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       ENDOTHELIAL CELL The vascular endothelial growth factor 
(VEGF) family (A-D) binds to receptors VEGFR-1, VEGFR-2, VEGFR-3, 
activating signal transduction to promote angiogenesis, vasculogenesis, 
and lymphangiogenesis.

       PERICYTE Platelet-derived growth factor (PDGF) and its receptor 
PDGFR-β mediate vessel maturation.

       TUMOR CELL Multiple growth factors and receptors activate signal 
transduction and cell cycle pathways to stimulate tumor cell growth.

Targeting Angiogenesis Pathways

Pazopanib   (Votrient)  

Sorafenib    (Nexavar)

Ziv-Aflibercept   (Zaltrap) 

Sunitinib   (Sutent)

Axitinib   (AG-013736)

Temsirolimus    (Torisel)

Regorafenib   (Stivarga)

Vandetanib   (Caprelsa)

Nintedanib    (BIBF 1120)

Trebananib     (AMG 386)

Bevacizumab    (Avastin) 

Ramucirumab    (IMC-1121B)

Everolimus     (RAD001) 

Tivozanib  (AV-951)

Brivanib (BMS-582664)

Motesanib (AMG706)
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During tumor angiogenesis, endothelial cells recruit pericytes to stabilize blood vessels perfusing tumors. Endothelial 
cells also provide paracrine factors to tumor cells, which in turn, release growth factors that sustain angiogenesis. 
Antiangiogenic agents target key pathways in proliferating endothelial cells, pericytes, and tumor cells. 
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How blood vessels sprout
Growth factors bind to 
endothelial cell receptors, 
activating signal transduction 
pathways and causing cell 
proliferation.  Sprouting 
vessels secrete matrix 
metalloproteinases (MMPs) 
and migrate towards the 
tumor using specific αβ 
integrins.  

Metastases exit 
through the tumor 
vasculature to the 
systemic circulation.

Inflammatory cells and 
stromal cells also 
release growth factors.

Tie-2

MMPs 
dissolve 
tissue matrix
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Endothelial progenitor 
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Local 
endothelial 
cells proliferate 
and degrade 
the basement 
membrane
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Incipient cancers 
lack a blood supply and 
cannot grow larger than 
2-5 mm in size.

Cancer cells release growth 
factors that activate endothelial 
cells during the switch to the 
angiogenic phenotype.  This 
occurs in response to gene 
mutations and hypoxia.

Angiogenic vessels 
form tubes and loops, thereby 
delivering oxygen, nutrients, and 
survival factors to cancer cells.

Vessels mature as 
pericytes are recruited by 
endothelial cells to stabilize 
new capillaries.

        Unabated angiogenesis enables tumor 
expansion and local invasion. Abnormal 
blood flow leads to central hypoxia.  
Vessel hyperpermeability results 
in tumor edema.

Soluble
growth factors
and receptors

Tumor genetic
signatures

Endothelial
progenitor
cell (EPCs)

Metastases

Platelets

With an ever-growing number 
of targeted cancer therapies 
reaching the clinic, researchers 
are investigating biological 
markers (biomarkers) that could 
guide therapy decisions. 
Potential predictive markers of 
antiangiogenic cancer therapies 
include an array of cytokines, 
receptors, genetic signatures, 
imaging tools, and even side 
effects which, if clinically 

validated, could help identify 
patients most likely to benefit 
from these agents, overcome 
resistance, and avoid 
unnecessary toxicities. While a 
number of potential biomarkers 
have been identified, significant 
challenges remain in finding 
markers that are reliable, 
reproducible, and feasible for 
use in a clinical setting.

Biomarkers of
Antiangiogenic
Cancer Therapy

Circulating 
Markers

Soluble, circulating markers 
offer a minimally invasive 
method that can be 
repeated during 
antiangiogenic therapy. 
Changes in levels of soluble 
angiogenic factors and 
receptors during treatment 
have correlated with both 
response and disease 
progression (antiangiogenic 
escape) in some studies. 
Circulating cellular markers, 
including endothelial 
progenitor cells (EPCs), 
platelets, monocytes, 
neutrophils, as well as 
certain inflammatory 
cytokines are also under 
investigation.

Examples include:
Soluble VEGF family 
members, notably VEGF-A, 
VEGF-C, VEGF-D, and PlGF
Soluble VEGF receptors 
(sVEGFR-1/FLT1, 
sVEGFR-2/KDR, 
sVEGFR-3/FLT4)
Collagen IV (glioblastoma)
Soluble SDF-1-α

Intratumoral 
Biomarkers

Tumor tissue contains an 
array of proteins and genes, 
the expression of which are 
significantly altered during 
tumor growth, invasion, 
angiogenesis, and metastasis. 
Identifying genetic 
mutations and changes in 
the expression of cell surface 
receptors involved in 
angiogenesis and tumor 
growth are particularly 
promising avenues of 
biomarker research. 

Examples include:
VEGF polymorphisms
IL-8 genes
EGFR, KRAS, 
p53 mutation status
Neuropilins
SDF-1-α
Ang-2
DII4
PDGF-C

Systemic Markers

Hypertension is a common 
class-based effect of VEGF 
inhibition. The 
development of 
hypertension in patients 
taking VEGF inhibitors has 
been associated with 
improved response in 
clinical studies in some 
tumor types.

Imaging Markers

Specialized imaging techniques 
that measure changes in tumor 
blood flow have potential as 
noninvasive biomarkers of 
antiangiogenic treatment 
response, although they are 
costly, technically challenging, 
and may not be widely available. 

Examples include:
Dynamic contrast enhanced 
magnetic resonance imaging 
(DCE-MRI)
Positron emission tomography 
(PET) using 18F-fluorothymidine 
(18F-FLT) or 18fluordeoxyglucose 
(18FDG) 
Computed tomography (CT)

Microvessel density
and pericyte coverage
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