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Microcirculation abnormalities 
are proven at early stages of 

arterial hypertension, as well as 
various diseases linked to 
cardiovascular morbidity.



Levy BI, Circ 2008;118:968



Am J Cardiol 2008



VEGF
Proangiogenic growth factor essential for embryonic 
development
Traditionally thought to have limited role in normal 
adult physiology

Bhisitkul RB. Br J Ophtalmol 2006



Targeting the microvasculature in human 
pathology

Capillary expansion / Capillary rarefaction 



The Angiogenic Switch and 
Antiangiogenic Therapy
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Angiogenic inhibitors 
may reverse this 
vascularization

Carmeliet and Jain. Nature. 2000;407:249.





Hurwitz et al. NEJM 2004

HR=0.65 ; p=0.00003

Efficacy of Bevacizumab in CRC cancer



Lancet Oncology 2008



Rare cases of reversible posterior 
leucoencephalopathy syndrome

Stott VL, Int Med J. 2005 
Glusker P: N Engl J Med 2006 
Oczan C: N Engl J Med 2006

Govindarajan R, J Clin Onc 2006 
Allen, J. A., Arch Neurol 2006



Preeclampsia

• Elevated Placental Soluble Vascular 
Endothelial Growth Factor Receptor-1 
Inhibits Angiogenesis in Preeclampsia
– Ahmad S, Ahmed A. Circulation Research. 

2004;95:884. 



Ahmad, S. et al. Circ Res 2004;95:884-891

Preeclampsia



• VEGF: hemodynamic role
– Dose-related decrease in MAP via nitric oxide and 

prostacyclin synthesis
– VIVA trial showed hypotension as dose-limiting 

effect of infusional VEGF

Circ 2003

Et pendant ce temps , en cardiologie…

Présentateur
Commentaires de présentation
1.IV VEGF causes dose-related decrease in MAP and compensatory increase in HR in rats.

May be 2/2 decreased venous return mediated by nitric oxide and induction of prostacyclin synthesis

2. In VIVA trial [Circulation 2003] (vascular endothelial growth factor in Ischemia for Vascular Angiogenesis trial), hypotension was the dose limiting effect of infusing VEGF.

3. HTN in preeclampsia is associated with significant increase in levels of soluble VEGFR-1 protein, which blocks VEGF pathway… thus Avastin may cause HTN in fashion similar to preeclampsia



Rarefaction of Skin Capillaries in Borderline Essential 
Hypertension Suggests an Early Structural Abnormality

Antonios TFT et al. Hypertension. 1999;34:655
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Capillary density is the mean of 4 fields measurements in a 
selected 3 by 3 mm area of the middle third of the phalanx

X 200



Objective
As far as microvascular rarefaction has been reported in all 
forms of human and experimental HT, we tested the 
hypothesis that anti VEGF therapy could induce microvascular 
rarefaction in non-tumoral tissues and, thus, result in an 
increase in BP.



N=18 Baseline 6 months P 
(student paired test)

SBP (mmHg) 129 ± 13 145 ± 17 0.0001

DBP (mmHg) 75 ± 7 82 ± 7 0.0001

Basal capillary 
density (cap/field)

84 ± 13 75 ± 12 0.0001

Maximal capillary 
density (cap/field)

90 ± 13 81 ± 11 0.0001

No significant change in weight, serum creatinine, or other 
biological parameters occured during the follow-up.

Results

Mourad JJ. Ann Oncol. 2008 ;19:927



R²=0.43 ; p=0.008

Bevacizumab dose-dependent effect on 
capillary density

R2 = 0,43 p=0,008
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Baseline
Before 
treatment

At 6 
months

Ach1 Ach2 Ach3
Heat

Baseline Ach1 Ach2 Ach3 Heat



Clin Cancer Res 2008

P<0.01

P<0.01



Kamba T. Am J Physiol 2006



Ann Intern Med 2006

See also Mannavola D; JCEM 2007

During the phase I/II trial of sunitinib, 15 of 42(36%) 
patients developed hypothyroidism after an average of 50 
weeks of therapy (range, 12 to 94 weeks)



PNAS  2007;104:14448



Kamba T. Am J Physiol 2006



Eremina V NEJM 2008



VEGF plays a key role in vascular 
homeostasis

• Normal blood vessels are generally thought not to require 
VEGF for survival

• Inhibition of VEGF signaling for 1 to 3 weeks revealed 
significant capillary regression in pancreatic islets, thyroid, 
adrenal cortex, pituitary, choroid plexus, small intestinal 
villi, and epididymal adipose tissue. 

• The amount of regression was dose-dependent and varied 
from organ to organ, with a maximum of 68% in thyroid, 
but was less in normal organs than in tumors in the mouse 
models studied.

• All VEGF inhibitors studied had this effect. 

Kamba T. Am J Physiol 2006



– Grade 1 asx, transient increase (< 24hr)greater than 
20mmHg (diastolic) or to greater than 150/100 
mmHg

– Grade 2 recurrent or persistent (>24 hrs) or sx 
increase greater than 20 mmHg (diastolic) or to 
greater than 150/100 mmHg

– Grade 3 HTN requiring therapy or more intensive 
therapy than previously

– Grade 4 hypertensive crisis

HTN: NCI Common Toxicity 
Criteria



Hypertension as a predictive factor of 
Sunitinib activity (metastatic renal 

carcinoma)

32 patients followed for 6 months
22% hypertensive

The appearance of HT (grade 3) was 
associated with better response to 

sunitinib (p<0.02)

Rixe O et al. Ann Oncol 2007;18:1125



Scartozzi M et al; Ann Oncology oct 2008; Epub



Grade 2-3 bevacizumab-related HT

No HT

P< 0.04

Scartozzi M et al; Ann Oncology oct 2008; Epub



High blood pressure (HBP) by the end of cycle 1 was defined as blood 
pressure  150/100 at any previous time or at least a 20-mmHg increase in 
diastolic blood pressure from baseline.

J Clin Oncol 2010 28:949-954



HT : 26 patients/39 (67%)

J Clin Oncol 2008



Franklin P; J Pharmacol Exp Ther. 2009 Mar 2. [Epub] 

Effect of the Multi-targeted Receptor Tyrosine Kinase Inhibitor, 
ABT-869, on Blood Pressure in Conscious Rats and Mice: 
Reversal with Anti-Hypertensive Agents and Effect on Tumor 
Growth Inhibition.



Franklin P; J Pharmacol Exp Ther. 2009 Mar 2. [Epub] 

Effect of the Multi-targeted Receptor Tyrosine Kinase Inhibitor, 
ABT-869, on Blood Pressure in Conscious Rats and Mice: 
Reversal with Anti-Hypertensive Agents and Effect on Tumor 
Growth Inhibition.



Franklin P; J Pharmacol Exp Ther. 2009 Mar 2. [Epub] 

Reversal of drug-induced HT with enalapril does not block anti- 
tumor efficacy of ABT-869.

vehicle

E 30mg/kg

ABT-869 + E

ABT-869



Franklin P; J Pharmacol Exp Ther. 2009 Mar 2. [Epub] 

Effect of the Multi-targeted Receptor Tyrosine Kinase Inhibitor, 
ABT-869, on Blood Pressure in Conscious Rats and Mice: 
Reversal with Anti-Hypertensive Agents and Effect on Tumor 
Growth Inhibition.

Doses that completely prevented increases in BP elicited by ABT-869

Doses that partially prevented increases in BP elicited by ABT-869



Yla-Herttuala, S. . J Am Coll Cardiol 2007;49:1015

The Biological Response of VEGF-A in Adults Is Dependent 
on its Local Tissue Concentration



Effets vasculaires et rénaux des 
médicaments anti-angiogéniques 

Recommandations Françaises pour la Pratique (Société de 
Néphrologie, Société Française d’Hypertension Artérielle, 

Association Pédagogique Nationale des Enseignants de 
Thérapeutique et la Fédération Françophone de Cancérologie 

Digestive) 

Jean-Michel Halimi, Michel Azizi, Guillaume Bobrie, Olivier Bouché, Gilbert 
Deray, Gaetan des Guetz, Thierry Lecomte, Bernard Levy, Jean-Jacques 
Mourad, Dominique Nochy, Stéphane Oudard, Philippe Rieu, Dil Sahali



Principes retenus
- Il n y a pas lieu de retarder l’administration d’une 1re dose d’un traitement 
AA en raison de l’existence d’une HTA observée en ambulatoire ou de chiffres 
de PA élevés observés en hôpital de jour (hors urgence hypertensive, 
exceptionnelle) ou d’une protéinurie (hors protéinurie massive, exceptionnelle)

-Un patient devant recevoir une 1re administration d’un traitement AA doit en 
bénéficier dans l’immense majorité des cas quelle que soit sa PA le jour où il 
est admis pour recevoir ce traitement. 

-Il n’y a pas lieu d’administrer un traitement anti-hypertenseur oral ou par voie 
veineuse avant administration d’un traitement AA, même si les chiffres de PA 
mesurés à cette occasion sont élevés. 

d) Le patient devant recevoir une 1re administration d’un traitement AA n’a pas 
de raison particulière de présenter une urgence hypertensive, exceptionnelle. 
Celle-ci, si elle existe, doit être prise en charge par une équipe spécialisée



Conclusion 

•Pharmacological blockage of VEGF pathway results in 
endothelial dysfunction and capillary rarefaction in 

humans.

•Both changes are closely associated and could be 
responsible for the rise in blood pressure observed in 

patients receiving this treatment.

•Taken together, these results suggest that VEGF plays 
a crucial role in microvascular structure and function, 
glomerular endothelial integrity and blood pressure 

homeostasis in adults.
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