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ABSTRACT

Non small cell lung cancer (NSCLC) accounts
for approximately 80% of all lung cancers. Despite
improvements in treatment protocols the survival
rate in NSCLC remains poor. An improved under-
standing of cancer biology has led to the investi-
gation of angiogenesis in NSCLC development and
progression by intratumoral microvessel count or
expression of angiogenic markers. The prognostic
significance of several frequently assessed angio-
genic factors and current antiangiogenic strategies
which proved to be particularly promising in com-
bination with chemotherapeutic agents for clinical
management of NSCLC are here reviewed.
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INTRODUCTION

Lung cancer is the leading cause of cancer-re-
lated mortality with 1.2 million new cases being di-
agnosed every year and one million deaths recorded
worldwide in 2001 [1]. Histologically, lung cancer is
divided into two major types: small cell lung cancer
(SCLC) and non small cell lung cancer (NSCLC)
consisting of squamous cell carcinoma, adenocarci-
noma, large cell carcinoma and other rare subtypes.
Non small cell lung cancer accounts for approxi-
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mately 80% of all lung cancers. Five-year survival
rates reported for stage | NSCLC range from 50 to
80%, but overall survival rate is 10 to 15% [2]. Sur-
gical removal is the mainstay treatment in patients
with early-stage disease (stage I and II disease) [3]
but a large portion of these patients eventually ex-
perience metastatic recurrence [1]. Moreover, 70%
to 80% [3] of NSCLC patients present with locally
advanced (stage III) or metastatic (stage IV) disease
at diagnosis [1], and the primary treatment option
for these patients is chemotherapy including cispla-
tin or carboplatin regimen. Despite improvement
in survival rates due to chemotherapy overall (8-
11 months) and 1-year survival (27-47%) rates for
chemotherapy-treated patients with advanced dis-
ease remain low [4,5]. The improved understand-
ing of cancer biology has led to the investigation of
therapies directed against key biological processes
in NSCLC development and progression. Anti-
angiogenic agents, including monoclonal antibod-
ies and small-molecule tyrosine kinase inhibitors
(TKI), have shown potential for increased selec-
tivity and thereby reduced toxicity compared with
standard chemotherapies [3].

Angiogenesis and Tumor Development. When
tumors are small (<1 mm in diameter), they rely on
diffusion to provide oxygen and nutrients for growth
of cancerous cells [6]. When a tumor reaches 2-3
mm in diameter, further growth needs vascular sup-
ply [7]. Angiogenesis is the development of new
capillary beds from the endothelium of pre-existing
blood vessels [6]. Studies in animal tumor models
have suggested that tumor endothelial cells may
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also be derived from circulating endothelial precur-
sor cells originating from the bone marrow [8]. An-
giogenesis is a multi-step process that involves acti-
vation of endothelial cells and production of matrix
metalloproteinases (MMPs), which break down the
surrounding extracellular matrix [9], proliferation
of activated endothelial cells, migration of these
cells to remote regions and then assembly into new
capillary tubes and the synthesis of a new basement
membrane and maturation of vessels with formation
of'a vascular lumen [10]. Initially, malignant tumors
exploit the host’s pre-existing vessels and become
enriched with new blood capillaries only when they
are on the verge of invading adjacent tissues. Nor-
mal tissues act as a barrier for tumor invasion and
angiogenesis occurs simultaneously with the for-
mation of new stroma (stromatogenesis). The loose
and oedematous stroma is easily amenable to pen-
etration by endothelial and tumor cells and allows
endothelial cell migration and tumor cell invasion
[8]. Thus, angiogenesis permits growth of the pri-
mary tumor and provides a pathway for migrating
tumor cells to gain access to the systemic circula-
tion and to establish distant metastases. Without a
functional vascular supply tumors remain dormant
and are unable to metastasize [1]. However, some
NSCLCs have a non angiogenic vascular phenotype
which is the same as that of normal alveolar vessels
[11]. These tumors are invasive, exploiting the pre-
existing alveolar vessels [12].

Markers for Angiogenesis. In NSCLC, angio-
genesis has been evaluated by intratumoral microve-
ssel count or expression of angiogenic markers [13].
The microvessel count is frequently assessed by us-
ing antibodies to clotting factor VIII, CD31 or CD34
antigens, expressed on the surface of endothelial
cells [6]. High microvessel density has been used
as a predictor of metastasis, poor survival [1] and
recurrence in patients with stage I NSCLC [2]. In
particular, high vascularity at the tumor periphery
has been correlated with tumor progression [14].
However this method has several drawbacks. First,
it assumes that the region with the most angiogenic
activity reflects the activity of the tumor as a whole
[6]. However, new blood vessel formation occurs
mainly at the tumor periphery, while inner regions
that form the great bulk of the tumor often lack ves-
sels. Also in tumor periphery and inner parts of the
tumor regions of extreme microvessel density (“hot

spots”) alternate with others of vascular sparsity [8].
Secondly, the method does not distinguish between
new and old vessels, or whether there is actual blood
flow through the new vessels [6].

The expression of angiogenic substances by tu-
mors may indicate the formation of new blood ves-
sels. Initiation of angiogenesis is believed to rely
on an angiogenic “switch” [14] that includes the
secretion of angiogenic factors by tumors and their
precursor cells [15]. The “switch” is activated dur-
ing tumor progression by environmental (e.g., hy-
poxia) and genetic changes that involve upregula-
tion of oncogenes such as Src [10] and Ras [15], and
downregulation by tumor suppressor genes such as
p53 [10]. Angiogenesis is controlled by stimula-
tory factors, e.g., vascular endothelial growth fac-
tor (VEGF), basic fibroblast growth factor (bFGF),
platelet-derived growth factor (PDGF) [1], platelet-
derived endothelial cell growth factor (PDEC-GF)/
thymidine phosphorylase (TP) [10]) and inhibitory
factors (e.g., angiostatin, endostatin [1]) whose bal-
ance determines the degree of angiogenesis [1]. Tu-
mors can up- or downregulate these factors to pro-
duce an environment in which angiogenesis occurs
[9]. Since most of the stimulatory factors are soluble
and diffusible peptides, blood levels of these cytok-
ines could reflect overall angiogenic tumor activity
and provide an easier method to assay angiogenesis
or proangiogenic factors in NSCLC [13].

The VEGF family consists of six growth factors
[VEGF-A, -B, -C, -D and -E, and placental growth
factor (PIGF)] and three receptors [1,9,16], of which
VEGFR-2 is thought to be mainly responsible for
the biological effects of VEGF. The binding of
VEGF to VEGFR-2 promotes receptor dimerization
and receptor tyrosine kinase phosphorylation and
lead to endothelial cell proliferation, migration, and
survival [3]. The VEGF/VEGFR signaling pathway
is frequently upregulated in lung cancer, and VEGF
overexpression is associated with tumor progression
[16]. High VEGF levels have been identified as an
independent prognostic factor correlated with poor
prognosis in patients with lung cancer [14].

High expression of bFGF is also an indepen-
dent indicator of poor outcome in NSCLC patients
[14]. Basic fibroblast growth factor is released by
proteolytic enzymes from the extracellular matrix
and it increases the expression of other proteolytic
molecules. It is proangiogenic and increases tumor
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growth [6]. It has been shown that NSCLCs ex-
pressing bFGF did not express ELRpositive CXC
chemokines, heparin-binding proteins that contain
Glu-Leu-Arg (“ELR” motif) and play a role in the
regulation and promotion of angiogenesis [17] or
VEGF which supports the hypothesis that tumors
develop unique ‘“angiogenic signatures” character-
ized by the expression of one dominant angiogenic
factor [18].

Platelet-derived endothelial cell growth factor
is a growth factor with TP activity. In NSCLC, in-
creased PDEC-GF/TP expression correlates with a
higher vascular grade and poorer prognosis in pa-
tients with node-negative disease [9,14].

Platelet-derived growth factor is secreted from
platelets and increases DNA synthesis [19], endothe-
lial cell migration [20] and tumor growth [21]. The
PDGF receptors are expressed on tumor neovascula-
ture and upregulated during tumor progression [9].
The PDGF expression in stromal cells may be more
important than tumor cell expression in its effect on
angiogenesis and outcome in NSCLC [6].

The hypoxia-inducible factors HIF-1a and HIF-
2a regulate a number of gene products relevant to
angiogenesis [22]. Expression of both factors was
found in NSCLC tissue samples, with HIF-2a con-
sidered to be an independent prognostic indicator of
poor outcome [14].

The MMPs are a family of more than 20 zinc-
dependent neutral endopeptidases that are important
for remodelling of the extracellular matrix during an-
giogenesis [23]. They are synthesized by connective
tissue cells and are capable of degrading all of the
components of the extracellular matrix [7]; MMP-12
expression significantly correlates with unfavorable
outcome and metastasis in NSCLC [23].

Interleukin-8 (IL-8) is angiogenic for NSCLC in
vitro and in vivo [24]. High IL-8 expression corre-
lates with a higher microvessel density and is a sig-
nificant prognostic marker [25]. An association was
found between the presence of tumor-infiltrating
macrophages and tumor IL-8 expression, suggesting
a mechanism for how macrophages may adversely
affect outcome in NSCLC [6].

Antiangiogenic Strategies. Since tumor
growth and metastasis are angiogenesis-dependent,
therapeutic strategies aimed at inhibiting angiogen-
esis are theoretically attractive. Potential targets for
neo-angiogenesis include VEGF and the receptor
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tyrosine kinases, as well as the MMPs [9].

A widely studied approach in the treatment of
NSCLC is inhibition of the VEGF-VEGFR pathway
which plays a central role in tumor angiogenesis.
Bevacizumab is an anti-VEGF recombinant human-
ized monoclonal antibody which blocks the binding
of VEGF to its receptors, thereby inhibiting its bio-
logic activities. In 2004, the Food and Drug Admin-
istration (FDA) in America approved bevacizumab
as a first-line treatment for patients with colorectal
cancer that has spread to other parts of the body.
Bevacizumab, combined with 5-fluorouracil-based
chemotherapy, is currently approved in Europe and
the United States for first-line treatment of metastatic
colorectal cancer, and in the United States for first-
line treatment of advanced non squamous NSCLC
[3]. In a phase II trial, Johnson ef al. [26] showed
that bevacizumab with carboplatin-paclitaxel in-
creased the response rate (31.4 versus 18.8%) and
median time to progression (7.4 versus 4.2 months)
in patients with NSCLC compared with chemother-
apy alone. Bleeding was the primary safety concern,
especially for patients with squamous tumors which
tend to be more centrally located in the chest, near
large blood vessels [27]. A phase II/I11 trial was con-
ducted by Sandler et al. [28] with the main differ-
ences from the phase II trial mentioned above being
the exclusion of patients with squamous cell histol-
ogy and the exclusion of a thrombotic or hemor-
rhagic history including hemoptysis disorders. Pa-
tients with lung cancer were randomly assigned to
standard treatment or standard treatment plus beva-
cizumab. Median survival was significantly longer
in the bevacizumab group than in the standard group
(12.3 versus 10.3 months); response rate (35 versus
15%) and progression-free survival (6.2 versus 4.5
months), were also better. In 2006, based on the re-
sults obtained from the study of Sandler et al, the
FDA approved use of bevacizumab in combination
with carboplatin/paclitaxel as treatment for patients
with advanced non squamous NSCLC. Extension of
the benefit of bevacizumab into early-stage NSCLC
is being explored in the E1505 North American in-
tergroup trial. The study will include 1,500 patients
with stage IB-IIIA resected NSCLC, stratified by
stage, histology, gender, and chemotherapy regimen
[29].

Many antiangiogenic therapies, which target a
single angiogenic factor or pathway, may be effec-
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tive for only a limited proportion of patients [18].
Most smoke-related bronchogenic neoplasms pos-
sess multiple molecular alterations and show resis-
tance to selective molecular-targeted agents [30].
Non small cell lung cancer is frequently associated
with overexpression [31] or activation [32] of epi-
dermal growth factor receptor (EGFR), which in-
volves receptor dimerization and autophosphoryla-
tion of intracellular receptor tyrosine kinase [31].
The EGFR gene copy number and the absence of
K-ras mutations have been identified as potential
predictive biomarkers for the efficacy of anti-EGFR
TKIs [33]. The combination of bevacizumab and
EGFR TKI erlotinib demonstrated partial responses
(20%), stable disease (65%) or progressive disease
(15%) in a phase I/II study on patients with non
squamous stage IIIB-IV NSCLC pre-treated with
chemotherapy [34]. In a phase II study, the erlo-
tinib plus bevacizumab regimen was well tolerated,
with a low rate of adverse events and toxicities, and
offered a promising rate of non progression at 6
weeks in the treatment of advanced non squamous
NSCLC who had received no prior chemotherapy
[35]. Some clinical trials on the combination of
bevacizumab and erlotinib are ongoing. The study
B0O20571 is a phase I trial that compares, in terms
of progression-free survival and safety, erlotinib
plus bevacizumab with platinum-based chemother-
apy plus bevacizumab in the first-line treatment of
non squamous stage I1IB/IV NSCLC patients. The
ATLAS trial is a phase III trial comparing bevaci-
zumab plus erlotinib with bevacizumab as mainte-
nance treatment after four cycles of chemotherapy
plus bevacizumab in the first-line treatment of non
squamous stage IIIB/IV NSCLC. The trial end-
points are progression-free survival after the end
of first-line chemotherapy and safety and overall
survival. The BeTA Lung trial is a phase III trial
comparing erlotinib plus bevacizumab with erlo-
tinib alone in terms of efficacy (survival) and safety
in the second-line treatment of non squamous stage
IIB/IV NSCLC [1]. In the BeTA Lung trial, the
median survival is similar but there is an increase
in progression-free survival when bevacizumab
and erlotinib are combined compared with erlotinib
alone.

Targeting of multiple pathways in tumor
growth may offer the benefits of combined therapy
within a single agent. The small-molecule TKIs

prevent activation of VEGF receptors [14] through
binding to the ATP pocket of their TK residues in
the intracellular domain [16]. Tyrosine kinase in-
hibitors also frequently target other receptor TKs,
such as EGFR and c-KIT [16]. Multi-TKIs such
as ZD6474 (ZactimaTM), SU11248 (Sunitini-
bTM) and BAY 43-9006 (SorafenibTM), are also
under clinical evaluation in NSCLC. ZactimaTM
(ZD6474) selectively inhibits VEGF-dependent
tumor angiogenesis and EGF-dependent tumor cell
proliferation and survival. It acts as a potent and re-
versible inhibitor of ATP binding to the TK domain
of VEGFR-2 and to EGFR [36]. Studies in a broad
population of patients with advanced NSCLC show
that ZD6474 is well tolerated alone and in combina-
tion with chemotherapy, with promising results in
the treatment of recurrent disease [37]. Preliminary
results of two phase II randomized trials indicate
that ZD6474 plus docetaxel in patients with locally
advanced or metastatic NSCLC, or ZD6474 plus
carboplatin/paclitaxel in treatment-naive patients
with locally advanced or metastatic NSCLC, are
generally well tolerated [3,38]. A phase III study
investigating ZD6474 plus docetaxel versus doc-
etaxel alone has started accruing patients with ad-
vanced NSCLC who failed first-line chemotherapy
[3].

Sunitinib (SU11248) also has anti-tumor and
antiangiogenic activities. It has been identified
as a potent inhibitor of VEGFR-1, VEGFR-2, fe-
tal liver tyrosine kinase receptor 3 (FLT3), c-KIT
[stem-cell factor (SCF) receptor], PDGFR (plate-
let-derived growth factor receptor) —a and —b [37].
In 2006, the FDA approved sunitinib malate for the
treatment of gastrointestinal stromal tumor (GIST)
after disease progression on, or intolerance to, ima-
tinib mesylate (Gleevec) and for the treatment of
advanced (metastatic) renal cell carcinoma. Suni-
tinib is under clinical evaluation in lung cancer
in second-line treatment, both as single agent and
in combination with erlotinib [37]. Two ongoing
phase II studies are evaluating sunitinib malate
monotherapy in advanced NSCLC: the first in pre-
viously treated patients with metastatic disease,
and the second as consolidation therapy following
first-line treatment with carboplatin/paclitaxel in
locally advanced/metastatic disease. The agent is
also under investigation in combination with erlo-
tinib in previously treated advanced NSCLC [3].
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Sorafenib (BAY 43-9006) has shown activity
against RAF-kinase and several other kinases, in-
cluding VEGFR-2, PDGFR-b, ¢-KIT and FLT3. It
has the potential to prevent tumor growth by inhibi-
tion of tumor angiogenesis and of tumor cell prolif-
eration [37]. In 2005, the FDA approved the use of
sorafenib for the treatment of patients with advanced
renal cell carcinoma (RCC). The potential activ-
ity of sorafenib in patients with advanced NSCLC
is being evaluated in ongoing phase II/III trials, as
single agent or in combination with gefitinib or che-
motherapy [37]. Preliminary results from a phase |
study of sorafenib plus gefitinib in patients with un-
resectable or recurrent advanced NSCLC, showed
that the combination was well tolerated with no
dose-limiting toxicities [39]. In a recent phase II
trial, sorafenib monotherapy showed promising ef-
ficacy in patients with advanced NSCLC, with 59%
of patients achieving disease stabilization [40]. A
large randomized study presently in progress, is
comparing chemotherapy (carboplatin-paclitaxel)
alone with chemotherapy plus sorafenib in patients
with advanced NSCLC [3].

Vatalanib (PTK787) is an oral inhibitor of VEG-
FR-1, -2, and —3 TKSs and related kinases such as
PDGFR-B and c-Kit [41]. In a human lung adeno-
carcinoma model, PTK787 significantly suppressed
vascular hyper permeability [42]. Its role in patients
with lung cancer is being evaluated in a phase II
study (the GOAL Study) designed to evaluate the
efficacy of PTK/ZK in patients with stage IIIB/IV
NSCLC [14]. In relapsed or progressive NSCLC
(including squamous cell carcinomas) after first-
line treatment with cisplatinum-based chemothera-
py, vatalanib given once or twice daily was asso-
ciated with pulmonary hemorrhages, hypertension
or thrombosis in some patients. In the first cohort
(once a day), PTK787 induced a 2% response rate
and a 33% stabilization rate at 12 weeks [7].

Clinical trials assessing the tolerability of sev-
eral other kinase inhibitors, either in combination
with chemotherapy or in chemonaive patients, are
ongoing. A phase I/II study is evaluating the effi-
cacy of AMG 706 (an oral multi-kinase inhibitor of
VEGFR-1, VEGFR-2, VEGFR-3, PDGFR, c-Kit,
and c-Ret) with paclitaxel/carboplatin and the anti-
EGFR monoclonal antibody panitumumab in pa-
tients with advanced NSCLC [3]. CP-547,632, a se-
lective VEGFR-2 TKI [43] showed good tolerabil-
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ity in preliminary results from a phase I trial in com-
bination with carboplatin/ paclitaxel for advanced
NSCLC [44] and a phase I/II trial in chemonaive
NSCLC patients is ongoing [3]. AZD2171 is a po-
tent inhibitor of VEGFR-2 TK activity [45] and is
being assessed in a phase II study in combination
with carboplatin-paclitaxel in patients with ad-
vanced NSCLC [3].

Alternatively, some inhibitors of MMPs have
also shown potential for the treatment of lung can-
cer. Neovastat (AE-941) is an oral, naturally-occur-
ring inhibitor of MMPs, derived from shark cartilage
extract [9]. Patients with advanced cancer refractory
to treatment or for which no standard treatments
were available were enrolled in a phase I/II dose-
escalation study of AE-941 (30, 60, 120, or 240 mL/
day) received as monotherapy. No dose-limiting tox-
icity was reported with most frequent adverse events
affecting the gastrointestinal system (nausea, vom-
iting) and a significant survival advantage was ob-
served for patients receiving doses >2.6 mL/kg/day
compared to patients receiving lower doses (median,
6.1 versus 4.6 months). On the other hand, 26% of
the patients in the high-dose group had stable dis-
ease compared to 14% in the low-dose group [46].

In conclusion, antiangiogenic agents currently
in development and the available data indicate the
significant potential of this therapeutic approach in
the treatment of solid tumors. Given that lung can-
cer is a heterogeneous disease with many potential
therapeutic targets, combinations of different bio-
logical agents to target multiple pathways simulta-
neously may lead to novel treatment for NSCLC.
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