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Routine evaluation 

• History: background, CVS risk factor, heart failure symptoms, palpitation, syncope 

• Examination: BP / HR / gallop rhythm 

• ECG – QT interval  

• CXR 

• Echocardiogram: systolic/ diastolic function, valve, PHT …… 

 

On request:  

• MUGA (Multigated radionuclide angiography)  

• cMRI  

• Troponins, BNP, NT-proBNP 

• Holter  

• Cardiopulmonary exercise testing 

 



Strategy for reducing cardiotoxicity  

• Dose reduction  



Cardiomyopathy/ heart failure  



Anthracycline-induced cardiotoxicity 

Simbre, Paeditr drugs 2005 



Congestive Heart failure in Children; Jack F. Price; Pediatrics in Review 2019  



Congestive Heart failure in Children; Jack F. Price; Pediatrics in Review 2019  

Regular clinical 
surveillance and 
monitoring 
 
Annual 
echocardiography 



• F/ 8 year - AML (M1 subtype) 

• Treated with HKPHOSG-DBH-AML protocol 2012 – diagnose 6/2018 

• Completed chemotherapy-  12/2018 

• Cumulative dose of anthracycline – 180 mg/m^2  

LVIDD 4.42 cm, LVEF 40.6%; LV E/e’ 17.6  



Enalapril was started  3 months later  

Carvedilol was added  6 month later 
start to have exertional symptoms 
 
6MWT = 375 m  
NT-proBNP 4850 pg/ml 
 
  

LVIDD 4.84 cm, LVEF 31% (Simpson biplane) 

LVIDD 5.28 cm, LVEF 20% (simpson 
biplane) 
LV E/e’ = 14.3  
Cannot walk more than 15 minutes 
on level ground 
 





Diuretics, Fluid restriction and Nutrition  

• Loop diuretics – s/s of congestion; symptomatic relief 

• Adolesterone antagonists – weak diuretics but have other features, e.g. 
antifibrotic; evidence in adults non-oncology patients to reduce mortality / 
alleviate HF symptoms 

• Metabolic demand increases /high conc of neurohormones such TNF-alpha 
 cardiac cachexia 



Angiotensin-converting enzyme inhibitors/ 
Angiotensin 2 receptor blockers 

Banik et al 2014 



Authors Design Drug  n Median age of 
diagnosis 

Imaging Remarks Results 

Harrington 
et al 2018  

Retrospective  ACEI/ARB 22 14.8 (6.4-21.6) Echo strain Retrospective  
improvement “on own” possible 
? reason to start ACEI 

Improvement maintained for 
>= 1 year (p=0.02) 

Silber at al 
2004 

RCT, double blinded 
(SF <=29% or 10% drop; 
EF< = 55%, MCI <= 7.4) 

Enalapril  
0.05  0.15 
mg/kg/day  

135 7.2-8.2 (0.3-21.8) Echo – wall 
stress  

High rate of dizziness/ Hypotension No change in exercise 
performance, LVESWS 
maintained beyond 1 year of 
treatment  

Lipshultz et 
al 2002  

Retrospective  
(long term data) 

Enalapril  
18 mg /d 

18 8 (1-18.1) Echo  Mean time from completion of 
doxorubuiin to start of enalapril – 6.95 
(0.42-14.2)  
 
Median FU since enalapril – 10.0 (6.5 – 
13.1) 
 
No control  

First 6 year –  
Progressive improvement 
toward normal values (LV 
dimension, FS, mass)  
but deteriorated 6-10 years 
 
LV wall thickness , LV 
contractility↓, SBP/DBP 
worsen 

Use of ACEI/ARB in the treatment of heart failure/ 
cardiac dysfunction in Paediatric Cancer survivors 



Carvedilol  

• Alpha-1 blockade – afterload reduction  

• Beta-1 and beta-2 blockade – blockade of adrenergic activation 

• potent antioxidant (~ 10 times more potent than a-tocopherol) and 
antiapoptotic properties 

• Have shown carvedilol significantly reduced LVESV but enalapril only 
arrested further dilatation 

• Established treatment for heart failure  



ARNI 

• Valsartan/ sacubitril 

• Side effects: angioedema, 
hypotension, renal 
insufficiency 



N= 8442 
 
Class II-IV heart failure  
LVEF <= 40%  
 
LCZ696 200 mg BD  
Enalapril 10 mg BD  
 
FU 27 month  
(premature termination because of 
overwhelming benefit) 





• Retrospective multicenter – 6 Spanish hospitals 

• FU 4.6 month 

• N= 67 ; median age 63+/- 14  

• Median time from anti-CA therapy to cardiac dysfunction = 41 month  

• Baseline median LVEF = 33 [27;37]%; 90% symptomatic NYHA class II-IV 

• Sacubitril-valsartan 50 mg BD – 200 mg BD 

• Discontinued in 4 (symptomatic Hypotension, renal impairment, sever pruritis) 

Sacubitril-vasartan - Entresto 





Enalapril was started  3 months later  

Carvedilol was added  6 month later 
start to have exertional symptoms 
 
6MWT = 375 m  
NT-proBNP 4850 pg/ml 
 
  

LVIDD 4.84 cm, LVEF 31% (Simpson biplane) 

LVIDD 5.28 cm, LVEF 20% (simpson 
biplane) 
LV E/e’ = 14.3  
Cannot walk more than 15 minutes 
on level ground 
 



 
  
 

Could you do something earlier ?  



Primary prevention – general measures 

• Comorbidities: HT, systolic dysfunction, metabolic disorders 

• HT has been proved the most important modifiable CVS risk factors for 
cancer survivors (Armstrong et al. J Clin Oncol 2013) 

• Unfavorable lifestyle choices: smoking, overweight, reduced physical 
activities 

2016 European guidelines on cardiovascular 
disease prevention in clinical practice 





Cardiac rehabilitation:  
 “the provision of comprehensive 
long-term services involving medical 
evaluation, prescriptive exercise, 
cardiac risk factor modification, and 
education, counseling, and behavioral 
interventions.” 



Prophylactic ACEI/ARB 



Authors Design Drug  n Cancer Imaging Biochem Limitation  Results 

Cardinale et al 2006 RCT Enalapril (2.5  20 mg daily) 
[1 month after chemo; high TnI as 
treatment group – till 1 year] 

114 Leukemia, breast, 
sarcoma, 
lymphoma, 
myoloma 

Echo TnI  No placebo, open-label, lack of 
pre-specified and well-defined 
end-points 

✓✓ less LVEF reduction, less 
LVESV/LVEDV increase 
↓9.7% (echo) in control 

Georgakopoulos et al 
2010  

RCT Enalapril (11 +/- 0.68 mg daily) or 
metoprolol  (88+/- 3.1 mg daily) 

125 Lymphoma Echo Open-label 
no placebo 

✘ 36-month – less HF but not 
satistically significant  

Liu et al 2013 RCT Carvedilol (5 10 mg daily) + 
candesartan (2.5 mg daily)  
[start at 1st cycle] 

40 Breast Echo, 
ECG 

TnI Small sample size 
Short FU  

✓ not prevent LVEF decline, but 
prevent TnI and ECG changes 

Bosch et al 2013 
OVERCOME 

RCT Enalapril (2.5  20 mg daily) + 
carvedilol (12.5  50 mg daily) 
[start at 1st cycle] 

90 ALL/AML, 
lymphoma, 
myeloma 

Echo, 
cMRI 

TnI, BNP Small sample size, not blinded, no 
placebo 

✓✓lower mortality, heart failure, 
less LVEF changes 
↓3.1% (echo);↓3.4% (CMR) 

Boekhout et al 2016 RCT, placebo Candesartan (16  32 mg daily)  
[before  26 week after trastuzumab] 

206 Breast Echo  hsTnT, 
BNP, 
ERBB2 

Lack of universally used definition 
of trastuzumab-related cardiotoxic 
effects 

✘ 

Gulati et al 2016  
PRADA 

RCT, placebo, 
double blind 

Candesartan (8 32 mg daily); 
metoprolol (50 100 mg daily) 
[Before] 

130 
(block of 
4) 

Breast Echo, 
cMRI 

TnI, BNP Lack of FU info beyond adjuvant 
therapy 

✓ not reduce TnI 
Affect remodeling, lower LVEF 
decline (0.8% vs 2.6%) 

Cadeddu et al 2010; 
Dessi et al 2013 

RCT, placebo Telmisartan 40 mg daily 
[before] 

49 Lymphoma, 
endometrium, 
breast, .. 

Echo  IL-6, TNF-
⍺, ROS, 
GPx 

Small sample size, short FU ✓✓ 18-month FU 

Pituskin et al 2017 
MANTICORE 

RCT, placebo, 
double blinded 

Bisoprolol (2.5  10 mg daily); 
Perindopril (2  8 mg daily)  
[before] 

94 breast cMRI Small sample size ✓ attenuated trastuzumab-
mediated decline in LVEF, not 
prevent ventricular remodeling 
(3% vs 5%) 

Guglin et al 2019 
USF study 

RCT, placebo, 
double-blined 

Lisinopril 10mg daily  
Carvedilol CR 10 mg daily 
 

468 Breast  
TZB with or 
without 
anthracycline 

Echo 
MUGA 

TnI, BNP Intercentre variability in LVEF 
measurement  

✓ Post anthracycline exposed 
group: Cardiac events:  
placebo 47%; lisinopril 37%; 
carvedolol 31% 
[2 year] Korzeniowska et al, Therapeutic and clinical risk management 2019 



Frontiers in Pharmacology May 2020 



RCT, placebo-controlled  
N= 84 (41 leukemia; 43 lymphoma) 
Primary outcome – LVEF decrease by 
<20% 
 
2-16 years at diagnosis, cumulative 
anthracycline >= 200 mg/m^2 
Enalapril 0.1mg/kg/day  



Prophylactic Beta-blocker  





N=50 (25/25) 
After last Doxorubicin 
Pretreatment – increase in FS 
and global peak-systolic strain; 
inhibit increase in troponin and 
LDH 
 
  



Conclusion  

• No robust data in paediatric  

• Results – LVEF; not real symptoms of heart failure 

• Long-latency between asymptomatic (stage A/B) and clinical evident (stage 
C/D) disease 

• ? ACEI cannot halt the progression of disease 

• Expose to complication and side effects  

 



Echo markers of 
cardiac remodelling 

and HF risk:  
LV wall 

thickness/dimension 
ratio; LVEF, volume 

 
Biomakers: BNP, 

galectin-3 
 

250 childhood + HD 
anthracyclines 

 
randomized, double 

blind, placebo-
controlled trial 

 
target dose 12.5 

mg/day 



Congestive Heart failure in Children; Jack F. Price; Pediatrics in Review 2019  

Regular clinical 
surveillance and 
monitoring 
 
Annual 
echocardiography 

Statin in adult 

Entresto 
Ivabradine  

Treatment of HT  
Rehabilitation   

CRT/ ICD 



Hypertension  

• Main issues in adult cancer patients/ survivor  

• Major risk factor for development of anthracycline toxicity  

• ACEI  



PHT 

• CML – dasatinib (0.45%) 

• Partial or complete reversal of PHT after discontinuation  

 



QT prolongation  

• Antiemetics, H2-blocker, 
PPI, antimicrobial agents, 
antipsychotics 

• Vomiting -> electrolytes 

• Treatment stopped when 
QTc > 5oo ms 

• QT prolongation medication 
avoidance  
www.qtdrugs.org 





Han at al, Precision Oncology 2017 

Genetic predispose in developing cardiomyopathy  
Increase risk:  
RARG rs2229774 (retinoic acid receptor gamma) 
SLC28A3 rs7853758 (solute carrier family 28 member 3) 
UGT1A6*4 re17863783 (UDP glucuronosyltransferase family 1 member a6) 
 



Fewer than 10% of programs had cardio-oncology-specific training opportunities 
No formalized training for paediatric cardio-oncology 
 
Oncologist’s good understanding is equally importance - to ensure proper surveillance is 
followed, as well as integration of cardiology into care pathways when indicated 
 
Involvement of adult cardiologists ! 
 
More than anthracycline to come !! 



Thank you! 


