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anthracycline‑induced cardiotoxicity may be 
poor, with reported cardiovascular mortality 
rates up to 9% at 5-years and 24% at 10‑years.3 
Therefore, its prevention is of pivotal impor‑
tance. In this review we will provide an over‑
view of cardiotoxicity prevention, early diagno‑
sis, and treatment on the basis of current avail‑
able evidence.

Cardiotoxicity mechanisms  Damage from 
anthracyclines affects multiple heart cell types 
through several mechanisms: oxidative stress 
and generation of reactive oxygen species (ROS); 
inhibition of topoisomerase II and disruption of 
the DNA double helix, alterations in gene tran‑
scription and cellular apoptosis; alterations of 
mitochondrial functions. The enzymes main‑
ly involved in the generation of ROS are NADH 

Introduction  Anthracyclines are still among 
the most effective chemotherapeutic agents in 
the treatment of both solid and hematological 
neoplasms, but, unfortunately, their use car‑
ries a fair risk of cardiotoxicity. The latter con‑
sists of various clinical manifestations, with si‑
lent left ventricular systolic dysfunction (LVD) 
and eventual overt heart failure (HF) being the 
most clinically relevant.1 Studies on cardiotoxic 
effects of anthracyclines date back to the 1970s, 
when clinicians began to notice the develop‑
ment of HF symptoms and, eventually, cardi‑
ac death in some patients after treatment with 
these agents.2 However, anthracycline‑induced 
cardiotoxicity is still a  significant problem 
that may compromises the quality of life and 
survival of cancer patients, regardless of on‑
cological prognosis. Indeed, the prognosis of 
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Abstract
Discovered in the 1960s, anthracyclines are still among the most widely used chemotherapy drugs, but 
are associated with cardiotoxicity. To date, the main strategies that seem to be effective in reducing its 
incidence and severity include screening and treating preexisting cardiovascular risk factors, limiting 
the cumulative anthracycline dose with a preference for less toxic analogues, and administering 
cardioprotective drugs as early as possible after its diagnosis. A better understanding of the underlying 
mechanisms and greater refinement of the diagnostic tools at our disposal has led to considerable 
progresses in the detection of this serious side effect at a preclinical stage, allowing for prompt intervention. 
However, despite increasing efforts to identify early predictors of cardiotoxicity and growing evidence 
of the importance of cardiac biomarkers for this purpose, large randomized multicenter clinical trials are 
still lacking and so there is still no scientific agreement on the best approach for early diagnosis. Nonetheless, 
dosing troponin at each chemotherapy cycle and initiating, when it increases above the threshold, a 
therapy with renin–angiotensin–aldosterone system inhibitors and / or β-blockers has proved to be an 
effective strategy in reducing the progression of microscopic myocardial damage into left ventricular 
remodelling and clinically evident cardiotoxicity.
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cardiotoxicity has been categorized into 2 types 
on the basis of its possible reversibility and 
the presence of histological damage detectable 
on biopsy: anthracyclines are associated with 
type 1 cardiotoxicity, characterized by dose
‑dependent irreversible LVD, whereas trastu‑
zumab is associated with type 2 cardiotoxici‑
ty, characterized by dose‑independent revers‑
ible myocardial damage and LVD. The distinc‑
tion between type 1 and type 2 cardiotoxicity, 
however, is of little interest in everyday practice. 
First of all, because recent evidence shows that 
the irreversibility of the anatomical‑pathological 
myocardial damage caused by anthracyclines 
does not necessarily coincide with irreversibil‑
ity of the “pump” dysfunction of the left ventri‑
cle.12,13 Moreover, it has been demonstrated that 
trastuzumab use, even alone, could later result 
in a higher incidence of HF compared with an‑
thracyclines.14 Finally, chemotherapeutic agents 
rarely get administered alone, and these drugs 
combinations can potentially synergize to am‑
plify the cardiotoxic effects.

Another way to classify cardiotoxicity relies 
on timing of its onset. According to follow‑up 
studies conducted in the pediatric population 
in the past, it has been categorized as acute, 
early‑onset chronic progressive and late‑onset 
chronic progressive cardiotoxicity. The acute 
form seems to occur in 11% of patients, with‑
in 2 to 3 days after the first administration of 
anthracyclines, clinically manifesting with ar‑
rhythmias, hypotension, and electrocardio‑
graphic changes, all usually reversible. The ear‑
ly (within 1 year from the end of treatment) and 
late‑onset (after 1 year from the end of treat‑
ment) chronic forms are considered to be dose

‑dependent and irreversible. Also this classifi‑
cation is becoming more and more inadequate. 
First of all, it is mainly based on studies car‑
ried out in adolescent patients, not represent‑
ing well the clinical course in the adult popula‑
tion. Secondly, because these studies were con‑
ducted before the introduction of modern pre‑
ventive strategies.6,13,15 ‑19

Diagnostic tools  Imaging  Current guide‑
lines for the diagnosis and monitoring of car‑
diotoxicity suggest to evaluate the baseline EF 
with echocardiography or, secondly, with car‑
diac magnetic resonance or multigated acquisi‑
tion scan, in order to screen patients with pre‑
existing heart diseases and to have a reference 
value to compare with the follow‑up measure‑
ments. According to the expert consensus from 
the American Society of Echocardiography and 
the European Association of Cardiovascular Im‑
aging, experiencing an EF drop by more than 
10% from baseline, reaching an EF nadir inferi‑
or to 53% is considered diagnostic. These cutoffs 
have been validated on the basis of several stud‑
ies showing that mean EF calculated through 

dehydrogenase and endothelial nitric oxide syn‑
thase (eNOS) to which doxorubicin binds, cat‑
alyzing the formation of superoxides. Doxoru‑
bicin also binds to iron, causing it to accumu‑
late intracellularly and inducing apoptosis, and 
to topoisomerase 2 (Top2) resulting in double 
strand DNA breaks. This enzyme is composed 
of 2 isoforms, Top2α and Top2β. The Top2α form 
is expressed at high levels in cancer cells but 
the Top2β form is commonly expressed also in 
quiescent cardiomyocytes. All of the latter phys‑
iopathological mechanisms lead to cell death for 
apoptosis and necrosis via the activation of var‑
ious signaling cascades.4

Risk factors and incidence  Risk factors that 
could predict the likelihood of developing car‑
diotoxicity can be classified as therapy‑related 
or patient‑related.5 Among the first, the cumu‑
lative dose of chemotherapy administered is cer‑
tainly one of the most relevant. In retrospective 
studies, doxorubicin‑induced HF developed in 
more than 4% of the patients who received a cu‑
mulative dose of 500 to 550 mg/m2 of the drug. 
The incidence increased to over 18% for dos‑
es ranging from 551 to 600 mg/m2 and to 36% 
for doses equal to or greater than 601 mg/m2.6,7 
Other relevant therapy‑related risk factors in‑
clude acute exposure to high doses, concomi‑
tant administration of other cardiotoxic anti‑
neoplastic drugs and mediastinal radiotherapy. 
Patient‑related risk factors include age, preex‑
isting cardiomyopathy or HF, smoking, dyslipid‑
emia, hypertension, diabetes mellitus, and cor‑
onary heart disease.8‑10

Definition and classification  The definition 
of cardiotoxicity and its diagnostic criteria have 
changed over time. Originally based on signs and 
symptoms of HF, with the advent and the in‑
creased diffusion of echocardiography, the def‑
inition now rests on a decline of left ventricu‑
lar ejection fraction (EF). Cardiotoxicity is, how‑
ever, a microscopic process and it is becoming 
clearer that the EF drop is a late event, detect‑
able only after the occurrence of a considerable 
and, in most cases, not reversible heart damage. 
Therefore, EF is relatively insensitive in detect‑
ing cardiotoxicity at an early stage.

Further, defining cardiotoxicity based solely 
on the decline in EF implies the difficulty in iden‑
tifying a correct cutoff to avoid loss of sensitivi‑
ty or specificity, taking into account the high in‑
terobserver variability and the fluctuations due 
to loading conditions and neurohormonal acti‑
vation status of this parameter. In fact, to date, 
the diagnostic thresholds in use vary in a not 
trivial way among the various guidelines and 
expert consensuses.5,11

After the introduction of new chemothera‑
peutic agents such as trastuzumab and the dis‑
covery of their potential cardiotoxic effect, 
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carried out so far limit the quality of the current 
evidence and more rigorous trials are needed.22‑29

Biomarkers  The need to identify cardiotoxici‑
ty in early stages has oriented research towards 
the analysis of specific and sensitive markers of 
myocardial damage. These circulating biomark‑
ers are inexpensive and their dosage does not ap‑
pear to be affected by the operator‑dependence 
as in the case of imaging parameters.30

Troponin I (TnI) release and its ability to pre‑
dict late LVD in patients receiving high‑dose 
chemotherapy, anthracycline‑containing regi‑
mens in particular, started to be investigated 
in the 2000s. In a study by Cardinale et al,19 TnI 
levels measured in series at each chemothera‑
py cycle, increased at least once beyond the nor‑
mal reference value (TnI+) in 32% of the patients 
(>60% of the regimens included anthracycline). 
Both TnI+ and TnI– patients had a reduction in 
EF in the early follow‑up phase, but this reduc‑
tion was more marked in the TnI+ group. Fur‑
thermore, the decline in EF was only transient 
in the TnI– group, as opposed to the TnI+ group, 
where the reduction in left ventricular systolic 
function persisted (Figure 1). Moreover, there was 
a good correlation between the TnI maximal value 
reached during the cycles and the EF maximal de‑
cline registered during the follow‑up (r = −0.87).19

Despite some clear evidence that troponin  
levels increase in a proportion of patients during 
anthracycline treatment, its use as a cardiotox‑
icity marker has been contested for various rea‑
sons: lack of a specific cutoff and poor specifici‑
ty in general for this pathology, high interlabo‑
ratory variability of the assays used for its dos‑
age.31 Moreover, most of the trials on this sub‑
ject were neither multicenter, nor concordant in 
their results. In some studies, in fact, no signif‑
icant increase of troponin was found after an‑
thracycline treatment, but of note, the marker 
had not been monitored continuously at every 
cycle, but only after the end of chemotherapy, 
sometimes even after several months. The tim‑
ing of the measurement may, therefore, have af‑
fected the result.32‑35 In a prospective random‑
ized study by Słowik et al36 evaluating the pro‑
tective role of ramipril on cardiotoxicity, a tro‑
ponin rise during chemotherapy with anthracy‑
clines occurred in about 6% to 7% of the cases 
in both, control and ramipril, arms but it was 
not associated with subsequent LVD or symp‑
toms during follow‑up. It must be highlighted 
that the patients in this study were treated with 
low cumulative doses of anthracyclines and none 
of them have developed cardiotoxicity accord‑
ing to echocardiographic criteria.

Another question that has arisen after the in‑
troduction of ultra‑sensitive troponin is whether 
the new detection method was comparable with 
the old one in oncologic patients. A 2014 study 
found a good correlation (Spearman = 0.732) 

the biplane method is 63.5% and that an EF 
between 53% and 73% falls within the range 
of normality.20

As has already been mentioned, the classical 
Simpson biplane method for EF calculation is 
influenced by the temporal and interobserver 
variability that can reach 8% to 10%. The new 
3‑dimensional method for estimation seems 
to be more reproducible but it is not available 
in every laboratory. Stress echocardiography 
has shown to improve the detection of latent 
LVD highlighting diastolic alterations not pres‑
ent at rest and / or a reduction of the contrac‑
tile reserve.21

More recently, the 2‑dimensional speckle 
tracking used for the detection of subclinical 
cardiotoxicity‑related LVD has aroused great 
interest. Most of the trials have shown a good 
capacity of the various myocardial deforma‑
tion indices in predicting which patients will 
experience a future EF decline. In particular, 
global longitudinal strain (GLS) seems to be 
the most reliable parameter in this context. 
Its absolute value and its relative drop during 
or at the end of the chemotherapy, as well as 
the regional alteration of the longitudinal de‑
formation, are under investigation: a relative 
GLS decline of 15% from baseline has shown 
to have the best positive predictive value for 
cardiotoxicity, but this cutoff is still a matter 
of debate. In one study the combination of hs

‑cTNI elevation and relative GLS decrease af‑
ter the third chemotherapy cycle had a positive 
predictive value of 61% and a negative predic‑
tive value of 95% for cardiotoxicity.

Despite the accuracy of GLS in predicting lat‑
er LVD, several potential biases of the studies 

Figure 1  Difference in ejection fraction behavior over a 7-month follow‑up between troponin 
I positive (cTnI+; solid circle) and negative (cTnI–; solid square) patients (P <0.001); reprinted 
with permission from Cardinale et al19

�Abbreviations: LVEF, left ventricular ejection fraction; cTnI-, troponin I negative; cTnI+, 
troponin I positive



R E V I E W  A R T I C L E   Anthracycline‑induced cardiotoxicity 117

myeloperoxidase, and soluble fms‑like tyro‑
sine kinase receptor‑1, although no definitive 
conclusions have been drawn regarding their 
usefulness.31

Primary prevention  Treatment of cardiovascular 
risk factors  It has been demonstrated that pre‑
existing heart diseases and cardiovascular risk 
factors are associated with an increased likeli‑
hood of developing cardiotoxicity.8 Correction 
of hypertension, hypercholesterolemia, and di‑
abetes, weight control, as well as smoking cessa‑
tion should be the first form of prevention of car‑
diotoxicity. Particularly relevant is the increased 
risk related to arterial hypertension.40 Hildeb‑
randt et al41 have even found an association be‑
tween the allelic variants of 2 genes that result in 
increased susceptibility to hypertension and in‑
creased incidence of cardiotoxicity in cancer sur‑
vivors treated with anthracyclines in childhood.

Anthracycline dosage adjustment  An obvious 
preventive strategy, given the undeniable asso‑
ciation between the amount of drug adminis‑
tered and the magnitude of the cardiotoxic ef‑
fect, consist in limiting the cumulative anthra‑
cycline dose. However, excessive dose reduction 
could determine a worsening of the cancer out‑
come. Moreover, predisposition to anthracycline 
cardiotoxicity is highly variable and even low‑
er dosages could be harmful in some cases.42,43

As for doxorubicin, the cumulative dose above 
which, historically, an exponential increase in 
the  incidence of cardiotoxicity has been ob‑
served in retrospective studies is approximate‑
ly 400 mg/m2. However, this limit has been low‑
ered by the American Society of Clinical Oncolo‑
gy, due to new evidence from recent prospective 
studies, which have shown that a dose greater 
than 250 mg/m2 already carries a higher risk.44

Use of less cardiotoxic anthracyclines  In various 
studies, epirubicin was less cardiotoxic and just 
as effective as doxorubicin. The cumulative dose 
limit risk has been set at 600 mg/m2.45,46

The use of nanotechnologies such as liposomes 
makes it possible to prevent the release of doxo‑
rubicin to organs such as the heart and intestine, 
which are vascularized by capillaries equipped 
with tight gap‑junctions, reducing the risk of car‑
diotoxicity; at the same time, the drug is mostly 
delivered to the neoplastic mass, as it contains an‑
atomically compromised vessels through which 
liposomes can pass.47 Liposomal formulations 
might be used in subjects at increased cardio‑
vascular risk or needing higher doses of anthra‑
cycline, but their use, particularly in early breast 
cancer, is still not standardized in clinical practice.

Dexrazoxane  Since the deleterious effects of 
anthracyclines on the heart are largely mediat‑
ed by the action of oxygen radicals, research has 

and concordance (91.4% of the samples were 
concordant, 8.6% discordant) between the old 
assay and the new one.37

In addition to troponin, natriuretic peptides 
have also been studied as possible predictors of 
cardiotoxicity. Feola et al38 followed 53 patients 
with breast cancer who were receiving anthra‑
cycline treatment. Measurements of brain na‑
triuretic peptide (BNP), TnI, and EF were per‑
formed at baseline (0), and 1 month (T1), 1 year 
(T2), and 2 years (T3) after the completion of 
chemotherapy. The main finding of the study 
was that in patients with a decrease in EF of 
more than 10% at follow‑up (Group A), the base‑
line BNP values were significantly higher than 
in patients whose EF did not change significant‑
ly (group B). Moreover, in the first group of pa‑
tients, BNP values at T3 were much higher than 
in patients who did not develop relevant LVD. 
Of note, the early increase of TnI at T1, which 
proved to be significant, did not differ enough 
between the 2 groups of patients, thus TnI was 
not found to be a good predictor of the outcome.

Lars et al39 have conducted a meta‑analysis on 
61 trials assessing the role of biomarkers in pre‑
dicting cardiotoxicity. Troponin elevation was 
associated with a higher probability of develop‑
ing LVD, especially in patients treated with high 
doses of anthracyclines, and troponin itself was 
found to have a negative predictive value of 93%. 
On the contrary, elevation of BNP or N‑terminal 
pro–B‑type natriuretic peptide (NT‑proBNP) was 
not consistently associated with LVD.39

Other studies analyzing BNP predictive ca‑
pacity for cardiotoxicity did not show positive 
results, therefore more research is needed to 
draw definite conclusions.30

Notoriously, the release and circulating levels 
of BNP and NT‑proBNP depend mainly on wall 
stress, and therefore on the pressures that occur 
in the chambers during the cardiac cycle, rather 
than on direct myocardial damage.31 This may be 
the reason why natriuretic peptides do not seem to 
be the best early predictive biomarkers. The kinet‑
ics of troponin variations during cycles, instead, 
demonstrates an unequivocal correlation between 
the rise of troponin itself in some of the patients 
and anthracycline chemotherapy. Since not all of 
those “troponin positive” patients will later ex‑
perience an EF drop, it may seem that this mark‑
er, while having a good negative predictive value, 
would have a low positive predictive value; how‑
ever, it is worth remembering that cardiotoxicity 
does not actually coincide with LVD. Most prob‑
ably, then, troponin could be not only sensitive 
but also very specific in detecting cardiotoxicity, 
but other additional mechanisms not yet clarified 
would be necessary in causing ventricular dys‑
function in patients showing a chemotherapy

‑related increase of this marker.
Ongoing research is aimed at identifying more 

biomarkers. Examples include Galectin‑3, ST‑2, 
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observed. In 2011, EMA spoke out against its 
use in the population under the age of 18, lim‑
iting its indication to “adult patients with ad‑
vanced or metastatic breast cancer who have 
already received a minimum cumulative dose 
of 300 mg/m2 of doxorubicin or 540 mg/m2 of 
epirubicin.”50

This decision was revised in July 2017. The con‑
traindication was removed for young patients 
treated with high cumulative doses of anthra‑
cyclines, that is, “more than 300 mg of doxoru‑
bicin per m2 body surface or an equivalent dose 
of another anthracycline.” The contraindication 
has, however, remained in children and ado‑
lescents treated with lower cumulative doses.51

Left ventricular systolic dysfunction prevention with 
cardioprotective therapy   Angiotensin‑converting 
enzyme inhibitors   In 2006, Cardinale et al52 in‑
vestigated the role of enalapril in preventing car‑
diotoxicity in patients with no previous cardiac 
pathologies treated with high anthracycline dos‑
es and who showed a rise of TnI repeatedly mea‑
sured during chemotherapy cycles. Patients who 
showed a troponin I increase were randomized to 
receive or not enalapril. A significant EF reduc‑
tion was observed only in enalapril‑untreated 
patients (43%). In these patients, cardiac event 
incidence was also significantly higher. More‑
over, enalapril was able also to induce a faster re‑
duction of TnI during the follow‑up (Figure 2 and 3).

A series of other prospective studies have 
been carried out to evaluate the cardioprotec
tive action of angiotensin‑converting enzyme 
inhibitor (ACEI) against cardiotoxicity in pa‑
tients with no previous cardiac disease. Most 
of them shown positive results. Only in one 
of these studies did the patients treated with 
ACEI show no benefit compared with patients 
in the control group; notably, no patients in ei‑
ther group developed signs of cardiotoxicity in 
10-year follow‑up. Zhang et al,56 in a review of 
7 studies, concluded that enalapril was effec‑
tive, although the need for further evidence 
was specified.53‑56

Angiotensin II receptor blockers  The usefulness 
of angiotensin receptor blockers in preventing 
cardiotoxicity was demonstrated, among oth‑
ers, in the PRADA (Prevention of Cardiac Dys‑
function During Adjuvant Breast Cancer Ther‑
apy) study in which candesartan, metoprolol 
(these 2 also in combination with each other), 
and placebo were compared in women treated 
with anthracyclines for breast cancer. Only can‑
desartan was shown to prevent EF drop detect‑
ed by cardiac magnetic resonance at the end of 
chemotherapy.57

Spironolactone  Only one study has tested 
the usefulness of spironolactone in preventing 
cardiotoxicity. The results were clearly in favor 

focused its attention on molecules that could 
counteract this mechanism. Dexrazoxane was 
found to prevent doxorubicin-induced cardio‑
myopathy, at first in animal models, and then, 
showed some efficacy in humans. This drug ex‑
erts its protective effects by chelating iron and 
inhibiting the formation of the iron-doxorubi‑
cin complex, which is a highly reactive and pro-
oxidant macromolecule.48,49

Concerns have been raised about its use, es‑
pecially in children, since an increased risk of 
infection, myelosuppression and second pri‑
mary malignancies after its administration was 

Figure 3  Troponin I decrease during follow‑up in the angiotensin‑converting enzyme 
inhibitors group (open bars) and control subjects (solid bars); P <0.001 (log‑rank test); reprinted 
with permission from Cardinale et al52

�Abbreviations: M, month; TnI, troponin I; others, see Figure 2

Figure 2  Ejection fraction behavior during follow‑up in control subjects (left) and 
the angiotensin‑converting enzyme inhibitors group (right) and according to Troponin I values 
(white squares for TnI+ and black squares for Tni– patients). For treatment effect, P <0.001; for 
effect of persistent Troponin I increase, P <0.001; for interaction between treatment and 
persistent Troponin I increase, P <0.001. R indicates randomization. *P <0.001 vs baseline and 
randomization for all time points; #P <0.001 vs patients without persistent Troponin I increase; 
reprinted with permission from Cardinale et al52

�Abbreviations: ACEI, angiotensin‑converting enzyme inhibitor; HDC, high-dose chemotherapy; 
others, see Figure 1
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combination with enalapril, there was an im‑
provement in reducing the incidence of death, 
HF, and drop in EF.

Ma at al64 instead found that a preventive 
treatment with β‑blockers in general could re‑
duce the risk of HF and attenuate EF reduction 
and left ventricular enlargement resulting from 
anthracycline chemotherapy.

Statins  After the first experiments on mice, 
subsequent studies demonstrated the protective 
role of statins against cardiotoxicity in humans. 
A meta‑analysis by Kalam et al65 confirmed a re‑
duction of cardiovascular events in patients un‑
dergoing anthracycline chemotherapy and pre‑
treated with statins of a similar magnitude to 
that produced by renin–angiotensin–aldoste‑
rone system (RAAS) inhibitors.65‑67

The probable explanation of the protective ef‑
fect of statins is the indirect inhibition of Ras ho‑
mologous (Rho) GTPases. The latter seem to reg‑
ulate the pro‑oxidative activity of NADPH oxi‑
dase and the activity of topoisomerase 2. Both of 
these enzymes play an important role in the de‑
velopment of cardiotoxicity.68

Exercise  Some authors have investigated 
the role of exercise in reducing the deleteri‑
ous effects of cardiotoxicity. In the study by 
Howden et al,69 patients undergoing physical 
exercise during chemotherapy achieved a high‑
er oxygen consumption peak than patients in 
the control group; at the same time, the fit pa‑
tients did not show a drop in EF during follow
‑up, which instead happened in the untrained 
ones. However, the major limitation of this study 
is the nonrandomization of patients with rele‑
vant baseline differences between the 2 com‑
pared groups.

Biomarker-guided selective prevention of 
left ventricular systolic dysfunction  An im‑
portant question is whether to start treatment 
with ACEI by default in all patients undergoing 
anthracycline chemotherapy or whether to initi‑
ate it only in patients who have an increase in TnI.

In the ICOSONE (International CardiOncology 
Society‑one) study, a multicenter randomized tri‑
al, patients were divided into 2 groups: the ones 
treated with enalapril in primary prevention 
and those being treated only after the eventu‑
al TnI increase. Enalapril in primary preven‑
tion was not able to reduce the incidence of tro‑
ponin elevation. At the same time, there was no 
difference between the 2 strategies in prevent‑
ing EF reduction, death, hospitalization for car‑
diovascular causes, or major adverse cardiovas‑
cular events, since both of these strategies were 
quite effective in terms of cardioprotection. It is 
reasonable to think that enalapril probably does 
not act by preventing the acute damage caused 
by anthracyclines to myocardiocytes, but rather 

of the drug cardioprotective effect with a signif‑
icantly lower drop in EF and lateral e’ wave in 
the group treated with spironolactone compared 
with the one treated with placebo.58

β­‑Blockers  A small study by Kaya et al59 showed 
that nebivolol administered preventively could 
prevent the EF reduction and the left ventricu‑
lar enlargement in patients treated with anthra‑
cyclines. A retrospective study by Seicean et al60 
showed that in patients receiving athracyclines 
and trastuzumab and, by chance, also on β‑blocker 
therapy for other reasons, the development of 
HF was lower than in patients not receiving 
β‑blockers.

In a study by Elitok et al,61 carvedilol was able 
to prevent septal and lateral basal peak strain 
and strain rate reduction compared with place‑
bo in patients receiving anthracyclines. How‑
ever, there were no differences in EF during 
the follow‑up between the 2 groups, and in both 
cases, it did not drop significantly in comparison 
with baseline levels. The authors interpreted that 
probably the cardiotoxicity may induce region‑
al wall motion abnormalities with a compensa‑
tion by the other segments of the left ventricle.

The  same drug was tested in the  CECCY 
(Carvedilol for Prevention of Chemotherapy-
Related Cardiotoxicity) trial where it appeared 
capable of reducing TnI values in comparison 
with placebo, but it was not able to prevent an EF 
drop. No association between the preventive 
use of carvedilol and lowering of BNP levels 
was found.62

Meta‑analyses on β‑blockers have shown con‑
flicting results; in particular, Zhan et al63 have 
found that carvedilol was not able to reduce mor‑
tality (which remained high more due to cancer 
than heart-related causes), nor drop in EF in 
patients treated with anthracyclines. Only in 

Figure 4  Difference in cumulative probability of troponin elevation between the prevention 
and the troponin triggered group; reprinted with permission from Cardinale et al70

�Abbreviations: CT, computed tomography
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Overt left ventricular systolic dysfunction 
treatment  In the past, patients who used to 
develop cardiotoxicity with symptoms of HF 
were treated only with digoxin and diuretics 
achieving symptom relief, with no significant 
results in terms of improvement in ventricular 
systolic function.

In 1996, Jensen et al7 3 carried out the first 
study in which ACEI were administered to pa‑
tients previously treated with high‑doses of 
epirubicin and who had developed HF refracto‑
ry to therapy with diuretics and digoxin. The re‑
sults were surprising with a clear clinical im‑
provement in almost all patients and an al‑
most total normalization of the EF. This re‑
versibility appeared to be related to the timing 
of administration of enalapril, with reduced 
recovery following increased delay in treat‑
ment initiation.

In 2010, Cardinale et al74 demonstrated that 
the percentage of patients who recovered from 
anthracycline‑induced cardiac dysfunction pro‑
gressively decreased as the time from the end 
of chemotherapy to the start of HF treatment 
increased. Patients who normalized EF showed 
a lower rate of cumulative cardiac events than 
patients who did not recover (Figure 5).

In another retrospective study by the same 
group, including 2625 patients treated with an‑
thracyclines, the incidence of cardiotoxicity was 
9%, 98% of the cases occurring within the first 
year. After the initiation of the cardioprotective 
therapy, most of patients (82%) showed an EF 
normalization (EF >50%). However, only 11% 
of them experienced a full recovery, that is, EF 
returned to baseline (Figure 6).75

Conclusions  Cardiotoxicity clinical manifes‑
tations fall into a broad spectrum ranging from 
myocardial cell damage, detectable only by dos‑
ing circulating biomarkers, to cardiac remod‑
eling with silent ventricular dysfunction, up 
to overt HF. Current evidence demonstrates 
the possibility of reducing its incidence, in all 
of the previous forms, by treating preexistent 
cardiovascular risk factors, administering low 
cumulative anthracycline doses, choosing less 
cardiotoxic analogues, and administering dexra‑
zoxane when appropriate.

Moreover, if cardiotoxicity should still oc‑
cur, evidence shows that it would be possible 
to prevent its sequelae, such as LVD and HF, by 
starting, as soon as possible, an adequate phar‑
macological therapy, with RAAS inhibitors and 
β‑blockers in particular. Cardioprotective thera‑
pies, anyway, cannot be administered by default 
in all patients, given the risk of unnecessarily 
exposing to their side effects those at low‑risk of 
suffering cardiotoxicity; therefore, an early de‑
tection of the latter, which would permit the se‑
lection of the patients deserving pharmacolog‑
ical prevention measures, is warranted. An EF 

it preserves the left ventricle from remodeling 
and / or from the deleterious effects resulting 
from RAAS system activation (Figure 4).70

Overall effect of cardioprotection and 
comparison between the  prevention 
strategies  A systematic review and meta

‑analysis by Caspani et al71 has shown a benefit 
of cardioprotective drugs, RAAS inhibitors, and 
β‑blockers in particular, in terms of EF preser‑
vation in patients with no history of cardiac dis‑
ease. No statistically relevant effect was shown 
in terms of HF occurrence and mortality reduc‑
tion, as no patients had died from cardiotoxic‑
ity. Another meta‑analysis by Gashemi et al72 
comparing different prevention strategies, in‑
cluding the use of liposomal or pegylated lipo‑
somal doxorubicin, dexrazoxane plus doxorubi‑
cin, dexrazoxane plus epirubicin, and ACEI plus 
doxorubicin, revealed that ACEI and dexrazox‑
ane plus epirubicin were the best in prevent‑
ing EF drops.

Figure 6  Partial (triangle) or full (square) ejection fraction recovery in patients treated 
with heart failure therapy after the development of cardiotoxicity; reprinted with permission 
from Cardinale et al75

�Abbreviations: see Figure 1 and 4

Figure 5  Percentage of patient with an ejection fraction recovery in accordance with the delay 
in the initiation of heart failure therapy; reprinted with permission from Cardinale et al74
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Scand J Clin Lab Invest. 2014; 74: 385-391.
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motherapy in breast carcinoma: effects on left ventricular ejection fraction, tropo-
nin I and brain natriuretic peptide. Int J Cardiol. 2011; 148: 194-198.
39  Lars M, Mincu RI, Mahabadi AA, et al. Troponins and brain natriuretic pep-
tides for the prediction of cardiotoxicity in cancer patients: a meta‑analysis. Eur J 
Heart Fail. 2020; 22: 350-361.
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on doxorubicin‑based chemotherapy‑induced subclinical cardiac damage in breast 
cancer patients. Cardiovasc Toxicol. 2020; 20: 321-327.
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survivors. Sci Rep. 2017; 7: 9698.
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early breast cancer molecular subtypes. BMC Cancer. 2018; 18: 453.
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45  Mao Z, Shen K, Zhu L, et al. Comparisons of cardiotoxicity and efficacy of 
anthracycline‑based therapies in breast cancer: a network meta‑analysis of ran-
domized clinical trials. Oncol Res Treat. 2019; 42: 405-413.

drop–based method does not seem to be so ef‑
fective for this purpose, since it detects LVD only 
once it has already occurred. It seems reason‑
able, instead, to think of troponin increase and 
GLS drop during chemotherapy as early cardio‑
toxicity markers and predictors of future LVD 
development, although there is a need for more 
robust evidence.
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