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Introduction
Advances in oncology, such as better access to health care 

system, earlier cancer diagnosis, and new chemotherapies, 
have led to longer survival of oncologic patients over the 
last decades.1 However, this population is vulnerable 
to cardiovascular drug-related adverse events like 
cardiomyopathy, which leads to heart failure and impairs 
survival and quality of life.2,3 Among different classes of 
chemotherapeutic agents, anthracyclines (ANT) stand out 
as the most related to cardiomyopathy, which may affect 
cancer survivors in 9% of all cases.4

The most widely recognized definition of cardiotoxicity 
is based on changes in left ventricular ejection fraction 
(LVEF).5 A decline of 10% to a value below 50% or a decline 
associated with heart failure symptoms during or after the 
use of a cardiotoxic agent suggests cardiotoxicity.2 

Once chemotherapy-induced cardiomyopathy is present, 
prompt heart failure treatment should be started with neuro-
hormonal antagonists, such as angiotensin converting enzyme 
inhibitor (ACEI), angiotensin receptor blockers (ARB), and 
betablockers. Despite contemporary heart failure treatment, 
up to 89% of patients with ANT-induced cardiotoxicity do not 
experience complete recovery.6,7 In order to avoid decreasing 
LVEF and exposing patients to the risk of irreversible cardiac 
dysfunction even with heart failure treatment, prevention of 
chemotherapy-induced cardiotoxicity has been the focus of 
research in the last years. 

Monitorization of cardiotoxicity
The frequency of cardiovascular evaluation in 

monitorization of cardiotoxicity depends on both individual 
cardiovascular risk, which involves individual risk factors, 
and intrinsic chemotherapy risk. The following are known 
risk factors for cardiotoxicity: female sex; age below 
18 years or over 65 years; comorbidities like systemic 
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arterial hypertension or other previous cardiovascular 
disease, diabetes, obesity, or renal insufficiency; high ANT 
cumulative dose; chemotherapy association, especially 
trastuzumab and ANT; genetic alterations such as trisomy 21; 
hemochromatosis; and mediastinal radiotherapy (Table 1).8,9 
The incidence of cardiovascular events during the 10 days 
following ANT administration is less than 2% in the low-risk 
group and more than 5% in the high-risk group, leading to 
different protocols based on individual risk.10

A position paper of the European Society of Cardiology12 
suggests monitorization using echocardiogram (including 
global longitudinal strain [GLS] and 3D LVEF) and biomarkers 
in order to identify subclinical markers of cardiotoxicity 
and consider cardioprotective medications. The frequency 
of evaluation depends on individual risk considering 
individual and chemotherapy factors. Figures 1 and 2 show 
the European Society of Cardiology protocol for ANT and 
trastuzumab, respectively. 

The Brazilian Cardio-oncology guideline13 suggests a 
slightly different approach (Figures 3 and 4). Different 
intervals are also used depending on baseline LVEF. For 
ANT, if baseline LVEF is > 55%, only echocardiogram is 
recommended after 3, 6, and 12 months. If LVEF is between 
50% and 55%, in addition to echocardiogram, troponin and 
natriuretic peptides analysis is also recommended < 72 hours 
after exposure to ANT. If LVEF is < 50%, prompt heart failure 
treatment should be initiated and first image evaluation 
should be made after 45 days. For trastuzumab, if LVEF is > 
55%, echocardiogram should be done after 12 and 24 weeks 
and at the end of treatment. If LVEF is between 50% and 
55%, in addition to echocardiogram, troponin and natriuretic 
peptides analysis is also recommended < 72 hours after 
exposure. If LVEF is < 50%, prompt heart failure treatment 
should be initiated and first image evaluation should be made 
after 12 weeks and 18 weeks and at the end of treatment. 

Subclinical cardiotoxicity markers
The actual definition of cardiotoxicity, although largely 

used in different trials, raises some concern, since LVEF 
reduction may represent a late stage of myocardial injury 
and, therefore, it only allows diagnosis in a point where 
full recovery is less likely. In order to improve detection of 
cardiotoxicity, there is a growing body of evidence on the use 
of elevated biomarkers14 and myocardial strain reduction15 as 
subclinical cardiotoxicity markers, although there is not yet 
any formal recommendation for treatment based on them.

Troponin is a complex of three regulatory proteins (troponin 
C,  troponin I, and  troponin T) that are integral to muscle 
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Figure 1 – A surveillance pathway using biomarkers and echocardiography for cancer patients receiving six cycles of anthracycline chemotherapy with 
timing based upon baseline cardiovascular risk. Pathways for low risk, medium risk and high risk are presented. ABVD, doxorubicin, bleomycin, vinblastine; 
B, baseline pre-treatment; C, cycle of chemotherapy; M, months post-final cycle; R-CHOP, Cyclosphosphamide, doxorubicin, vincristine, prednisone with 
rituximab. *Optional additional assessment timepoints.
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Table 1 - Assessment of cardiotoxicity risk

Therapy-related factors Patient-related factors

Low risk of cardiotoxicity 

Lower dose ANT (e.g. doxorubicin < 200 mg/m2, epirubicin < 300 mg/m2), 
lipossomal formulations Age > 18 and < 50 years

Trastuzumab without ANT

Medium risk of cardiotoxicity 

Modest-dose ANT (doxorubicin 200 to 400 mg/m2 or epirubicin 300 to 600 mg/m2)  

Age 50 to 64 years 
1 to 2 CV risk factors such as hypertension, dyslipidemia, obesity, 

insulin resistance, smoking  

ANT followed by trastuzumab

VEGF tyrosine kinase inhibitors

Second- and third-generation Bcr-Abl tyrosine kinase inhibitors

Proteasome inhibitors 

Combination imune checkpoint inhibitors

High risk of cardiotoxicity

Simultaneous ANT and trastuzumab

Age ≥ 65 years 
> 2 CV risk factors such as hypertension, dyslipidemia, obesity, 

insulin resistance, smoking 
Diabetes 

Underlying CV disease: CAD, PAD, CMP, severe VHD, heart failure 
Reduced or low-normal LVEF (50% to 54%) pre-treatment 

Prior cancer therapy 

High-dose ANT (doxorubicin ≥ 400 mg/m2 or epirubicin ≥ 600 mg/m2)

Modest-dose ANT plus left chest radiation therapy

Elevated cardiac troponin post-ANT prior to HER2-targeted therapy 

High-dose radiation therapy to central chest including heart in radiation field ≥ 30 
Gy

VEGF tyrosine kinase inhibitors following previous ANT chemotherapy

ANT: anthracycline; Bcr, breakpoint cluster region; CAD, coronary artery disease; CMP, cardiomyopathy; CV, cardiovascular; HER2: human epidermal 
growth factor receptor 2; LVEF: left ventricular ejection fraction; PAD: peripheral artery disease; VEGF: vascular endothelial growth factor; VHD: valvular 
heart disease. Adapted from Celutkiene et al.11 
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Figure 2 – A suveveilance pathway using biomarkers and echocardiography for patients receiving neoadjuvant anthracycline (AC) chemotherapy (doxorubicin 
or epirubicin) and tratuzumab followed by 12 months of adjuvant tratuzumab for HER2+ early breast cancer with timing based upon baseline cardiovascular 
risk. Pathways for low risk, medium risk and high risk are presented. B, baseline pre-treatment; C, Chemotherapy or adjuvant trastuzumab; Cn, neoadjuvant 
cycle of tratuzubab; M, months post-fina cycle; PAPT, post-anthracycline chemotherapy pre-trastuzumab. *, **Optional additional assessment timepoints.
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contraction in skeletal muscle and cardiac muscle. Prolonged 
ischemia, trauma, inflammation, or cardiotoxic agents may 
result in injury of cardiac cells. This injury is accompanied 
by the destruction of cell membranes and organelles and 
the release of troponin and other proteins into the blood.16 
These proteins are the most studied biomarker in subclinical 
ANT-induced cardiotoxicity.14 

Cardiac troponin I (cTnI) elevation was described in one 
third of patients after high-dose ANT,15,17 and the degree of 
cTnI elevation was associated with the cumulative dose of 
ANT.18 This biomarker is also associated with the degree of 
left ventricular dysfunction. In one cohort, patients with cTnI 
level over 0.5 ng/mL presented significant and persistent LVEF 
reduction, while patients with transient LVEF decrease had 
cTnI levels below 0.5 ng/Ml.19 In another study, cTnI values 
persisting > 0.08 ng/mL over a month after therapy were 
associated with 84% risk of cardiotoxicity, while cTnI below 
the reference range was associated with 1% risk.17

In addition to troponins, other biomarkers have been 
studied in subclinical cardiotoxicity. Natriuretic peptides 
have controversial correlation with cardiotoxicity in the 
literature. Some evidence suggests an association between 
NT-proBNP level and cumulative dose of ANT.20,21 However, 

LOW 
RISK

HIGH 
RISK

in two cohorts, while troponin predicted cardiac toxicity, 
natriuretic peptides did not.22,23 Markers of inflammation 
and endothelial dysfunction are also targets of research,14 
but they are less used in clinical practice.

Early identification of subclinical left ventricular dysfunction 
is also possible using GLS, which is an evaluation of two-
dimensional speckle-tracking that allows for study of global and 
regional myocardial deformation to detect subtle alterations in 
systolic function, particularly related to ANT chemotherapy.24  
Evidence including a metanalysis of 21 studies and 1782 
patients with cancer suggests that GLS can identify subclinical 
myocardial dysfunction, and it also has prognostic implication 
regarding chemotherapy-induced cardiotoxicity or heart 
failure.15 The use of GLS could identify patients with higher 
risk of cardiotoxicity and improve cardiac surveillance. 

Following this rationale, the SUCCOUR Trial evaluated 
a GLS-based-approach to initiation of cardioprotection 
compared to standard care, to reduce the risk of future 
LVEF reduction, interruption of cancer therapy or cancer 
therapy-related cardiac dysfunction.25 ANT-exposed patients 
with another risk factor for heart failure were enrolled to 
start cardioprotection with ACEI and betablocker after 10% 
reduction in LVEF to less than 55% or 5% reduction with 
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Figure 3 – Echocardiographic monitoring and analysis of biomarkers in patients using anthracyclines suggested by the Brazilian Society of Cardiology.13 
Echo: echocardiogram; NT-proBNP: N-terminal pro-B-type natriuretic peptide; QT: chemotherapy.

Figure 4 – Echocardiographic monitoring and analysis of biomarkers in patients using anti-HER2 drugs suggested by the Brazilian Society of Cardiology.13 
Echo: echocardiogram; HF: heart failure; NT-proBNP: N-terminal pro-B-type natriuretic peptide; RF: risk factors.
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symptoms of heart failure or after 12% relative reduction in 
GLS. Comparing both groups, there was no difference in final 
ejection fraction. However, at the final follow-up, 44 patients 
in the GLS-guided arm were treated with cardioprotective 
drugs versus only 20 patients in the ejection fraction-guided 
arm. As a result, 21 patients (13.7%) in the ejection fraction-
guided arm compared to 9 patients (5.8%) in the GLS-guided 
arm met criteria for cancer therapy-related cardiac dysfunction 
(p = 0.022), with a number needed to treat of 13. In a post-
hoc analysis, the study also showed lower reduction in LVEF 
among GLS-guided patients (2.9%) compared to ejection 
fraction-guided patients (9.1%).

Primary prevention of chemotherapy-induced 
cardiomyopathy

Non-pharmacological prevention, such as stopping 
smoking, consuming healthy diet, and adopting moderate 
aerobic exercise, should always be stimulated to reduce 
cardiovascular risk.26 It is also important to control weight, treat 
comorbidities, and, if possible, minimize cardiac radiation. 
Regarding pharmacological therapy, there are two approaches 
to primary prevention of ANT-induced cardiotoxicity: reducing 
the cardiotoxic effects of ANT and initiating a cardioprotective 
medication. 

The first approach is made possible by decreasing cumulative 
dose of the agent (< 360 mg/m2 of doxorubicin or equivalent 
dose of ANT analogues), using continuous infusion and giving 
preference to liposomal forms of the drug.27 Preference should 
also be given to less cardiotoxic ANT analogues, such as 
epirubicin, idarubicin, and mitoxantrone. 

In the second approach, cardioprotective medications are 
initiated with the aim of reducing myocardial injury. So far, 
only dexrazoxane has been approved by the United States 
Food and Drug Administration to avoid ANT cardiotoxicity in 
metastatic breast cancer patients who received > 300 mg/m² 
of doxorubicin.28 Dexrazoxane is an iron chelator that changes 
topoisomerase 2β configuration, preventing ANT interaction 
and thus preventing its cardiotoxic effect. Different trials showed 
reduction of cardiovascular events and of the incidence of heart 
failure among breast cancer patients, and a systematic review 
and meta-analysis of randomized and nonrandomized trials 
on the efficacy of dexrazoxane in patients with breast cancer 
showed that dexrazoxane reduced the risk of clinical heart 
failure (risk ratio: 0.19; 95% confidence interval: 0.09 to 0.40; 
p < 0.001) and cardiac events (risk ratio: 0.36; 95% confidence 
interval: 0.27 to 0.49; p < 0.001) irrespective of previous 
ANT exposure. Furthermore, the rate of a partial or complete 
oncological response, overall survival, and progression-free 
survival were not affected by dexrazoxane.29

 Cardiovascular drugs, such as beta-blockers, ACEI, and 
BRA, showed controversial results and are not recommended 
as a routine in patients under chemotherapy.30 Earlier small 
randomized studies suggested that carvedilol31 and nebivolol32 
were protective against LVEF changes. In one of the first 
randomized clinical trials comparing placebo versus carvedilol in 
patients treated with high doses of ANT chemotherapy, Kalay et 
al.31 found a higher reduction in LVEF in the placebo group (69% 
to 53%) than in carvedilol (70% to 69%) (p < 0.001). Differently, 

the PRADA Trial (Prevention of Cardiac Dysfunction during 
Adjuvant Breast Cancer Therapy)33 evaluated cardioprotection 
using metoprolol and candesartan in 130 patients and showed 
benefit of candesartan, with a less-pronounced decrease 
in LVEF compared to the metoprolol group and placebo. 
In 2021, the 2-year result of the PRADA trial34 also showed 
that candesartan treatment was associated with a significant 
reduction in left ventricular end-diastolic volume compared 
with the non-candesartan group (p = 0.021) and attenuated 
decline in GLS (p = 0.046) at 2 years, but no difference was 
found in the metoprolol group, and there was no difference in 
cardiac troponins between groups.

Cardinale et al studied cardioprotection using enalapril, an 
ACEI widely used in the management of heart failure, in 114 
patients who developed positive troponin during ANT treatment 
compared to placebo.35 The enalapril group had significantly 
lower incidence of heart failure and asymptomatic ventricular 
dysfunction. The same author evaluated 273 patients that 
received enalapril as primary prevention compared to enalapril 
only in patients who developed positive troponin during 
chemotherapy.36 There was no difference between groups, 
suggesting enalapril use could be triggered by troponin elevation.

The largest randomized trial evaluating carvedilol versus 
placebo in cardiotoxicity, the CECCY trial (Carvedilol Effect in 
Preventing Chemotherapy Induced Cardiotoxicity),37 included 
200 patients with breast cancer and use of ANT, and it showed 
no difference in LVEF between both groups. There was a slight 
decrease in left ventricle diastolic diameter in the carvedilol 
group. However, the rate of events was lower than calculated 
(14.5% in the carvedilol group and 13.5% in the placebo group), 
which may have interfered the results. Interestingly, in this 
study, patients in the carvedilol arm had lower troponin values 
than in the placebo arm, raising the possibility of subclinical 
cardiotoxicity protection. Table 2 shows the main trials 
evaluating cardioprotective medications in primary prevention. 

When to start cardioprotective medications?
Current guidelines recommend assessment of cardiac 

toxicity using LVEF measurement. If, during treatment, a 
patient presents LVEF < 50%, cardioprotective medications 
should be started.11,12 If LVEF drops below 40%, in addition 
to cardioprotective medications, antineoplastic treatment 
should be suspended temporarily based on discussion with the 
cardiologist and the oncologist (Figures 5 and 6). However, if 
the patient develops a GLS reduction (absolute ≥ 5% or relative 
≥ 15%) or troponin elevation, there is, to date, no formal 
recommendation for suspension of chemotherapy agents, and 
cardioprotective medications may be considered.12

Conclusion
Regarding pharmacological cardioprotection, current 

evidence suggests that cardiovascular medications in all patients 
without stratification do not result in clinical benefit. However, 
an effort to identify subclinical myocardial damage should be 
made in order to recognize the subgroup that could benefit 
from intensive surveillance and cardioprotective medications. 
More sensitive and reproducible biomarkers such as troponin 
should be studied in association with GLS to precociously treat 
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Table 2 – Summary of the most important clinical trials in primary prevention of cardiotoxicity. 

Study Patients Chemotherapy 
regimen Cardioprotective drug Primary outcome Follow-up 

(months)

Cardinale35

2006
114

Epirubicin
Idarubicin

Daunorubicin 
Enalapril

Cardiotoxicity incidence:
Control: 43% 
Enalapril: 0%

p < 0.001

12 

Kalay31

2006
50

Doxorubicin
Epirubicin

Carvedilol
LVEF change pre/post chemotherapy

Placebo: 68.9%/52.3%; p < 0.001
Carvedilol: 70.5%/69.7%; p = 0.3

6 

Georgakopoulos38

2010
125 Doxorubicin

Metoprolol 
Enalapril

No change in LVEF 12 

Bosch39

2013
201 

Idarubicin
Daunorubicin

Carvedilol 
Enalapril 

Mean change in LVEF reduction (%) 
Control: 3.1; p = 0.035

Enalapril + carvedilol: 0.17%; 
p = ns

6 

Kaya40 2013 45
Doxorubicin
Epirubicin

Nebivolol
LVEF change pre/post chemotherapy

Placebo: 66.6%/57.5%; p = 0.001
Nebivolol: 65.6%/63.8%; p = 0.5

6 

Gulati33

2016 
126 Epirubicin

Metoprolol 
Candesartan

Mean change in LVEF reduction (%) 
Placebo: 2.6

Candesartan: 0.8; p = 0.026 
Metoprolol: 1.6%; p = ns

6 

Pituskin41

2017
94 Trastuzumab

Bisoprolol
Perindopril

No change in LVEF 12 

Avila37

2018
200 Doxorubicin Carvedilol No change in LVEF 6 

Guglin42

2019 
468 Trastuzumab

Lisinopril
Carvedilol

Cardiotoxicity rate 
Placebo 47% versus lisinopril 37% versus 

carvedilol 31%
12

ACEI: angiotensin converting enzyme inhibitor; LVEF: left ventricular ejection fraction.

Figure 5 – Flowchart of the Brazilian Society of Cardiology for the management of heart failure and ventricular dysfunction induced by anthracyclines. 
chemo: chemotherapy; HF: heart failure; LVEF: left ventricular ejection fraction.
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Figure 6 – Flowchart of the Brazilian Society of Cardiology13 for the management of heart failure and ventricular dysfunction induced by anti-HER2 therapy. 
chemo: chemotherapy; HF: heart failure; LVEF: left ventricular ejection fraction.

1.	 Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer JL, Rowland JH, et al. 
Cancer Treatment and Survivorship Statistics, 2016. CA Cancer J Clin. 
2016;66(4):271-89. doi: 10.3322/caac.21349.

2.	 Bloom MW, Hamo CE, Cardinale D, Ky B, Nohria A, Baer L, et al. 
Cancer Therapy-Related Cardiac Dysfunction and Heart Failure: Part 1: 
Definitions, Pathophysiology, Risk Factors, and Imaging. Circ Heart Fail. 
2016;9(1):e002661. doi: 10.1161/CIRCHEARTFAILURE.115.002661.

3.	 Patnaik  JL ,  Byers  T,  DiGuiseppi  C,  Dabelea D,  Denberg TD. 
Cardiovascular Disease Competes with Breast Cancer as the Leading 
Cause of Death for Older Females Diagnosed with Breast Cancer: A 
Retrospective Cohort Study. Breast Cancer Res. 2011;13(3):R64. doi: 
10.1186/bcr2901.

4.	 Narezkina A, Nasim K. Anthracycline Cardiotoxicity. Circ Heart Fail. 
2019;12(3):e005910. doi: 10.1161/CIRCHEARTFAILURE.119.005910.

References

cardiovascular dysfunction related to chemotherapy and reduce 
morbidity and mortality in this population.

Author Contributions
Conception and design of the research, Acquisition of 

data, Analysis and interpretation of the data, Writing of the 
manuscript, Critical revision of the manuscript for intellectual 
content: Avila MS, Belfort DSP, Wanderley Júnior MRB.

Potential Conflict of Interest
No potential conflict of interest relevant to this article was 

reported. 

Sources of Funding

There were no external funding sources for this study. 

Study Association

This study is not associated with any thesis or dissertation 
work.

Ethics approval and consent to participate 

This article does not contain any studies with human 
participants or animals performed by any of the authors.



ABC Heart Fail Cardiomyop. 2022; 2(1):99-107106

Review Article

Avila et al.
 Primary Prevention of Chemotherapy-Induced Cardiomyopathy

5.	 Plana JC, Galderisi M, Barac A, Ewer MS, Ky B, Scherrer-Crosbie M, et al. 
Expert Consensus for Multimodality Imaging Evaluation of Adult Patients 
During and After Cancer Therapy: A Report from the American Society 
of Echocardiography and the European Association of Cardiovascular 
Imaging. J Am Soc Echocardiogr. 2014;27(9):911-39. doi: 10.1016/j.
echo.2014.07.012.

6.	 Cardinale D, Colombo A, Lamantia G, Colombo N, Civelli M, De Giacomi 
G, et al. Anthracycline-induced Cardiomyopathy: Clinical Relevance and 
Response to Pharmacologic Therapy. J Am Coll Cardiol. 2010;55(3):213-20. 
doi: 10.1016/j.jacc.2009.03.095.

7.	 Cardinale D, Colombo A, Bacchiani G, Tedeschi I, Meroni CA, Veglia F, 
et al. Early Detection of Anthracycline Cardiotoxicity and Improvement 
with Heart Failure Therapy. Circulation. 2015;131(22):1981-8. doi: 
10.1161/CIRCULATIONAHA.114.013777.

8.	 Nolan MT, Marwick TH, Plana JC, Li Z, Ness KK, Joshi VM, et al. Effect 
of Traditional Heart Failure Risk Factors on Myocardial Dysfunction 
in Adult Survivors of Childhood Cancer. JACC Cardiovasc Imaging. 
2018;11(8):1202-03. doi: 10.1016/j.jcmg.2017.12.011.

9.	 Ezaz G, Long JB, Gross CP, Chen J. Risk Prediction Model for Heart 
Failure and Cardiomyopathy After Adjuvant Trastuzumab Therapy for 
Breast Cancer. J Am Heart Assoc. 2014;3(1):e000472. doi: 10.1161/
JAHA.113.000472.

10.	 López-Fernández T, Thavendiranathan P. Emerging Cardiac Imaging 
Modalities for the Early Detection of Cardiotoxicity Due to Anticancer 
Therapies. Rev Esp Cardiol. 2017;70(6):487-495. doi: 10.1016/j.
rec.2017.01.004.

11.	 Čelutkienė J, Pudil R, López-Fernández T, Grapsa J, Nihoyannopoulos P, Bergler-
Klein J, et al. Role of Cardiovascular Imaging in Cancer Patients Receiving 
Cardiotoxic Therapies: A Position Statement on Behalf of the Heart Failure 
Association (HFA), the European Association of Cardiovascular Imaging (EACVI) 
and the Cardio-Oncology Council of the European Society of Cardiology (ESC). 
Eur J Heart Fail. 2020;22(9):1504-24. doi: 10.1002/ejhf.1957.

12.	 Dobson R, Ghosh AK, Ky B, Marwick T, Stout M, Harkness A, et 
al. BSE and BCOS Guideline for Transthoracic Echocardiographic 
Assessment of Adult Cancer Patients Receiving Anthracyclines and/
or Trastuzumab. JACC CardioOncol. 2021;3(1):1-16. doi: 10.1016/j.
jaccao.2021.01.011. 

13.	 Hajjar LA, Costa IBSDSD, Lopes MACQ, Hoff PMG, Diz MDPE, Fonseca 
SMR, et al. Brazilian Cardio-oncology Guideline - 2020. Arq Bras Cardiol. 
2020;115(5):1006-43. doi: 10.36660/abc.20201006.

14.	 Henri C, Heinonen T, Tardif JC. The Role of Biomarkers in Decreasing Risk 
of Cardiac Toxicity after Cancer Therapy. Biomark Cancer. 2016;8(Suppl 
2):39-45. doi: 10.4137/BIC.S31798.

15.	 Oikonomou EK, Kokkinidis DG, Kampaktsis PN, Amir EA, Marwick TH, 
Gupta D, et al. Assessment of Prognostic Value of Left Ventricular Global 
Longitudinal Strain for Early Prediction of Chemotherapy-Induced 
Cardiotoxicity: A Systematic Review and Meta-analysis. JAMA Cardiol. 
2019;4(10):1007-18. doi: 10.1001/jamacardio.2019.2952.

16.	 Katrukha IA, Katrukha AG. Myocardial Injury and the Release of 
Troponins I and T in the Blood of Patients. Clin Chem. 2021;67(1):124-
30. doi: 10.1093/clinchem/hvaa281.

17.	 Cardinale D, Sandri MT, Colombo A, Colombo N, Boeri M, Lamantia 
G, et al. Prognostic Value of Troponin I in Cardiac Risk Stratification of 
Cancer Patients Undergoing High-Dose Chemotherapy. Circulation. 
2004;109(22):2749-54. doi: 10.1161/01.CIR.0000130926.51766.CC.

18.	 Cardinale D, Sandri MT, Martinoni A, Tricca A, Civelli M, Lamantia G, 
et al. Left Ventricular Dysfunction Predicted by Early Troponin I Release 
After High-Dose Chemotherapy. J Am Coll Cardiol. 2000;36(2):517-22. 
doi: 10.1016/s0735-1097(00)00748-8.

19.	 Cardinale D, Sandri MT, Martinoni A, Borghini E, Civelli M, Lamantia G, 
et al. Myocardial Injury Revealed by Plasma Troponin I in Breast Cancer 
Treated with High-Dose Chemotherapy. Ann Oncol. 2002;13(5):710-5. 
doi: 10.1093/annonc/mdf170.

20.	 Hayakawa H, Komada Y, Hirayama M, Hori H, Ito M, Sakurai M. Plasma 
Levels of Natriuretic Peptides in Relation to Doxorubicin-Induced 
Cardiotoxicity and Cardiac Function in Children with Cancer. Med 
Pediatr Oncol. 2001;37(1):4-9. doi: 10.1002/mpo.1155.

21.	 Sherief LM, Kamal AG, Khalek EA, Kamal NM, Soliman AA, Esh AM. 
Biomarkers and Early Detection of Late Onset Anthracycline-Induced 
Cardiotoxicity in Children. Hematology. 2012;17(3):151-6. doi: 10.11
79/102453312X13376952196412.

22.	 Mavinkurve-Groothuis AM, Marcus KA, Pourier M, Loonen J, Feuth T, 
Hoogerbrugge PM, et al. Myocardial 2D Strain Echocardiography and 
Cardiac Biomarkers in Children During and Shortly After Anthracycline 
Therapy for Acute lymphoblastic Leukaemia (ALL): A Prospective Study. 
Eur Heart J Cardiovasc Imaging. 2013;14(6):562-9. doi: 10.1093/ehjci/
jes217.

23.	 Mornoş C, Petrescu L. Early Detection of Anthracycline-Mediated 
Cardiotoxicity: The Value of Considering Both Global Longitudinal Left 
Ventricular Strain and Twist. Can J Physiol Pharmacol. 2013;91(8):601-7. 
doi: 10.1139/cjpp-2012-0398.

24.	 Charbonnel C, Convers-Domart R, Rigaudeau S, Taksin AL, Baron N, 
Lambert J, et al. Assessment of Global Longitudinal Strain at Low-Dose 
Anthracycline-Based Chemotherapy, for the Prediction of Subsequent 
Cardiotoxicity. Eur Heart J Cardiovasc Imaging. 2017;18(4):392-401. 
doi: 10.1093/ehjci/jew223.

25.	 Thavendiranathan P, Negishi T, Somerset E, Negishi K, Penicka M, 
Lemieux J, et al. Strain-Guided Management of Potentially Cardiotoxic 
Cancer Therapy. J Am Coll Cardiol. 2021;77(4):392-401. doi: 10.1016/j.
jacc.2020.11.020.

26.	 Avila MS, Siqueira SRR, Ferreira SMA, Bocchi EA. Prevention and 
Treatment of Chemotherapy-Induced Cardiotoxicity. Methodist Debakey 
Cardiovasc J. 2019;15(4):267-73. doi: 10.14797/mdcj-15-4-267.

27.	 van Dalen EC, Michiels  EM, Caron HN, Kremer LC. Dif ferent 
Anthracycline Derivates for Reducing Cardiotoxicity in Cancer 
Patients. Cochrane Database Syst Rev. 2010;2010(5):CD005006. doi: 
10.1002/14651858.CD005006.pub4.

28.	 Lyu YL, Kerrigan JE, Lin CP, Azarova AM, Tsai YC, Ban Y, et al . 
Topoisomerase IIbeta Mediated DNA Double-Strand Breaks: Implications 
in Doxorubicin Cardiotoxicity and Prevention by Dexrazoxane. Cancer 
Res. 2007;67(18):8839-46. doi: 10.1158/0008-5472.CAN-07-1649.

29.	 Macedo AVS, Hajjar LA, Lyon AR, Nascimento BR, Putzu A, Rossi L, et 
al. Efficacy of Dexrazoxane in Preventing Anthracycline Cardiotoxicity 
in Breast Cancer. JACC CardioOncol. 2019;1(1):68-79. doi: 10.1016/j.
jaccao.2019.08.003.

30.	 Zamorano JL, Lancellotti P, Rodriguez Muñoz D, Aboyans V, Asteggiano 
R, Galderisi M, et al. 2016 ESC Position Paper on Cancer Treatments 
and Cardiovascular Toxicity Developed Under the Auspices of the 
ESC Committee for Practice Guidelines:   The Task Force for Cancer 
Treatments and cardiovascular Toxicity of the European Society of 
Cardiology (ESC). Eur Heart J. 2016;37(36):2768-801. doi: 10.1093/
eurheartj/ehw211.

31.	 Kalay N, Basar E, Ozdogru I, Er O, Cetinkaya Y, Dogan A, et al. 
Protective Effects of carvedilol Against Anthracycline-Induced 
Cardiomyopathy. J Am Coll Cardiol. 2006;48(11):2258-62. doi: 
10.1016/j.jacc.2006.07.052.

32.	 Mohamed EA, Kassem HH. Protective Effect of Nebivolol on Doxorubicin-
Induced Cardiotoxicity in Rats. Arch Med Sci. 2018;14(6):1450-58. doi: 
10.5114/aoms.2018.79008.

33.	 Gulati G, Heck SL, Ree AH, Hoffmann P, Schulz-Menger J, Fagerland MW, 
et al. Prevention of Cardiac Dysfunction During Adjuvant Breast Cancer 
Therapy (PRADA): a 2 × 2 Factorial, Randomized, Placebo-Controlled, 
Double-Blind Clinical Trial of Candesartan and Metoprolol. Eur Heart J. 
2016;37(21):1671-80. doi: 10.1093/eurheartj/ehw022.

34.	 Heck SL, Mecinaj A, Ree AH, Hoffmann P, Schulz-Menger J, Fagerland 
MW, et al. Prevention of Cardiac Dysfunction During Adjuvant Breast 



ABC Heart Fail Cardiomyop. 2022; 2(1):99-107 107

Review Article

Avila et al.
 Primary Prevention of Chemotherapy-Induced Cardiomyopathy

This is an open-access article distributed under the terms of the Creative Commons Attribution License

Cancer Therapy (PRADA): Extended Follow-Up of a 2×2 Factorial, 
Randomized, Placebo-Controlled, Double-Blind Clinical Trial of 
Candesartan and Metoprolol. Circulation. 2021;143(25):2431-40. doi: 
10.1161/CIRCULATIONAHA.121.054698.

35.	 Cardinale D, Colombo A, Sandri MT, Lamantia G, Colombo N, Civelli M, et 
al. Prevention of High-Dose Chemotherapy-Induced Cardiotoxicity in High-
Risk Patients by Angiotensin-Converting Enzyme Inhibition. Circulation. 
2006;114(23):2474-81. doi: 10.1161/CIRCULATIONAHA.106.635144.

36.	 Cardinale D, Ciceri F, Latini R, Franzosi MG, Sandri MT, Civelli M, et al. 
Anthracycline-Induced Cardiotoxicity: A Multicenter Randomised Trial 
Comparing two Strategies for Guiding Prevention with Enalapril: The 
International CardioOncology Society-one trial. Eur J Cancer. 2018;94:126-
37. doi: 10.1016/j.ejca.2018.02.005.

37.	 Avila MS, Ayub-Ferreira SM, Wanderley MRB Jr, Cruz FD, Brandão SMG, 
Rigaud VOC, et al. Carvedilol for Prevention of Chemotherapy-Related 
Cardiotoxicity: The CECCY Trial. J Am Coll Cardiol. 2018;71(20):2281-90. 
doi: 10.1016/j.jacc.2018.02.049.

38.	 Georgakopoulos P, Roussou P, Matsakas E, Karavidas A, Anagnostopoulos 
N, Marinakis T, et al. Cardioprotective Effect of Metoprolol and Enalapril in 
Doxorubicin-Treated Lymphoma Patients: A Prospective, Parallel-Group, 
Randomized, Controlled Study with 36-Month Follow-Up. Am J Hematol. 
2010;85(11):894-6. doi: 10.1002/ajh.21840.

39.	 Bosch X, Rovira M, Sitges M, Domènech A, Ortiz-Pérez JT, Caralt 
TM, et al. Enalapril and Carvedilol for Preventing Chemotherapy-
Induced Left Ventricular Systolic Dysfunction in Patients with Malignant 
Hemopathies: The OVERCOME trial (preventiOn of left Ventricular 
dysfunction with Enalapril and caRvedilol in patients submitted to intensive 
ChemOtherapy for the treatment of Malignant hEmopathies). J Am Coll 
Cardiol. 2013;61(23):2355-62. doi: 10.1016/j.jacc.2013.02.072.

40.	 Kaya MG, Ozkan M, Gunebakmaz O, Akkaya H, Kaya EG, Akpek 
M, et al. Protective Effects of Nebivolol Against Anthracycline-
Induced Cardiomyopathy: A Randomized Control Study. Int J Cardiol. 
2013;167(5):2306-10. doi: 10.1016/j.ijcard.2012.06.023.

41.	 Pituskin E, Mackey JR, Koshman S, Jassal D, Pitz M, Haykowsky MJ, et 
al. Multidisciplinary Approach to Novel Therapies in Cardio-Oncology 
Research (MANTICORE 101-Breast): A Randomized Trial for the Prevention 
of Trastuzumab-Associated Cardiotoxicity. J Clin Oncol. 2017;35(8):870-77. 
doi: 10.1200/JCO.2016.68.7830.

42.	 Guglin M, Krischer J, Tamura R, Fink A, Bello-Matricaria L, McCaskill-
Stevens W, et al. Randomized Trial of Lisinopril Versus Carvedilol to Prevent 
Trastuzumab Cardiotoxicity in Patients With Breast Cancer. J Am Coll Cardiol. 
2019;73(22):2859-2868. doi: 10.1016/j.jacc.2019.03.495.


