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Abstract
Lung cancer (LC) is a leading cause of death worldwide. Recent advances in chemotherapeutic agents have not yielded any

significant improvement in the prognosis of patients with LC. The five-year survival rate for all combined disease stages

remains about 15%. For this reason, new therapies such as those that inhibit tumor angiogenesis or block activity of

growth factor receptors are of special interest in this group of patients. In this review we will summarize the most recent

clinical data on biologic therapies that inhibit tumor angiogenesis in LC, focusing on those that are most clinically relevant.
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Introduction

Lung cancer (LC) is a preventable malignancy; yet it
remains a leading cause of death both in women and in
men. Worldwide over 1,000,000 new patients are diagnosed
with LC each year and more than 900,000 die from the
disease.1 A majority of patients present with advanced
disease or will recur despite multidisciplinary intervention.
Despite recent progress in chemotherapeutic agents, this has
not yet yielded any significant improvement in the progno-
sis of patients with LC. The five-year survival rate for all
combined disease stages remains about 15%.2 For this
reason, emerging therapeutic modalities such as those that
inhibit tumor angiogenesis or block activity of growth
factor receptors are of special interest for their potential to
improve prognosis in patients with LC. In this review, we
will summarize the most recent clinical data on biologic
therapies that inhibit tumor angiogenesis in LC patients,
focusing on those that are most clinically relevant.

LC – epidemiology and pathology

LC falls into two major categories – non-small-cell (NSCLC)
and small-cell lung cancer (SCLC). Prognosis, natural
history, pathology, management and response to therapy
validate this distinction. NSCLC comprises about 80% of
all LC cases and is further subdivided into squamous-cell

carcinoma (25–40%), adenocarcinoma (25–40%) and large-
cell carcinoma (10–15%). The incidence of adenocarcinoma
and bronchioalveolar carcinoma is rising for reasons that
are not fully understood.3 The presentation, management
and prognosis of different histological subtypes of NSCLC
are similar; yet some differences do exist. Squamous-cell
tumors are usually located close to the lung hilum and
tend to metastasize later, while adenocarcinomas are
found more distally in the lung parenchyma, metastasize
earlier and respond better to chemotherapy. SCLC is an
entirely different clinical and pathological entity character-
ized by aggressive growth, early distant organ metastases
and survival given in weeks when untreated, despite
being an initially chemosensitive disease.2

Cigarette smoking is a major etiological factor in more
than 85% of all LC cases and contributes greatly to molecu-
lar alterations leading to malignancy.4 LC develops by step-
wise acquisition of genetic changes resulting in uncontrolled
growth, resistance to apoptosis, tumor angiogenesis, tissue
invasion and distant metastasis. Once clinically evident,
LC cells may already harbor 20 or more genetic mutations
facilitating the malignant behavior.5 Genetic changes that
are found in LC cells can be divided into chromosomal
abnormalities (deletions, amplifications and translocations),
somatic genetic mutations and epigenetic changes (e.g.
DNA adducts, gene promoter methylation and histone
acetylation). Some genetic alterations are characteristic of
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NSCLC (K-RAS, HER-2/neu and p16INK4a) while others are
described more frequently in association with SCLC (p53
and p16/RB).6 Although the knowledge regarding the mol-
ecular mechanisms involved in the pathogenesis of LC has
recently expanded rapidly, only two molecular pathways
are targeted therapeutically in clinical practice today:
epithelial growth factor receptor (EGFR) signaling and the
vascular endothelial growth factor (VEGF) pathway.

Tumor angiogenesis

The concept that a tumor stimulates its own blood supply
(tumor angiogenesis) extends back to the 1930s.7 In 1971,
Folkman proposed the hypothesis that tumors could not
grow beyond a certain size without an additional blood
supply. He also postulated for the first time that this
phenomenon may be used as a therapeutic target, and
that by inhibiting tumor angiogenesis it would be possible
to prevent local tumor growth and the formation of
distant metastases.8 Since then, extensive research has been
focused on identification of pro-angiogenic factors pro-
duced by tumor cells and methods of blocking their
action. One of the best-studied factors that stimulates
tumor angiogenesis is VEGF (known also as VEGF-A).9

VEGF is a growth factor that stimulates proliferation and
migration, promotes survival, inhibits apoptosis and regu-
lates permeability of vascular endothelial cells (ECs).
VEGF belongs to a family of growth factors that includes
VEGF-A, -B, -C, -D, -E and placenta growth factor
(PlGF).10 Alternative splicing of the VEGF-A gene results
in the formation of four major isoforms with variable
number of amino acids building the VEGF molecule: 121,
165, 189 and 206 (VEGF-A121, VEGF-A165, VEGF-A189 and
VEGF-A206). The most prominent isoform is VEGF-A165,
which can be found circulating in the plasma and bound to
the extracellular matrix. Biological functions of VEGF are
mediated upon binding to receptors with tyrosine kinase
activity – VEGF receptor-1, -2 and -3 (VEGFR-1, -2, -3).
VEGFR-1 binds VEGF-A, VEGF-B and uniquely PlGF. Its
activation mediates embryonic vessel development, hemato-
poiesis, macrophage chemotaxis and recruitment of EC pro-
genitors to tumor blood vessels from the bone marrow.11

VEGFR-2 is the key mediator of VEGF-driven tumor angio-
genesis. Its expression and function is also crucial during
embryonic vascular development since heterozygous and
homozygous knockout mice die in utero due to significantly
disrupted vasculogenesis and hematopoiesis. Upon binding
of VEGF to VEGFR-2, the receptor is phosphorylated and
downstream effectors including phospholipase C gamma,
protein kinase C, Raf and MAP kinase signaling cascade
and PI3K and FAK pathways are activated, which leads to
EC proliferation, migration and survival (Figure 1).12

VEGFR-3 binds VEGF-C and -D isoforms and is directly
involved in the formation of lymphatics during adulthood
in healthy tissue and in tumors.13

VEGF expression is regulated by three major mechanisms:
(1) cellular oxygen level; (2) growth factors and cytokines;
and (3) oncogene activation/tumor suppressor gene
inactivation.12 Hypoxia is known to be one of the most

important factors facilitating VEGF expression in tumors.
Hypoxia inducible factor-1 is a transcription factor, which
regulates expression of hypoxia responsive genes, including
a VEGF gene, upon decrease of intracellular oxygen levels.14

VEGF expression is also regulated via paracrine and auto-
crine release of growth factors and cytokines like platelet-
derived growth factor (PDGF), epidermal growth factor
(EGF), keratinocyte growth factor, insulin-like growth
factor (IGF), transforming growth factors alpha and beta
(TGF-a and -b), interleukin-1a, interleukin-6 and prosta-
glandins. During tumor progression, certain genetic
mutations in the ras oncogene or Wnt-signaling pathways
may also lead to overexpression of VEGF through uncon-
trolled gene transcription.15 Tumor-derived VEGF regulates
the function of tumor cells via autocrine signaling and
VEGF receptors are expressed in multiple cancer cell lines
including LC.16,17

VEGF-mediated angiogenesis in LC

Lung microvascular ECs produce significant amounts of
VEGF, which contributes to endothelial maintenance and
homeostasis within the lungs in an autocrine manner.18

Finely tuned interactions between ECs, VEGF and lung
embryonic mesenchyma are critical to the formation and
maturation of lungs.19,20 Disregulated VEGF signaling is
found in the pathophysiology of diseases such as asthma,
emphysema, pulmonary hypertension and acute respiratory
distress syndrome.18

Both NSCLC and SCLC tumors produce VEGF, and high
levels of VEGF are correlated with patients’ poor progno-
sis.21,22 It is unclear however whether VEGF levels in
cancer patients can be used as a reliable biomarker of
anti-VEGF therapy. Some discrepancies also exist when
levels of different isoforms of VEGF are studied. One
study involving NSCLC patients showed that the levels of
VEGF-A189 provide a better correlation with intra-tumoral
mean vascular density (MVD), disease recurrence and
overall survival (OS) than the most abundant isoform –
VEGF-A165, which did not correlate with clinical out-
comes.23 When analyzing the MVD, it has to be noted that
vessels are not equally distributed within the tumors.
Usually the MVD at the tumor’s periphery is higher than
the MVD at the center due to central necrosis. It was
shown that peripheral MVD but not central MVD, when
combined with blood VEGF levels, correlated with poor
prognosis in NSCLC patients.24

SCLC tumors are more vascularized than NSCLC, but
histologically assessed MVD does not correlate with the
levels of VEGF expression.21 Some experimental data
suggest that tumor angiogenesis plays a minor role in the
progression of some forms of NSCLC. Tumors can effi-
ciently use already existing host vessels in the alveoli
septa and take advantage of the close proximity of lung
alveoli for oxygen delivery.25 However, it is not a wide-
spread phenomenon and in the vast majority of cases,
tumors are dependent on their own angiogenesis to grow
and metastasize. Therefore, assessing circulating VEGF
and VEGF expression within NSCLC tumors provides a
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valid marker of tumor aggressiveness and provides a target
for therapy in LC.

Anti-VEGF therapy in LC

The VEGF pathway can be targeted therapeutically at
various molecular levels. Currently two major concepts
are studied in the clinical setting – blocking VEGF from
binding to its extracellular receptors with VEGF-specific
antibodies and fusion proteins (VEGF-traps), or inhibiting
intracellular VEGF signaling using tyrosine kinase inhibi-
tors (TKIs) (Figure 1).26 Bevacizumab (Avastinw) is a recom-
binant, humanized, VEGF-neutralizing antibody that binds
all isoforms of VEGF-A. Adding bevacizumab to standard
chemotherapy in patients with metastatic colorectal cancer
improved both progression free (PFS) and OS.27,28

In 2004, a phase II clinical trial assessing the use of bevaci-
zumab in newly diagnosed stage IIIB/IV or recurrent NSCLC
patients was conducted.29 Patients were randomized to
receive bevacizumab at 7.5 or 15 mg/kg with carboplatin
(area under the curve; AUC ¼ 6) and paclitaxel 200 mg/m2

every three weeks or chemotherapy alone. The primary end-
points were the median time to progression (TTP) and tumor
response rate (RR). High-dose bevacizumab when added to
the chemotherapy showed improved TTP (7.4 months)
when compared with either chemotherapy alone (4.2
months) or the lower dose of bevacizumab (4.3 months).
The patients who received the higher dose of bevacizumab
combined with chemotherapy had higher RR (31.5%) when
compared with the chemotherapy alone arm (18.8%). There
was a trend towards a survival benefit in patients who
received the higher dose of bevacizumab with chemotherapy;
however it was not statistically significant. Bevacizumab was
overall well tolerated. Hypertension, proteinurea, thrombotic
events and grade 3/4 leukopenia were increased in patients
who received bevacizumab. The most notable side-effect of
bevacizumab in this phase II study was the increased

frequency of bleeding events. The bleeding in all patients
had two distinct patterns: mucocutaneous that was minor
and did not require changes in treatment protocol, or major
hemoptysis/pulmonary hemorrhage that was fatal in four
out of six symptomatic patients. Further analysis showed
that the majority of patients (67%) who had serious pulmon-
ary bleeding had tumors with squamous-cell histology and
the tumors were centrally located in close vicinity to major
blood vessels. In future clinical trials with bevacizumab,
patients with squamous histology were excluded from par-
ticipation based on this data.29

The Eastern Cooperative Oncology Group conducted a
phase III clinical trial (E4599) in 878 patients with advanced
or recurrent stage IIIB/IV NSCLC.30 Patients were random-
ized to receive chemotherapy alone (control arm), carbopla-
tin (AUC ¼ 6) and paclitaxel (200 mg/m2) or chemotherapy
with bevacizumab at 15 mg/kg once every three weeks.
After completion of six cycles of treatment, patients receiv-
ing bevacizumab with chemotherapy continued on bevaci-
zumab as a single agent until disease progression or
intolerable toxicities occurred. The primary endpoint in
this study was OS. Adding bevacizumab to paclitaxel and
carboplatin chemotherapy significantly increased not only
PFS and RR but also OS. There were 15 deaths in the beva-
cizumab arm that were related to the toxicity of treatment:
five patients had fatal pulmonary hemorrhage, five deaths
were related to febrile neutropenia, two patients had fatal
gastrointestinal bleeding, two had a stroke and one died
of probable pulmonary embolus. In the control arm there
were two deaths related to toxic effects of therapy. A retro-
spective analysis of this trial demonstrated that patients
who were over 70 years of age and received bevacizumab
experienced significantly higher rates of side-effects when
compared with younger patients. The addition of bevacizu-
mab to platinum-doublet chemotherapy did not improve
either PFS or OS in this group of patients.31,32 ECOG 4599
trial was the first study in LC patients that showed

Figure 1 VEGF pathway and the site of action of the inhibitors. VEGF, vascular endothelial growth factor. (A color version of this figure is available in the

online journal)

................................................................................................................................................
Korpanty et al. Antiangiogenic therapy in lung cancer and VEGF pathway 5



significant survival benefit by adding an antiangiogenic
agent to already established chemotherapy protocol.
Recently published data from the AVAiL trial confirmed
clinical efficacy of bevacizumab in combination with a
different platinum-doublet chemotherapy in patients with
stage IIIB/IV NSCLC; however, OS benefit favoring bevaci-
zumab did not reach statistical significance.33

Bevacizumab efficacy was also assessed in NSCLC
patients in phase II clinical trials in combination with
various platinum-based chemotherapy doublets. The
number of patients enrolled in these trials varied from 20
to 53 and the overall RR from 74% in bevacizumab plus
carboplatin-docetaxel to 30% in bevacizumab plus
carboplatin-nanoparticle albumin bound paclitaxel.34

Multi-targeted therapy in NSCLC

There is strong preclinical evidence regarding the close
relationship of the EGFR and VEGFR pathways in
cancer.35 It is thus reasonable to hypothesize that targeting
both pathways with separate drugs would have an additive
or synergistic inhibitory effect on tumor growth. The EGFR
pathway can be inhibited by monoclonal antibodies block-
ing EGFR (cetuximab/Erbituxw; panitumumab/Vectibixw)
or by small molecule TKIs that interfere with EGFR acti-
vation (erlotinib/Tarcevaw; gefitinib/Irresaw). The concept
of dual blockade in NSCLC patients was evaluated in a
phase I/II trial combining bevacizumab and erlotinib in
stage IIIB/IV non-squamous NSCLC.36 Out of 40 patients
enrolled, eight achieved a partial response and 26 patients
had stable disease. There were no pharmacokinetic inter-
actions between bevacizumab and erlotinib and there were
no severe adverse reactions noted.36

The combination of bevacizumab and EGFR TKIs was
also investigated in patients who progressed during or
after platinum-based treatment.37 One hundred and
twenty patients were randomized in the phase II trial to
one of three arms: (1) bevacizumab combined with either
chemotherapy (docetaxel or pemetrexed); or (2) bevacizu-
mab combined with erlotinib; and (3) chemotherapy
alone. The median PFS was three months for chemotherapy
alone arm and 4.8 and 4.4 months for bevacizumab plus
chemotherapy and bevacizumab plus erlotinib arm, respect-
ively. Median OS times were 8.6, 12.6 and 13.7 months for
the chemotherapy alone, bevacizumab–chemotherapy and
bevacizumab–erlotinib arms, with one-year survival rates
of 33.1%, 53.8% and 57.4%, respectively. However, the
difference in PFS or OS between the bevacizumab plus
chemotherapy and bevacizumab plus erlotinib arms was
not significant.37

These findings led to the design of phase III clinical trials
utilizing multi-targeted therapy in NSCLC. There are at
least two ongoing phase III clinical trials combining bevaci-
zumab and erlotinib in NSCLC patients. The ATLAS trial
(AVF3671 g study) is evaluating the efficacy of bevacizumab
combined with erlotinib versus bevacizumab alone as a
maintenance treatment after four cycles of chemotherapy
with bevacizumab in stage IIIB/IV NSCLC. The BeTA
Lung trial is evaluating the efficacy of erlotinib combined

with bevacizumab versus erlotinib and placebo in the
second-line treatment setting.34

Dual blockade of VEGFRs and
EGFRs with TKIs

Vandetanib (Zactima, ZD6474) is a small molecule TKI that
blocks VEGFR-1, -2, -3 and EGFR. In a phase II trial patients
with advanced, previously treated NSCLC were treated
with either vandetanib or erlotinib as a single agent.
Vandetanib significantly increased PFS to 11.9 weeks
when compared with erlotinib to 8.1 weeks.38

Vandetanib has also been evaluated with docetaxel for
second-line therapy in patients with advanced NSCLC.
Patients were randomized to receive either docetaxel alone
or combined with two different doses of vandetanib (100
or 300 mg). Median PFS was 18.7 weeks in patients receiv-
ing docetaxel with 100 mg of vandetanib and 12 weeks in
patients receiving docetaxel alone. Increasing dose of van-
detanib (300 mg) did not improve the PFS and no survival
benefit was observed.39

Subset analysis of studies with vandetanib showed that
female patients experience more clinical benefit from this
treatment when compared with men; however, further ran-
domized studies should address this finding. Vandetanib
also had a favorable toxicity profile in patients with
advanced disease and its once-daily dosing makes it con-
venient for patients to take orally and also makes it an inter-
esting option for elderly patients with NSCLC. Currently
vandetanib is evaluated in combination with chemotherapy
(carbolpatin/paclitaxel) in neoadjuvant settings in patients
with resectable NSCLC as well as maintenance therapy in
advanced NSCLC patients after carboplatin/docetaxel che-
motherapy. Phase III clinical trial evaluating efficacy of
combination of vandetanib and pemetrexed as a second
line treatment in patients with advanced NSCLC is also
inititiated.40

Many TKIs target the activity of multiple receptors.41

Sunitinib (Sutent, SU11248), sorafenib (Nexavar, BAY
43-9006) and cediranib (Recentin, AZD2171) are multi-
targeting TKIs that block activity of VEGFR-1, -2, -3, as
well as PDGF receptors and other kinases like c-Kit and
RET. Ongoing clinical trials are evaluating the antitumor
activity of these TKIs in LC when combined with classical
platinum-based doublet chemotherapy.42

A number of small molecule TKIs with predominantly
VEGFR blocking activity like pazopanib, axitinib and mote-
sanib (AMG 706) are being evaluated at present in early
phase clinical trials in patients with NSCLC.43 The early
clinical data from these trials will hopefully shed some
more light on the complex issues of molecular targeted
therapy of LC.44

Mechanism of action and toxicity
of anti-VEGF therapies

The mechanisms of action of antiangiogenic compounds are
being actively investigated. One of the hypotheses proposes
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that anti-VEGF therapy ‘normalizes’ tumor vasculature and
transiently improves blood flow within the tumor, thus
enhancing the efficacy of chemotherapy.45 The additive
affects of bevacizumab and chemotherapy in prolonging
survival in patients with metastatic colorectal and LC sup-
ports the ‘normalization’ hypothesis. Other mechanisms
propose inhibiting the incorporation of circulating vascular
progenitor cells into a tumor vasculature, thus blocking
tumor angiogenesis.46

VEGF is involved in many physiological processes like
hemostasis, vascular homeostasis and integrity, mainten-
ance of endothelial function in kidney glomeruli, ovulation,
wound healing, hematopoiesis, immunomodulation and
thyroid function.47 As bevacizumab became widely used
in the clinics, the toxicity profile became apparent. Its
most common side-effects are hypertension, proteinurea,
hemorrhagic and thrombotic events and bowel perfor-
ations.48 Although the exact pathophysiological mechanism
is not yet fully understood, there is evidence coming from
both animal and clinical models that bevacizumab increases
the risk of renal thrombotic microangiopathy. It has been
shown in animal models that after binding to VEGF, bevaci-
zumab–VEGF immune complexes can be deposited in the
glomerular basement membrane and contribute to the
development of proteinuria and hypertension. VEGF stimu-
lates nitric oxide (NO) synthase, which is a major source of
NO. NO is a potent vasodilator and a key molcule involved
in functional maintenance of vascular endothelium.
Inhibition of VEGF-mediated NO release and production
most likely contributes to high rate of hypertension among
patients treated with anti-VEGF drugs. Since VEGF is
involved in wound healing and tissue repair mechanisms,
VEGF blockade impairs the physiological processes of
tissue regeneration and most likely explain the high incidence
of bowel perforations in patients treated with bevacizu-
mab.49,50 The increased hemorrhagic events and mortality
in patients with squamous NSCLC lead to the subsequent
exclusion of these patients for bevacizumab therapy. Other
potentially serious toxicities reported include nasal septum
perforation, reversible posterior leukoencephalopathy syn-
drome (severe hypertension, cortical blindness and seizures)
or osteonecrosis of the jaw; however, these are very rare.51–53

The toxicity profile associated with bevacizumab treatment
emphasizes the need to continue closely monitoring undesir-
able side-effects from antiangiogenic therapy.

Future directions

New therapies are needed for improved treatment of LC.54

Targeting tumor angiogenesis by combining bevacizumab
with chemotherapy is an attractive new therapeutic
approach for LC. There are many ongoing clinical trials
worldwide that combine bevacizumab with different che-
motherapy protocols in LC patients. Bevacizumab is being
currently studied in the neoadjuvant setting in resectable
stage IB-IIIA NSCLC tumors and in the adjuvant setting
in patients with completely resected stage IB-IIIA NSCLC
tumors (ECOG 1505 trial).55 Since a significant proportion
of NSCLC patients are not currently eligible for

bevacizumab treatment either because of brain metastases
or squamous histology of the primary lung tumor, bevaci-
zumab is being investigated in phase II clinical trials with
modified protocols in these patients. The BRIDGE trial is
recruiting patients with squamous histology for treatment
that will combine bevacizumab with carboplatin and pacli-
taxel chemotherapy after initial two cycles of chemotherapy
alone are delivered. The AVASQ (Avastin in Squamous
NSCLC) trial is investigating safety and efficacy of chemor-
adiation with bevacizumab in first- and second-line treat-
ment of advanced squamous NSCLC. The PASSPORT trial
is evaluating use of bevacizumab with first- and second-line
treatment in patients with treated brain metastases from
non-squamous NSCLC.34

A new approach to anti-VEGF therapy is also being eval-
uated using genetically engineered proteins called fusion
proteins.56 These function as molecular ‘traps’ for VEGF.
Aflibercept is a recombinant fusion protein that binds both
VEGF and PlGF with high affinity. It is composed of
VEGFR1 and VEGFR2 domains that are fused to a human
IgG Fc region. A phase II study with aflibercept as a
single agent in NSCLC (VITAL study) has completed
accrual of almost 100 patients with platinum- and
erlotinib-resistant, locally advanced or metastatic NSCLC.
Results from the first 37 patients demonstrated aflibercept
to be well tolerated and two partial responses were
noted.57 A phase III trial is currently randomizing NSCLC
patients who progressed through platinum-based che-
motherapy to docetaxel versus docetaxel plus aflibercept.

Results of these trials are highly anticipated and will
hopefully demonstrate the ability of antiangiogenic
therapy to bring further improvements in the management
of LC.
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