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Targeting angiogenesis in advanced non-small-cell
lung cancer: are biomarkers needed?
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Abstract Tumor-related angiogenesis is a complex process
resulting from a delicate balance between pro and anti-
angiogenic factors. Bevacizumab, a fully humanized mono-
clonal antibody against vascular endothelial growth factor
(VEGF), was the first anti-angiogenic therapy to prove
effective, in combination with chemotherapy, for treatment
of several types of advanced cancer, non-small-cell lung
cancer (NSCLC) included. However, as for other types of
solid malignancy, no predictive biomarkers of increased
sensitivity to bevacizumab or any other anti-angiogenic
drugs could be identified in NSCLC, which has had a
negative affect on the cost-effectiveness of the targeted
therapy performed to block the VEGF pathway. In this
review we discuss the most relevant findings from clinical
and correlative studies investigating the use of anti-
angiogenic therapy for advanced NSCLC, focusing on the
need to identify biomarkers for selection of patients suitable
for anti-angiogenic therapy.
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Introduction

First postulated in the 1970s by Judah Folkman and col-
leagues, angiogenesis, namely the development of new

blood vessels from parent vessels, has emerged as a
crucial regulator of growth and survival of human ma-
lignancies, including lung cancer [1, 2]. Briefly, angio-
genesis results from a balance between pro and anti-
angiogenic factors; in tumors the former strongly pre-
dominate [3•]. Among others, the dominant process reg-
ulating angiogenesis is the interaction between the
vascular endothelial growth factor proteins (VEGFs), in
particular VEGF-A (or VEGF), and their receptors
(VEGFRs 1 to 3), located on the tumor vasculature
(blood and/or lymphatic), which, by means of dimeriza-
tion, induce the downstream signaling cascade leading to
proliferation, migration, and permeability of endothelial
cells. As a result of these processes, tumor growth and
formation of metastases are promoted [2]. For this rea-
son, blockade of the interaction between VEGF and
VEGFRs has been proposed as a potential antitumor
treatment. To achieve this, two main strategies have been
investigated, either use of monoclonal antibodies against
VEGF or use of molecules that inhibit the tyrosine-kinase
activity of VEGFRs. In this review we briefly discuss the
anti-angiogenic drugs that have been investigated for
treatment of advanced lung cancer, particularly emphasiz-
ing the urgent need for biomarkers that could help pre-
dict sensitivity to anti-angiogenic treatment.

Targeting angiogenesis in NSCLC

Bevacizumab

Bevacizumab (Avastin), a recombinant humanized mono-
clonal antibody directed against the VEGF, is the only anti-
angiogenic agent approved by the US Food and Drug Ad-
ministration (FDA) and the European Medicines Agency
(EMA) for treatment of lung cancer. It should be prescribed
in addition to carboplatin–paclitaxel (FDA) or platinum-
based chemotherapy (EMA) for first-line treatment of
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advanced NSCLC patients with non-squamous histology [4,
5]. This was based on the results of two phase III studies, the
E4599 and AVAiL trials, in which the combination of
bevacizumab with platinum-based chemotherapy resulted in
significantly superior progression-free survival (PFS) com-
pared with platinum-based chemotherapy alone [6–8]. How-
ever, overall survival (OS) was significantly improved in the
E4599 trial only (HR=0.79), which adopted carboplatin–pac-
litaxel as chemotherapy regimen in combination with
bevacizumab [6]. Nevertheless, more recently, a meta-
analysis of summarized data from four randomized phase II
and/or phase III trials comparing first-line bevacizumab plus
platinum-based chemotherapy versus platinum-based chemo-
therapy alone showed that bevacizumab-based treatment sig-
nificantly prolongs PFS and OS, with estimated HRs of 0.72
(95 % CI 0.66, 0.79; P<0.001) and 0.90 (95 % CI 0.81, 0.99;
P=0.03), respectively [9•]. These results reinforce the effect of
bevacizumab in combination with platinum-based chemother-
apy as first-line therapy for advanced non-squamous NSCLC,
which is clearly acknowledged by major international
guidelines, including those from the National Comprehensive
Cancer Network (NCCN) and the European Society for
Medical Oncology (ESMO) [10, 11].

However, despite having been consistently associated
with a significant clinical benefit in advanced non-
squamous NSCLC, it cannot be neglected that the absolute
increase in one-year survival obtained with bevacizumab
plus platinum-based chemotherapy has been estimated to
be as modest as 4 % (from 51 % to 55 %) [9•]. Therefore,
major attempts should be made to identify biomarkers of
sensitivity that would aid selection of patients suitable for
bevacizumab-based treatment. In fact, identifying the pa-
tients who may benefit most from such therapy would
certainly prevent unresponsive individuals from being ex-
posed to the low but significant increase in non-trivial
severe adverse effects of bevacizumab, including, but not
limited to, proteinuria, hypertension, and hemorrhage [9•].
Paradoxically, only clinical criteria for exclusion from
bevacizumab treatment have yet been identified, which
may be helpful for minimization of toxicity (i.e. pulmonary
hemorrhage) rather than for prediction of sensitivity to treat-
ment (Table 1) [12•]. Against this background, cost–utility
analysis, on the basis of models which take into account
survival, toxicity, and costs of treatment, has shown that use
of bevacizumab in addition to carboplatin–paclitaxel (as
used in E4599) is not likely to be cost-effective compared
with platinum-based chemotherapy alone [13].

Candidate biomarkers of sensitivity to bevacizumab

Certainly, several factors challenge the identification of bio-
markers of sensitivity to bevacizumab treatment in NSCLC,
including the inability to perform serial biopsies in order to

assess pre and post-treatment changes in tumor vasculature,
the confounding effect that the chemotherapy regimen with
which bevacizumab is combined has on treatment efficacy,
and the compensating effect that alternative angiogenic sig-
nals other than VEGF exert on treatment outcome. Never-
theless, it is surprising that oncology research focusing on
studies specifically aimed at identifying putative biomarkers
of sensitivity to bevacizumab treatment has been initiated
only recently (Table 2). In this context, baseline plasma
levels of VEGF (pVEGF) have attracted much attention,
on the basis of exploratory analysis of results from random-
ized trials showing that high levels (above median values) of
short isoforms of pVEGF were predictive of improved PFS
and/or OS while on bevacizumab treatment for patients with
advanced breast, pancreatic and gastric cancers [14]. Unfor-
tunately, these results, which seem to correlate bevacizumab
efficacy with high VEGF dependency of sensitive tumors,
could not be replicated in NSCLC patients treated in the
AVAiL trial [14]. Similarly, no predictivity was shown for
any major isoform of pVEGF in either the E4599 and
AVAiL trials, although results from E4599 suggested that
high pVEGF levels could be predictors of improved objec-
tive response rate (ORR) among patients treated with
bevacizumab plus carboplatin and/or paclitaxel compared
with those receiving carboplatin and/or paclitaxel alone
(33.3 % vs. 7.7 %, respectively, P=0.01) [15, 16]. Several
reasons could be proposed to explain these contradictory
results. First, pVEGF may be of different predictive value
depending on the tumor type for which it is evaluated. In
addition, use of a single measurement time (i.e. at baseline)
and difficulties in categorizing within cutoffs results from
analysis of a continuous variable, for example pVEGF,
certainly limit interpretation of results. Nevertheless, al-
though not predictive, high levels of pVEGF were consis-
tently shown to be predictors of worse survival of
bevacizumab-untreated patients (irrespective of isoform),
which suggests a biological effect of pVEGF in NSCLC

Table 1 Clinical factors justifying exclusion from bevacizumab-based
treatment for advanced NSCLC to minimize the risk of pulmonary
hemorrhage

Clinical factor Comment

Predominantly squamous histologya Exclusion criterion from pivotal
phase III trials [6, 7]

History of grade ≥2 hemoptysisb Exclusion criterion from pivotal
phase III trials [6, 7]

Major blood vessel infiltration
and bronchial vessel infiltration,
encasement, and abutting

Standardized radiological criteria
for defining infiltration have
not been established

a Defined as >50 % of squamous cells in the sample used for histolog-
ical diagnosis by a pathologist
b Defined as bright red blood ≥ 2.5 mL per event
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[14, 16]. Recently, the prognostic significance of pVEGF
was also confirmed for bevacizumab treated patients [17,
18]. ABIGAIL was a randomized phase II study in which
patients with advanced non-squamous NSCLC were allo-
cated to receive one of two different doses of bevacizumab
(either 7.5 or 15 mg/kg every three weeks) in combination
with platinum-based chemotherapy (either carboplatin–pac-
litaxel or carboplatin–gemcitabine) selected according to the
investigator’s choice, the primary end-point being correla-
tion between primary candidate plasma biomarkers and
ORR [17]. Although the primary end-point was not met,
because none of the biomarkers assessed at baseline, which
included VEGF, VEGFR-1 and 2, ICAM, bFGF, E-selectin,
and PLGF, correlated with response to treatment, high levels
of pVEGF were reported to correlate with a worse outcome
than low pVEGF levels, both in terms of PFS (6.1 vs. 7.4
months, respectively, HR=1.57; P=0.002) and OS (11.1 vs.
19.8 months, respectively, HR=1.57; P=0.0042) [17, 18].
Nevertheless, because of the presence of bevacizumab in
both types of treatment, this study could not differentiate
between predictive versus prognostic value of pVEGF.

Although the utility of pVEGF as a predictive biomarker
remains to be clarified, there is also increasing interest in the
effect of VEGF genotype and VEGF single nucelotide poly-
morphism (SNPs). In this regard, the ABIGAIL study
reported on the correlation between prespecified SNPs from
three genes, VEGFA, VEGFR-1, and VEGFR-2, and clini-
cal outcome [19]. The SNPs analyzed were selected on the
basis of their potential predictive value previously observed
not only in NSCLC, but also in breast and pancreatic cancer

[20–22]. Interestingly, three SNPs in VEGFA were associ-
ated with significantly increased best ORR, whereas one
SNP in VEGFR-1 correlated with a statistically increased
risk of progression or death [19]. However, statistical sig-
nificance was lost after adjusting for multiple testing for all
four SNPs.

In bevacizumab studies of NSCLC, tissue biomarkers
have been less extensively studied than plasma biomarkers.
VEGF expression may be an appealing biomarker in this
setting, because its overexpression is almost invariably as-
sociated with poor prognosis [23]. In this regard, recent
results from breast cancer studies suggest that patients with
VEGF gene amplification may not benefit from
bevacizumab, which is consistent with the hypothesis that
this amplification “overwhelms” the ability of bevacizumab
to successfully block VEGF [24].

Clinical criteria are sometimes helpful in suggesting ben-
efit from targeted agents. For instance, the development of
cutaneous rash has been suggested as a means of identifying
patients who benefit from treatment with the anti-EGFR
monoclonal antibody cetuximab [25]. Hypertension, a com-
mon side effect of antiangiogenic therapy, has also been
proposed as a potential predictive biomarker of sensitivity
of NSCLC patients to bevacizumab [26]. An exploratory
analysis from E4599 revealed that among bevacizumab-
treated patients those who experienced high blood pressure
(HBP) at the end of cycle one had an OS of 15.9 months
versus 11.5 months for patients without HBP. Similarly,
bevacizumab treatment was associated with PFS of 7.
0 months among HBP patients compared with 5.5 months

Table 2 Main biomarker studies of bevacizumab efficacy in advanced NSCLC

Biomarker
analysis

Study
acronym

Study details Correlation with outcome for
bevacizumab-treated patients

Short VEGF
isoform [14]

Plasma AVAiL Three groups, receiving placebo, 7.5, or
15 mg/kg bevacizumab, each
combined with cisplatin–gemcitabine

High VEGF levels: trend toward
improved PFS with bevacizumab
15 mg/kg

VEGF, all major
isoforms [15–18]

Plasma E4599 Two groups, receiving either bevacizumab
15 mg/kg or placebo, each combined
with carboplatin–paclitaxel

High VEGF levels: improved ORR

AVAiL Three groups, receiving placebo, 7.5, or
15 mg/kg bevacizumab, each combined
with cisplatin–gemcitabine

None

ABIGAIL Two groups, receiving either bevacizumab
15 mg/kg or 7.5 mg/kg both combined
with platinum-based chemotherapy (carboplatin–
paclitaxel or cisplatin–gemcitabine)

High VEGF levels: reduced
PFS and OS

SNPs of selected
genes [19]

Serum DNA of
VEGF, VEGFR-1,
and VEGFR-2

ABIGAIL Two groups, receiving either bevacizumab
15 mg/kg or 7.5 mg/kg both combined
with platinum-based chemotherapy (carboplatin–
paclitaxel or cisplatin–gemcitabine)

None

Hypertension [26] – E4599 Two groups, receiving either bevacizumab
15 mg/kg or placebo, each combined with
carboplatin–paclitaxel

High blood pressure: improved
PFS and OS

ORR, objective response rate; OS, overall survival; PFS, progression-free survival; SNP, single nucleotide polymorphism
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for patients not experiencing HBP [26]. Conversely, no clin-
ically significant differences between OS and PFS were ob-
served among HBP and low-blood-pressure patients in the
control group. Interestingly, the relationship between the de-
velopment of hypertension and the activity of bevacizumab
has been described for other solid malignancies also [27].
However, at this time, whether hypertension is a biomarker
of bevacizumab activity remains to be determined in a
prospective study.

VEGFR-tyrosine kinase inhibitors (TKIs)
and other anti-angiogenic agents

The VEGFR-TKIs drugs include a plethora of small mole-
cules whose mechanism of anti-tumor activity is based on
inhibition of multiple receptor tyrosine kinases, including
blockade of VEGFR(s). Among these drugs, vandetanib,
cediranib, sorafenib, and motesanib have been tested in
randomized clinical trials of chemonaïve or platinum-
pretreated advanced NSCLC patients with the common
study design of comparing standard chemotherapy with the
same chemotherapy regimen given in combination with the
VEGFR-TKI [28–35]. Unfortunately, addition of a VEGFR-
TKI to chemotherapy was not found to improve overall
survival. Nevertheless, some clinical activity was observed
in the VEGFR-TKI plus chemotherapy group, given the
significant improvement of ORR and/or PFS in most cases
[29, 32–35]. Against this background, there is uncertainty
about how to proceed with the clinical development of
VEGFR-TKIs for treatment of advanced NSCLC; more
importantly, questions of which patients should be treated
with a VEGFR-TKI and how they should be treated, are of
crucial importance.

There may be several reasons for the lack of success of
VEGFR-TKIs in NSCLC. First, angiogenesis may not be
the predominant mechanism of antitumor activity for most
of the VEGFR-TKIs, as suggested by their capacity to
inhibit multiple signaling pathways. For instance, because
of its antagonist effect on raf-kinases, sorafenib may work
best in KRAS-mutant NSCLCs [36]. Second, the lack of
synergy of the VEGFR-TKI and chemotherapy combination
is consistent with the preclinical observation that VEGFR-
TKIs may induce G1 cell cycle arrest in the tumor, thus
potentially interfering with the cycle-dependent toxicity of
concomitant chemotherapy [37, 38]. That is why pharma-
codynamic separation achieved by intermittent delivery of a
VEGFR-TKI alternating with chemotherapy and sequential
administration of VEGFR-TKI after front-line induction
chemotherapy seem to be two reasonable therapeutic strat-
egies to pursue; the latter is being investigated with sunitinib
[39]. Third, not infrequently VEGFR-TKIs are highly toxic,
which, in turn, might limit their success. In particular, sev-
eral meta-analyses on the use of sorafenib and sunitinib to

treat multiple solid malignancies concluded that these drugs
are associated with increased risk of bleeding (relative risk,
2.0; P=0.015), arterial thromboembolism (relative risk, 3.
03; P=0.015), and treatment-related mortality (relative risk,
2.23; P=0.023) [40–42]. In addition, VEGFR-TKIs may
sometimes potentiate the side effects of chemotherapy, as
is observed for cediranib. In fact, despite phase II interim
results indicating greater ORR and PFS with cediranib
30 mg daily given in conjunction with carboplatin–paclitax-
el versus carboplatin–paclitaxel alone, the same VEGFR-
TKI plus chemotherapy combination was found to be asso-
ciated with an excessive toxicity (which included gastroin-
testinal toxicity and febrile neutropenia) [29]. Unfortunately,
when another phase II/III trial combined carboplatin–pacli-
taxel with a lower dose of cediranib given at 20 mg daily no
PFS improvement was observed [30]. These results empha-
size the importance of adjustment of treatment on the basis
of patients’ tolerance, based mainly on implementation of
early phase I/II testing in which pharmacokinetics and
surrogative end-points could help find the right dosages
and/or combination strategies.

Aflibercept, a recombinant fusion protein with sequence
homology with native VEGFR-1 and VEGFR-2, is among
other promising anti-angiogenic agents [43]. It acts as a solu-
ble decoy receptor specifically designed to achieve pharma-
cological blockade of the VEGF pathway by high-affinity
binding to the VEGF-A and B isoforms and the placental
growth factor-1 and 2 isoforms [43]. Aflibercept achieved
outstanding results in combination with chemotherapy for
pretreated patients with metastatic colorectal cancer, in which
it led to a significant prolongation of PFS (HR=0.75) and OS
(HR=0.81) [44]. Unfortunately, similarly to VEGFR-TKIs,
when added to chemotherapy (docetaxel) for pretreated ad-
vanced NSCLC patients, aflibercept was associated with a
statistically significant improvement in ORR (23.3 % vs. 8.
9 %, P<.001) and PFS (5.2 months vs. 4.1 months, HR=0.82;
P=0.0035) but not in the primary OS end-point (HR=1.01)
[45]. Likewise, no better outcome was observed with the
combination of chemotherapywith vascular disrupting agents,
a category of drugs that target the endothelial cells of
established tumor blood vessels and result in failure of the
tumor vascular structure leading to blood and oxygen
deprivation in the neoplastic tissue [46, 47]. Once again,
these negative trials emphasize the importance of selection of
patients by identification of biomarkers of sensitivity to
anti-angiogenic treatment.

Search for biomarkers of sensitivity to VEGFR-TKIs

In some studies, as for vandetanib, several ancillary studies
have been conducted with the purpose of correlating treatment
outcome with putative biomarkers of sensitivity. In more
detail, levels of pVEGF have been evaluated in an exploratory
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analysis of three randomized phase II trials in which the effect
of vandetanib versus gefitinib, vandetanib versus either
carboplatin or paclitaxel or the combination of both, and
vandetanib (100 or 300 mg daily) plus docetaxel versus
docetaxel alone were evaluated [28, 48, 49]. In the first study,
patients with low baseline pVEGF treated with vandetanib
had a longer PFS than those treated with gefitinib (HR, 0.55;
95 % CI, 0.35–0.86; P=0.01), with no difference for patients
with high baseline pVEGF (HR, 1.03 95% CI, 0.60–1.75; P=
0.92; treatment-by-factor interaction test for VEGF, P=0.08)
[50]. In the second study, PFS of patients with low baseline
pVEGF receiving vandetanib was not significantly different
from that of those receiving chemotherapy, although a trend in
favor of the VEGFR-TKI was noted (HR, 0.80; 95 % CI, 0.
41–1.56; P=0.51); conversely, PFS was shorter for patients
with high baseline pVEGFwho received vandetanib (HR, 1.6;
95 % CI, 0.81–3.15; P=0.17; treatment-by-factor interaction
test for VEGF, P=0.09) [50]. With regard to the combination
treatment groups (vandetanib plus carboplatin–paclitaxel or
vandetanib plus docetaxel) versus chemotherapy alone, low
pVEGF levels were predictive of improved PFS only for
vandetanib 100 mg daily plus docetaxel PFS (HR, 0.25;
95 % CI, 0.09–0.68; P=0.01, treatment-by-factor interaction
test for VEGF P=0.14); conversely, for patients with high
pVEGF levels a trend toward higher PFS was observed for
vandetanib plus carboplatin–paclitaxel (HR 0.47; 95 %
CI, 0.2–1.07; P=0.07; treatment-by-factor interaction
test P=0.92) [50]. Taken on the whole, these data
suggest that low baseline pVEGF levels may be predic-
tive of benefit from vandetanib monotherapy or
vandetanib plus docetaxel. Also, patients with low base-
line pVEGF may derive the same benefit from either
vandetanib or carboplatin–paclitaxel, thus potentially fa-
voring vandetanib with regard to improved tolerability.

A change during treatment in the pattern of expression of
cytokines and angiogenic factors (CAFs) may provide im-
portant insights into the biological effects of treatment and
identify drug-specific markers of activity and clinical bene-
fit. Similarly to vandetanib monotherapy, an increase in
pVEGF was associated with a higher risk of disease pro-
gression, whereas an increase in intracellular adhesion mol-
ecule 1 correlated with reduced risk [51].

Another study evaluated 31 CAFs for NSCLCs treat-
ed with pazopanib [52]. Pazopanib induced significant
changes in eight CAFs, of which changes in plasma
soluble VEGFR-2 and IL-4 correlated significantly with
tumor shrinkage.

Conclusions

Because angiogenesis is a very complex process, it is unlikely
a single biomarker predicting treatment efficacy will be

identified. For this reason, monitoring of different biomarkers
at different times may enable more successful prediction of the
effect of treatment. Alternative means of prediction are being
investigated, in particular considering that biomarkers for anti-
angiogenic treatment may differ among cancer types. Interest-
ingly, because VEGF blockade is believed to reduce tumor
vascular permeability and perfusion, current research is also
focusing on trying to correlate anti-angiogenic treatment with
vascular responses by use of dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) rather than
use of standard activity end-points, for example ORR,
PFS, and OS [53]. Certainly, the only way to proceed
consists in implementation of correlative clinical trials
which may identify the most attractive biomarkers that,
ultimately, will require prospective validation.
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