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receptor 1  (VEGFR1), VEGFR2, along with 
platelet‑derived growth factor receptors, 
c‑kit, and RET kinases amongst others, and 
has significant clinical activity leading to 
approval in several tumor types.3–5 Although, 
there was a significant improvement in 
progression free survival  (PFS) in the 
sunitinib/prednisone arm  (5.6  months 
vs 4.1  months, hazard ratio  (HR) 0.725, 
P < 0.001), the study did not meet its primary 
endpoint of overall survival (OS) benefit. The 
trial was prematurely terminated based on 
a second interim analysis that determined 
no significant difference in the median OS 
between the treatment and placebo arms 
(13.1 months (95% confidence interval (CI), 
12.0–14.1 months) vs 11.8 months (95% CI, 
10.8–14.2  months)) and HR of 0.914  (95% 
CI, 0.762–1.097; P = 0.168; stratified log‑rank 
test). For those with measurable disease, 
response rate was modest but statistically 
improved with sunitinib plus prednisone 
compared to prednisone alone (6% vs 2%, 
P  =  0.04) and there was no difference in 
proportion of patients with stable disease 
greater than 3 months between the two arms 
(26% vs 30%, respectively). This lack of benefit 
occurred at a cost of greater toxicity in the 
sunitinib arm.

This study is yet another example in 
prostate cancer in which promising results 
of phase 2 trials6–8 did not translate into 
a phase 3 survival benefit. In the phase 2 
sunitinib studies, a reasonable amount of 
prostate‑specific antigen (PSA) declines were 
seen for a non‑androgen receptor‑targeted 
therapy and radiologic responses were seen 
even in the absence of PSA decline. However, 
as seen with other tumor types, improvement 
in PFS with anti‑angiogenic drugs in phase 3 
studies did not lead to OS benefit. Whether 

Prostate cancer is a leading cause of cancer 
death in men. Despite recent advances 

in our understanding and treatment of 
advanced disease, no systemic therapy is 
curative and new therapies are needed. 
Targeting angiogenesis is an attractive 
therapeutic strategy, as angiogenic pathways 
are upregulated in prostate tumors similar 
to other malignancies due to imbalance of 
pro‑  and anti‑angiogenic factors secreted 
by tumor, endothelial and stromal cells 
and increased neovasculature.1 Vascular 
endothelial growth factor  (VEGF) is the 
most well‑characterized pro‑angiogenenic 
factor, with several small molecule 
inhibitors (sunitinib, sorafenib, pazopanib, 
axitinib, others), antibodies (bevacizumab) 
and other drugs that target the VEGF 
pathway approved and/or in development 
for the treatment of a wide range of tumor 
types.

Based on encouraging preclinical data and 
early phase clinical studies, several drugs with 
anti‑angiogenic properties have proceeded 
to phase 3 evaluation for the treatment 
of men with castration resistant prostate 
cancer  (CRPC)  (Table  1). Unfortunately, 
no phase 3 study to date has succeeded 
in demonstrating a survival benefit in 
large randomized studies. In the most 
recently reported study by Michaelson 
et al.2 873 patients with docetaxel‑pretreated 
metastatic CRPC were randomized to either 
the small molecule inhibitor sunitinib 
plus prednisone or prednisone alone. 
Sunitinib is a tyrosine kinase inhibitor that 
targets vascular endothelial growth factor 
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this is class effect (also seen in the adjuvant 
settings) and the underlying mechanisms 
remain unclear.

In the phase 3 sunitinib study, there 
were frequent dose reductions and early 
discontinuations in the treatment arm, 
perhaps due to a heavily pretreated, elderly 
patient population when compared to 
other sunitinib populations. Closer clinical 
monitoring and aggressive supportive care for 
early toxic effects might have mitigated these 
events and may have helped to prolong the 
median treatment duration of only 98 days, 
which may have ultimately influenced lack 
of benefit in median OS. A similar plausible 
explanation for lower than expected activity 
was seen with the combination of aflibercept 
and docetaxel which led to a significantly 
smaller number of men receiving at least 
4 cycles of drug compared with the placebo 
and docetaxel, diluting any efficacy of the 
drug. Another possibility is that there may 
be a subset of clinical responders embedded 
into these studies and retrospective analysis of 
tissue and blood samples may lead to greater 
understanding of subgroups particularly 
vulnerable to anti‑angiogenic drugs and assist 
in the design of future clinical trials.

These negative data combined with 
prior negative studies of several other 
anti‑angiogenic therapies  (Table  1) does 
dampen initial enthusiasm regarding the 
role of VEGF targeted therapies for the 
treatment of advanced prostate cancer. 
However, newer anti‑angiogenics such 
as cabozantinib  (a small molecule that 
targets VEGFR, mesenchymal–epithelial 
transition and other downstream effectors) 
and tasquinimod  (a quinolone derivative 
with direct and indirect anti‑angiogenic 
effects) have shown promise in phase 2 
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studies9,10 and phase 3 studies of each have 
recently completed accrual. Understanding 
how these newer drugs target angiogenesis 
and potentially therapeutic off‑target effects 
will be key in understanding response and 
resistance. With several targeted drugs with 
varied mechanisms of action either approved 
or in development for the treatment of men 
with CRPC, appropriate patient selection and 
identification of biomarkers of response will 
be key in developing personalized treatment 
strategies.
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Table 1: Summary of Phase 3 Clinical Trials evaluating the efficacy of anti‑angiogenic therapies for the treatment of patients with metastatic CRPC

Drug Phase 3 trial Patient population Design Primary 
endpoint

Results

Bevacizumab 
(monoclonal antibody VEGF)

CALGB90401 Chemotherapy naïve metastatic 
CRPC

Docetaxel/
prednisone±bevacizumab

OS OS: 22.6 versus 21.6 months (P=0.18); 
PFS: 9.9 versus 7.5 months (P<0.001)

Aflibercept (VEGF trap) VENICE Chemotherapy naïve metastatic 
CRPC

Docetaxel/
prednisone±aflibercept

OS OS: 22.1 versus 21.2 months (P=0.38); 
PFS: 6.9 versus 6.2 months (P=0.31)

Lenalidomide 
(immunomodulator)

MAINSAIL Chemotherapy naïve metastatic 
CRPC

Docetaxel/
prednisone±lenalidomide

OS OS: 19.5 months versus not reached in 
control; PFS: 45 weeks versus 46 weeks

Sunitinib 
(VEGFR1, VEGFR2, PDGFR)

A6181120 Post‑docetaxel metastatic CRPC Sunitinib/prednisone 
versus placebo/
prednisone

OS OS: 13.1 versus 11.8 months (P=0.168); 
PFS: 5.6 versus 4.1 months (P<0.001)

Taquinomod 
(quniolone derivative)

10TASQ10 Asymtpomatic to mildy 
symptomatic metastatic CRPC

Tasquinomod versus 
placebo

OS Completed accrual, results pending

Cabozantinib 
(c‑MET, VEGFR2)

COMET‑1 Post‑docetaxel, post‑abiraterone 
or enzalutamide, metastatic 
CRPC

Cabozantinib versus 
prednisone

OS Completed accrual, results pending

Cabozantinib 
(c‑MET, VEGFR2)

COMET‑2 Metastatic CRPC with bone 
metastases and pain requiring 
opioids

Cabozantinib versus 
mitoxantrone/prednisone

Pain at 
12 weeks

Ongoing

VEGF: vascular endothelial growth factor; CRPC: castration resistant prostate cancer; OS: overall survival; PFS: progression free survival; VEGFR: vascular 
endothelial growth factor receptor; PDGFR: platelet‑derived growth factor; c‑MET: proto‑oncogene that encodes the tyrosine kinase hepatocyte growth factor receptor
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