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a b s t r a c t

With the approval of the antiangiogenic antibody bevacizumab in non-small cell lung cancer (NSCLC) and
other malignancies, the tumor vasculature has emerged as a worthwhile therapeutic target. Second-line
therapies have the potential to improve overall survival and quality of life over best supportive care
alone. Accordingly, phase II and phase III studies are actively evaluating antiangiogenic treatments in
the second-line setting in NSCLC, and results are awaited. Such therapies include antiangiogenic antibod-
ies, small molecule inhibitors, and vascular-disrupting agents. This review will present the current land-
scape of angiogenesis inhibition in NSCLC, focusing on use as second-line therapy.

� 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Non-small cell lung cancer (NSCLC) accounts for more than 85%
of all lung cancer cases, and an estimated 156,940 deaths from can-
cers of the lung and bronchus will occur in 2011 [1,2]. With lung
cancer ranking as the leading cause of cancer-related deaths
worldwide [2,3], further advances in all lines of therapy are ur-
gently needed. NSCLC is often diagnosed at an advanced stage,
for which systemic chemotherapy forms the therapeutic corner-
stone [1]. Although the role of single-agent maintenance chemo-
therapy following first-line therapy in NSCLC has demonstrated
improved outcomes, prolonging first-line doublet chemotherapy
beyond 4–6 cycles does not provide additional meaningful benefit
[4]. In addition, platinum-based doublet chemotherapy is associ-
ated with significant toxicity, including hematological events,
nephrotoxicity, and gastrointestinal events [5].

At the time of progression following first-line treatment, pa-
tients considered fit for further therapeutic interventions may re-
ceive second-line therapy, which has the potential to improve
clinical outcomes and quality of life over best supportive care
[1,6,7]. In the second-line setting, combination chemotherapy is
associated with a higher objective response rate (RR) and longer
progression-free survival (PFS) relative to single-agent chemother-
apy but generally leads to increased toxicity without prolonging
overall survival (OS) [8]. Single-agent docetaxel (Taxotere�, Sano-

fi-Aventis; Bridgewater, NJ) had traditionally been the accepted
second-line treatment for NSCLC [7], and more recently, pemetr-
exed (Alimta�, Eli Lilly and Company; Indianapolis, IN) and erloti-
nib (Tarceva�, Genentech; South San Francisco, CA), an epidermal
growth factor receptor (EGFR) inhibitor, have also become avail-
able [1,9–12]. Despite these advances, improved therapies in the
second-line setting are clearly needed.

The discovery of the role of angiogenesis in tumorigenesis and
metastasis has paved the way for novel antiangiogenic therapies.
First-line carboplatin/paclitaxel in combination with the anti-vas-
cular endothelial growth factor (VEGF) monoclonal antibody bev-
acizumab (Avastin�, Genentech, Inc.; South San Francisco, CA) is
a US Food and Drug Administration (FDA)-approved and clinical
practice-guideline recommended option for patients with nonsqu-
amous, unresectable, locally advanced, recurrent or metastatic
NSCLC [1,13]. With the use of bevacizumab-containing first-line
chemotherapy, bevacizumab should be continued until progres-
sion, a relatively new concept known as continuation maintenance
(there are a number of other cytotoxic and biologic options for
continuation or switch maintenance) [1]. In addition to VEGF, the
most well known and extensively studied angiogenic growth factor
[14–16], other proangiogenic factors (e.g., platelet-derived growth
factor [PDGF], fibroblast growth factor [FGF]) have also been
evaluated as therapeutic targets in NSCLC [17,18]. Synergistic
interactions among these growth factor pathways have been
described [19,20] and the PDGF and FGF pathways have been
implicated in resistance to anti-VEGF therapy [21–23]. Whereas
monoclonal antibodies and small molecule tyrosine kinase
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inhibitors (TKIs) directed against various angiogenic pathways are
intended to prevent the formation of new vasculature, a new class
of vascular-disrupting agents (VDAs) is being developed as an anti-
angiogenic strategy for which endothelial cells and pericytes of
existing vasculature are the therapeutic targets [24] (Fig. 1). Cur-
rently, a number of agents including bevacizumab, other antiangio-
genic antibodies, small molecule inhibitors, and VDAs are being
evaluated in the second-line setting in NSCLC.

2. Agents targeting angiogenic pathways

Investigational antiangiogenic antibodies, small molecule inhib-
itors, and VDAs that have been or are being actively evaluated in
phase II and/or phase III clinical trials for the second-line treatment
of advanced NSCLC are summarized in Table 1, with data from indi-
vidual clinical trials discussed herein. Ongoing second-line NSCLC
clinical trials of these agents for which results are awaited are
summarized in Table 2.

2.1. Antibody-based therapies

2.1.1. Bevacizumab
Bevacizumab in combination with chemotherapy has estab-

lished activity in the first-line setting in NSCLC, but may be associ-
ated with an increased risk of potentially serious toxicities. It is
also important to recognize that the E4599 and AVAiL trials, as dis-
cussed below, were conducted in highly selected patient popula-
tions—patients with nonsquamous disease with a good
performance status (0 or 1) and without clinically significant hem-
optysis, central nervous system (CNS) metastases, or uncontrolled
hypertension. In the E4599 phase III trial of carboplatin/paclitaxel
with or without bevacizumab (15 mg/kg) in 878 patients with
recurrent or advanced nonsquamous NSCLC, bevacizumab signifi-
cantly prolonged the primary endpoint, OS (median 12.3 vs
10.3 months; hazard ratio [HR], 0.79; 95% confidence interval
[CI], 0.67–0.92; P = 0.003) [13]. Bevacizumab was also associated
with improved RR (35% vs 15%; P < 0.001) and PFS (median 6.2 vs
4.5 months; HR, 0.66; 95% CI, 0.57–0.77; P < 0.001). However, 15

Fig. 1. Targets of investigational antiangiogenic agents. Mechanism of action of antiangiogenic monoclonal antibodies, antiangiogenic TKIs, and vascular disrupting agents.
Approved for use by the US FDA. Adapted from Nguewa et al. [70]. Copyright � 2011, Informa Healthcare. Reproduced with permission of Informa Healthcare. FDA, Food and
Drug Administration; FGF, fibroblast growth factor; PDGF, platelet-derived growth factor; TKI, tyrosine kinase inhibitor; US, United States; VDA, vascular-disrupting agents;
VEGF, vascular endothelial growth factor.
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