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Cardiotoxicity Cardiotoxicity 

• One of the major factors limiting the use of 

anticancer therapy 

• Hypokinetic CMP 

• Dose-dependent (anthracyclines) 

• Poor prognosis (anthracyclines) 

• Refractory to HF therapy (anthacyclines) 

 

 



 Author Journal Year N. pts       Therapy 

 

Lefrak 

Cohen 

Haq 

Cancer 

Arch Intern Med 

Cancer 

1973 

1982 

1985 

2 

1 

43 

Digitalis + Diuretics 

Digitalis + Diuretics 

Digitalis + Diuretics 

Saini Ann Intern Med 1987 3 ACEI 

Jensen Lancet 1996 8 ACEI 

Fazio Clin Cardiol 1998 1 Beta-Blockers 

Noori J Card Fail 2000 10 ACEI + Beta-Blockers 

Jensen Ann Oncol 2002 10 ACEI 

Mucai Intern Med 2004 5 Beta-blockers 

Tallaj Heart Lung 
 Transplant 

2005 25 ACEI + Beta-blockers 

Ajijola Am J Cardiol 2008 4 ACEI + Beta-blockers 

Total 112 

Treatment of CT-induced CMP 



Treatment of AC-induced CMP 

 AC-induced CMP is believed to be refractory to conventional 

therapy (but much of these data are anecdotal and based on 

reports of small number of patients). 
 

 Typically, these patients have been excluded from large 
randomized trials evaluating the efficacy of recommended HF 
therapy. 
 

 There isn’t any evidence whether the use of modern HF 
therapy can be directly transferred to this particular setting, 
with similar long-term benefits.  
 

 As a consequence, evidence-based recommendations  for 
the management of AC-induced CMP are still lacking, and no 
definitive guidelines have  been  adopted yet . 



JACC 2011 

Population: n. 88  

          

Treatment: AC (n.66) 

  AC + TRZ (n. 15) 

  TRZ  (n. 7) 

 

LVEF <50%: n.35 (40%)  

 



JACC 2010 

Cardiac function recovery was 
associated with a lower incidence 
of cardiac events during follow up. 

• 201 pts with AC-induced CMP 

• treatment: ACEI + BB 

• mean follow-up: 36±27 months 

•  LVEF 50%: 42% = Responders 

•  ≥10 abs.points: 13% = Partial Responders 

•  ≤10 abs.points: 45% = No Responders 



JACC 2010 

• 201 pts with AC-induced CMP 

• treatment: ACEI + BB 

• mean follow-up: 36±27 months 

•  LVEF 50%: 42% = Responders 

•  ≥10 abs.points: 13% = Partial Responders 

•  ≤10 abs.points: 45% = No Responders 

Inverse relationship between  
Time-to-heart-failure therapy 
and LVEF increase  



The more time passes, 
the less recovery possibility 
we have 

JACC 2010 

• 201 pts with AC-induced CMP 

• treatment: ACEI + BB 

• mean follow-up: 36±27 months 

 

• pts treated within 6 months:  

=  LVEF 50%: 71% 

 

Percentage of patients with complete cardiac 

function recovery according to time elapsed 

from AC administration and start of HF therapy 



BUT…. 



LVEF changes after anti-HF therapy  
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Pre-HF 

 therapy 
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P<0.001 
 226/2625 pts  

 Regular LVEF monitoring 

 Early HF therapy initiation 

 ACEI and BB in 90% pts 

 Final LVEF ≥50% in 185 (82%) pts 

 Mean time to LVEF normalization 

     = 85 months  

% 

Cardinale et al. Submitted 



Pharmacologic prevention 

 of cardiotoxicity 



Cardiotoxicity Prevention 
Possible Strategies 

Cvetkovic et al. Drugs 2005 



Agent Class Mechanism Study subject 

Carvedilol B-adrenergic antagonist Prevention of free radical formation; prevention of 

depletion of endogenous antioxidants 

Humans 

Valsartan Angiotensin II receptor 

blocker 

Inhbition of angiotensin II effects Humans 

Dexrazoxane Chelating agent Prevention of free radical formation; inhibition of DNA 

topoisomerase 

Humans 

Coenzyme Q10 Dietary supplement Antioxidant Humans 

Carnitine Dietary supplement Antioxidant; transfer of long chain fatty acids into 

mitochondria 

Humans 

N-acetylcysteine Mucolytic agent Promotion of endogenous antioxidant synthesis Humans 

Vitamina A, C and E Nutrient Antioxidant Animal model/Humans 

Erythropoietin Hormon Apoptosis prevention Animal model 

Bosentan endothelin-1 receptor 

antagonist 

Decrease of inflammatory markers (TNF-α) and of 

apoptotic signaling proteins expression 

Animal model 

Probucol Lipid-lowering agent Promotion of endogenous antioxidant synthesis Animal model 

Fluvastatin Statin Antioxidant Animal model 

Glutathione Tripeptide thiol Antioxidant Animal model 

Selenium Trace element Antioxidant; anticarcinogenic action Animal model 

Amifostine Cytoprotective agent Antioxidant; scavenging of reactive oxygen species Animal model 

Desferoxamine Iron-chelating agent Production of reactive oxygen species Animal model 

Table 2. Therapies for reducing anthracycline toxicity 

Concurrent  therapies for 

 reducing anthracycline toxicity 



Dexrazoxane enters myocytes, binds free iron, removes iron from 

the iron-doxorubicin complex, preventing 

oxygen radical formation. 

Hasinoff BB Drug Metab Dispos 1990; 18: 344–9 

dexrazoxane  

Dexrazoxane 



Lipshultz et al. 

Lancet Oncology 2010 



Pts Treatment 
Dose 

[cycles] 
Cardiac Events (%) CHF (%) 

Swain 1997 
168 CDF50 + DX NR 15*** 0*** 

181 CDF50 + pl NR 32 8 

Swain 1997 
81 CDF50 + DX NR 14** 3 

104 CDF50 + pl NR 31 7 

Marty 2004 
85 dox50 or epi90 + DX 669 [2-6] 13*** 1* 

79 dox50 or epi90  608 [2-6] 39 11 

Speyer 1992 
76 CDF50 + DX 558* [11**]                          8*** 3*** 

74 CDF50 407 [9] 50 27 

Venturini 1996 
82 CEF60 or epi120 + DX 702 [6] 7** 2 

78 CEF60 or epi120 713 [6] 23 5 

Vici 1998 
43 epi160 + DX 960 [6] 0* 0 

49 epi160 980 [6] 16 NR 

Feldmann 1992 
73 CDV50 + DX NR 12* 4 

82 CDV50 NR 29 10 

Lopez 1998 
18 Epi160 + DX 960 [6] 9** 7* 

16 Epi160 980 [6] 29 24 

Dexrazoxane  (DX) cardioprotective efficacy  

 in randomized trials in adult cancer patients 
 

*p<0.05;  **p<0.01;  ***p<0.001 



JACC 2006 

N=25 N=25 

Follow-up = 6 months 



Nakamae et al. Cancer 2005;104:2492-8 





(n=27) (n=18) (n=18) (n=27) 



Enalapril   +  Carvedilol 



 
Anthracycline 

 

Dexrazoxane 

Carvedilol 

Valsartan Cardioprotection: 
 extended to all 
AC- treated pts 

1° 

Cardiac  

dysfunction 

X 

Telmisartan 

Enalapril + 

Carvedilol 

Nebivolol 



Pharmacologic prevention 

 in selected high-risk patients 



• 204 pts 

• High-dose AC-chemotherapy 

• TnI 0,12,24,48,72 h after CT 

• N. 65 (32%) TnI +  

• N. 139 (68%) TnI -  

 

 

 J Am Coll Cardiol 2000 



 J Am Coll Cardiol 2000 

• 204 pts 

• High-dose chemotherapy 

• TnI 0,12,24,48,72 h after CT 

• N. 65 (32%) TnI + 

• N. 139 (68%) TnI -   

 

 

TnI maximal value predicts the 
degree of cardiac dysfunction 



 
Anthracycline 

 

Dexrazoxane 

Carvedilol 

Valsartan Cardioprotection: 
 extended to all 
AC- treated pts 

1° 

Nebivolol 

Enalapril + 

Carvedilol 

Enalapril 
TnI  

POS 

TnI 

NEG 

Cellular damage: 
selected pts 

2° 

Cardiac  

dysfunction 



Enalapril 
n = 56 

Controls  
n =58 

TnI + = 114 

N = 403 
HD CT 

1 month after CT 

Continued for 1 year 

Circulation 2006 



Okumura et al. Jpn J Pharmacol 2002  

Lisinopril 



Circulation 2006 

Pa
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ACEI group

0

20

40

0%

43%

p<0.001

Controls

50

30

10

(n=0) (n=25)

Primary end-point: 

 LVEF decrease >10 percent units + <50% 
 



Total 

n=112 
P 

  

ACEI  

n=54 

Controls 

n=58 

Circulation 2006 

CUMULATIVE EVENTS     31 (28%)    1 (2%)           30 (52%)     <0.001 



Circulation 2006 

Controls 

ACEI- group 
Enalapril 



Giorgio M. Experimental Cardioncology Unit - IEO. Unpublished data 

Enalapril improves resistance of  

HL-1 cells to doxorubicin 



• 1682 post-study pts 

• Negative cardiovascular history 

• Different kinds of tumor 

• Cardiotoxic oncologic treatments  

 

• TnI before and after every CT cycle 

• TnI + = n. 252 (15%) 

• Enalapril in TNI+ pts 

• Serial LVEF measurements 

 

• 6-year FU 

• NO significant LVEF reduction 

         from baseline  

Our real-world experience 

TnI+ 
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 Troponin + Enalapril approach  

Our real-world experience 
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Baseline cardiologic evaluation, ECHO 

TnI not evaluated during CT TnI evaluation at each cycle 

TnI NEG 

ACEI + BB 

LVD 

Clinical 

Follow-up 
ECHO 12 m 

ECHO at end CT  

No LVD 

ECHO 12 months 

ECHO 3 months 

No LVD 

ECHO 9 months 

No LVD 

ECHO 6 months 

No LVD 

Anthracycline-CT 

TnI POS 

Enalapril 

for 1 year 

ECHO 12 m 

ECHO at end CT, 

 3, 6, 9 months 

 

PREVENTION 
 

 

EARLY DIAGNOSIS AND TREATMENT 
 

Modified from Cardinale D. Braunwald Heart Disease E-dition 2012  



Cardiotoxicity 

Myocardial cell 

injury 

LV 

dysfunction 

Overt 

HF 

Complete or partial 

recovery 
No recovery Prevention 

Cardinale D. 


