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Survivorship Guidelines
Which cancer patients are at increased risk for developing
cardiac dysfunction?

Recommendation
It is recommended that cancer patients who meet any of the following criteria be
categorized by healthcare providers as high risk for developing cardiac dysfunction.

Treatment that includes any of the following:

• High dose anthracycline (e.g. >250 mg/m2 doxorubicin, >600 mg/m2 epirubicin)
• High dose radiotherapy (>30 Gy) where a substantial portion of the heart is in the

treatment field
• Lower dose anthracycline (e.g. <250 mg/m2 doxorubicin, <600 mg/m2 epirubicin) in

combination with lower dose radiotherapy (<30 Gy) where a substantial portion of
the heart is in the treatment field



Treatment with lower-dose anthracycline (eg, doxorubicin <250 mg/m2,
epirubicin <600mg/m2) or trastuzumab alone, and presence of any of the
following risk factors:

• Multiple cardiovascular risk factors (> two risk factors), including smoking, hypertension,
diabetes, dyslipidemia and obesity, during or after completion of therapy

• Older age (> 60 years) at cancer treatment
• Compromised cardiac function (eg, borderline low LVEF [50% to 55%], history of

myocardial infarction, > moderate valvular heart disease) at any time before or during
treatment

Treatment with lower-dose anthracycline (eg, doxorubicin <250 mg/m2,
epirubicin <600 mg/m2) followed by trastuzumab (sequential therapy)

Survivorship Guidelines



Survivorship Guidelines

Which preventive strategies are effective in minimizing risk
during the administration of potentially cardiotoxic cancer
therapy?

Recommendation
Clinicians may incorporate a number of strategies, including use of the cardioprotectant
dexrazoxane, continuous infusion, or liposomal formulation of doxorubicin, for
prevention of cardiotoxicity in patients planning to receive high-dose anthracyclines (eg,
doxorubicin > 250 mg/m2, epirubicin > 600 mg/m2).
(Evidence based; benefits outweigh harms; Evidence quality: intermediate; Strength of
recommendation: moderate)



Identified RCTs for the eight cardioprotective agents N-acetylcysteine, 

phenethylamines, coenzymeQ10, a combination of vitamins

E and C and N-acetylcysteine, L-carnitine, carvedilol, amifostine and 

dexrazoxane (mostly for adults with advanced breast cancer).

All studies had methodological limitations and for the first seven agents 

there were too few studies to allow pooling of results. 

None of the individual studies showed a cardioprotective effect.

van Dalen et al, Cochrane Database Syst Rev. 2011



The 8 included studies on dexrazoxane enrolled 1561 patients. The meta- analysis
for dexrazoxane showed a statistically significant benefit in favour of 

dexrazoxane for occurrence of 
clinical and subclinical HF (↓> 70%).

van Dalen et al, Cochrane Database Syst Rev. 2011



No evidence was found for a difference in response rate or 
survival between the dexrazoxane and control groups. The results 

for adverse effects were ambiguous. No significant difference in 
the occurrence of secondary malignancies was identified.

van Dalen et al, Cochrane Database Syst Rev. 2011

Dexrazoxane 







The use of dexrazoxane is recommended in ASCO guidelines
• ASCO guidelines:

- The use of dexrazoxane should be considered in patients with
metastatic breast cancer and other malignancies, for patients who have
received more than 300 mg/m2 doxorubicin who may benefit from
continued doxorubicin containing therapy

EMA recommended alterations to the marketing 
authorisation for dexrazoxane

Main breast cancer indication remains unchanged

• Indication was not widened to include «cancer patients»
• Dexrazoxane is indicated for adult patients with advanced

or metastatic breast cancer who have already received a 
minimum cumulative dose of 300 mg/m2 of doxorubicin or 
540 mg/m2 of epirubicin

• Indication was not widened to include «cancer patients»
• Dexrazoxane is indicated for adult patients with advanced

or metastatic breast cancer who have already received a 
minimum cumulative dose of 300 mg/m2 of doxorubicin or 
540 mg/m2 of epirubicin



• There are clear indications to revisiting the use of Dexrazoxane.
No doubt that there are sufficient and convincing data to
expand the use of dexrazoxane in the adjuvant setting and to
other patients (women with breast cancer with bad prognosis,
young patients with lymphoma and leukaemia…etc...)

Dexrazoxane - Question to resolve

P. Vejpongsa and E. Yeh, J Am Coll Cardiol. 2014



Eur J Cancer 2013



• Significant heterogeneity of study design (RCT’s and observational trials)
and outcomes.

• Some trials had a very small number of patients with short follow up
periods.

• It is difficult to know whether use of concomitant treatments with other
cardioprotective agents is fully adjusted for the primary drug in
investigation.

• The studies involved a variety of oncological conditions with different
chemotherapeutic agents and combinations, different dose schedules and
age groups.

Study limitations



N= 79



P. Vejpongsa and E. Yeh, J Am Coll Cardiol. 2014

Beta-blockers and ACE inhibitors: truly cardioprotective? 
We don’t really know… 

Only hemodynamic changes?







Echocardiographic properties of study population

n=83
Follow-up: 6 months



• Prospective
randomized study

• Follow-up: 6 months

• n 20= atorvastatin
• n 20=  Controls
• End-points=LVEF<50%

n= 40



n=51 patients
Analysis by CMRI
Follow-up: 6 months

Chotenimitkhun et al. Can J Cardiol 2015



Primary prevention  – Anthracycline cardiotoxicity

Vejpongsa et al, JACC 2014



Trastuzumab - induced cardiotoxicity

MRI imaging - Results

PRADA: the overall decline in LVEF was 2.6% in the placebo group and 0.6% in the candesartan group, a
significant but very modest difference. Metoprolol didn’t put a dent in the LVEF decline.
MANTICORE: ACE inhibitors and beta blockers did not prevent trastuzumab associated LV remodeling.
Although Bisoprolol protected against trastuzumab-associated declines in LVEF, the overall decline was 5%
in placebo group and 1% in Bisoprolol group, also in this case a significant but very modest difference.
Perindopril didn’t put a dent in the LVEF decline.

*p<0,05

PRADA MANTICORE



Mean (SD) Left Ventricular Ejection Fraction 
(LVEF) Over Study Follow-up Time

Kaplan-Meier Curve Showing the Cumulative 
Incidence of Cardiac Events

Angiotensin II–Receptor Inhibition With Candesartan to Prevent Trastuzumab-Related 
Cardiotoxic Effects in Patients With Early Breast Cancer 

A Randomized Clinical Trial 

CONCLUSIONS AND RELEVANCE 
The findings do not support the hypothesis that concomitant use of candesartan protects against a
decrease in left ventricular ejection fraction during or shortly after trastuzumab treatment in early
breast cancer.

N=206 pts
78 weeks Candesartan 32 mg

Annelies H. Boekhout, et al. JAMA Oncology 2016



• The Lisinopril or Carvedilol for Cardiotoxicity trial failed to show that lisinopril or
carvedilol was superior to placebo at preventing left ventricular systolic
dysfunction.

• The primary outcome, decrease in LVEF >10%, occurred in 30% of the lisinopril
group vs. 29% of the carvedilol group vs. 32% of the placebo group (p = not
significant). Among those who received an anthracycline, decrease in LVEF
>10% occurred in 37% of the lisinopril group vs. 31% of the carvedilol group vs.
47% of the placebo group (p = 0.009).

• Among patients with breast cancer undergoing chemotherapy with trastuzumab,
neither lisinopril nor carvedilol was effective at preventing cardiomyopathy
compared with placebo. Among those who were treated with an anthracycline,
lisinopril and carvedilol appeared to be effective at preventing cardiomyopathy
versus placebo.













Physiological condition  and pathologically (HF) 
elevated late INa

Sossalla and Maier. Pharmacology and Therapeutics 2012



Ranolazine acts against contractile dysfunction

Sossalla and Maier. Pharmacology and Therapeutics 2012



Anthracyclines generate 

ROS and RNS in human

cardiomyocytes and

endothelial cells

activation of late Ina

By continuously forming

ROS anthracylines pose

the heart at an

increased demand for

oxygen

Metabolic ischemia

Anthracyclines induce

myocardial Ca2+

overload and

stiffness by very

many mechanisms

Diastolic dysfunction

RANOLAZINE

Reduced coronary

conductance and

cardiac ischemic

disease in patients

without coronary stenosis

Systolic dysfunction

HYPOTHESIS





Ipotesi scientifica

• Empaglifozin, essendo un inibitore del sodium-glucose co-transporter
(SGLT), con possibili azioni antiossidanti, potrebbe essere un agente
cardioprotettore dal danno cardiaco derivante dalla Doxorubicina.
Recentemente è stato dimostrato che SGLT di tipo 1-2 è iperespresso in
tessuti cardiaci di pazienti affetti da patologie cardiovascolari.

• Empaglifozin può migliorare il microambiente cardiaco, avere effetti anti-
infiammatori e conseguentemente proteggere i cardiomiociti dal danno
ossidativo (perossidi) e metabolico (overload di calcio, pathways legati
all’NFkB e Leucotrieni) della Doxorubicina.



Cardioprotection of Empaglifozin during Doxorubicin exposure in cardiomyocytes
* p < 0.001

Il trattamento con doxorubicina riduce la vitalità
cellulare del 90% circa, rispetto al controllo. La co-
incubazione con empaglifozin 50, 100 o 500 nM,
aumenta del 21,8%, 53,1% e 70,9% la vitalità dei
cardiomiociti adulti, rispetto al solo trattamento
con doxorubicina.

3,4 times

6,7 times

8,6 times
In altre parole, il tasso di cardioprotezione
dell’empaglifozin,  ponendo il trattamento con sola 
doxorubicina a 50 µM uguale ad 1, corrisponde a:
3,4: doxorubicina + empaglifozin 50 nM
6,7: doxorubicina + empaglifozin 100 nM
8,6: doxorubicina + empaglifozin 500 nM

HL-1 cells: adult mouse cardiomyocytes



Intracellular calcium overload
(Fura2 assay)

- 11,2 %

- 31,2 %

- 46,7 %

3,2 times

* p < 0.001; ns: not significant

Il trattamento con doxorubicina incrementa l’accumulo di calcio intracellulare. La co-incubazione con empaglifozin
determina una riduzione dell’accumulo di calcio con effetti concentrazione-dipendenti. L’empaglifozin alla massima dose
testata, corrispondente a 500 nM, riduce del 46,7 % l’accumulo di calcio.
Questi dati spiegano gli effetti cardioprotettivi dell’empaglifozin durante il trattamento con doxorubicina.

HL-1 cells: adult mouse cardiomyocytes



Cardioprotective properties Anti-inflammatory properties

Nanoemulsions (coated with chitosan) loaded with dry 
tomato extract (having high quantity of lycopene) showed the 

best  anti-inflammatory properties.

ns: not significant , 
*p<0,001, **p<0,05

H9c2 cells: cardiomyoblasts of rabbit



E la prevenzione secondaria?



Proposed diagnostic tools for the 
detection of cardiotoxicity

Zamorano et al, European Journal of Heart Failure 2016 



Quando iniziare i farmaci cardiologici nella 
Cardiomiopatia da Antracicline

Ecocardiogramma di base

Funzione LV ridotta    
(<45%)

Inizio di ACEi/BB
Sospendere e Rivalutare

per chemioterapia

LVEF 45%-49%

Se riduzione LVEF > 10%
rispetto alla base

Inizio di  ACEi/BB 
Sospendere e Rivalutare

per chemoterapia
Monitoraggio Eco *

Inizio di ACEi/BB 
Continuare  chemioterapia

Monitoraggio Eco*

Inizio con  beta bloccanti e/o  ACEinhibitori
• La dose di inizio teorica per il carvedilolo drovebbe essere di  3.125 mg due volte al giorno con una lenta
titolazione,  fino un  massimo di 25 mg due volte al giorno. 
• La  dose di inizio teorica per il  lisinopril dovrebbe essere di 2.5 mg al giorno con una lenta titolazione,  fino un
massimo di 20 mg. 

Se riduzione LVEF < 10%
rispetto alla base





Ecocardiogramma di base

LVEF (<40%) LVEF (40%-49%) LVEF (> 50%)

Inizio di  BB e/o
ACEi

Sospendere e rivalutare 
per chemioterapia
Eco in 4 settimane

Inizio di BB e/o
ACEi

Continuare chemiotherapia
Monitoraggio Eco 

(ogni 3 mesi)

LVEF riduzione> 15% 
rispetto alla base

LVEF riduzione < 15% 
rispetto alla base

Sospendere e rivalutare
per chemioterapia
Eco in 4 settimane

Continua Chemioterapia
Stretto Monitoraggio Eco

(ogni 4 settimane)

Quando iniziare i farmaci cardiologici nella 
Cardiomiopatia da Trastuzumab



Treatment of Trastuzumab Related 
Cardiotoxicity

Medication Starting dose (mg) Target dose (mg) Suggested titration plan

ACE Inhibitors
Captopril
Enalapril
Ramipril
Lisinopril

6.25-12.5 x 3/day
1.25-2.5 x 2/day
1.25-2.5 x 2/day
2.5-5 x 1/day

25-50 x 3/day
10 x 2/day
5x2/day
20-35 x 1/day

 Increase the dose at  1-2-w 
intervals
 Monitor renal function and 
electrolytes w or every 2w
 Maintain blood pressure 
normal
 Try to reach target dose in 
3-4 w

Beta-blockers
Carvedilol
Bisoprolol

3.125 x 2/day
1.25 x 1/day

25 x 2/day
10 x 1/day

Canadian Trastuzumab Working Group, 2008



Lynce F, The Oncologist 2017



Barac A. et al.

Lynce F. et al.
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Coppola C et al. Onco Targets and Therapy 2016

2 days of Trastuzumab



Global Longitudinal Strain: diagnosi precoce

Cardiotossicità Cardioprotezione

No 

Strain basale 
disponibile

Riduzione > 15%  
rispetto alla 

base

Strain basale  
Non disponibile

-19% 
o migliore 

No Si 

continua
la terapia oncologica

Disfunzione subclinica LV continua 
la terapia oncologica

-16 to -19%Peggiore di – 16% 

Riduzione di LVEF < 50%

Considerare Cardioprotezione
Negishi K et al. JASE 2013 

Negishi et al JACC 2012





Baseline                                            F/U1                                      F/U2

No beta-blocker therapy

Beta-blocker therapy

GLS -20.1%                                     GLS -17.0% (∆ -15.4%)                GLS -16.1%
EF 61%                                             EF 55%                                           EF 49%

GLS -21.1%                                     GLS -16.6% (∆ -24%)                   GLS -20.2%
EF 62%                                             EF 54%                                          EF 58%

6 months 12 months

Il GLS  identifica precocemente la disfunzione  e 
la risposta alla cardioprotezione





• Il dexrazoxano è l’ unico farmaco approvato in prevenzione
primaria. Beta bloccanti, ACE inibitori e sartani etc., non
hanno ancora dimostrato di poter prevenire la disfunzione
ventricolare sinistra .

• In prevenzione secondaria è invece necessario identificare
quanto più precocemente possibile la disfunzione ventricolare
sinistra e istituire una terapia cardioprotettiva.

• A tal fine, il Global Longitudinal Strain sembrerebbe
particolarmente utile, anche come indicatore di risposta alla
cardioprotezione.

Conclusioni




