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Am. J. Roentgenol., 41:891-9, 1939

“Anti-angiogenesis may provide a form of cancer

therapy worthy of serious exploration”. 

N. Engl. J. Med. 285:1182-6, 1971
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Science, 246:1306-09, 1989

Isolation and cloning of VEGF, an endothelial cell-specific mitogen 
secreted by follicular cells

Ferrara N, et al. Nature 380:439–42, 1996

Inactivation of a single vegfa allele results in defective 
vascularization and embryonic lethality in mice

vegfa +/+

vegfa +/-
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In press, 2015

Singh,M & Ferrara,N. Nature Biotechnol., 30:648-57,2012
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Hypoxia, Oncogenes and Cytokines Induce 
VEGF Expression in Tumor Cells
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PDGF = platelet-derived growth factor; IGF-1 = insulin-like growth factor 1
IL-8 = insulin-like growth factor 8

IGF-1
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Median survival (months)
IFL + placebo: 15.6 (95% CI: 14.3–17.0) vs
IFL + Avastin: 20.3 (95% CI: 18.5–24.2)
HR=0.66 (95% CI: 0.54–0.81)
p<0.001
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Hurwitz H, et al. N Engl J Med 2004;350:2335–42

Phase III trial AVF2107g: bevacizumab increases 
survival in previously untreated metastatic CRC

Bennouna et al, Lancet Oncol 2013; 14: 29–37

VEGF inhibition with bevacizumab plus standard second-line chemotherapy beyond 
disease progression has clinical benefits in patients with metastatic colorectal cancer
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Progression-free survival in ovarian cancer patients is 
dependent on the duration of bevacizumb treatment 

(GOG-0218 trial)

Burger et al, NEJM 
365:2473-83, 2011

Angiogenesis In Cervical Cancer

CD31 – Intratumoral microvessel densityAtypical vessels on
colposcopy

Tewari KS, Monk BJ. Invasive Cervical Cancer. In: Clinical Gynecologic Oncology, 8th ed. DiSaia PJ, Creasman WT (eds). Mosby, 

2012.

Presented by: Krishnansu S Tewari MD FACOG FACS

Accumulating evidence supports the concept that angiogenesis plays 
a central role in cervical carcinogenesis and disease progression
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Improved Survival with Bevacizumab in Advanced Cervical Cancer

Tewari KS et al. N Engl J Med 2014;370:734-743.

Singh,M & Ferrara,N. Nature Biotechnol., 30:648-57,2012

Can we improve the efficacy of anti-VEGF agents by 
combinations with inhibitors of other angiogenic pathways?
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c-Met-mediated oncogenic signaling. 

Benedetta Peruzzi, and Donald P. Bottaro Clin Cancer Res 
2006;12:3657-3660

©2006 by American Association for Cancer Research
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Onartuzumab (Met-Mab) in combination with erlotinib  failed  to show any PFS or 
OS benefit relative to erlotinib plus placebo in NSCLC (phase III).

In phase III studies, an anti-HGF antibody (Amgen) had detrimental effects on 
survival of  gastric cancer patients.

Various small molecule TKIs also did not show benefit in NSCLC.

Combination of onartuzumab with bevacizumab did not appear to provide benefit 
relative to bevacizumab monotherapy in GBM (Cloughesy et al, ASCO 2015).

Combination of onartuzumab and bevacizumab with paclitaxel did not improve 
PFS relative to bevacizumab plus paclitaxel  in triple negative breast cancer 
(Dieras et al. Annals Oncol, 2015).

Clinical trials with HGF/cMet inhibitors so far have 
been largely negative

The Angiopoietin/TIE2 system in angiogenesis

• TIE2 
– Transmenbrane Tyr kinase receptor expressed by endothelial cells and 
perivascular macrophages

• ANG1
– Vascular maturation factor

• promotes the recruitment of pericytes 
and smooth muscle cells 

• survival factor for endothelial cells

• ANG2
– Expressed and released at sites of vessel remodeling
– Vascular destabilization factor

• In the presence of other proangiogenic factors ANGIOGENESIS

Huang et al., Nat Rev Cancer 2010
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Anti-VEGF  increases immune response: Potential synergy between MPDL3280A and bevacizumab

A. Increases trafficking of T cells into tumors (Can Res 2010: 70; 6171; Clin Cancer Res 2007 13:3951)

B. Reduces frequency of myeloid-derived suppressor cells (MDSC) (JI 2008: 181; 346)

C. Reduces suppressive cytokines and tumor-infiltrating Tregs and MDSCs (Plos One 2009: 4; e7669) 

D. Increases both CD8+ and CD4+ central memory T cells in combination with Ipilimumab (Hodi, JCO suppl. 2010)

E. Increases dendritic cell maturation and function (Nature Medicine 1996 1096-113)

Anti-PDL-1 and anti-VEGF could cooperate to increase T-cell activation at multiple stages of  the 
cancer immunity cycle. 

(B, C, D)

(E)

(A)

Adapted from Chen D, and Mellman I; 
Immunity, 2013

Normal Retina Diabetic Retinopathy
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Pericyte Loss and Microaneurysms Result in Abnormal 
Leakage/Bleeding  in Retinal Vessels

N. Engl. J. Med., 331:1480-7, 1994
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Adamis et al., Arch Ophthalmol 1996;114:66-71

Control mAb

Iris Neovascularization

mAb A.4.6.1 

No Neovascularization

25

Suppression of Iris Neovascularization 
by anti-VEGF mAb in a Primate Model

VEGF

Lucentis® Avastin®

Fc
- Recruits complement, Fc Receptors
- Mediates immune effector function

VEGF

Lucentis® compared to Avastin®

• A single VEGF-binding domain (Fab) 

• Has ~20-fold greater efficiency in capturing VEGF 
with 6-amino-acid changes in the VEGF-binding 
site

• Has much shorter half-life if gets out of the eye, 
minimizing systemic exposure

• Potentially less likely to initiate  inflammation 
because of lack of Fc it lacks Fc region of 
standard antibody

FabFab
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Neovascular age-related macular degeneration

Age-related macular degeneration produces
a loss of central visual acuity

normal vision

macular degeneration
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Ranibizumab results in increased visual acuity 
in wet AMD patients

D.M. Brown et al, Ophthalmology, 116:57-65, 2009

 Ranibizumab as given in MARINA and ANCHOR would reduce the 
number of cases of legal blindness by 72% (95% CI: 70% to 74%)

 Only 4,484 (3.0%) of 151,340 incident cases of CNV in 2008 would go on 
to legal blindness in U.S. by 2010

 Every 4-week ranibizumab substantially reduced legal blindness by 78% 
and visual impairment by 33% within 2 years after diagnosis and 
treatment of non-Hispanic white and Hispanic patients with DME 
involving the center of the macula with vision

Impact of Availability of Anti–VEGF Therapy on Visual 
Impairment and Blindness Due to Neovascular AMD 

and DME

Bressler et al., Arch Ophthalmol. 2011;129:709-17; Campbell et al., Arch Ophthalmol. 2012;130:794-95. 
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 Impact of VEGF Inhibitors on Disease

 Benefit in several tumor types. VEGF inhibitors now represent 
standard of therapy for multiple malignancies.

 Dramatic benefits in  intraocular neovascular diseases such as 
wet AMD following treatment with ranibizumab, bevacizumab or 
aflibercept

 Present Challenges

 Identification of predictive biomarkers

 Establishing optimal treatment duration/combinations

 Elucidating mechanisms of inherent refractoriness/resistance
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Onartuzumab (Met-Mab) in combination with erlotinib  failed  to show any PFS or 
OS benefit relative to erlotinib plus placebo in NSCLC (phase III).

In phase III studies, an anti-HGF antibody (Amgen) had detrimental effects on 
survival of  gastric cancer patients.

Various small molecule TKIs also did not show benefit in NSCLC.

Combination of onartuzumab with bevacizumab did not appear to provide benefit 
relative to bevacizumab monotherapy in GBM (Cloughesy et al, ASCO 2015).

Combination of onartuzumab and bevacizumab with paclitaxel did not improve 
PFS relative to bevacizumab plus paclitaxel  in triple negative breast cancer 
(Dieras et al. Annals Oncol, 2015).

Clinical trials with HGF/cMet inhibitors so far have 
been largely negative


