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Abstract Advances in oncologic therapies have led to con-
siderable improvements in prognosis and survival. However,
these improvements may ultimately be diminished by the
increase of cardiovascular side effects. Typically, both
conventional and new antitumoral therapies may induce
asymptomatic or symptomatic left ventricular dysfunction. Its
development still remains a major deterrent that may compro-
mise clinical effectiveness of cancer treatment, independently
of the oncologic prognosis, having a serious impact on the
patient’s survival and quality of life. Hence, prevention of
cardiotoxicity remains a crucial topic both for cardiologists
and oncologists. Many strategies to mitigate the risk of
cardiotoxicity have been developed, including cardiac function
monitoring, limitation of chemotherapy doses, use of
anthracycline analogues and cardioprotectants, and early detec-
tion of cardiotoxicity by biomarkers, followed by prophylactic
intervention in selected high risk patients. We reviewed the
currently available approaches which have been demonstrated
to be effective in preventing or limiting cancer drug-induced
cardiotoxicity.
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Introduction

Cancer therapy, which today can rely on a combination of
traditional chemotherapeutic drugs, novel targeted drugs,
radiation therapy, and more radical surgery techniques, has
led to a considerable improvement in patient survival [1, 2•].
Cardiotoxicity, however, still remains a major limitation of
many anticancer agents that can compromise their clinical
benefits, independently of the oncologic prognosis and affect
the patient’s survival and quality of life [1, 2•]. At present, the
problem of cancer therapy-related cardiovascular diseases is
rising, due to the increasing number of long-term cancer sur-
vivors, the frequent use of anthracyclines still in use today,
new antitumor agents with potential cardiotoxic effects, as
well as treatments combinations with synergistic harmful ef-
fects [2•, 3]. It is estimated that there are more than 14 million
cancer survivors in the US, and this number is expected to
reach 19 million by 2024 [1]; the risk of cardiovascular death
in this population may exceed that of tumor recurrence for
many forms of cancer [1, 2•, 3, 4]. Therefore, the prevention
of cardiotoxicity has become a crucial goal presently for both
cardiologist and oncologist, and the cooperation between
these two areas is an actual need, which led to the develop-
ment of a novel medical discipline, named cardioncology. Its
aim is to investigate innovative strategies, collect evidence-
based indications, and develop interdisciplinary expertise
which will be able to manage this growing category of pa-
tients, guarantee correct clinical administration, and provide
the best therapeutic opportunities, particularly in terms of im-
pact on both cardiological and oncological prognosis.

The spectrum of abnormalities that can impair the cardio-
vascular system after cancer therapy includes acute coronary
syndromes, hypertension, arrhythmias, and thromboembolic
events. However, the most frequent, and feared manifestation
of cardiotoxicity is the development of left ventricular
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dysfunction (LVD) [2•]. Even when asymptomatic, LVD not
only negatively influences patients’ cardiac outcome, but it
also seriously limits their therapeutic opportunities when ad-
junctive oncologic therapy for cancer relapse or persistence is
required. In the past, cardiotoxicity was nearly always associ-
ated with anthracyclines. However, many novel oncologic
drugs may interfere with intracellular mechanisms that are
crucial to maintain normal cardiac cell homeostasis, leading
to relatively high incidences of subclinical and overt
cardiotoxicity (Table 1) [2•, 5, 6••]. In particular, the recogni-
tion of cardiotoxicity induced by trastuzumab, which belongs
to the class of monoclonal antibodies against human epider-
mal receptor-2 (HER2), introduced some years ago to treat
breast cancer, has been a paradigmatic example, revealing
the potential for unexpected cardiotoxic effects of new anti-
cancer agents [7, 8].

The best treatment of cancer drug-induced LVD is preven-
tion of the disorder in the first instance. Accordingly, several
preventive strategies to reduce the risk of cardiotoxicity have
been proposed in the cardioncology setting. Cardiotoxicity
prevention may be primary prevention, extended to all pa-
tients scheduled for potential cardiotoxic therapy, or could
be performed in selected high-risk patients, showing preclin-
ical signs of cardiotoxicity, or belatedly in patients showing

initial LVD, in order to promptly start a treatment against
progression to overt HF (Fig. 1).

Primary Prevention of Cardiotoxicity

Prevention of cardiotoxicity begins before starting anti-cancer
therapy, with the cardiologist and oncologist working togeth-
er. The evaluation of the cardiovascular profile by the cardi-
ologist should be considered by the oncologists when
selecting the best therapeutic approach for each individual
patient, in terms of drug choice and schedule of
administration.

Control/Correction of Pre-existing Cardiovascular Risk
Factors

The presence of cardiovascular risk factors may increase the
risk of cardiotoxicity [2•, 9, 10]. Cardiovascular risk factor
reduction with appropriate control of blood pressure, choles-
terol, and blood glucose, as well as smoking cessation are
suggested in all patients for primary prevention of
cardiotoxicity [11, 12].

Table 1 Anticancer agents
associated with left ventricular
dysfunction [2•, 5]

Class Drug Incidence

Anthracyclines/analogues Doxorubicin ++/+++

Daunorubicin ++

Epirubicin +/++

Idarubicin ++/+++

Mitoxantrone +/++

Liposomal anthracyclines +

Alkylating agents Cyclophosphamide ++/+++

Ifosfamide +++

Antimicrotubule agents Paclitaxel +

Docetaxel +/++

Monoclonal antibody-based tyrosine kinase inhibitors Trastuzumab ++/+++

Bevacizumab +/++

Pertuzumab ++

Trastuzumab emtansine (T-DM1) +/++

Small molecule tyrosine kinase Inhibithors Lapatinib +/++

Dasatinib ++

Imatinib +/++

Nilotinib +/++

Pazopanib +/++

Sunitinib ++/+++

Sorafenib +/++

Bortezomib +/++

Miscellaneous Everolimus +/++

Lenalidomide ++

+ <1%; ++ = 1-10%; +++ >10%
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Reduction of Cardiotoxic Direct Effect

Limiting Anthracycline Cumulative Dose According to
findings that indicate a rapid increase in cardiotoxicity at
high doses [4, 5, 13], current oncologic guidelines suggest
limiting the maximal cumulative dose of anthracycline to
450-550 mg/m2 [14]. This, however, can compromise the
clinical success of the treatment. In addition, great vari-
ability exists in the dose of anthracyclines tolerated by
patients; thus, some patients may show LVD at standard
doses, whereas others may tolerate a cumulative dose
twofold higher than the conventional dose limitation [13].

Altering Anthracycline Administration Administering
anthracyclines via continuous infusion rather than as a bolus
dose, has been proposed to limit peak dose levels and reduce
cardiac side effects. Accordingly, prolonged anthracycline
infusion schedules have been shown to be associated with a
lower incidence of cardiotoxicity, when compared to bolus
therapy [13]. However, this remains a controversial issue. If,
on one hand, continuous infusion limits peak anthracyclines
levels, on the other, it prolongs the patient’s exposure to the
drug’s toxic effects. Experimentally, a longer exposure time
has been shown to counteract functional recovery of the
cardiomyocytes damaged by anthracyclines [13, 15].

Using Less Cardiotoxic Anthracycline Analogues In the
attempt to create drugs as effective as conventional
anthracyclines, but with a lower risk of inducing cardiotoxicity,
various novel anthracycline analogues have been developed

over the past years. Epirubicin, idarubicin, and mitoxantrone
have shown lower cardiotoxicity in some preclinical and clinical
studies [13, 15]. Despite the fact that cardiotoxicity occurs at a
higher cumulative dose of epirubicin than doxorubicin,
epirubicin must be administered at higher doses than doxoru-
bicin to obtain the same clinical response (epirubicin 90 mg/
m2=doxorubicin 60 mg/m2) [13]. Idarubicin has also shown a
lower cardiotoxic profile than doxorubicin in preclinical and
animal studies; however, subsequent clinical studies have not
confirmed these findings [13, 15]. Conflicting data also exist
for mitoxantrone, an anthracenedione derivative of doxorubi-
cin [2•, 13, 15].

Using Liposomal Anthracycline Formulations Liposomal
anthracyclines were developed to reduce the cardiotoxicity
of doxorubicin while preserving its antitumor efficacy.
Liposomes have several advantages over non-capsulated
drugs [16]: first, improved pharmacokinetics and drug release;
second, enhanced cellular penetration through different mech-
anisms, such as fusion of the liposomal membrane with the
cellular plasma membrane; third, the possibility of selectively
targeting anticancer drugs directly to the tumor, preventing
side effects to healthy tissues [16]. Liposomes cannot escape
the vascular space where capillaries have tight junctions,
found in the heart and the gastrointestinal tract. The tendency
to accumulate in myocardial cells is reduced, lowering
cardiotoxicity. Conversely, they exit the circulatory system
in areas where capillaries are disrupted by tumor growth,
resulting in high concentrations directly at tumor sites
[15, 16]. Currently, several liposomal anticancer drugs

Fig. 1 Schematic representation of
the possible strategies for cancer
drug-induced cardiotoxicity
detection, prevention, and
treatment. AC=anthracycline;
ACEI=angiotensin-converting
enzyme inhibitors; BB=beta-
blockers; CV=cardiovascular;
GLS=global longitudinal strain;
HF=heart failure; LVD=left
ventricular dysfunction;
RAS=renin-angiotensin system

Curr Cardiol Rep (2016) 18: 51 Page 3 of 10 51



for the treatment of Kaposi’s sarcoma, ovarian cancer, breast
cancer, and hematological malignancies are available or are in
advanced stages of clinical development [16].

Pharmacologic Prevention

Adding Cardioprotectants to Chemotherapy In the
cardioncology setting, there is great interest in using
cardioprotectant agents for abating the cardiotoxicity of anti-
neoplastic drugs, and this seems to be a promising alternative
to changing or even stopping treatment.

The hypothesis that chelation of iron could reduce
anthracycline-induced cardiotoxicity suggests that
dexrazoxane could be an important, specific, and clinically
useful cardioprotective agent against anthracyclines [17].
Other iron chelators, such as deferasirox or ICRF-161, how-
ever, did not provide these effects [15]. It has been shown that
dexrazoxane has additional mechanisms that might explain its
cardioprotective action. Besides iron chelation, dexrazoxane
is a catalytic inhibitor of DNA topoisomerase II (Top2). Top2ß
was recently indicated as the key mediator of anthracycline-
induced cardiotoxicity [15]. Doxorubicin is a strong inhibitor
of Top2, and causes the trapping of the enzyme on DNA as a
covalent complex. Lyu et al. [18] demonstrated that
dexrazoxane changes Top2’s configuration to a closed-clamp
form through tight binding to Top2’s ATP-binding sites,
which prevents anthracycline from binding to the Top2 com-
plex. Dexrazoxane significantly reduces anthracycline-related
cardiotoxicity in adults with varied solid tumors and in chil-
dren with acute lymphoblastic leukemia and Ewing’s sarcoma
[19]. There is strong evidence that patients who were treated
with dexrazoxane had a lower incidence of HF compared to
those who were not. Despite these consistently positive find-
ings, the use of dexrazoxane has not been widely adopted and
is recommended as a cardioprotectant only in patients with
metastatic breast cancer who have already received >300
mg/m2 of doxorubicin [20]. Suspicion of interference with
the efficacy of anthracyclines, and the occurrence of second-
ary malignancies, in addition to its possible myelosuppressor
effect might explain this [19]. In a recent meta-analysis of ten
studies enrolling over 1600 patients, however, patients treated
with dexrazoxane in conjunction with anthracyclines had
about 1/3 lower risk of HF compared to patients given
anthracyclines without dexrazoxane, with similar response
rate and survival. Moreover, no significant difference in the
occurrence of secondary malignancies was identified.
Therefore, if cardiotoxicity risk is expected to be high, using
dexrazoxane in patients treated with anthracycline seems to be
justified [19].

Other cardioprotective agents such as coenzyme Q10,
carnitine, N-acetylcysteine, antioxidant vitamins E and C,
erythropoietin, endothelin-1 receptor antagonist bosentan,
lipid-lowering agent probucol, iron-chelating agents such

as desferoxamine and EDTA have been investigated in animal
models and small clinical studies. Preliminary evidence shows
that these agents may have cardioprotective effects, but their
utility in preventing anthracycline-induced cardiotoxicity re-
quires further investigation [13, 19].

Adding Cardiovascular Agents to Chemotherapy
(Table 2)

The cardioprotective effect of carvedilol was first demon-
strated in animals and in-vitro studies [13, 21]. The first clin-
ical study in an adult population was a randomized, placebo-
controlled trial in which carvedilol prevented LVD in a small
number of patients treated with anthracyclines [21]. In patients
co-administered carvedilol together with anthracyclines, left
ventricular ejection fraction (LVEF) did not change during the
6-month follow-up, but decreased in the control group (69%
vs. 52%; p<0.001), which also had higher mortality.

Exactly why carvedilol has a protective effect is not clear.
However, it seems due to its antioxidant activity, rather than its
ß-blocking action [22]. A study comparing carvedilol to aten-
olol, a β1 selective antagonist without antioxidant properties,
showed that carvedilol prevented mitochondrial damage and
reduced the histopathologic changes associated with doxoru-
bicin cardiotoxicity as opposed to atenolol [16]. Furthermore,
in some tumor cells, carvedilol increased the cytotoxicity of
doxorubicin by reversing tumor multi-drug resistance via in-
hibition of the efflux protein p-glycoprotein. Thus, carvedilol
seems to be very effective as a cardioprotective agent without
impairing the antineoplastic activity of anthracyclines [22].

The protective effect against anthracycline-induced
cardiotoxicity of nebivolol, a ß1 selective antagonist with
NO-dependent vasodilatory properties, has been demonstrat-
ed in a small randomized trial [23]. In 27 patients with breast
cancer, nebivolol was initiated 7 days before anthracycline-
based chemotherapy and continued for 6 months. In these
patients, LVEF and N-terminal pro-brain natriuretic peptide
(NT-proBNP) remained unchanged after 6 months; in the pla-
cebo group (n=18) however, a significant decrease in LVEF
was observed along with an increase in NT-proBNP.

In a recent retrospective study by Seicean et al. [24] includ-
ing 106 breast cancer patients, the continuous use of beta-
blockers during cancer treatment, which included
anthracyclines, trastuzumab, or anthracyclines followed by
trastuzumab, was associated with a decreased incidence of
HF over a 5-year period. The authors, however, did not match
their results according to chemotherapy type or the many
types of beta-blockers utilized in their study population [22].
Several preclinical studies show that not all β-blockers are
equally effective: some data suggest that β1 selective antago-
nists, rather than non-selective β-blockers, might offer better
protection against anthracycline-induced cardiotoxicity.
However, analysis of cancer registry data suggests that β2
limits breast cancer–specific mortality but β1 does not [22].
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Therefore, their net effect in preventing cancer therapy-related
cardiotoxicity remains unclear.While carvedilol and nebivolol
seem beneficial, non-selective β-blockers such as propranolol
are possibly cardiotoxic, and the effect of metoprolol appears
neutral [25, 26].

Experimental data imply that the cardiac renin-
angiotensin system (RAS) could play a significant role in
the development and progression of anthracycline-induced
cardiotoxicity [6••, 27], highlighting the possible benefi-
cial effects of angiotensin-converting enzyme inhibitors
(ACEI) [27]. Treatment with lisinopril, when initiated after
the termination of chemotherapy, significantly inhibited
cardiac ACE activity and improved mortality, cardiac remod-
elling and LVD in hamsters [28]. In a canine model of
doxorubicin-induced cardiomyopathy, enalapril treatment
blunted LVEF decrease and reduced mortality by 64% [29].
The authors attributed the effect to the direct scavenging ac-
tion of enalapril on the free radical production induced by
doxorubicin, because increased oxidative stress has been sug-
gested as a possible primary cause in the development of
anthracycline-induced cardiotoxicity. Enalapril, however,

does not include the sulfhydryl group, required for the optimal
free radical scavenging, in its structure [30]. Other studies,
have found that ACEI, both including and excluding the sulf-
hydryl group are effective against anthracycline-induced
cardiotoxicity. Abd El-Aziz et al. [30] compared captopril,
containing a sulfhydryl group, and enalapril that does not in
male rats; both drugs created similar protection against
adriamycin-induced cardiotoxicity, suggesting that their pro-
tective effect may be exerted by mechanisms other than the
anti-oxidant effect [27–29].

Nakamae et al. [31] conducted a randomized trial, showing
valsartan, an angiotensin II receptor blocker (ARB), when
given at the same time as anthracycline-containing chemother-
apy, prevents increase in atrial natriuretic peptide and brain
natriuretic peptide, acute increase in left ventricular diastolic
diameter, and prolongation and dispersion in QTc interval, in a
small population. Since no significant change was observed in
blood pressure or heart rate between the valsartan and control
groups, the authors hypothesize that the beneficial effects of
valsartan on acute cardiotoxicity could not be mediated by its
hemodynamic effects, but by the direct inhibition of

Table 2 Cardiovascular drugs showing a prophylactic effect against anticancer therapy-induced LVD in adult cancer populations

Study (year) Study design/
follow-up

N. Cancer type Drugs Intervention Results

Beta-blockers

Kalay (2006) [21] RCT/6 months 50 various AC carvedilol No LVEF

Kaya (2012) [23] RCT/6 months 45 breast cancer AC nebivolol No LVEF and NT-proBNP↑

Seicean (2013) [24] retrospective/5 years 318 breast cancer AC,TRZ beta-blockers HF ↓

Pituskin (2015) [34] RCT/12 months 99 breast cancer CT+TRZ bisoprolol No LVEF

ACEI

Cardinale (2006) [27] RCT/12 months 114 various HD CT enalapril No LVEF ↓; MACE incidence ↓

Pituskin (2015) [34] RCT/12 months 99 breast cancer CT+TRZ perindopril No LVEF ↓

ARB

Nakamae (2005) [31] RCT/7 days 40 NHL AC valsartan No LVEDD↑;no BNP and
ANP↑;no QT↑

Cadeddu (2010) [32] RCT/18 months 49 various AC telmisartan No peak strain rate↓;no
interleukin-6↑

Gulati (2015) [33] RCT/1.5-16 months 120 breast cancer AC+Tx+TRZ candesartan No LVEF ↓

Aldosterone antagonists

Akpek (2015) [35] RCT/6 months 83 breast cancer AC spironolactone No LVEF↓; no TNI and BNP↑

ACEI + beta-blockers

Bosh (2013) [36] RCT/6 months 90 hematological AC enalapril + carvedilol No LVEF↓; death↓; HF ↓

Statins

Acar (2011) [39] RCT/6 months 40 hematological AC atorvastatin No LVEF↓

Seicean (2012) [40] retrospective/5 years 67 breast cancer AC statins HF ↓

Chotenimitkhun (2015) [41] PO 51 various AC atorvastatin/simvastatin No LVEF↓

ACEI angiotensin-converting enzyme inhibitor, ANP atrial natriuretic peptide, ARB angiotensin receptor blocker, BNP brain natriuretic peptide, HD CT
high-dose chemotherapy, LVEF left ventricular ejection fraction, LVEDD left ventricular end-diastolic diameter, HF heart failure,MACEmajor adverse
cardiac events, NHL non Hodgkin lymphoma, NT-proBNP N-terminal-proBNP, QT QT interval, PO prospective observational, RCT randomized
controlled trial, Tx taxanes, TNI troponin I, TRZ trastuzumab
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angiotensin II receptors, supporting previous findings in ani-
mal models demonstrating a key role of the local RAS in
doxorubicin-induced cardiotoxicity [27–29].

Telmisartan, another ARB, was studied in a randomized
trial including 49 patients free of cardiovascular diseases and
treated with epirubicin for a variety of solid cancers [32].
Twenty-five patients started telmisartan 1 week before
epirubicin and showed no relevant diminution in myocardial
deformation parameters (peak strain rate) as revealed by tissue
Doppler echocardiography, nor any significant increase in re-
active oxygen species or in interleukin-6, after 18 months of
follow-up, as found in 24 patients receiving only epirubicin.
The authors assumed that the beneficial effect of telmisartan is
affected not only by RAS blockade, but also by its anti-
inflammatory and anti-oxidant properties.

The results of the PRADA (Prevention of Cardiac
Dysfunction during Adjuvant Breast Cancer Therapy) trial
have very recently demonstrated that candesartan—but not
metoprolol—concomitantly administrated with adjuvant che-
motherapy including epirubicin, with or without trastuzumab,
can protect against early decline in LVEF, assessed with car-
diac magnetic resonance [33].

The use of perindopril versus bisoprolol in patients with
HER2+ breast cancer undergoing treatment with trastuzumab
in the prevention of LVD has been investigated in the
MANTICORE-101 (Multidisciplinary Approach to Novel
Therapies in Cardiology Oncology Research). At the end of
trastuzumab therapy, neither drug had an impact on left ven-
tricular end-diastolic volume (primary outcome of change
from baseline in the study). In univariate analysis only
bisoprolol was associated with preservation of baseline func-
tion (from 62% to 61%) (secondary outcome). However, in
multivariate analysis, use of both cardiac drugs significantly
predicted preserved LV function (for perindopril, P = 0.013;
for bisoprolol, P < 0.001) [34].

Aldosterone antagonism has very recently been evaluated
in a trial including 83 patients randomized to receive
spironolactone, or not, and concomitant anthracycline-
containing chemotherapy [35]. Three weeks after the end of
chemotherapy, spironolactone had prevented a decrease in
LVEF, blunted the increase in troponin I and NT-proBNP,
and also preserved diastolic function.

The preventive efficacy of a combination of enalapril and
carvedilol was recently tested in the OVERCOME
(preventiOn of left Ventricular dysfunction with Enalapril
and caRvedilol in patients submitted to intensive
ChemOtherapy for the treatment of Malignant hEmopathies)
trial, including anthracycline-treated patients [36]. Subjects
were randomized to enalapril plus carvedilol (n=45) or the
control group (n=45). After 6 months, LVEF did not change
in the intervention group but significantly decreased in con-
trols (P=0.035). When compared with controls, the interven-
tion group showed a lower rate of the combined event of death

or HF (6.7% vs. 22%; P=0.036), or of death, HF and a final
LVEF <45% (7% vs. 24%; P=0.02).

Statins’ potential role in the prevention of anthracycline
induced-cardiotoxicity comes from their pleiotropic effects,
particularly their anti-oxidative properties [5]. Riad et al.
[37] showed that pre-treatment utilizing fluvastatin is
cardioprotective against doxorubicin in mice, decreasing oxi-
dative stress, enhancing expression of anti-oxidative enzyme
mitochondrial superoxide-dismutase2, reducing cardiac in-
flammation and cytokine release. Very recently, Henninger
et al. [38] demonstrated that lovastatin prevented decrease in
fractional shortening and in LVEF in doxorubicin-treated
mice. In the clinical setting, the only trial available is by Acar
et al. [39] Forty patients—all without pre-existing cardiovas-
cular abnormalities—were randomized into statin or control
groups. The statin group received 40 mg/day of atorvastatin
before chemotherapy, regardless of baseline lipid values, and
therapy was continued for 6 months. In the statin group de-
crease in high-sensitivity C-reactive protein levels was ob-
served without difference in LVEF from baseline to final value
(61±8% vs. 63±9%; p=0.144). Conversely, LVEF decrease in
the control group was significant (63±7% vs. 55±9%;
p<0.0001).

In a retrospective observational study of 67 anthracycline-
treated breast cancer patients who had already received statins
for other indications, uninterrupted statin use was associated
with a notable reduction of HF risk and cardiac-related mor-
tality over 2.2±1.7 years of follow-up, versus the 134
propensity-matched controls (HR 0.3, CI 95%.0.1-0.9;
p=0.03) [40]. More recently, Chotenimitkhun et al. [41] pub-
lished a prospective observational study showing persons
already receiving statin therapy for prevention of cardiovas-
cular disease experienced less reduction in LVEF at 6 months
after anthracycline-containing chemotherapy, than those not
receiving statins. Additional, larger studies are needed to con-
firm the promising role of statins as cardioprotective agents.

Detection of Preclinical Cardiotoxicity and LVD
Prevention

Role of Biomarkers

Early identification of patients at high risk of cardiotoxicity by
cardiac biomarkers—in particular troponin—provides a ratio-
nale for targeted preventive strategies against cancer therapy-
induced LVD and its associated clinical complications, with
the advantage of limiting prophylactic therapy only to a re-
stricted number of patients. We can speculate that
cardioprotective therapies that limit or prevent an increase in
cardiac biomarkers after chemotherapy, as well as cardiac
treatments that interfere with their persistence, could improve
cardiac prognosis of these patients [42, 43••].
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The usefulness of troponin I for the selection of patients
requiring prophylactic therapy was investigated in a random-
ized, controlled trial in which the cardioprotective effect of
enalapril was evaluated [27]. In 58 out of 114 patients with
early troponin I positivity after high-dose chemotherapy, enal-
april was initiated 1 month after the completion of chemother-
apy, titrated as tolerated, and continued for 1 year. None of the
treated patients developed LVD vs. 43% of Controls, during
the follow-up period. Moreover, a significantly lower inci-
dence of adverse cardiac events was observed in enalapril
treated patients. These findings confirm that cardiotoxicity
can effectively be prevented by such an approach, and that
this prophylactic strategy can be easily and safely applied in
daily clinical practice in selected high-risk patients.

Role of Myocardial Deformation Parameters

Several small studies evaluating tissue Doppler and strain rate
imaging detected early subclinical changes in cardiac function
during and after chemotherapy that preceded a decrease in
LVEF [44]. By using tissue Doppler-based strain imaging,
peak systolic longitudinal strain rate has reliably recognized
most early myocardial variations during anticancer therapy,
whereas with speckle tracking echocardiography (STE), peak
systolic global longitudinal strain (GLS) would appear to be
the most accurate measure. A 10 to 15% early decrease in
GLS by STE during therapy seems to be the most useful
parameter for the prediction of cardiotoxicity, defined as
a drop in LVEF or HF. An ongoing randomized trial
(www.clinicaltrials.gov NCT02177175) is assessing the
use of carvedilol for the prevention of anthracycline/
trastuzumab-associated cardiotoxicity among women with
HER2-positive breast cancer using myocardial strain for
early risk stratification. In this trial carvedilol is started in
women showing an absolute decrease in GLS below 19%
or in case of a decrease ≥11% from baseline.

Detection OF LVD and Prevention of Symptomatic
Heart Failure

Close Monitoring of Cardiac Function

For patients receiving potentially cardiotoxic anticancer ther-
apy, the international cardiologic guidelines recommend rou-
tine periodic assessment of LVEF [45, 46]. However, most
methods utilized in clinical practice (echocardiography, radio-
nuclide-angiocardiography, etc.), have low sensitivity and
poor predictive value [47, 48]. This is largely because no
considerable change in LVEF occurs until a critical amount
of myocardial damage has taken place. Therefore, the diagno-
sis of cardiotoxicity by the decrease in LVEF precludes, by
definition, any chance of prevention. In addition, the

measurement of LVEF presents a number of challenges relat-
ed to image quality, assumption of left ventricular geometry,
load dependency, and expertise [47, 48].

In a recent prospective study involving a large population
treated with anthracycline, closemonitoring of LVEF by echo-
cardiography, during the first 12 months after the completion
of chemotherapy, allowed early detection of almost all (98%)
cases of cardiotoxicity, and prompt treatment with enalapril
and carvedilol, or bisoprolol, which led to normalization of
LVEF in 82% of cases. However, only 11% of patients had a
full recovery (a LVEF equal to that before chemotherapy ini-
tiation); in the remaining 89% of patients, LVEF resulted be-
low the baseline value [49].

Guidelines for monitoring patients receiving trastuzumab
are specifically focused on the continuation/withdrawal/re-
sumption of trastuzumab according to LVEF value assessed
during administration [14, 50, 51]. No evidence-based recom-
mendations for the treatment of patients developing LVD
during and after trastuzumab therapy have been formulated
thus far. To date, the evidence supporting the use of ACEI
and beta-blockers in this setting is limited to case series.
However, follow-up data from the largest trials show that, in
many patients treated with anthracyclines and, subsequently,
with trastuzumab, LVD does not recover, that up to 2/3 of
patients continue to receive cardiac medications after complete
functional recovery, and that many patients show LVEF lower
than that at baseline, despite optimal HF therapy [52]. This
evidence suggests that strategies aimed at preventing the de-
velopment of LVD appear strategically more effective than
interventions aimed at counteracting extant LVD, which can
be progressive and irreversible in many cases.

Future Directions

Ongoing Studies

Further studies are ongoing to evaluate cardiovascular drugs
as cardioprotectant agents. The ICOS-ONE trial (International
CardiOncology Society; NCT01968200) [2•] is a randomized
trial designed to compare the use of enalapril concomitantly
with anthracycline-containing chemotherapy vs. enalapril ad-
ministration after preclinical cardiotoxicity detection, revealed
by the increase in troponins.

The SAFE (Cardiotoxicity Prevention in Breast Cancer
Patients Treated with Anthracycline and/or Trastuzumab) trial
is assessing whether the use of ramipril or bisoprolol, or their
combination can prevent the development of HF in women
receiving neoadjuvant or adjuvant anthracycline-containing
chemotherapy, with or without trastuzumab.

In NCT01708798, the potential ability of the aldosterone
antagonist, eplerenone, to prevent doxorubicin-induced
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cardiotoxicity, will be explored in a randomized controlled
trial of breast cancer patients [2•].

To our knowledge, studies focused on prevention of LVD
in patients treated with anticancer therapy different from
anthracyclines, taxanes, trastuzumab or their combination
are still lacking. To investigate preventive pharmacologic
strategies also in populations treated with novel anticancer
drugs, which have demonstrated unexpectedly high incidence
of LVD, is a current need in the field of cardioncology, besides
being a stimulating incentive.

Cardiac Progenitor Cells

In a future perspective, cardiac progenitor cells may find a role
in the prevention and treatment of anthracycline-induced
cardiotoxicity, possibly promoting cardiac repair. Autologous
cardiac progenitor cells can be obtained prior to antineoplastic
drug administration and subsequently given to those individ-
uals particularly predisposed to cardiotoxicity [53–56].

Exercise

Positive health-promoting behavior, including lifestyle factors
(healthy diet, smoking cessation, regular exercise, weight con-
trol) should be strongly advised by both cardiologists and
oncologists. In particular aerobic exercise is considered a
promising non-pharmacological strategy to prevent and or
treat chemotherapy-induced cardiotoxicity.

Mainly, walking and cycling activities, also associated with
strength exercises have been tested, and the benefit is greater
when the exercises are more intense but not up until exhaus-
tion, which should be strongly discouraged. Patients receiving
cancer treatment often have multiple physical and psycholog-
ical adverse effects. A multidisciplinary approach is essential
for long-term management of cancer patients. A review of 56
trials including 4826 participants showed an improvement in
quality of life and physical ability during and after the exercise
training program [57].

Exercise training could reduce cardiotoxicity after
anthracycline therapy. Aerobic exercise has been shown to
mediate doxorubicin-induced cardiotoxicity in animal
models, supposing mechanisms including decreased ROS for-
mation, reduced expression of pro-apoptotic signaling, pres-
ervation of cardiomyocyte proliferation, improved calcium
handling, and triggering the AMP-activated-protein-kinase
pathway, which results in improved myocardial energetics
[58, 59].

It has been shown that exercise can be effective in abating
chemotherapy-induced cardiotoxicity risk in breast cancer sur-
vivors [6••, 60]. Ninety breast cancer patients receiving
doxorubicin-cyclophosphamide were randomized to receive
doxorubicin-cyclophosphamide alone or in combination with
supervised endurance exercise training (cycle ergometry, 60

min/3 times/week at 60% of baseline VO2 peak), for 12
weeks. Doxorubicin-cyclophosphamide-induced increase in
atrial natriuretic peptide was attenuated by exercise training
[61]. Exercise has been shown to decrease all-cause mortality
in the oncologic patient population [5]. Studies to define the
effect of exercise on cardiotoxicity in this population are war-
ranted; some of these trials are ongoing (NCT01943695) [6••].

Conclusions

Cancer therapy-induced cardiotoxicity still remains a serious
problem, strongly affecting both quality of life and overall
survival of cancer patients. Several strategies for preventing
cardiotoxicity have been developed to minimize cardiac-
related mortality and morbidity. There is encouraging evi-
dence that prevention of cardiotoxicity is achievable, but it
requires a multidisciplinary approach and a close collabora-
tion among oncologists and cardiologists. The most effective
approach for minimizing cardiotoxicity is its early detection
and prompt prophylactic treatment initiation. The use of tro-
ponins for identification of patients with subclinical
cardiotoxicity and their treatment with ACEI, for prevention
of LVD and cardiac events, seems to be an effective strategy
against these complications.When this kind of approach is not
feasible, a complete LVEF recovery and a parallel reduction of
cardiac events may still be obtained, if LVD is detected early
after the end of chemotherapy and treatment with ACEI and
beta-blockers is promptly initiated [13]. However, the optimal
approach to minimize cardiotoxicity, the best method for its
early detection, and the more effective medical regimen to
prevent it, are at present still an object of debate.

Cardioncology is a new medical and interdisciplinary field
of growing interest, based on a comprehensive approach for
the management of cardiovascular outcomes in patients un-
dergoing anticancer therapy. Because of the scarcity of
evidence-based indications and the urgent need for expertise
in this area, cardioncology represents a novel, topical research
and clinical discipline still largely unexplored. Involved clini-
cians and researchers have the formidable task of investigating
this setting and charting new evidence-based guidelines. In
particular, this represents a sizable challenge for both cardiol-
ogists and oncologists, which presents, at the same time, a
stimulating incentive.
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