
Tossicità da terapia 
antineoplastica 

Quali sono i 
trattamenti più a rischio cardiovascolare e quando l’oncologo li usa. I farmaci 

più utilizzati che il cardiologo dovrebbe conoscere. 
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Milan, Italy 



2 

Cardiovascular Side Effects of  
Cancer Therapy 

Arrhythmia 

Hypertension 

AP / MI 

Cardiac Dysfunction 
Heart Failure 
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Risk of heart failure in breast cancer patients after 
anthracycline and trastuzumab treatment 

Bowles E J A et al Natl Cancer Inst. 2012 September 5; 104(17): 1293–1305.  
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Risk of heart failure in breast cancer patients after 
anthracycline and trastuzumab treatment 

Bowles E J A et al Natl Cancer Inst. 2012 September 5; 104(17): 1293–1305.  

Among 12 500 women (mean age = 60 years, range = 22–99 
years), 29.6% received anthracycline alone, 0.9% received 
trastuzumab alone, 3.5% received anthracycline plus 
trastuzumab, 19.5% received other chemotherapy, and 46.5% 
received no chemotherapy. Anthracycline and trastuzumab 
were primarily used in younger, healthier women and 
associated with increased HF/CM risk compared with no 
chemotherapy.  
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Anticancer Treatment associated with Left 
Ventricular Dysfunction  

 
DRUG TOXIC DOSE RANGE TUMOR TYPE % 

Chemotherapeutics 

Doxorubicin 

Epirubicin 

Idarubicin 

> 450 mg/m2  

> 720 mg/m2 

Breast cancer 

 

Leukemia 

3-12% 

 

0.9-3.3% 

Paclitaxel  

Docetaxel 

Conventional dose  Breast cancer 

Lung cancer 

Prostate cancer 

5-15% 

 

2.3-8% 

Cyclophosphamide 

Ifosfamide 

>100–120 mg/kg Breast cancer 

Sarcomas 

3-5% 

Modified T. Yeh et al. JACC 2009; 53: 2231-2247  
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Anticancer Treatment associated with Left 
Ventricular Dysfunction  

 
DRUG TOXIC DOSE RANGE TUMOR TYPE % 

Monoclonal Antibodies and Tyrosine Kinase Inhibitors 

Bevacizumab 

 

 

 

Trastuzumab 

Standard Dose Breast cancer 

Colorectal cancer 

Renal cancer 

NSCLC 

Breast cancer 

1.7-3% 

 

 

 

2-25% 

Bortezomib Standard Dose Multiple Myeloma 2-5% 

Dasatinib 

Imatinib mesylate 

Lapatinib 

Sunitinib 

 

Standard dose 

 

CML 

CML and GIST 

Breast cancer 

Renal Cancer and GIST 

2-4% 

0.5-1.7% 

1.5-2.2% 

2.7-8.0% 

Modified T. Yeh et al. JACC 2009; 53: 2231-2247  
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Anticancer Treatment associated with Ischemia 

DRUG TOXIC DOSE RANGE TUMOR TYPE % 

Chemotherapeutics 

Capecitabine 

Fluouracil 

Conventional dose Breast 

Gastrointestinal 

3-9% 

1-68% 

Paclitaxel 

Docetaxel 

Conventional dose Breast  

Lung 

Prostate 

<1-5% 

1.7% 

Trabedectin Conventional dose Sarcomas 1% 

Mod. T. Yeh et al. JACC 2009; 53: 2231-2247  
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Anticancer Treatment associated with Ischemia 

Mod. T. Yeh et al. JACC 2009; 53: 2231-2247  

DRUG TOXIC DOSE RANGE TUMOR TYPE % 

Monoclonal Antibodies and Tyrosine Kinase Inhibitors 

Bevacizumab 

 

 

 

Erlotinib/Gefitinib 

Standard Dose Breast cancer 

Colorectal cancer 

Renal cancer 

NSCLC 

NSCLC 

0.6-1.5% 

 

 

 

2-5% 

Bortezomib Standard Dose Multiple Myeloma 2-3% 

Sorafenib 

 

Sunitinib 

 

Standard dose 

 

Renal Cancer 

 

CML and GIST 

Renal cancer 

2.7-3% 

 

0.5-1.7% 
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Anticancer Treatment associated with 
Hypertension 

Mod. T. Yeh et al. JACC 2009; 53: 2231-2247  

DRUG TOXIC DOSE RANGE TUMOR TYPE % 

Anticancer Agents 

Bevacizumab 

 

 

 

Standard Dose Breast cancer 

Colorectal cancer 

Renal cancer 

NSCLC 

4-35% 

 

 

 

Sorafenib 

 

Sunitinib 

 

Pazopanib 

Axitinib 

 

Standard dose 

 

Renal Cancer 

 

CML and GIST 

Renal cancer 

Renal cancer 

17-43% 

 

5-47% 

 

 

45% 
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Anticancer Treatment associated with Venous 
Thromboembolism 

DRUG TOXIC DOSE RANGE TUMOR TYPE % 

Anticancer Agents 

Cisplatin Conventional dose Lung 

Germ cell tumors 

 

8.5% 

Vinorelbine Conventional dose Breast  

Lung 

Prostate 

<1-5% 

3% 

Lenalinomide 

Thalidomide 

Bevacizumab 

Vorinostat 

Conventional dose Myeloma 

 

 

TCL 

1-75% 

1-58% 

5-15% 

4.7-8% 

Mod. T. Yeh et al. JACC 2009; 53: 2231-2247  
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Anticancer Treatment associated with 
bradycardia and QTc prolongation 

DRUG TOXIC DOSE RANGE TUMOR TYPE % 

Anticancer Agents 

Thalidomide 

 

Paclitaxel 

 

Conventional dose 

Myeloma 

 

Lung, breast 

0.1-50% 

 

0.1-31% 

Arsenic trioxide Conventional dose APL 26-93% 

Dasatinib 

Lapatinib 

Sunitinib 

Nilotinib 

Conventional dose CML 

Breast 

Renal, GIST 

CML 

1-3% 

1-16% 

4.7-8% 

1-10% 

Mod. T. Yeh et al. JACC 2009; 53: 2231-2247  
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QTc prolongation and drug development 
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The cardiovascular disease continuum 

Normal 
Heart 

Myocardial  
Dysfunction 

Heart  
Failure 

Risk Factors 
Chemotherapy 

Radiation Therapy 
Age 

Cell Loss 

Death 
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Anthracycline Cardiotoxicity 
Dimension of the Problem 

 

–  Anthracycline cardiotoxicity is exponentially dose-dependent, 
with an average incidence of 5.1% at 400 mg/m2 that becomes 
higher above 500 mg/m2, with substantial individual variation. 

–Dose-limitation strategies have reduced the incidence of 
anthracycline-related cardiac events. Actually the incidence of 
heart failure is approximately 1.6%, increasing to 
approximately 2.1% in patients who receive doxorubicin 
followed by paclitaxel. 

Gianni L, Minotti G, Sawyer D.. JCO; 2008:  3777-3784 
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–Long-Term Studies in Animal Models 

–Long-term studies of anthracycline cardiotoxicity in animals 
must take precedence over short-term in vitro treatments of 
isolated cells 

 

–To identify Predictive Markers of Cardiac Damage 

 

Gianni L, …Minotti G, Sawyer D.. JCO; 2008:  3777-3784 

Anthracycline Cardiotoxicity 
What we need from cardiologist? 
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–To Understand Drug Interactions in New Combination 
Therapies 

 

–To Assess Risk-Benefit Factors in Groups With Compounding 
Risk Factors for Cardiomyopathy 

Gianni L,… Minotti G, Sawyer D.. JCO; 2008:  3777-3784 

Anthracycline Cardiotoxicity 
What we need from cardiologist? 
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–To Educate Clinicians: Anthracycline-Induced Cardiotoxicity 
Can Initially Respond to Cardiac Medications 

 

Gianni L,… Minotti G, Sawyer D.. JCO; 2008:  3777-3784 

Anthracycline Cardiotoxicity 
What we need from cardiologist? 
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–To Define Risks and Benefits for Subgroups of Patients 

–To Understand the Progression of Anthracycline 
Cardiomyopathy: Systolic Versus Diastolic Heart Dysfunction 

–To help us in expanding rationally the Use of Dexrazoxane and 
Liposomal Anthracyclines 

 

Gianni L, …Minotti G, Sawyer D.. JCO; 2008:  3777-3784 

Anthracycline Cardiotoxicity 
What we need from cardiologist? 
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Target therapy: Cardiotoxicity 
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Efficacy and cardiotoxicity of trastuzumab for 
patients with advanced breast cancer 

 

Popat S and Smith IE (2008) Nat Clin Pract Oncol   



23 

Summary of cardiac toxicity with trastuzumab 
from adjuvant studies 

 

Popat S and Smith IE (2008) Nat Clin Pract Oncol   
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Risk factors for cardiotoxicity 
 

Popat S and Smith IE (2008) Nat Clin Pract Oncol   
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Trastuzumab Cardiotoxicity – Reversible ! 
 

 

192 69 
Confirmed 
LVEF drop 

151 67 Symptomatic CHF 

124 80 Severe CHF 

- - Cardiac death 

Median 
Time 
(days) 

Recovery 
(%) 

- - 
Confirmed 
 LVEF drop 

- 85 Symptomatic CHF 

- - Severe CHF 

- - Cardiac death 

Median 
Time 
(days) 

Recovery 
(%) 

NSABP B31 

Suter TM et al. JCO; 2007  
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Reporting and managing the safety of 
Trastuzumab 

Reconsider Herceptin only 
when / if appropriate and  

consider cardiac support at  
discretion of cardiologist 

Monitor LVEF every month 

Continue Herceptina Hold Herceptin and seek cardiologist inputb 

LVEF decline of >15% or LVEF decline of >10% and below LLN (LLN=50%) 

LVEF 40-50% LVEF <40% 

Monitor LVEF in 3 months 

LVEF >40% LVEF <40% LVEF >40% LVEF <40% 

Continue Herceptin, monitor LVEF every 3 months 
and consider cardiac support at discretion of cardiologist 

aProceed with increased caution and surveillance 
bProceed with great caution 

Ewer, St Gallen 2007 



27 

Assessing toxicity 

Common Terminology Criteria for Adverse Events v 3.0 (CTCAE) 
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OBSERVATION 
n=1698 

Women with locally determined HER2-positive 
invasive early breast cancer 

Surgery + (neo)adjuvant CT ± RT 

Centrally confirmed IHC 3+ or FISH+  
and LVEF ≥ 55% 

Randomization 

1 year Trastuzumab 
8 mg/kg – 6 mg/kg 
3 weekly schedule 

n=1703 

2 years Trastuzumab 
8 mg/kg – 6 mg/kg 
3 weekly schedule 

n=1701 

After ASCO 2005, 
option of switch 
 to Trastuzumab 

HERA TRIAL DESIGN 
 Accrual 2001 – 2005  (n=5102) 

CT, chemotherapy; RT, radiotherapy 
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Years from randomization 
No. at risk 

Trastuzumab 2 years 1553 1553 1525 1485 1438 1382 1317 1193 708 208 

Trastuzumab 1 year 1552 1552 1513 1461 1413 1364 1329 1218 732 225 

100 

80 

60 

40 

20 

0 

0 1 2 3 4 5 6 7 8 9 

OS FOR 2 YEARS VS. 1 YEAR TRASTUZUMAB AT 8 
YRS MFU 

97.4% 

96.5% 
91.4% 

92.6% 
86.4% 

87.6% 

Trastuzumab 1 year 

Trastuzumab 2 years 

Pts Events HR (2 vs 1) 95% CI p-value 

2 years 1553 196 1.05 (0.86-1.28) 0.63 

1 year 1552 186 
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Observation Trastuzumab  Trastuzumab  

Only 1 Year 2 Years 

N=1744  N=1682  N=1673  

≥ 1 grade 3 or 4 AE 8.2% 16.3% 20.4% 

Fatal adverse event 0.4% 1.1% 1.2% 

Primary Cardiac1 0.1%  0.8% 1.0% 

Secondary Cardiac2 0.9% 4.1% 7.2% 

ADVERSE EVENTS 
(SAFETY ANALYSIS POPULATION) 

1 NYHA class III or IV, confirmed by a cardiologist, and LVEF < 50% and ≥ 10% below baseline,  
                    OR cardiac death. 
2 LVEF < 50% and ≥ 10% below baseline confirmed by repeat assessment, 
         excluding patients with a primary cardiac endpoint. 
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Cumulative incidence of PRIMARY CARDIAC 
ENDPOINTS* 

* Competing risk analysis with disease-free survival events considered as competing risks  

P
ro

b
a
b

il
it

y
 

Years from randomization 
No. at risk 

Trastuzumab 2 years 1673 1533 1423 1345 1276 1207 1137 1038 637 186 

Trastuzumab 1 year 1682 1536 1399 1306 1254 1203 1169 1063 659 203 

0.15 

0.10 

0.05 

0.00 

0 1 2 3 4 5 6 7 8 9 

Trastuzumab 1 year 

Trastuzumab 2 years 
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CUMULATIVE INCIDENCE OF PRIMARY OR 
SECONDARY CARDIAC ENDPOINTS* 

P
ro

b
ab

ili
ty

 

Years from randomization 
No. at risk 

Trastuzumab 2 years 1673 1466 1323 1248 1182 1116 1047 952 589 171 

Trastuzumab 1 year 1682 1488 1350 1257 1206 1158 1125 1017 629 190 

0.15 

0.10 

0.05 

0.00 

0 1 2 3 4 5 6 7 8 9 

* Competing risk analysis with disease-free survival events considered as competing risks  

Trastuzumab 1 year 

Trastuzumab 2 years 
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No evidence of long-term benefit of 2 years compared to 1 year 
trastuzumab when administered as sequential treatment 
following chemotherapy. 

 

Secondary cardiac endpoints and other adverse events are 
increased in the 2 years trastuzumab arm.  

 

Short term DFS gain for the 2 years arm in the hormone receptor 
negative cohort raises hypotheses, and illustrates need to 
evaluate results by receptor status. 

SUMMARY: ANALYSIS OF 2 YEARS  
VS. 1 YEAR TRASTUZUMAB 
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Cancer-Drug Associated Cardiotoxicity 
The Future 



35 Force T et al. Nature Reviews Cancer, 2007 

Cross targeting 
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Force T et al. Nature Reviews Cancer, 2007 

Cross targeting 
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Collaboration 
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Conclusions 

 Is It Time for Oncologists to Get to Know Their 
Cardiologists? 

 

It is time for oncologists to engage cardiologists in the 
development of new drugs for cancer treatment! 


