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Terapia antitumorale ed ipertensione arteriosa. 

Evento non infrequente nella clinica quotidiana. 

Come affrontarlo. 
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Cancer therapy effects the cardiovascular system 
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The down-side of prevention- 

Thrombosis by COX2 inhibitors: 

Adverse Cardiovascular Events 
Vioxx 

• Cardiovascular Events Associated with Rofecoxib in a 
Colorectal Adenoma Chemoprevention Trial 

– Robert S. Bresalier, N Eng J. Medicine 2005 

Celebrex 

• Celecoxib for the Prevention  of Colorectal Adenomatous Polyps  

– Nadir Arber, N Eng J. Medicine 2006 

• Celecoxib for the Prevention of Sporadic Colorectal Adenomas  

– Monica M. Bertagnolli, N Engl J Med. 2006 

• Effect of Celecoxib on Cardiovascular Events and Blood 
Pressure in Two Trials for the Prevention of Colorectal 
Adenomas  

– Scott D. Solomon, Circulation. 2006 



COX1 

Thrombosis 

COX2 

  VEGF 

Endothelial  

Death 

COX2 

Specific 

NSAIDS 

Further 

Endothelial 

Death, thrombosis, 

Infarct 
Albini & Noonan 

JNCI 97:859-60, 2005 

COX2, Angiogenesis  

and cardiovascular complications 

Anti-VEGF ab 



Tumor Progression 
normal Cell 

Tumor Cell 

apoptotic Cell 

Vascular 

Metastatic 

Dissemination  

Tumor 

 Proliferation 

 

Angiogenesis 

Quiescent Tumor 

(proliferation=death) 

Invasion 

of Matrix 

and Vessels 

Metastatic 

Lymphatic 

Colonization 

Transformation 

Extravasation 

Metastasis 

Evasion of 

Immune 

Surveillance Inflammation 



Angiogenesis: cascade of events 



Angiogenic Factors Produced 

by Tumor Cells 

• IGF-I  

• TGF-a 

• TGF-b 

• TNF-a 

• GM-CSF 

• Angiopoietins 

• Angiogenin 

•VEGFs 

•bFGFs 

•HGF 

•EGFs 

•IL-8 

•PlGF 

•PDGF 



The Family of VEGF Molecules and Receptors 

Tumor Angiogenesis-Robert Kerbel- NEJM May 8, 2008 

http://content.nejm.org/content/vol358/issue19/images/large/09f1.jpeg


Concepts of angiogenesis 

inhibition in the clinic  

INSIGHT REVIEW NATURE 438: 967 

Napoleone Ferrara & Robert S. Kerbel 



Angiogenesis inhibitors approved for clinical use 

Date of approval Drug Place Disease 

May 2003 Velcade 

(Bortezomib) 

U.S. (FDA) Multiple myeloma 

December 2003 Thalidomide Australia Multiple myeloma 

February 2004 *Avastin 

(Bevacizumab) 

U.S. (FDA) Colorectal cancer 

November 2004 Tarceva (Erlotinib) U.S. (FDA) Lung cancer 

December 2004 *Avastin Switzerland Colorectal cancer 

December 2004 *Macugen U.S. (FDA) Macular degeneration 

January 2005 *Avastin European Union  

(25 countries) 

Colorectal cancer 

September 2005 *Endostatin 

(Endostar) 

China (SFDA) Lung cancer 

December 2005 *Nexavar 

(Sorafenib) 

U.S. (FDA) Kidney cancer 

December 2005 Revlimid U.S. (FDA) Myelodysplastic sindrome 

January 2006 *Sutent (Sunitinib) U.S. (FDA) Gastric (GIST), 

Kidney cancer 

June 2006 *Lucentis U.S. (FDA) Macular degeneration  

October 2006-8 *Avastin U.S. (FDA) Lung cancer and breast 

cancer 

* “pure” antiangiogenic agents 



Cardiotoxicity of targeted drugs  

Force T et al. Nature Rev Cancer 2007; 7: 332-44 



Systemic Effects of Anti-VEGF Therapy 

Normal Tissues

(VEGF constitutively expressed)

Tumor Tissues

(VEGF upregulated)

Lung cancer (bevacizumab)

Inhibition of tumor growth, tumor cavitation

Hepatocellular carcinoma (sorafenib)

Tumor necrosis

Renal cell carcinoma (sunitinib)

Tumor shrinkage, tumor cell necrosis

Colorectal cancer (bevacizumab)

Deceleration of tumor growth 

efficient chemotherapy delivery

1 2 3

Hypertensive remodeling

Microvascular rarefaction

Cardiomyopathy (sunitinib and sorafenib)

Microcirculation: 1. normal arteriole, 2. functional rarefaction

(endothelial dysfunction,vasoconstriction), 3. anatomic rarefaction

Thrombotic microangiopathy

Glomerulopathy / glomerulonephritis

Proteinuria

Hypertensive nephropathy

Vaklavos et al, Oncologist, 2010 



Crucial role for microcirculation in the rising of blood 

pressure following angiogenesis inhibition by 

bevacizumab 

Typical video microscopic image of capillaries in the 

phalanx skin during venous occlusion. The blue 

rectangle represents a calibrated 1-mm2 surface. 

The structural capillary density is the number of 

capillary structures in this surface area. 

Typical examples of laser Doppler recordings before 

(upper figure, before treatment) and after a 6-month 

bevacizumab treatment (lower figure, altered 

response). Vertical lines indicate the successive 

administrations of pilocarpine. The red line represents 

the skin temperature maintained at 33C 

during baseline and pilocarpine administrations and 

heated at 44C for recording of the maximal skin flow 

under local vasodilation. 
Mourad et al. Annals of Oncology 2008; 19: 927-934 



Hypertension and rarefaction during treatment 

with telatinib 

Blood pressure (A), skin blood flux (C), and capillary density (D) 

results at baseline and after 5 wk of treatment with telatinib. B, 

mean systolic blood pressure (continuous line) and mean diastolic 

blood pressure (dashed line) before treatment, weekly during 

treatment, and after discontinuation of telatinib treatment. A 

horizontal dashed line was added at baseline systolic blood 

pressure and baseline diastolic blood pressure for facilitation of 

reading. Left from the vertical line blood pressures measured in the 

first 84 d of treatment. Right from the vertical line blood pressures 

measured 7 and 28 d after discontinuation of treatment. pSBP, 

peripheral systolic blood pressure; pDBP, peripheral diastolic blood 

pressure; cSBP, central systolic blood pressure; cDBP, central 

diastolic blood pressure; LDF, laser doppler flow; %AU, percentage 

of change from baseline in arbitrary units; n, number. 

SDF images demonstrating visible capillary loops 

of a representative patient. A, at baseline. B, after 

5wk of telatinib treatment. Black arrows, larger 

venules; white arrows, individual superficial 

capillary loops. 

Steeghs et al. Clin Cancer Res 2008; 14: 3470-76 



Hypertension during antiangiogenic 

therapy: friend or foe? 

• Hypertension is one of the most frequent side-effects of 
systemic inhibition angiogenesis signaling.  

 

• Its incidence and severity are dependent on the type of 
drugs, dose, and schedule used.  

 

• The recognition of this side effect is an important issue 
since poorly controlled hypertension could lead to 
serious cardiovascular events. 

 

• On the other hand, it may be a predictive factor of 
oncologic response 

 



Mechanisms of hypertension induced by 

angiogenic inhibitors 

The therapeutic low free VEGF activity contributes to the increase of systemic vascular 

resistances as a result of vascular rarefaction and down-regulation of nitric oxide 

production, dysregulation of renal endothelial cells and podocyte VEGF expression 

leading to thrombotic microangiopathy and thereby hypertension. 



Incidence of VEGF inhibitors-associated hypertension compared with 

controls in randomized phase III clinical trials 

Izzedine H et al. Annals of Oncology 2009; 20: 807-815 



Bevacizumab-related hypertension in patients with metastatic colorectal 

cancer receiving bevacizumab as first-line therapy in combination with 

irinotecan and 5-FU in an Italian study 

- patient characteristics- 

Scartozzi M et al. Annals of oncology 2009; 20:227-230 



Bevacizumab-related hypertension and microcirculation damage in 

patients with metastatic colorectal cancer treated with bevacizumab in a 

French study 

- patient characteristics- 

Scatter plot of systolic blood pressure (SBP) and diastolic 

blood pressure (DBP) at baseline and after 6 months of 

treatment with bevacizumab. 

Mourad et al. Annals of Oncology 2008; 19: 927-934 



Antiangiogenic therapy for cancer: is 

hypertension a good sign? 

Arterial hypertension occurring during anti-angiogenic therapy has been 

correlated with the biological inhibition of angiogenesis-related pathways 

and, given its molecular link with anti-angiogenic mechanisms, it may 

represent a possible clinical marker for treatment efficacy, analogously to 

what has been demonstrated for skin rush. 



Antiangiogenic therapy for cancer: is hypertension a 

good sign? 

-the data- 

Median progression-free survival of colorectal cancer patients with grades 2–3 bevacizumab-

related arterial hypertension and without bevacizumab-related arterial hypertension. Patients 

with grades 2–3 bevacizumab-related arterial hypertension (-------) and without bevacizumab-

related arterial hypertension (———) (P = 0.04). 

Scartozzi M et al. Annals of oncology 2009; 20:227-230 



Summary of the Italian study 

It can be speculated that these results could be due to: 

 

- bevacizumab-related hypertension may involve different biological pathways 

in comparison with other forms of hypertension; 

 

Among patients with bevacizumab-related hypertension, a 

significant improvement in global clinical outcome, particularly in 

response rate and progression free survival, was observed. 

If confirmed, these observation imply that the identification of a reliable 

clinical factor such as grades 2-3 arterial hypertension developing during 

bevacizumab therapy may constitute an early indicator of antitumor activity, 

whereas lack of this side-effect could represent an important warning of lack 

of activity and may ultimately suggest an early change in treatment strategy. 

Scartozzi M et al. Annals of oncology 2009; 20:227-230 



Hypertension at ASCO 2010 

• Brd. 19G Pulmonary hypertension (PH) in patients (pts) 
with CML treated with tyrosine kinase inhibitors (TKIs). 
(Abstract #6597) 

• S. Gaballa, A. Al-Kali, H. Kantarjian, E. Jabbour, A. Quintas-
Cardama, M. Ayoubi, G. Borthakur, S. M. O’Brien, J. E. Cortes 
(pag 96) 

 Brd. 6H Correlation between bevacizumab-related 
hypertension and response in mCRC patients. (Abstract 
#3581) 

• A. De Stefano, L. Cannella, C. Carlomagno, A. Crispo, R. 
Bianco, R. Marciano, S. Pepe, S. De Placido (pag 260) 

• Brd. 5D A clinical and biological profile to predict risk of 
development of hypertension in patients with non-clear 
cell renal cell carcinoma treated with sunitinib. (Abstract 
#4601) 

• N. A. Ilias-Khan, A. Y. Khakoo, N. M. Tannir 

• Brd. 53B Pharmacoepidemiology of clinically relevant 
hypothyroidism and hypertension from sunitinib and 
sorafenib. (Abstract #9149) 

• C. M. Walko, R. E. Aubert, N. M. La-Beck, G. Hawk, V. 
Herrera, H. Kourlas, R. S. Epstein, H. L. McLeod 

• Brd. 8H Role of VEGF and VEGFR2 single nucleotide 
polymorphisms (SNPs) in predicting treatment-induced 
hypertension (HTN) and clinical outcome (CO) in 
metastatic clear cell RCC (mccRCC) patients (pts) treated 
with sunitinib. 

• (Abstract #4629) 

• J. J. Kim, S. A. Vaziri, P. Elson, B. I. Rini, A. Patel, N. S. 
Basappa, M. Ganapathi, 

 

• Brd. 51B Sunitinib (SU)-related hypertension in a 
randomized placebo (P)-controlled trial of GIST patients 
(pts). (Abstract #10059) 

• M. Ewer, T. M. Suter, D. J. Lenihan, L. Niculescu, A. Breazna, 
R. J. Motzer, G. D. Demetri 

• Brd. 11A Analysis of early hypertension (HTN) and clinical 
outcome with bevacizumab (BV). (Abstract #3039) 

• H. Hurwitz, P. S. Douglas, J. P. Middleton, G. W. Sledge, D. H. 
Johnson, D. A. Reardon, D. Chen, O. Rosen 

• Brd. 5D A clinical and biological profile to predict risk of 
development of hypertension in patients with non-clear 
cell renal cell carcinoma treated with 

• sunitinib. (Abstract #4601) 

• N. A. Ilias-Khan, A. Y. Khakoo, N. M. Tannir 

• Brd. 5E Risk of congestive heart failure with VEGF-
targeted therapy: A systematic review and meta-analysis 
of clinical trials. (Abstract #4602) 

• F. A. Schutz, Y. Je, G. R. Azzi, T. K. Choueiri  pag 361 

• Hemorrages 

• Brd. 44F Baseline (BL) radiographic characteristics and 
severe pulmonary hemorrhage (SPH) in bevacizumab 
(BV)-treated non-small cell lung cancer (NSCLC) patients 
(pt): Results from ARIES, an observational cohort study 

• (OCS). (Abstract #7619) 

• P. Kumar, N. A. Fischbach, J. R. Brahmer, D. R. Spigel, S. 
Beatty, S. Teng, E. D. Flick, A. Sing, T. J. Lynch, ARIES 
Investigators 

 



Antiangiogenic therapy for cancer: is 

hypertension a good sign? 

• Hypertension might be a good sign of 

oncologic response, but MUST be 

TREATED! 

• If the oncologist suggests increasing the 

dose until the patient has hypertension, 

SAY NO! There is to date no cause-effect 

data 



Significance of VEGF-signaling 

inhibition-induced proteinuria 

Proteinuria can be a major clue to underlying renal 

disease or a transient finding in those patients.  

The onset of urinary protein excretion is of 

importance because proteinuria is a prognostic 

marker and an independent risk factor for 

cardiovascular diseases. 



Proteinuria induced by VEGF signaling inhibition 

Izzedine H et al. Eur J Cancer 2010; 46: 439-48 



Incidence of kidney diseases in anti-VEGF-treated 

patients 

Izzedine H et al. Eur J Cancer 2010; 46: 439-48 



Proteinuria as predictive marker 

Whether the development of proteinuria might also serve as a surrogate marker 

of on-target effect (anti-tumor efficacy) and/or off-target effect (adverse event) 

is unknown.  



Proteinuria as predictive marker  

of cardiotoxicity 

Russo et al, Intern Emerg Med (2012) 7:439-46.  

Albini et al, Intern Emerg Med (2012) 7:399–401 
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