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Molecular probe
or engineered cells

Computer assisted 
image analysis

Genetically engineered mice &
Tumor models

•Molecular imaging
•Cellular imaging
•Anatomical imaging
•Functional imaging
•Therapeutic 
response

Jain, Munn, Fukumura, Nature Reviews Cancer (2002)

Dissecting Tumors using Intravital Microscopy
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Deconstructing Solid Tumors



Leunig et al. Cancer Research (1992)

Growth of LS174T in Dorsal Window



Brown et al. Nature Medicine (2001)

3D imaging of normal vasculature



Brown et al. Nature Medicine (2001)

3D imaging of tumor vasculature



Tumor blood vessels: 
abnormal structure and function
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Jain, Nat Med (2001); Science (2005)

ProAnti



Bench to Bedside and Back



Yuan et al. PNAS (1996)

Regression of LS174T by anti-VEGF 
antibody

Before
treatment 3 days 7 days 



Normalization of tumor vasculature 
by hormone withdrawal
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Izumi et al. Nature (2002)
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Day 0 - Abnormal

Day 2 – Normalized

Normal

Day 5 - Inadequate

Jain, Nature Medicine (2001)

Normalization 
Hypothesis

Tong et al. (Cancer Research 2004)

VEGF Blockade Normalizes Tumor Vasculature

Normal Day 0 - Abnormal

Day 2 – Normalized Day 5 - Inadequate



Tong et al. Cancer Research (2004)

Normal arteriole control DC101

Tong et al. Cancer Research (2004)



Decrease in interstitial fluid 

Lee et al. Cancer Research (2000)Tong et al. Cancer Research (2004)



IgG control

DC101

Perfused 
lectin

Extravasated 
BSA Vessel ImageJ 

macro Quantification

Fluorecent BSA penetration in tumor 
tissue after VEGFR2 blockade



Human colon cancer casts

Jain, 
Sci Am 1994

Text
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Patient #2

Ulcer

Patient #3

Ulcer

Patient #4

Ulcer

Patient #5

Ulcer

Patient #6

 Effect of BV plus chemoradiation 
in rectal cancer patients (BV: 5mg/kg)

Pre-Tx

12 days 
Post BV 

7 wks 
post-Tx

Patient #1

Ulcer

Histology

Willett et al., Nature Medicine 2004



Willett et al. Nature Medicine (2004)

Willett et al. J Clin Oncol (Willett et al. J Clin Oncol (20052005)



Willett et al. Nature Medicine (2004) 

Willett et al. J Clin Oncol (Willett et al. J Clin Oncol (20052005)
low dose high dose



Pre-Tx Pre-SurgeryDay 12

Sagittal PET scans: Patient #1

Willett et al. Nature Medicine (2004) 

Willett et al. J Clin Oncol (2005)
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Tumor response after first BV infusion
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Willett et al., Nature Medicine (2004), 
Willett et al., Journal of Clinical Oncology (2005)

Tumor cell proliferation

Tx



Pre-clinical and clinical data 
Effects of anti-angiogenic therapy

Tong et al. (Cancer Res. 2004)

Pre-clinical data Clinical data

Blood volume
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↓

Winkler, Kozin et al. (Cancer Cell 2004)
Willett et al. (Nat. Med. 2004)

Willett et al. (J. Clin. Oncol. 2005)     
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Duda et al. (J. Clin. Oncol. 2006)     





Winkler, Kozin et al., Cancer Cell 2004



DC101 Decreases Tumor Hypoxia During the 

Winkler, Kozin et al., Cancer Cell 2004



Radiation Therapy Acts Synergistically with VEGFR2 
Blockade During the Normalization Time Window

Winkler, Kozin et al., Cancer Cell 2004



Winkler, Kozin et al., Cancer Cell 2004



Jain, Science 2005



Study Design

Batchelor et al, 
Cancer Cell, 2007



Radiographic responses in the first 16 patients
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T2 weighted MRI (FLAIR)
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Re-emergence of White Matter Tracts

 Day -1 Day +27







Normalization time window in patients







Effect of 
tumor progression

Effect of 
drug holidays

Effect on 
vessel size

VEGF NS
-43%

[-58% – -22%]
p = 0.0005

NS

PlGF
-32%

[-49% – -9%]
p = 0.0094

-58%
[-72% – -38%]

p < 0.0001
NS

sVEGFR2
+13%

[0% – +26%]
p = 0.0420

NS NS

bFGF
+59%

[+2% – +148%]
p = 0.0417

NS
0.138

[0.008 – 0.268]
p = 0.0372

SDF1α
+12%

[+2% – +22%]
p = 0.0158

NS
0.667

[0.075 – 1.258]
p = 0.0227

Viable 
CECs

+53%
[+3% – +128%]

p = 0.0347
NS NS

CPCs NS
+75%

[+15% – +167%]
p = 0.0097

NS

Blood biomarkers

Batchelor et al, Cancer Cell 2007



Jain RK et al. (2006) Lessons from phase III clinical trials on anti-VEGF therapy for cancer
Nat Clin Pract Oncol 3: 24–40 doi:10.1038/ncponc0403

Potential mechanisms of action of anti-VEGF 
agents on tumor vasculature
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