
E D I T O R I A L

Since the discovery of the critical role played by angiogenesis in 
tumor growth and development (1), there has been increased 
interest in evaluating anti-angiogenic agents in the treatment 
of various malignancies, including non-small-cell lung cancer 
(NSCLC). Bevacizumab is a humanized monoclonal antibody 
to vascular endothelial growth factor (VEGF) and is approved 
for use in combination with chemotherapy in multiple countries 
for the treatment of patients with metastatic NSCLC. Approvals 
were based upon an improvement in response rate (RR) and 
progression-free survival (PFS) seen with the addition of 
bevacizumab to chemotherapy in two large phase III studies, the 
North American Eastern Cooperative Oncology Group (ECOG) 
4599 (2) and the European AVAiL (3). Additionally, an overall 
survival (OS) benefit was seen in ECOG 4599 among those 
patients receiving bevacizumab. The exciting results seen with 
bevacizumab have led to the development and exploration of 
other anti-angiogenic agents, including small molecule tyrosine 
kinase inhibitors (TKIs) targeting the VEGF receptor (VEGFR).

Advantages of anti-angiogenic TKIs include the ability to 
target multiple receptor pathways and oral availability. After the 
success of E4599 and AVAiL utilizing bevacizumab, several phase 
III randomized trials of VEGFR TKIs administered either alone 
or in combination with chemotherapy have been conducted in 
NSCLC (Table 1). Despite improvements in RR or PFS noted in 
a number of these trials, none of the trials conducted so far have 
demonstrated an OS benefit. The lack of predictive biomarkers 
continues to be a major hurdle that must be overcome in order 
to make real steps forward in our use of anti-angiogenic therapies 
for NSCLC and other malignancies. 

Motesanib is a selective oral inhibitor of VEGF receptors-1, 
2, and 3, platelet-derived growth factor receptor (PDGFR), and 
c-Kit that initially demonstrated promising antitumor activity 
in trials of thyroid cancer (9,10). A phase IB study of motesanib 
in advanced refractory tumors established a maximum tolerated 
dose (MTD) of 125 mg once daily, with five patients (7%) 
achieving a partial response with the drug as a single agent (11). 
A randomized phase II trial of motesanib or bevacizumab in 
combination with carboplatin/paclitaxel as frontline therapy for 
patients with advanced NSCLC found that RR, PFS, and OS 
were comparable in those patients receiving either motesanib 
125 mg daily (n=61) or bevacizumab 15 mg/kg intravenously 
every 3 weeks (n=63) (12). A subsequent biomarker analysis 
discovered a strong association between an increase in placental 
growth factor (PlGF) during the first three weeks of treatment 
and therapeutic response to treatment with motesanib (13). 
PlGF acts as a VEGF homolog by promoting angiogenesis 
through VEGFR-1 activation (14). 

These encouraging results, including a potential biomarker 
to predict efficacy, led to the development of the Motesanib 
NSCLC Eff icacy and Tolerability (MONET1) trial ,  an 
international, phase III randomized, placebo-controlled study 
of patients with advanced non-squamous NSCLC who received 
frontline carboplatin/paclitaxel either alone or in combination 
with motesanib at 125 mg daily. The results of this study were 
published in the August 10, 2012 issue of the Journal of Clinical 
Oncology by Dr. Giorgio Scagliotti and colleagues (15). The 
primary endpoint of this trial was OS, with secondary endpoints 
of PFS, overall response rate (ORR), adverse events, (AEs), 
and association between PlGF change and OS. Initially, the 
study allowed all histologic subtypes, but the protocol was later 
amended (after enrollment of 360 patients with squamous 
histology) to include only those patients with non-squamous 
histology. This restriction was due to an increased rate of 
hemoptysis and mortality seen in patients with squamous 
histology, similar to toxicities seen in the patient population 
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with other VEGF targeted agents such as bevacizumab. A total 
of 1,090 patients with non-squamous NSCLC were randomized 
to receive motesanib (n=541; arm A) or placebo (n=549, arm 
B) in combination with carboplatin and paclitaxel as first-
line NSCLC therapy. Although patients receiving motesanib 
had an improvement in median PFS (5.6 versus 5.2 months, 
P<0.001) and ORR (40% versus 26%, P<0.001), there was not 
a statistically significant difference in median OS between the 
two arms (13.0 versus 10.0 months, HR: 0.90, 95% CI 0.78-
1.04, P=0.14). Moreover, there was no association between 
PlGF change and OS in arm A, despite the association seen 
in the phase II study. The incidence of AEs was also greater in 
those patients receiving motesanib, compared to chemotherapy 
alone, including grade >/= 3 AEs (73% and 59%, arms A and 
B, respectively) and grade 5 AEs (14% and 9%, respectively). 
Interestingly, prespecified subgroup analyses indicated that 
patients with adenocarcinoma and of Asian descent may 
preferentially benefit from motesanib. Overall, however, these 
results add to the expanding list of negative studies involving 
VEGFR TKIs added to chemotherapy in unselected patients 
with NSCLC. 

 What are some of the reasons that trials of VEGFR TKIs are 
failing to show significant benefit in NSCLC? First, adequate 
patient selection remains a critical issue and can only be achieved 
through the identification of reliable predictive biomarkers, 
which has remained an elusive goal. Plasma biomarkers of 
angiogenesis have been studied extensively in prior trials, 
including VEGF levels. In ECOG 4599, high plasma VEGF 
levels correlated with higher response to bevacizumab, but did 
not predict for a survival benefit (16). In a NSCLC study of 
vandetanib, another VEGFR TKI, low levels of VEGF were 

found to be associated with an improvement in PFS (17). 
Marker signatures that allow profiling of multiple plasma 
markers have also been studied and correlated with response to 
VEGFR TKIs. An analysis of 33 patients treated with pazopanib 
found that cytokine and angiogenic factor (CAF) profiles were 
associated with tumor shrinkage, primarily seen with changes 
in soluble VEGFR-2 and IL-4, and with baseline levels of IL-
12 and hepatocyte growth factor (HGF) (18). Despite these 
associations, the cytokines of interest have been variable with 
other VEGFR-TKIs in studies by the same group (19) and 
others (20). 

Genetic variants in the VEGF pathway, including small 
nucleotide polymorphisms (SNPs), as well as numerous other 
angiogenic markers, such as intracellular adhesion molecule 
(ICAM), basic fibroblast growth factor (bFGF), and PlGF, have 
also been evaluated previously, though the results obtained to 
date have not been reliable or validated and are thus not ready 
for clinical use (21,22). While a significant association was seen 
between PlGF levels and response to motesanib in the preceding 
phase II study, disappointingly, this finding was not confirmed 
in the current phase III study. Asian patients did appear to 
preferentially benefit from motesanib in this trial, but a genetic 
marker to explain this result has yet to be elucidated. Although 
it has been a frustrating effort to date, there remains hope for 
the discovery of angiogenic biomarkers that will aid in patient 
selection for future trials of VEGFR TKIs. 

Other reasons for the lack of survival benefit seen with 
the addition of multi-targeted TKIs to chemotherapy include 
possible antagonism between VEGFR TKIs and chemotherapy, 
as well as the development of AEs that may limit the therapeutic 
effect of these drugs. A previous study demonstrated that cell 

Table 1. Phase III Randomized Trials of Anti-Angiogenic Tyrosine Kinase Inhibitors in Combination with Chemotherapy in NSCLC.

Study Setting Regimen RR (%) Median PFS Median OS (mos)

ESCAPE (4) First line Carboplatin/paclitaxel
Carboplatin/paclitaxel/sorafenib

24
27.4
(P=0.1015)

4.6 mos
5.4 mos
(P=0.433)

10.6
10.7
(P=0.915)

NExUS (5) First line Cisplatin/gemcitabine
Cisplatin/gemcitabine/sorafenib

26
28
(P=0.27)

5.5
6.0
(P=0.008)

12.5
12.4
(P=0.401)

ZEAL (6) 2nd line Pemetrexed
Pemetrexed/vandetanib

8
19
(P<0.001)

11.9 weeks
17.6 weeks
(P=0.108)

9.2
10.5
(P=0.219)

ZODIAC (7) 2nd line Docetaxel
Docetaxel/vandetanib

10
17
(P=0.0001)

3.2 mos
4 mos
(P<0.0001)

10.6
10
(P=0.196)

Scagliotti, et al., (8) 2nd/3rd line Erlotinib/placebo
Erlotinib/sunitinib

6.9
10.6
(P=0.0471)

2.0 mos
3.6 mos
(P=0.0023)

8.5
9.0
(P=0.1388)
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cycle arrest in the G1 phase occurs with sunitinib, an inhibitor 
of VEGFR-1, -2, -3, PDGFR alpha/beta, c-kit, Flt-3, and RET, 
which impairs the efficacy of concurrent or sequential treatment 
with docetaxel (23). Thus, it remains unknown whether the 
VEGFR TKIs in development should be evaluated as single 
agents or in combination with chemotherapy given this 
potential antagonism. Also, as they are often multi-targeted, 
there is concern for the development of additive AEs that could 
hinder the achievement of a therapeutic dose of the VEGFR-
TKIs, especially in combination with chemotherapy. Though a 
high rate of AEs was seen in MONET1, it seems unlikely that 
a failure to reach therapeutic drug levels would explain the lack 
of a survival benefit as only 150 patients (28.2%) discontinued 
motesanib due to an adverse event, with the majority of patients 
receiving the full 125 mg dose known to be effective as a single 
agent. It is also possible that the tumors are able to develop 
bypass pathways to circumvent the VEGF inhibition and that we 
have yet to fully understand the alternative pathways related to 
angiogenesis.

In summary, the MONET1 study is another phase III trial 
that failed to achieve its primary endpoint of OS when adding 
a VEGFR TKI to first-line chemotherapy. Though significant 
improvements in response and PFS were reported, those came 
at a cost of increased toxicity, and without an OS benefit. This 
study then joins an expanding list of negative trials evaluating 
the addition of a VEGFR TKI to chemotherapy in patients 
with NSCLC. Further exploration of VEGFR TKIs in an 
unselected patient population is unlikely to provide positive 
efficacy data, especially when given in combination with first-
line platinum doublet chemotherapy. The identification of 
predictive angiogenic biomarkers and a better understanding 
of the complexities related to multiple pathway inhibition and 
interactions with chemotherapy remain important goals for 
investigators as these agents continue to be studied in NSCLC.
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