop and go’ approach. Under the 
‘stop and go’ strategy patients would ‘stop’ treatment after 
a predetermined cumulative oxaliplatin dose or when 
early sensory neurotoxicity is detected. Therapy would 
then be re-initiated after a predetermined interval when 
the sensory neurotoxicity has resolved or when oxalipla-
tin treatment is required to stop tumor progression. 

 These and other trials should provide insight into how 
best to manage patients who develop neurotoxicity while 
receiving oxaliplatin-containing chemotherapy in combi-
nation with bevacizumab. 

 Other Trials in Metastatic CRC 
 As a result of the many different chemotherapeutic 

combinations available to treat metastatic CRC, many 
chemotherapy regimens are being considered for combi-
nation with bevacizumab. Therefore, to examine the 
therapeutic benefi t of bevacizumab in combination with 
all currently administered chemotherapies, various other 
phase II trials are planned or ongoing. 

 Several phase II trials are investigating bevacizumab 
in combination with capecitabine regimens. When used 
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as a single agent, capecitabine has demonstrated at least 
equivalent effi cacy and better tolerability than intrave-
nous 5-FU/LV in the metastatic CRC and adjuvant set-
tings  [24, 44] . 

 Bevacizumab is also being evaluated in combination 
with non-toxic lower-dose chemotherapy (metronomic 
therapy). This method of administration has the potential 
to reduce the tumor vasculature and not just target the 
tumor cells. Metronomic chemotherapy combined with 
anti-VEGF therapy could make the vasculature more sus-
ceptible  [45] . 

 Clinical trials are also investigating bevacizumab in 
combination with other biological therapies, including 
cetuximab (Erbitux ® ), which is approved for use in pa-
tients with metastatic CRC who have failed prior irino-
tecan-containing chemotherapy. Phase II trials of beva-
cizumab in combination with cetuximab and irinotecan 
in bevacizumab-naïve (trial BOND-2) and bevacizumab-
refractory (trial BOND-3), pretreated patients are cur-
rently underway  [46] . BOND-2 has reported promising 
data indicating that bevacizumab improves response 
rates and PFS  [46] . Finally, trials to examine the feasibil-
ity of bevacizumab therapy in patients whose liver me-
tastases can be rendered resectable are planned. 

 Trials in Adjuvant CRC 

 As previously described, studies have shown that 
VEGF is essential for the progression and metastasis of 
CRC and VEGF is a prognostic indicator of OS, overall 
prognosis, time to recurrence and metastasis  [40–42] . 
Furthermore, following surgery, VEGF is involved in the 
angiogenic switch to vascular malignant growth of micro-
metastases, which can cause tumor relapses. Consequent-

ly, anti-VEGF therapy has the potential to be used as an 
adjuvant treatment in CRC. Treating a liver metastasis 
mouse model with the anti-VEGF monoclonal antibody 
A4.6.1, the murine parent antibody of bevacizumab, not 
only inhibited the growth of xenografts but also mark-
edly reduced both the number and size of liver metastases 
 [47] . This, together with the signifi cant survival improve-
ments with bevacizumab as fi rst-line therapy and its good 
tolerability in patients with metastatic CRC, suggests that 
bevacizumab may offer a useful option for adjuvant treat-
ment of patients with CRC  [4, 5] . As a result, several tri-
als will examine the use of bevacizumab as adjuvant treat-
ment. 

 In the adjuvant setting, it is especially important to 
address the tolerability of bevacizumab. In patients re-
ceiving bevacizumab, an increased risk of arterial throm-
boembolic events is seen. As an anti-angiogenic agent, 
bevacizumab also has the potential to interfere with 
wound healing following surgery, which could compro-
mise its use in the adjuvant treatment setting. Adminis-
tration of bevacizumab to patients with metastatic CRC 
has also resulted in GI perforations. 

 However, analysis of wound healing and bleeding 
complications in patients who underwent surgery 28–60 
days prior to starting bevacizumab therapy revealed no 
increase in adverse events  [48] . Therefore, surgery before 
the initial use of bevacizumab in the primary disease set-
ting should not lead to a signifi cant increase in the inci-
dence of wound healing or bleeding complications. These 
results are encouraging for the safe use of bevacizumab 
in the adjuvant setting. Planned studies of bevacizumab 
in the adjuvant setting will carefully monitor safety data 
on an ongoing basis. 

 Until recently, the standard adjuvant therapy has been 
5-FU/LV. However, the 3-year results of the MOSAIC 

  
  Fig. 2.  Schematic diagram illustrating the
2  !  2 randomization of the phase III 
 CONcePT trial for the prevention of neuro-
toxicity during bevacizumab + oxaliplatin-
based chemotherapy. 
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trial have shown that oxaliplatin combined with 5-FU/
LV is a superior regimen to 5-FU/LV in this setting  [49] . 
Disease-free survival (DFS) was signifi cantly improved 
with FOLFOX4 compared with 5-FU/LV alone (77.8% 
vs. 72.9%, respectively; HR = 0.77 p  !  0.01). In addition, 
the X-ACT trial has shown that capecitabine is at least 
equivalent to the 5-FU/LV  [44] . Three-year multivariate 
analysis shows that, compared with 5-FU/LV, treatment 
with capecitabine has a signifi cant effect on DFS, relapse-
free survival and OS. FOLFOX or XELOX is thus likely 
to become the standard regimen for the adjuvant treat-
ment of CRC. Consequently, the clinical development 
program for bevacizumab in adjuvant CRC is focused on 
assessing the clinical benefi t gained by adding bevacizum-
ab to oxaliplatin-containing regimens. 

 Combining Bevacizumab with FOLFOX in the 
Adjuvant Setting 
 Up to 350 centers in 36 different countries are par-

ticipating in AVANT (BO17920), which is an open-label, 
three-arm phase III study in patients with stage II or III 
colon cancer ( fi g. 3 a). Following surgery, 3,450 patients 
will be randomized to receive FOLFOX4 plus bevaci-
zumab (5 mg/kg every 3 weeks) or XELOX plus bevaci-
zumab (7.5 mg/kg every 3 weeks) or FOLFOX4 alone for 
24 weeks. Patients in the bevacizumab arms will then 
continue to receive bevacizumab (7.5 mg/kg every 3 

weeks) for a further 24 weeks, whereas patients in the 
FOLFOX arm will be observed. The primary endpoint of 
AVANT is DFS and the secondary endpoints are safety 
and OS. 

 NSABP (The National Surgical Adjuvant Breast and 
Bowel Project) C-08 is a US Cooperative Group phase III 
study that is examining the benefi t of adding bevacizum-
ab to FOLFOX in 2,600 patients ( fi g. 3 b). Patients with 
resected stage II or III colon cancer will be stratifi ed de-
pending on the number of nodes involved. These patients 
will then be randomized to receive modifi ed FOLFOX6 
(every 2 weeks for 12 cycles) alone or in combination with 
bevacizumab (5 mg/kg every 2 weeks for 1 year). The pri-
mary aim of this study is to establish whether DFS can 
be improved by the addition of bevacizumab to modifi ed 
FOLFOX6. Other goals are to compare the relative effi -
cacy of the two treatment regimens and to assess adverse 
events related to bevacizumab. 

 E5202 is a phase III adjuvant trial evaluating bevaci-
zumab plus mFOLFOX6 versus FOLFOX6 alone in 
3,000 patients with stage II colon cancer. Molecular mark-
ers (18q loss of heterozygosity) will defi ne if a patient is 
designated as high risk and randomized to receive   adju-
vant therapy (mFOLFOX6 plus bevacizumab or mFOL-
FOX6 alone), or low risk, and followed for observation 
only. 

  Fig. 3.  Schematic diagram illustrating the 
design of two phase III trials of bevacizum-
ab combined with oxaliplatin-based che-
motherapy for the adjuvant treatment
of patients with stage II or III CRC:
AVANT ( a ) and NSABP C-08 ( b ) (q2w = 
every 2 weeks; q3w = every 3 weeks). 
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 Bevacizumab in the Neoadjuvant Setting 
 Unlike colon cancers, the optimal method of manage-

ment for rectal cancers is dependent on tumor stage at the 
time of diagnosis. Although surgical resection is the stan-
dard treatment for rectal cancers, many patients present 
with locally advanced (stage T4–T4), unresectable dis-
ease. Neoadjuvant chemoradiotherapy comprising radio-
therapy and 5-FU/LV is often used to down-stage the 
cancer to render it resectable. Bevacizumab in combina-
tion with chemoradiotherapy has been evaluated in pa-
tients with stage T3 or T4 rectal cancer  [50] . In this study, 
nine patients with primary and locally advanced adeno-
carcinoma of the rectum received neoadjuvant bevaci-
zumab 5 mg/kg (6 patients) or 10 mg/kg (3 patients) fol-
lowed 2 weeks later by three 2-week cycles of bevacizum-
ab, 5-FU and radiotherapy. Six patients in the 5 mg/kg 
arm completed therapy without any dose-limiting toxici-
ties, and underwent surgical resection without any com-
plications. None of the three patients treated with beva-
cizumab 10 mg/kg had dose-limiting toxicities and one 
patient underwent resection without complication. At the 
time of the report, the remaining two patients were sched-
uled for surgery. These early data suggest that the combi-
nation of bevacizumab with chemoradiotherapy may be 
feasible for the neoadjuvant treatment of rectal cancers. 

 The liver is a common site for metastases originating 
from cancer of the colon or rectum and is often unresect-
able. Neoadjuvant therapy aims to downsize unresectable 
metastases so that they can be surgically removed. Pre-
clinical studies have demonstrated that anti-VEGF ther-
apy reduces the number and size of liver metastases in a 
CRC xenograft mouse model  [47] . Furthermore, VEGF 
receptors (VEGF receptor-1 and -2) and   ribosomal RNA 
for these receptors are highly expressed in   human liver 
metastases from primary colorectal carcinomas  [47] . To-

gether, these studies support the use of bevacizumab for 
the management of liver metastases. Clinical trials are 
investigating the feasibility of liver resection following 
treatment with bevacizumab combined with chemother-
apy. In the pivotal phase III trial  [5] , six out of 40 patients 
who underwent surgery during bevacizumab treatment 
had liver metastasectomy. No patients experienced any 
complications, and two of the six patients resumed beva-
cizumab treatment after surgery. Further trials of neo-
adjuvant Avastin are planned, including a study of the 
effect of bevacizumab, cetuximab and FOLFOX on re-
sectable liver metastases. 

 Conclusions 

 Phase II and III trials have shown that, when combined 
with standard chemotherapy regimens, bevacizumab can 
signifi cantly improve the outcomes of patients with CRC 
 [4, 5] . Adding bevacizumab to chemotherapy has shown 
consistent effi cacy with a good tolerability profi le. Further-
more, results to date suggest that the incremental increases 
in therapeutic benefi t seen upon addition of bevacizumab 
to standard chemotherapy regimens can be translated to 
other regimens. The current clinical program will investi-
gate this, examining bevacizumab in combination with 
commonly used chemotherapy regimens given to patients 
with metastatic CRC ( table 5 ). The program will also de-
termine the activity of bevacizumab in combination with 
FOLFOX and XELOX in the adjuvant setting ( table 5 ). 
Bevacizumab has the potential to further improve the out-
come of patients with CRC, with improved effi cacy in both 
the fi rst-line metastatic and adjuvant settings when com-
bined with all standard chemotherapy regimens. 

  

Name Investigating bevacizumab
in combination with

Patients Status

Metastatic CRC, fi rst-line
Hurwitz et al. [5] IFL 923 Completed
NO16966C XELOX or FOLFOX 1,920 Accrual complete
TREE-2 [35, 37] mFOLFOX6 223 Accrual complete
CONcePT mFOLFOX6 532 Planned

Metastatic CRC, second-line
E3200 [36] FOLFOX4 829 Completed

Stage II or III CRC, adjuvant treatment
AVANT FOLFOX4 or XELOX 3,450 Ongoing
NSABP C-08 mFOLFOX6 2,600 Ongoing

  

  Table 5.  Summary of phase III trials
with bevacizumab-based combinations
in patients with CRC 
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moptysis. Entry criteria for NSCLC trials have been ad-
justed to exclude patients with squamous cell histology 
to try to avoid this issue. Adding bevacizumab (10 mg/kg) 
to the current standard of care, gemcitabine, in stage IV 
pancreatic cancer has also shown promising effi cacy. 
Partial responses were seen in 19% of patients, with a 
further 48% having stable disease. Several ongoing clin-
ical trials are also studying bevacizumab with  various 
chemotherapy and radiotherapy regimens. Bevacizum-
ab combined with carboplatin (Paraplatin ® )/paclitaxel 
(Taxol ® ) was further examined in a phase III randomized 
trial that accrued 878 patients with advanced non-squa-
mous cell NSCLC. Patients given chemotherapy (pacli-
taxel and carboplatin) plus bevacizumab had a higher 
response rate, longer PFS and an increase in survival 
compared with patients on chemotherapy alone. Both 
regimens were generally well tolerated. Bevacizumab 
has also shown activity in patients with metastatic breast 
cancer. In 715 patients, a signifi cant, 2-fold increase in 
response rate was observed in patients receiving beva-
cizumab plus paclitaxel compared with paclitaxel alone. 
Median PFS was also signifi cantly increased (p  !  0.001). 
Bevacizumab has the potential to provide signifi cant ef-
fi cacy benefi ts for patients with metastatic RCC, NSCLC, 
pancreatic cancer, and other tumor types when used fi rst 
line in combination with standard therapy. 

 Copyright © 2005 S. Karger AG, Basel 
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 Abstract 
 Bevacizumab (Avastin ® ) has unprecedented survival 
benefi t in patients with metastatic colorectal cancer. Tri-
als are already in progress to investigate the potential of 
bevacizumab in indications including metastatic renal 
cell cancer (RCC), non-small cell lung cancer (NSCLC), 
pancreatic cancer, breast and ovarian cancer. Bevaci-
zumab offers the potential to increase survival without 
substantially altering the toxicity profi le in these tumor 
types. Bevacizumab has shown activity in patients with 
refractory metastatic RCC, where progression-free sur-
vival (PFS) was signifi cantly longer in patients treated 
with bevacizumab (10 mg/kg every 2 weeks) than those 
treated with placebo (hazard ratio = 2.55, p  !  0.001). In 
addition, combining bevacizumab with erlotinib (Tarce-
va ® ) has shown a median time to progression of more 
than 11 months. In NSCLC, a phase II trial revealed that 
adding bevacizumab to chemotherapy increased thera-
peutic benefi t compared with chemotherapy alone. Ad-
verse events were mild and easily managed, but six 
 patients receiving bevacizumab developed severe he-
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 Introduction 

 In phase II and III clinical trials, bevacizumab (Avas-
tin ® ), a monoclonal antibody targeted against vascular 
endothelial growth factor (VEGF), has been shown to 
have unprecedented survival benefi t in patients with met-
astatic colorectal cancer (CRC)  [1, 2] . These data led to 
its approval by the US Food and Drug Administration 
(FDA) and the European Medicines Agency (EMA) for 
the treatment of patients with previously untreated met-
astatic cancer of the colon or rectum, in combination with 
intravenous 5-fl uorouracil (5-FU)-based chemotherapy. 

 Bevacizumab also has the potential to increase sur-
vival in malignancies other than CRC. As solid tumors 
cannot grow without the nutritional support provided by 
a blood supply, angiogenesis and VEGF play a central role 
in tumor progression  [3] . VEGF overexpression corre-
lates with poor prognosis and survival rates in patients 
with these cancers. Bevacizumab binds to VEGF, inhibit-
ing angiogenesis and thereby preventing tumor growth 
and metastasis  [4] . Consequently, the therapeutic benefi t 
of bevacizumab is also being investigated in other tu-
mors. 

 Trials are in progress investigating the potential of be-
vacizumab in indications with a high unmet need, includ-
ing metastatic renal cell cancer (RCC), non-small cell lung 
cancer (NSCLC), pancreatic cancer and breast cancer. 
These cancers have high prevalence and mortality rates. 
In addition, multiple phase II non-randomized trials in 
other indications, such as melanoma, head and neck can-
cer, hepatocellular carcinoma and hematological malig-
nancies, are ongoing in the US. By providing new treat-
ment options in these tumor types, bevacizumab offers 
the potential to increase survival without substantially 
adding to the toxicity of standard therapy. 

 Metastatic RCC 

 RCC usually occurs in adults between the ages of 50 
and 70 and is the most common cancer of the kidney, ac-
counting for 3% of all human cancers and over 90% of 
malignant kidney tumors. Between 25 and 30% of pa-
tients have metastases at the time of diagnosis and RCC 
is responsible for approximately 95,000 deaths per year 
worldwide  [5] . RCC is classifi ed into fi ve types but most 
patients (between 70 and 80%) with RCC have the clear 
cell type. 

 The treatment of RCC depends on the stage and the 
patient’s overall physical health. Surgery is typically per-

formed in lower stage disease, with systemic therapy re-
served for when there has been spread of the cancer. Un-
fortunately, RCC tends to be very resistant to chemo-
therapy with generally limited responses in patients with 
metastatic RCC. Consequently, various types of immu-
notherapy are currently preferred  [6] . Immunotherapy 
with cytokines, such as interferon- �  and interleukin-2 
(IL-2), can result in a modest improvement in median 
survival and in selected patients has led to long-term sur-
vival  [7] . However, in the majority of patients with RCC, 
therapeutic benefi t remains limited and new treatment 
options are therefore needed. 

 Most patients with clear cell RCC have loss of function 
of the  von Hippel-Lindau  (VHL) tumor suppressor gene, 
which under normal conditions has a role in the regula-
tion of pro-angiogenic factors in response to hypoxia  [8] . 
In RCC, mutations in the VHL gene lead to the over-
expression of factors normally controlled by VHL, includ-
ing VEGF  [9] . Furthermore, increasing VEGF levels cor-
relate with reduced survival  [10] . Therefore, inhibition of 
VEGF with an anti-VEGF drug such as bevacizumab 
could be a viable therapeutic strategy in clear-cell RCC. 

 Biological activity with bevacizumab has already been 
shown in patients with metastatic RCC refractory to im-
munotherapy  [11] . In a randomized, double-blind phase 
II trial of 116 patients, bevacizumab 3 or 10 mg/kg every 
2 weeks was compared with placebo. Crossover from pla-
cebo to bevacizumab 3 mg/kg with or without thalido-
mide was permitted, so overall survival (OS) was only a 
secondary endpoint. The two primary endpoints were 
time to progression (TTP) and response. This trial was 
closed early because progression-free survival (PFS) was 
signifi cantly longer in patients treated with bevacizumab 
10 mg/kg than in those receiving placebo (hazard ratio 
[HR] = 2.55, p  !  0.001). Albeit smaller and of borderline 
signifi cance, an effect on PFS was also seen with bevaci-
zumab 3 mg/kg (HR = 1.26, p = 0.053). Survival benefi t 
was not observed, possibly because patients in the pla-
cebo arm were allowed to cross over to receive bevaci-
zumab alone or with thalidomide at progression, or due 
to the small numbers of patients enrolled. There were no 
life-threatening toxicities or deaths related to bevacizum-
ab therapy. Side effects were minimal, with the most com-
mon adverse events being hypertension and asymptom-
atic proteinuria. Four patients have been undergoing 
long-term bevacizumab therapy without tumor progres-
sion for 3 to 5 years; even though three have substantial 
proteinuria, these patients have normal renal function 
 [12] . Patients in the placebo arm who showed tumor 
growth were allowed to cross over to a small pilot study 
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of bevacizumab combined with thalidomide and were 
followed for toxicity. The authors concluded that the 
combination showed no unexpected toxic effects but tha-
lidomide did not add to the effi cacy of bevacizumab in 
these patients  [12, 13] . 

 Examination of the total tumor burden in bevacizum-
ab-treated patients in this trial showed that those who pro-
gressed after receiving bevacizumab 10 mg/kg had a low-
er tumor burden than at baseline; those who progressed 
while receiving bevacizumab 3 mg/kg had net stability of 
tumor volume, which is rarely observed in patients receiv-
ing placebo  [12] . Based on their observations, the authors 
noted that investigating the effect of bevacizumab on sur-
vival in patients allowed to continue on bevacizumab de-
spite tumor progression would be valuable. They also con-
cluded that combining bevacizumab with other agents 
could lead to even greater benefi t in patients with RCC. 

 Like VEGF, epidermal growth factor receptor (EGFR) 
is another biological target being studied in RCC. EGFR 
is overexpressed in RCC, and its blockade decreases   the 
proliferation of RCC cells. As a result, trials are examin-
ing bevacizumab plus erlotinib (Tarceva ® ), an inhibitor 
of EGFR signalling. Initial results from a phase II trial 
examining this combination have been reported for 59 
patients with metastatic RCC  [14] . Bevacizumab (10 mg/
kg every 2 weeks) and erlotinib (150 mg daily) has proved 
to be one of the most active combinations examined in 
metastatic RCC to date ( table 1 ). The median OS was al-
most 23 months and the median TTP was just over 11 
months. The median TTP compares favorably to bevaci-
zumab alone (approximately 5 months) and immunoche-
motherapy regimens (interferon- � -2a plus vinblastine 
(Velbe ® ), 5 months; interferon- � -2a + IL-2 + 5-FU, 6 
months  [15] ). The regimen was well tolerated with fewer 
than half of the patients having grade 3/4 toxicity. The 
most common side effects were rash and diarrhea related 
to erlotinib therapy ( table 4 ). The substantial clinical ac-
tivity of the combination of bevacizumab and erlotinib 

in RCC, which is superior to the activity of either agent 
when used as monotherapy, illustrates that targeting dif-
ferent pathways involved in tumor development is a fea-
sible and active approach and that further studies are 
warranted. Triple combination therapy with bevacizum-
ab in RCC is also being investigated in a phase I/II trial 
that combines bevacizumab (10 mg/kg every 2 weeks), 
erlotinib (150 mg daily) and imatinib (Glivec ® ), a tyro-
sine kinase inhibitor (300, 400 to 600 mg/day dose esca-
lation) in advanced RCC  [16] . 

 The main focus of bevacizumab development in RCC 
is in combination with standard therapy, as it is in other 
indications. Thus, the combination of bevacizumab and 
immunotherapy is being investigated in patients with 
metastatic RCC. A phase III trial evaluating the survival 
benefi t of adding bevacizumab to interferon- � -2a will re-
cruit up to 638 patients (BO17705) ( fi g. 1 ). Patients will 
receive interferon- � -2a (9 MU 3 times per week for a 
maximum of 52 weeks) with or without bevacizumab 
10 mg/kg every 2 weeks until progression. In addition, a 
US Cooperative Group trial is investigating the survival 
benefi t of bevacizumab in combination with interferon-
 � -2b (CALGB 90206; 600 patients). These trials should 
build on the existing evidence that bevacizumab is an ac-
tive drug in RCC and help to establish the role of beva-
cizumab in this tumor type. 

  Table 1.  Responses to bevacizumab and er-
lotinib in patients with metastatic RCC
(59 evaluable patients) [14] 

Response Patients (%)

Partial response 13 (22)
Minor response 13 (22)
Stable disease 23 (39)
Continued progression 8 (14)

  
  

  Fig. 1.  Study design of BO17705 – a Roche-
sponsored phase III trial of interferon- � -2a 
with and without bevacizumab in patients 
with advanced renal cell cancer. 
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 Metastatic NSCLC 

 NSCLC is the most common cancer, affecting over 
800,000 people worldwide. The majority of people diag-
nosed with NSCLC are unsuitable for surgery. Several 
agents, including gemcitabine (Gemzar ® ), paclitaxel 
(Taxol ® ), docetaxel (Taxotere ® ), topotecan (Hycamtin ® ), 
irinotecan (Camptosar ® ) and vinorelbine have been 
shown to be active in the treatment of advanced NSCLC 
 [17] . These chemotherapeutic   agents are usually com-
bined, typically with either cisplatin (Platinol ® ) or carbo-
platin (Paraplatin ® ) (e.g. gemcitabine/cisplatin)  [18] . 
Standard therapy in the US is paclitaxel/carboplatin and 
in Europe, gemcitabine/cisplatin. Systemic chemothera-
py can produce responses and palliation of symptoms for 
short durations in patients with advanced disease. How-
ever, chemotherapy offers only modest improvements in 
median survival and OS is poor. Unfortunately, the out-
come of standard treatment is poor in all but the most 
localized cancers, and only a small minority of patients 
are cured. 

 The effi cacy of gemcitabine/cisplatin has been demon-
strated in phase III clinical trials. The combination of 
gemcitabine and cisplatin has shown improvements in 
response rate (30 vs. 11%), median TTP (5.6 vs. 3.7 
months) and OS (9.1 vs. 7.6 months) compared with cis-
platin alone  [19] . However, these improvements are small 
and new treatments that improve outcomes are needed. 
Furthermore, because treatment is unsatisfactory for al-
most all patients with NSCLC, most eligible patients 
should be considered for clinical trials. 

 Clinical trials are now investigating the use of targeted 
therapies such as monoclonal antibodies, vaccines and 
gene therapy. Angiogenesis inhibitors are a promising 
area of investigation in NSCLC. The malignancy is a ra-
tional target for angiogenesis inhibitors, particularly anti-
VEGF therapies, as a number of studies have illustrated 
that VEGF overexpression is linked to a worse prognosis 
 [20]  and patients with increased VEGF expression have 
a shorter OS. Studies are therefore in progress to examine 
the therapeutic benefi t of inhibiting the VEGF pathway. 

 A phase II trial of 99 patients with metastatic NSCLC 
demonstrated that adding bevacizumab to chemotherapy 
increased therapeutic benefi t compared to chemotherapy 
alone  [21] . Patients in this trial received carboplatin/
paclitaxel alone or chemotherapy plus either bevacizum-
ab 7.5 or 15 mg/kg every 3 weeks. Patients receiving che-
motherapy plus bevacizumab 15 mg/kg had a higher re-
sponse rate, longer median TTP and a modest increase in 
survival compared with patients receiving chemotherapy 

alone ( table 2 ). Although patients given chemotherapy 
plus bevacizumab 7.5 mg/kg showed similar outcomes to 
the control group ( table 2 ), it should be noted that patients 
in the control arm had a particularly long median sur-
vival (14.9 months compared to 8 months in similar pa-
tient populations  [17, 22] ), which may be due in part to 
19 of the 32 control patients crossing over to receive be-
vacizumab following disease progression. In addition, 10 
patients in the bevacizumab 7.5 mg/kg arm had squa-
mous NSCLC, which is associated with an increased risk 
of severe hemoptysis in this indication. This may have 
further biased against observing a benefi t for bevacizum-
ab therapy. 

 In general, adverse events (e.g. leukopenia, hyperten-
sion) were mild and easily managed. However, six pa-
tients receiving bevacizumab developed severe hemopty-
sis (fi ve receiving bevacizumab 7.5 mg/kg and one receiv-
ing the 15 mg/kg dose). Analysis of risk factors suggested 
that patients with squamous cell histology and/or central, 
cavitary or necrotic tumors may be at greatest risk of this 
complication. Consequently, entry criteria for future 
NSCLC trials have been adjusted to exclude patients with 
squamous cell histology (around 30% of NSCLC pa-
tients). 

 Bevacizumab combined with carboplatin/paclitaxel 
has been further examined in a US Cooperative Group 
phase III randomized trial (E4599) that accrued 878 pa-
tients with advanced non-squamous cell NSCLC  [23] . Pa-
tients were randomized to receive paclitaxel plus carbo-
platin with or without bevacizumab (15 mg/kg every 3 
weeks). Patients given chemotherapy plus bevacizumab 
15 mg/kg had a higher response rate, longer PFS and an 
increase in survival compared with patients on chemo-
therapy alone ( table 3 ). Both regimens were generally well 
tolerated ( table 4 ). Selected toxicities (chemotherapy 
alone vs. chemotherapy plus bevacizumab) include: neu-
tropenia (16.4 vs. 24%); thrombocytopenia (0 vs. 1.4%); 
hemorrhage (0.7 vs. 4.5%); hypertension (0.7 vs. 6.0%). 

  Table 2.  Responses to bevacizumab plus chemotherapy in patients 
with metastatic NSCLC (99 evaluable patients) [21] 

Chemotherapy
alone (n = 32)

Chemotherapy +
bevacizumab
(7.5 mg/kg) (n = 32)

Chemotherapy +
bevacizumab
(15 mg/kg) (n = 34)

Response rate, % 18.8 28.1 31.5
TTP, months  4.2  4.3  7.4
OS, months 14.9 11.6 17.7
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The incidence of hemoptysis was decreased compared 
with the NSCLC phase II trial, but there was a 1.8% in-
cidence (8 cases) in the bevacizumab plus chemotherapy 
group, fi ve of which were fatal. 

 In Europe, the main focus will be on the addition of 
bevacizumab to cisplatin/gemcitabine. A phase III trial 
(BO17704) will recruit 830 patients with histologically 
confi rmed, locally advanced (stage IIIb, IV or recurrent) 
NSCLC ( fi g. 2 ). The study has a two-stage design. Initial-
ly, 210 patients will be randomized in a 1:   1:1 ratio to one 
of three arms (cisplatin 80 mg/m 2  plus gemcitabine 1,250 
mg/m 2  alone on days 1 and 8 of a 3-week cycle [arm A] or 
with bevacizumab at a dose of either 7.5 mg/kg [arm B] 
or 15 mg/kg [arm C] every 3 weeks). Following assessment 
based on response and safety, randomization will then 
continue to the control arm (cisplatin/gemcitabine) and 
one of the bevacizumab arms (in a 1:   1 ratio); a further 840 
patients will be recruited. As OS is the primary endpoint, 
no crossover will be allowed. Secondary endpoints include 
PFS, response rate and toxicity. A further phase II trial is 
investigating cisplatin/gemcitabine plus bevacizumab in 
patients with malignant mesothelioma  [24] . 

 In addition to these trials, bevacizumab is being exam-
ined with anti-EGFR therapy. The EGFR inhibitor, er-
lotinib, has previously shown single-agent activity in 
NSCLC  [25] . Data from a randomized trial of 731 pa-
tients with advanced NSCLC following failure of fi rst- or 
second-line therapy demonstrate that erlotinib prolongs 
survival (6.7 months with erlotinib vs. 4.7 months with 
placebo)  [25] . Consequently, studies are investigating the 
combination of the targeted agents bevacizumab and er-
lotinib. In one trial, patients with stage IIIB/IV locally 
advanced or metastatic non-squamous NSCLC were re-
cruited  [26] . Patients had to have received at least one 
prior chemotherapy regimen. Erlotinib was given once 
daily, with bevacizumab administered on day 1 of each 
21-day cycle. Patients received bevacizumab plus erlo-
tinib at one of three dose levels: erlotinib 100 mg/day plus 
bevacizumab 7.5 mg/kg; erlotinib 100 mg/day plus beva-
cizumab 15 mg/kg; or erlotinib 150 mg/day plus bevaci-
zumab 15 mg/kg. The primary endpoints were to estab-
lish the maximum tolerated dose (MTD) and to examine 
the toxicity profi le of the combination (phase I), as well 
as to assess response rate and tolerability (phase II). The 
regimen was well tolerated with promising activity, with 
a response rate of 20% and a median OS of 12.6 months 
 [26] . Further phase II trials of this combination are 
planned in patients with NSCLC. 

 Metastatic Pancreatic Cancer 

 Pancreatic cancer is a diffi cult condition to treat. 
Symptoms are minor until the disease has signifi cantly 
progressed, and following diagnosis the tumor is often 
resistant to standard anticancer therapies. As a result, 
pancreatic cancer is associated with high mortality, with 

  Table 3.  Response to bevacizumab plus carboplatin/paclitaxel in 
patients with advanced NSCLC in Study E4599 (707 evaluable 
patients) [23] 

Carboplatin/
paclitaxel alone
(n = 350)

Carboplatin/paclitaxel +
bevacizumab (15 mg/kg)
(n = 357)

p value

Response rate, % 10.0 27.2 <0.0001
PFS, months 4.5 6.4 <0.0001
OS, months 10.2 12.5 <0.0075

  

  
  Fig. 2.  Study design of BO17704 – phase III 
trial of gemcitabine/cisplatin with and with-
out bevacizumab in patients with locally 
advanced or metastatic non-small cell lung 
cancer. 
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only 20% of patients surviving to 1 year  [27] . In patients 
with advanced pancreatic cancer, 1-year survival drops 
to approximately 10%. The current standard treatment is 
gemcitabine monotherapy, but researchers are examining 
combinations of gemcitabine with other chemotherapeu-
tic agents, such as oxaliplatin, and with vaccines, EGFR 
inhibitors and anti-angiogenic therapy. 

 VEGF signalling, through its receptors, plays a critical 
role in angiogenesis in patients with pancreatic cancer. 
High VEGF expression correlates with advanced-stage, 
post-operative recurrence, lymph node and distant me-
tastases  [28] . Patients with pancreatic cancer with high 
VEGF expression also have decreased survival compared 
with patients with pancreatic cancer with low VEGF ex-
pression  [29] . These fi ndings suggest that VEGF could be 
a target for anticancer therapy in patients with metastat-
ic pancreatic cancer. 

 In a phase II study of 52 patients with stage IV pan-
creatic cancer (AVF2355s), adding bevacizumab 10 mg/
kg every 2 weeks to the current standard of care, gem-
citabine, showed promising effi cacy  [30] . Partial respons-
es were seen in 19% of patients, with a further 48% having 
stable disease. Median OS was 8.7 months and the me-
dian TTP was 5.8 months. OS at 1 year was estimated at 
29%. Although in general the combination was well toler-
ated ( table 4 ), one patient with a tumor extending into 
the duodenum developed a fatal gastrointestinal (GI) 

bleed. Two patients also developed bowel perforations 
(one grade IV and one fatal). The promising effi cacy has 
led to the initiation of two fi rst-line phase III studies. 

 A European phase III trial (BO17706) will compare 
gemcitabine (1,000 mg/m 2  for 7 of the fi rst 8 weeks and 
then for 3 weeks of every 4-week cycle) plus erlotinib 
(100 mg/day) with gemcitabine plus erlotinib plus beva-
cizumab 5 mg/kg every 2 weeks ( fi g. 3 ). Several lines of 
evidence suggest that combining bevacizumab and erlo-
tinib in this trial may be benefi cial. First, it has recently 
been reported that adding erlotinib to gemcitabine sig-
nifi cantly improves OS in patients with pancreatic cancer 
(HR = 0.81; p = 0.025)  [31] . Side effects were as expected 
based on the safety profi les of these agents. Furthermore, 
combining erlotinib with bevacizumab has demonstrated 
activity in several tumor types, including NSCLC and 
RCC  [14, 26] . Finally, data indicate that the EGFR and 
VEGF pathways are interlinked and that VEGF upregu-
lation contributes to resistance to anti-EGFR therapy
 [32, 33] . 

 In the US, a Cooperative Group phase III trial of fi rst-
line gemcitabine with or without bevacizumab 10 mg/kg 
every 2 weeks is being run by the Cancer and Leukemia 
Group B (CALGB) (CALGB 80303). The trial design is 
shown in  fi g. 4 . The primary endpoint is OS (with 90% 
power to detect a 35% increase in survival from 6 to 8.1 
months). 

  Table 4.  The most common grade 3/4 adverse events experienced with bevacizumab-based therapy for RCC, 
NSCLC, pancreatic cancer and metastatic breast cancer 

Grade 3/4 adverse
events, %

RCC NSCLC Pancreatic Breast

AT 
[14]

ATI
[16]

ACP
[23]

AT
[55]

AXR
[34

AG
[30]

A
[38]

AP
[42]

AN
[40]

AT
[56]

AX
[57]

Bleeding 8 2 – – 10 2 0 1 – – 0.4
Diarrhea 13 29 – 0 – – – – – 4 –
Hematological events* – – 29 – – – – 5 76 – –
Hemorrhage – – 5 – – – – – 0 – –
Hypertension 10 2 6 – 2 4 17 13 0 8 18
Nausea/vomiting 10 13 – – – – – – 7 4/4 3
Neuropathy 3 0 – – – – – 21 2 – –
Proteinuria 8 2 – – – 2 2 2 2 – 1
Rash 13 27 – 6 – – – – – – –
Thromboembolic events** – – 6 – 6 13 5 1 2 4 6

A = Bevacizumab; T = erlotinib; I = imatinib; C = carboplatin; P = paclitaxel; X = capecitabine; R = radio-
therapy; G = gemcitabine; N = vinorelbine.

* Including neutropenia, febrile neutropenia, thrombocytopenia, anemia.
** Including thrombosis, pulmonary embolism, phlebitis.
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 A number of ongoing clinical trials are also studying 
bevacizumab combined with various other chemothera-
py regimens as well as with radiotherapy. Preliminary 
analysis of one ongoing phase I trial to determine the 
MTD of bevacizumab (fi ve dosing groups: 2.5–10 mg/kg) 
in combination with capecitabine and radiotherapy has 
shown evidence of activity  [34] . Of 47 patients with ad-
vanced pancreatic cancer, 19% had a partial response to 
this combination therapy and 57% had stable disease. 
The combination was well tolerated, although three pa-
tients had grade 3 ulceration with bleeding and one had 
grade 3 GI perforation. 

 Metastatic Breast Cancer 

 Breast cancer is the most common cancer in women 
and is the leading cause of death for women aged 40–55 
years. In Europe, around 250,000 women develop the 
disease each year, and 50,000 will die from it. Advanc-
es have been made in the treatment of metastatic breast 
cancer with the introduction of novel chemotherapeu-
tic agents, endocrine therapies and biological treat-
ments. 

 Targeted therapies have already been shown to be ef-
fective in the treatment of metastatic breast cancer. 
Trastuzumab (Herceptin ® ), a humanized monoclonal an-

tibody, blocks the function of human epidermal growth 
factor receptor-2 (HER2) protein  [35] . Trastuzumab has 
proved effective in clinical trials both as a single agent 
and in combination with chemotherapy  [36, 37] . Trastu-
zumab is approved for the treatment of HER2-positive 
metastatic breast cancer, fi rst line in combination with 
paclitaxel or docetaxel or as monotherapy in later disease. 
Thus, there is signifi cant support for biological approach-
es in this indication. 

 As VEGF levels are increased in approximately 30–
60% of breast cancers and many studies show a link be-
tween VEGF and prognosis, targeted anti-VEGF therapy 
may also be of benefi t. A phase II dose-escalation study 
in patients who had been previously treated for meta-
static breast cancer has been reported  [38] . Patients were 
treated with bevacizumab 3, 10 or 20 mg/kg every 2 weeks 
until disease progression. Comparable to response rates 
with other drugs in similar patient populations, 16% of 
patients had stable disease or better after 5 months of
bevacizumab therapy. Bevacizumab treatment was well 
tolerated ( table 4 ). 

 Based on these results, a phase III trial examining the 
therapeutic benefi t of bevacizumab 15 mg/kg every 3 
weeks plus capecitabine 2,500 mg/m 2  daily compared to 
capecitabine alone in 462 patients with metastatic breast 
cancer resistant to taxanes and anthracyclines was con-
ducted  [39] . The objective response rate was signifi cant-

  Fig. 3.  Study design of BO17706 – a Roche-
sponsored phase III trial of gemcitabine and 
erlotinib with and without bevacizumab in 
patients with advanced pancreatic cancer. 

  Fig. 4.  Study design of CALGB 80303 – a 
US phase III trial of gemcitabine with and 
without bevacizumab in patients with ad-
vanced pancreatic cancer. 
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ly higher with the combination than with capecitabine 
alone (independently assessed response rates 19.8 vs. 
9.1% respectively, p = 0.001; investigator-assessed re-
sponse rates 30.2 vs. 19.1% respectively, p = 0.006). 
However, the trial did not meet its primary endpoint of 
PFS, which was similar with both regimens (4.86 vs. 4.17 
months, p = 0.857). The combination was well tolerated 
and the incidence and severity of capecitabine-related 
toxicities were not affected by the addition of bevaci-
zumab. Furthermore, bevacizumab-related side effects 
were similar to those in the phase II trial described 
above. 

 The trial showed that bevacizumab is active in com-
bination with capecitabine. Although responses last for a 
short time, there is a biological effect, as shown by the 
signifi cant increase in response rate. In addition, the data 
indicate that capecitabine and bevacizumab can be safe-
ly combined. In contrast, a subsequent phase II trial has 
suggested that combining bevacizumab with vinorelbine 
in heavily pretreated patients with metastatic breast can-
cer may extend time on study, but not increase response 
rates  [40] . However, the mechanism of action of bevaci-
zumab, together with the decrease in the relative infl u-
ence of VEGF as breast cancer progresses, suggest that 
bevacizumab may be more effective when used earlier in 
the disease and in patients with a smaller tumor burden 
 [41] . Further trials of bevacizumab in metastatic breast 
cancer are ongoing. 

 The US Eastern Cooperative Oncology Group is con-
ducting trial AVF2293s/E2100, a randomized, open-
label phase III trial of patients with metastatic breast can-
cer who receive fi rst-line paclitaxel 90 mg/m 2  for 3 weeks 
of a 4-week cycle with or without bevacizumab 10 mg/kg 
every 2 weeks  [42] . The primary objective of this trial is 
PFS. The patients recruited to this trial are less heavily 
pretreated than those who were recruited to the previous 
phase III trial of bevacizumab plus capecitabine in meta-
static breast cancer. A total of 715 patients have been 
randomized to the two treatment arms. A signifi cant, 2-
fold increase in response rate was observed in patients 
receiving bevacizumab plus paclitaxel compared with pa-
clitaxel alone in metastatic breast cancer (28.2 vs. 14.2%, 
p  !  0.0001). There was also a signifi cant increase (p  !  
0.001) in median PFS in patients receiving bevacizumab 
plus paclitaxel compared with paclitaxel alone (10.97 
months vs. 6.11 months, respectively). 

 Preliminary safety data have been reported and side 
effects are as expected based on data from previous trials 
of bevacizumab. Increases in the incidence of hyperten-
sion, bleeding and proteinuria were seen in the bevaci-

zumab plus paclitaxel treatment arm ( table 4 ). Bevaci-
zumab is also being investigated in metastatic breast can-
cer in combination with targeted therapies such as 
trastuzumab and erlotinib. 

 Other Indications 

 VEGF is active in a number of other malignancies in-
cluding prostate cancer, ovarian cancer and hematologi-
cal malignancies. For example, VEGF levels have been 
linked with poor prognosis in leukemia and non-Hodg-
kin’s lymphoma  [43] . As a result, studies are also inves-
tigating the role of bevacizumab in these diseases. In a 
phase II trial of bevacizumab (10 mg/kg) alone in 43 pa-
tients with relapsed, aggressive non-Hodgkin’s lympho-
ma (S0108), response rate and 6-month PFS were similar 
to those seen in other tumor types treated with single anti-
angiogenic agents. Bevacizumab was also well tolerated 
in these patients  [44] . 

 Several phase II trials are investigating the clinical 
benefi t of bevacizumab, either alone or in combination 
with commonly used chemotherapy regimens, in patients 
with ovarian cancer. Preliminary results from a phase II 
trial of bevacizumab (15 mg/kg) in persistent or recurrent 
epithelial ovarian cancer showed effi cacy responses as 
well as good tolerability  [45] . 

 Study CALGB 0006 has investigated the benefi t of be-
vacizumab in prostate cancer  [46] . Adding bevacizumab 
to docetaxel plus estramustine (Emcyt ® ) in patients with 
hormone-refractory prostate cancer resulted in 17 of the 
32 patients with measurable disease having a partial re-
sponse. The safety profi le in this study was similar to that 
seen with docetaxel and estramustine alone. However, 
one patient died of mesenteric vein thrombosis consid-
ered to be related to thrombotic complications due to 
bevacizumab and estramustine. The high response rates 
in this trial warrant further study. Other studies with
bevacizumab, either alone or in combination with che-
motherapy regimens, have reported preliminary data in 
patients with gastric cancer  [47, 48]  and hepatocellular 
carcinoma  [49–51] . 

 Phase II studies are also investigating the use of be-
vacizumab, combined with other treatments, in patients 
with a number of hematological malignancies including 
diffuse large B cell lymphoma, relapsed aggressive non-
Hodgkin’s lymphoma, multiple myeloma, acute my-
eloid leukemia and chronic myelogenous leukemia. Pre-
liminary data from 48 patients with acute myeloid leu-
kemia have shown that cytotoxic chemotherapy fol-



 de Gramont   /Van Cutsem    
  
  

 Oncology 2005;69(suppl 3):46–56 54

lowed by bevacizumab had a favorable overall response 
rate (48%)  [39] . Median disease-free and OS were 7 and 
16 months, respectively. The authors concluded that 
VEGF neutralization with bevacizumab might directly 
result in leukemic cell death and the use of bevacizumab 
in acute myeloid leukemia warrants further study. Oth-
er studies are investigating the use of bevacizumab alone 
or in combination for other tumors, such as head and 
neck squamous cell carcinoma  [52] , metastatic carci-
noma of unknown primary site  [53]  and advanced car-
cinoid  [54] . 

 Conclusions 

 Cancer therapies with a different mechanism of action 
to traditional chemotherapies are urgently needed. Ide-
ally, new treatments, which will probably be used in com-

bination with existing therapy, should improve survival 
while adding limited toxicity. Currently available data 
indicate that bevacizumab can improve effi cacy in pa-
tients with metastatic RCC, NSCLC, pancreatic cancer 
and breast cancer when used fi rst line in combination 
with standard regimens. Furthermore, the side-effect pro-
fi le in all of these indications is consistent with that ob-
served in CRC; hypertension, proteinuria and minor 
bleeding are the most commonly observed side effects 
( table 4 ). 

 The signifi cant advances in the fi eld of angiogenesis 
provide hope for the future development of therapeutic 
strategies to inhibit the growth of a wide range of tumor 
types. Further clinical trials will lead to the optimization 
and refi nement of the use of bevacizumab to further im-
prove the clinical benefi t and safety for many patients 
with VEGF-driven cancers. 

  
  

 References 

  1 Hurwitz H, Fehrenbacher L, Novotny W, Cart-
wright T, Hainsworth J, Heim W, Berlin J, 
Baron A, Griffi ng S, Holmgren E, Ferrara N, 
Fyfe G, Rogers B, Ross R, Kabbinavar F: Be-
vacizumab plus irinotecan, fl uorouracil, and 
leucovorin for metastatic colorectal cancer. N 
Engl J Med 2004;   350:   2335–2342. 

  2 Kabbinavar F, Hurwitz HI, Fehrenbacher L, 
Meropol NJ, Novotny WF, Lieberman G, 
Griffi ng S, Bergsland E: Phase II, randomized 
trial comparing bevacizumab plus fl uorouracil 
(FU)/leucovorin (LV) with FU/LV alone in pa-
tients with metastatic colorectal cancer. J Clin 
Oncol 2003;   21:   60–65. 

  3 Ferrara N, Gerber HP, LeCouter J: The biol-
ogy of VEGF and its receptors. Nat Med 2003;  
 9:   669–676. 

  4 Presta LG, Chen H, O’Connor SJ, Chisholm 
V, Meng YG, Krummen L, Winkler M, Ferra-
ra N: Humanization of an anti-vascular endo-
thelial growth factor monoclonal antibody for 
the therapy of solid tumors and other disor-
ders. Cancer Res 1997;   57:   4593–4599. 

  5 Vogelzang NJ, Stadler WM: Kidney cancer. 
Lancet 1998;   352:   1691–1696. 

  6 Bukowski RM: Immunotherapy in renal cell 
carcinoma. Oncology 1999;   13:   801–810. 

  7 Sternberg CN: Metastatic renal cell cancer 
treatments. Drugs Today 2003;   39(suppl C):
39–59. 

  8 Sano T, Horiguchi H: Von Hippel-Lindau dis-
ease. Microsc Res Tech 2003;   60:   159–164. 

  9 Wiesener MS, Munchenhagen PM, Berger I, 
Morgan NV, Roigas J, Schwiertz A, Jurgensen 
JS, Gruber G, Maxwell PH, Loning SA, Frei 
U, Maher ER, Grone HJ, Eckardt KU: Consti-
tutive activation of hypoxia-inducible genes 
related to overexpression of hypoxia-inducible 
factor-1alpha in clear cell renal carcinomas. 
Cancer Res 2001;   61:   5215–5222. 

 10 Jacobsen J, Grankvist K, Rasmuson T, Bergh 
A, Landberg G, Ljungberg B: Expression of 
vascular endothelial growth factor protein in 
human renal cell carcinoma. BJU Int 2004;   93:  
 297–302. 

 11 Yang JC, Haworth L, Sherry RM, Hwu P, 
Schwartzentruber DJ, Topalian SL, Steinberg 
SM, Chen HX, Rosenberg SA: A randomized 
trial of bevacizumab, an anti-vascular endo-
thelial growth factor antibody, for metastatic 
renal cancer. N Engl J Med 2003;   349:   427–
434. 

 12 Yang JC: Bevacizumab for patients with meta-
static renal cancer: an update. Clin Cancer Res 
2004;   10:   6367S–6370S. 

 13 Elaraj DM, White DE, Steinberg SM, Haworth 
L, Rosenberg SA, Yang JC: A pilot study of 
antiangiogenic therapy with bevacizumab and 
thalidomide in patients with metastatic renal 
cell carcinoma. J Immunother 2004;   27:   259–
264. 

 14 Spigel DR, Hainsworth JD, Sosman JA, Raef-
sky EL, Meluch AA, Edwards DL, Horowitz P, 
Thomas K, Yost K, Stagg MP, Greco A: Beva-
cizumab and erlotinib in the treatment of pa-
tients with metastatic renal carcinoma (RCC): 
Update of a phase II multicenter trial. J Clin 
Oncol 2005;   23(suppl):387s (abstract 4540). 

 15 Atzpodien J, Kirchner H, Jonas U, Bergmann 
L, Schott H, Heynemann H, Fornara P, Loe-
ning SA, Roigas J, Muller SC, Bodenstein H, 
Pomer S, Metzner B, Rebmann U, Oberneder 
R, Siebels M, Wandert T, Puchberger T, Reitz 
M: Interleukin-2- and interferon alfa-2a-based 
immunochemotherapy in advanced renal cell 
carcinoma: A Prospectively Randomized Trial 
of the German Cooperative Renal Carcinoma 
Chemoimmunotherapy Group (DGCIN). J 
Clin Oncol 2004;   22:   1188–1194. 

 16 Hainsworth JD, Sosman JA, Spigel DR, Patton 
JF, Thompson DS, Sutton V, Hart LL, Yost K, 
Greco FA: Bevacizumab, erlotinib, and ima-
tinib in the treatment of patients with advanced 
renal cell carcinoma: A Minnie Pearl Cancer 
Research Network phase I/II trial. J Clin Oncol 
2005;   23(suppl):388s (abstract 4542). 

 17 Schiller JH, Harrington D, Belani CP, Langer 
C, Sandler A, Krook J, Zhu J, Johnson DH: 
Comparison of four chemotherapy regimens 
for advanced non-small-cell lung cancer. N 
Engl J Med 2002;   346:   92–98. 

 18 Zatloukal P, Petruzelka L: Gemcitabine/carbo-
platin in advanced non-small cell lung cancer. 
Lung Cancer 2002;   38(suppl 2):S33–S36. 

 19 Sandler AB, Nemunaitis J, Denham C, von 
Pawel J, Cormier Y, Gatzemeier U, Mattson 
K, Manegold C, Palmer MC, Gregor A, Nguy-
en B, Niyikiza C, Einhorn LH: Phase III trial 
of gemcitabine plus cisplatin versus cisplatin 
alone in patients with locally advanced or met-
astatic non-small-cell lung cancer. J Clin Oncol 
2000;   18:   122–130. 



 Bevacizumab in Other Indications  Oncology 2005;69(suppl 3):46–56 55

 20 O’Byrne KJ, Koukourakis MI, Giatromanola-
ki A, Cox G, Turley H, Steward WP, Gatter K, 
Harris AL: Vascular endothelial growth factor, 
platelet-derived endothelial cell growth factor 
and angiogenesis in non-small-cell lung cancer. 
Br J Cancer 2000;   82:   1427–1432. 

 21 Johnson DH, Fehrenbacher L, Novotny WF, 
Herbst RS, Nemunaitis JJ, Jablons DM, 
Langer CJ, DeVore RF 3rd, Gaudreault J, 
Damico LA, Holmgren E, Kabbinavar F: Ran-
domized phase II trial comparing bevacizum-
ab plus carboplatin and paclitaxel with carbo-
platin and paclitaxel alone in previously 
untreated locally advanced or metastatic non-
small-cell lung cancer. J Clin Oncol 2004;   22:  
 2184–2191. 

 22 Kelly K, Crowley J, Bunn PA, Jr., Presant CA, 
Grevstad PK, Moinpour CM, Ramsey SD, 
Wozniak AJ, Weiss GR, Moore DF, Israel VK, 
Livingston RB, Gandara DR: Randomized 
phase III trial of paclitaxel plus carboplatin 
versus vinorelbine plus cisplatin in the treat-
ment of patients with advanced non-small-cell 
lung cancer: A Southwest Oncology Group tri-
al. J Clin Oncol 2001;   19:   3210–3218. 

 23 Sandler AB, Gray R, Brahmer J, Dowlati A, 
Schiller JH, Perry MC, Johnson DH: Random-
ized phase II/III trial of paclitaxel (P) plus car-
boplatin (C) with or without bevacizumab 
(NSC # 704865) in patients with advanced 
non-squamous non-small cell lung cancer 
(NSCLC): an Eastern Cooperative Oncology 
Group (ECOG) Trial – E4599. J Clin Oncol 
2005;   23 (suppl):2s (abstract LBA4). 

 24 Kindler HL, Karrison T, Lu C, Gandara DR, 
Stevenson J, Krug L, Janne P, Guterz TL, 
Stadler WM, Vokes EE: A multicenter, double-
blind, placebo-controlled randomized phase II 
trial of gemcitabine/cisplatin (GC) plus beva-
cizumab (B) or placebo in patients (pts) with 
malignant mesothelioma (MM). J Clin Oncol 
2005;   23(suppl):625s (abstract 7019). 

 25 Shepherd FA, Pereira J, Ciuleanu TE, Tan EH, 
Hirsh V, Thongprasert S, Bezjak A, Tu D, San-
tabarbara B, Seymour L: A randomized pla-
cebo-controlled trial of erlotinib in patients 
with advanced non-small cell lung cancer 
(NSCLC) following failure of 1st line or 2nd 
line chemotherapy. A National Cancer Insti-
tute of Canada Clinical Trials Group (NCIC 
CTG) trial. J Clin Oncol 2004;   22(suppl):ab-
stract 7022. 

 26 Sandler AB, Blumenschein GR, Henderson T, 
Lee J, Truong M, Kim E, Mass B, Garcia B, 
Johnson DH, Herbst RS: Phase I/II trial evalu-
ating the anti-VEGF MAb bevacizumab in 
combination with erlotinib, a HER1/EGFR-
TK inhibitor, for patients with recurrent non-
small cell lung cancer. J Clin Oncol 2004;  
 22(suppl):abstract 2000. 

 27 National Cancer Institute. Annual cancer statis-
tics review 1973–1988. Bethesda, MD, Depart-
ment of Health and Human Services, 1991. 

 28 Seo Y, Baba H, Fukuda T, Takashima M, Sug-
imachi K: High expression of vascular endo-
thelial growth factor is associated with liver 
metastasis and a poor prognosis for patients 
with ductal pancreatic adenocarcinoma. Can-
cer 2000;   88:   2239–2245. 

 29 Karayiannakis AJ, Bolanaki H, Syrigos KN, 
Asimakopoulos B, Polychronidis A, Anagnos-
toulis S, Simopoulos C: Serum vascular endo-
thelial growth factor levels in pancreatic cancer 
patients correlate with advanced and metastat-
ic disease and poor prognosis. Cancer Lett 
2003;   194:   119–124. 

 30 Kindler HL, Friberg G, Stadler WM, Singh 
DA, Locker G, Nattam S, Kozloff M, Kasza K, 
Vokes EE: Bevacizumab (B) plus gemcitabine 
(G) in patient (pts) with advanced pancreatic 
cancer (PC): updated results of a multi-center 
phase II trial. J Clin Oncol 2004;   22(suppl):ab-
stract 4009. 

 31 Moore MJ, Goldstein D, Hamm J, Kotecha J, 
Gallinger S, Au HJ, Nomikos D, Ding K, Ptas-
zynski M, Parulekar W: Erlotinib improves sur-
vival when added to gemcitabine in patients 
with advanced pancreatic cancer. A phase III 
trial of the National Cancer Institute of Canada 
Clinical Trials Group [NCICCTG]. Presented 
at 2005 Gastrointestinal Cancers Symposium, 
27–29 January 2005, Hollywood, Flo. Abstract 
77. Available at: http://www.asco.org. Accessed 
15 February 2005. 

 32 Ellis L: Epidermal growth factor receptor in tu-
mor angiogenesis. Hematol Oncol Clin North 
Am 2004;   18:   1007–1021. 

 33 Viloria-Petit A, Crombet T, Jothy S, Hicklin 
D, Bohlen P, Schlaeppi JM, Rak J, Kerbel RS: 
Acquired resistance to the antitumor effect of 
epidermal growth factor receptor-blocking an-
tibodies in vivo: a role for altered tumor angio-
genesis. Cancer Res 2001;   61:   5090–5101. 

 34 Crane CH, Ellis LM, Abbruzzese JL, Douglas 
EB, Henry X, Ho L, Tamm EP, Chaan N, 
O’Reilly M, Wolff RA: Phase I trial of bevaci-
zumab (BEV) with concurrent radiotherapy 
(RT) and capecitabine (CAP) in locally ad-
vanced pancreatic adenocarcinoma (PA). J 
Clin Oncol 2005;   23(suppl):316s (abstract 
4033). 

 35 Emens LA, Davidson NE: Trastuzumab in 
breast cancer. Oncology 2004;   18:   1117–1128; 
discussion 1131–1132, 1137–1138. 

 36 Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, 
Paton V, Bajamonde A, Fleming T, Eiermann 
W, Wolter J, Pegram M, Baselga J, Norton L: 
Use of chemotherapy plus a monoclonal anti-
body against HER2 for metastatic breast can-
cer that overexpresses HER2. N Engl J Med 
2001;   344:   783–792. 

 37 Cobleigh MA, Vogel CL, Tripathy D, Robert 
NJ, Scholl S, Fehrenbacher L, Wolter JM, Pa-
ton V, Shak S, Lieberman G, Slamon DJ: Mul-
tinational study of the effi cacy and safety of 
humanized anti-HER2 monoclonal antibody 
in women who have HER2-overexpressing 
metastatic breast cancer that has progressed af-
ter chemotherapy for metastatic disease. J Clin 
Oncol 1999;   17:   2639–2648. 

 38 Cobleigh MA, Langmuir VK, Sledge GW, 
Miller KD, Haney L, Novotny WF, Reimann 
JD, Vassel A: A phase I/II dose-escalation trial 
of bevacizumab in previously treated meta-
static breast cancer. Semin Oncol 2003;   30(sup-
pl 16):117–124. 

 39 Miller KD, Rugo HS, Cobleigh MA, Marcom 
PK, Chap LI, Holmes FA, Fehrenbacher L, 
Overmoyer BA, Reimann JD, Vassel AV, 
Langmuir VK: Phase III trial of capecitabine 
(Xeloda ® ) plus bevacizumab (Avastin™) ver-
sus capecitabine alone in women with meta-
static breast cancer (MBC) previously treated 
with an anthracycline and a taxane. Breast 
Cancer Res Treat 2002;   79:abstract 36. 

 40 Burstein HJ, Parker LM, Savoie J, Younger J, 
Kuter I, Ryan PD, Garber JE, Campos SM, 
Shulman LN, Harris LN, Gelman R, Winer E: 
Phase II trial of the anti-VEGF antibody beva-
cizumab in combination with vinorelbine for 
refractory advanced breast cancer. Breast Can-
cer Res Treat 2002;   79:abstract 446. 

 41 Relf M, LeJeune S, Scott PA, Fox S, Smith K, 
Leek R, Moghaddam A, Whitehouse R, Bick-
nell R, Harris AL: Expression of the angiogen-
ic factors vascular endothelial cell growth fac-
tor, acidic and basic fi broblast growth factor, 
tumor growth factor beta-1, platelet-derived 
endothelial cell growth factor, placenta growth 
factor, and pleiotrophin in human primary 
breast cancer and its relation to angiogenesis. 
Cancer Res 1997;   57:   963–969. 

 42 Miller KD, Wang M, Gralow J, Dickler M, Co-
bleigh MA, Perez EA, Shenkier TN, Davidson 
NE: E2100: a randomised phase III trial of pa-
clitaxel versus paclitaxel plus bevacizumab as 
fi rst-line therapy for locally recurrent or meta-
static breast cancer. Presented at the 41st An-
nual Meeting of the American Society of Clin-
ical Oncology (ASCO), 13–17 May 2005, 
Orlando, Flo. 

 43 Moehler TM, Ho AD, Goldschmidt H, Barlo-
gie B: Angiogenesis in hematologic malignan-
cies. Crit Rev Oncol Hematol 2003;   45:   227–
244. 

 44 Stopeck AT, Bellamy W, Unger J, Rimsza L, 
Iannone M, Fisher RI, Miller TP: Phase II tri-
al of single agent bevacizumab in patients with 
relapsed, aggressive non-Hodgkin’s lymphoma 
(NHL): Southwest Oncology Group Study 
S0108. J Clin Oncol 2005;   23(suppl):583s
(abstract 6592). 

 45 Burger RA, Sill M, Monk BJ, Greer B, Sorosky 
J: Phase II trial of bevacizumab in persistent 
or recurrent epithelial ovarian cancer (EOC) or 
primary peritoneal cancer (PPC): a Gyneco-
logic Oncology Group (GOG) study. J Clin On-
col 2005;   23(suppl):457s(abstract 5009). 

 46 Picus J, Halabi S, Rini B, Vogelzang N, Whang 
Y, Kaplan E, Kelly W, Small E: The use of be-
vacizumab (B) with docetaxel (D) and estra-
mustine (E) in hormone refractory prostate 
cancer (HRPC): initial results of CALGB 
90006. Proc Am Soc Clin Oncol 2003;   22:   393 
(abstract 1578). 



 de Gramont   /Van Cutsem    
  
  

 Oncology 2005;69(suppl 3):46–56 56

 47 Shah MA, Ilson D, Kelsen DP: Thromboem-
bolic events in gastric cancer: High incidence 
in patients receiving irinotecan- and bevaci-
zumab-based therapy. J Clin Oncol 2005;   23:  
 2574–2576. 

 48 Shah MA, Ilson D, Ramanathan RK, Levner 
A, D’Adamo D, Schwartz L, Casper E, Schwartz 
GK, Kelsen DP: A multicenter phase II study 
of irinotecan (CPT), cisplatin (CIS), and beva-
cizumab (BEV) in patients with unresectable 
or metastatic gastric or gastroesophageal junc-
tion (GEJ) adenocarcinoma. J Clin Oncol 
2005;   23(suppl):314s (abstract 4025). 

 49 Zhu AX, Sahani D, Norden-Zfoni A, Hol-
alkere NS, Blaszkowsky L, Ryan DP, Clark 
JW, Taylor K, Heymach JV, Stuart K: A 
phase II study of gemcitabine, oxaliplatin in 
combination with bevacizumab (GEMOX-B) 
in patients with hepatocellular carcinoma. J 
Clin Oncol 2005;   23(suppl):337s (abstract 
4120). 

 50 Britten CD, Finn RS, Gomes AS, Amado R, 
Yonemoto L, Bentley G, Mass R, Busuttil 
RW, Slamon DJ: A pilot study of IV bevaci-
zumab in hepatocellular cancer patients un-
dergoing chemoembolization. J Clin Oncol 
2005;   23 (suppl):342s (abstract 4138). 

 51 Schwartz JD, Schwartz M, Lehrer D, Coll D, 
Kinkhabwala M, Sung M, Holloway SB, 
Wadler S: Bevacizumab in hepatocellular car-
cinoma (HCC) in patients without metastasis 
and without invasion of the portal vein. J Clin 
Oncol 2005;   23(suppl):338s (abstract 4122). 

 52 Vokes EE, Cohen EEW, Mauer AM, Karrison 
TG, Wong SJ, Skoog-Sluman LJ, Kozloff MF, 
Dancey J, Dekker A: A phase I study of erlo-
tinib and bevacizumab for recurrent or meta-
static squamous cell carcinoma of the head and 
neck (HNC). J Clin Oncol 2005;   23(suppl):501s 
(abstract 5504). 

 53 Greco FA, Spigel DR, Shipley DL, Yardley 
DA, Ramsey S, Sutton V, Thomas M, Hains-
worth JD: Bevacizumab and erlotinib in the 
treatment of patients with metastatic carcino-
ma of unknown primary site: A Sarah Cannon 
Research Institute phase II trial. J Clin Oncol 
2005;   23(suppl):213s (abstract 3088). 

 54 Yao JC, Ng C, Hoff PM, Phan AT, Hess K, 
Chen H, Wang X, Abbruzzese JL, Ajani JA: 
Improved progression free survival (PFS), and 
rapid, sustained decrease in tumor perfusion 
among patients with advanced carcinoid treat-
ed with bevacizumab. J Clin Oncol 2005;  
 23(suppl):309s (abstract 4007). 

 55 Herbst RS, Johnson DH, Mininberg E, Car-
bone DP, Henderson T, Kim ES, Blumen-
schein G, Jr, Lee JJ, Liu DD, Truong MT, Hong 
WK, Tran H, Tsao A, Xie D, Ramies DA, Mass 
R, Seshagiri S, Eberhard DA, Kelley SK, 
Sandler A: Phase I/II trial evaluating the anti-
vascular endothelial growth factor monoclonal 
antibody bevacizumab in combination with the 
HER-1/epidermal growth factor receptor tyro-
sine kinase inhibitor erlotinib for patients with 
recurrent non-small-cell lung cancer. J Clin On-
col 2005;   23:   2544–2555. 

 56 Dickler M, Rugo H, Caravelli J, Brogi E, Sachs 
D, Panageas K, Flores S, Moasser M, Norton 
L, Hudis C: Phase II trial of erlotinib (OSI-
774), an epidermal growth factor receptor 
(EGFR)-tyrosine kinase inhibitor, and bevaci-
zumab, a recombinant humanized monoclonal 
antibody to vascular endothelial growth factor 
(VEGF), in patients with metastatic breast can-
cer (MBC). J Clin Oncol 2004;   22(suppl):ab-
stract 2001. 

 57 Miller KD, Chap LI, Holmes FA, Cobleigh 
MA, Marcom PK, Fehrenbacher L, Dickler M, 
Overmoyer BA, Reimann JD, Sing AP, Lang-
muir V, Rugo HS: Randomised phase III trial 
of capecitabine compared with bevacizumab 
plus capecitabine in patients with previously 
treated metastatic breast cancer. J Clin Oncol 
2005;   23:   792–799. 

  


	3805580479.jpg
	1.pdf
	3.pdf
	2.pdf
	4.pdf
	5.pdf
	6.pdf
	7.pdf
	8.pdf

	Cit p_44: 
	Cit p_4: 
	Cit p_5: 
	Cit p_6: 
	Cit p_7: 
	Cit p_8: 
	Cit p_10: 
	Cit p_1: 
	Cit p_9: 
	Cit p_11: 
	Cit p_3: 
	Cit p_12: 
	Cit p_21: 
	Cit p_13: 
	Cit p_37: 
	Cit p_29: 
	Cit p_30: 
	Cit p_14: 
	Cit p_38: 
	Cit p_31: 
	Cit p_23: 
	Cit p_15: 
	Cit p_39: 
	Cit p_24: 
	Cit p_16: 
	Cit p_33: 
	Cit p_25: 
	Cit p_17: 
	Cit p_26: 
	Cit p_18: 
	Cit p_35: 
	Cit p_27: 
	Cit p_19: 
	Cit p_20: 
	Cit p_28: 
	Cit p_2: 
	Cit p_34: 
	Cit p_40: 
	Cit p_42: 
	Cit p_41: 
	Cit p_45: 
	Cit p_32: 
	Cit p_43: 
	Cit p_36: 
	Cit p_22: 
	Cit p_47: 
	Cit p_55: 
	Cit p_57: 


