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Abstract: Cardiotoxicity encompasses a spectrum of adverse cardiological effects experienced by
cancer patients during and after receiving antineoplastic treatments. The intersection of cancer
care with the management of the multiple comorbid non-communicable diseases carried by
patients or related to cancer treatments motivates the need for an integrated and multidisciplinary
approach to therapeutic clinical decision-making. This present review aimed to provide a
perspective and an update of the current pharmacotherapy approaches for the prevention and
management of cardiotoxicity from antiblastic chemotherapy; as such, it addresses myocardial,
vascular, and arrhythmic disorders associated to chemotherapy, by navigating the current knowledge
and clinical indications in support of the medical interventions. Clinical scenarios of pharmacological
interventions take place with patients receiving anthracycline and, by extrapolation, other agents
with cardiotoxic potentials and non-chemotherapy agents, including various small molecules and
immunotherapy agents. Analysis of these scenarios aims to provide practical evidence-based guidance
for the management of drug-induced cardiac dysfunctions. The possible role of new biomarkers
for the early recognition of cardiotoxicity is mentioned across the clinical studies, with reference to
the pharmacological biomarker-driven interventions delivered. To best inform survivorship care,
the management and context of cardio-oncology services are discussed within the broader network
of providers and settings of care.

Keywords: cardiotoxicity; chemotherapy; cardio-oncology; treatment-related adverse events;
pharmacotherapy

1. Introduction

The improvement of early diagnosis and timely cancer treatments has resulted in an improvement
of the cancer survival rate in the last decade, with a growing population of cancer survivors.
Cancer survivors can carry a multitude of treatment-related comorbidities, including cardiovascular
toxicities [1]. As a consequence of treatments, cardiac and vascular pathological conditions can arise de
novo from identifiable causal therapeutic agents or emerge for clinical consideration as a worsening of a
previously known comorbidity. The presence of comorbidities has a prominent prognostic significance
for cancer patients, independently affecting the survival outcomes [2,3]. However, the quality of
data used to guide the clinical decisions regarding the appropriate clinical strategies of prevention
and control of the cardiovascular sequelae in cancer survivors is still scarce and is widely based on
experts’ consensus. This motivates the urgent need for research in cardio-oncology. This present
review aims to discuss key points for the management of patients treated with chemotherapy agents
and experiencing one or more cardiovascular treatment-related toxicities at some point during the

J. Clin. Med. 2020, 9, 2885; doi:10.3390/jcm9092885 www.mdpi.com/journal/jcm

http://www.mdpi.com/journal/jcm
http://www.mdpi.com
http://www.mdpi.com/2077-0383/9/9/2885?type=check_update&version=1
http://dx.doi.org/10.3390/jcm9092885
http://www.mdpi.com/journal/jcm


J. Clin. Med. 2020, 9, 2885 2 of 18

care process. The scheme used in the present work is based on the following tripartite approach
for cardiovascular disease description and reporting: alterations of the contractile myocardium,
insufficiency of the vascular supply, and electric heart disorders. The toxicity caused by anti-vascular
and targeted agents or immune agents are outside the primary scope of this review and will only be
briefly mentioned, addressing the analogies and divergencies with chemotherapy (Figure 1).
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2. The Setting for the Management of Chemotherapy-Related Cardiotoxicity

Cancer health providers are generally aware of the acute onset of the cardiovascular toxicities
related to chemotherapeutics or selected monoclonal antibodies and small molecules, and to some
extent, of the myocardial effects from immunotherapy agents. However, the management of long- term
sequelae is often transferred to the primary health setting (PHS) [4–8]. A multitude of cardiovascular
sequelae can emerge as clinically relevant entities during or beyond the temporal window of a standard
follow-up, generally between 5 and 10 years after the cancer treatment completion [9]. The current
international guidelines for the estimation of cardiovascular risk generally do not account for the history
of cancer and the receipt of previous treatments, such as chemotherapies (i.e., type and exposure)
and radiation therapy (i.e., volume and dose) [10,11]. Therefore, the development of an adjustable
tool that is ready for clinical utilization to better tailor the needs of cancer patients for the screening
and prevention of the cardiovascular spectrum of diseases, framed in a comprehensive approach,
is urgently required [12]. Furthermore, the identification of patients at higher risk to experience cardiac
toxicities or develop long term sequelae is a healthcare priority, which requires an approach that
involves the continuum of care and a pluralistic dialogue between clinicians from the referring PHS to
specialistic care [13].

3. Principles of Treatment of the Chemotherapy-Induced Cardiotoxicity

3.1. Prevention of Cardiovascular Damage

Patients with no baseline cardiovascular impairment, no increased risk for cardiovascular
events, and a conserved left ventricular ejection fraction (LVEF) can benefit from primary preventive
pharmacotherapeutic interventions [14]. Primary prevention with antidotes against cardiotoxic agents
has been proposed in the past, particularly when patients are exposed to high doses of cardiotoxic agents.
Anthracyclines are the most prominent cancer treatment agents that cause heart damage, which is
expressed mainly, but not exclusively, as left ventricular dysfunction, especially in the symptomatic stage
of the damage [15]. The benefit of anthracyclines in some tumors, for example, lymphoma, leukemia,
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and breast cancer, has been thoroughly established but the onset of cardiac toxicity or cardiological
contraindications for anthracyclines can result in a poorer oncological outcome, which emphasizes the
need to maintain the treatment intensity while ensuring the safest delivery for patients [16]. The most
common pattern of toxicity from anthracyclines is cumulative, dose-dependent, and not reversible [17].
Studies on a large mix of cohorts of cancer patients have reported cardiotoxicity occurring in 1 patient out
of every 10 treated with chemotherapy, mainly during or just after the completion of the treatments [18].

3.1.1. An Antidote to Reduce the Direct Damage of Cytotoxic Drugs: The Dexrazoxane Paradigm

Dexrazoxane is a derivative of the chelating agent ethylenediaminetetraacetic acid, which is an
iron chelator that can reduce the generation of oxygen radical species [19]. Radical stress mediated
by superoxide species is considered the principal etiopathogenetic mechanism of cardiac damage in
the presence of anthracycline. Though it is still unclear how anthracyclines damage cardiomyocytes,
the prevention of the formation of anthracycline complexes with metal ions seems to dampen
the release of harmful free radicals, reducing cardiac damage [19]. The use of dexrazoxane as a
cardioprotective agent has been included in the clinical protocols since the 1980s. However, in 2011,
the European Medicines Agency issued a re-analysis of the safety profile of this agent, raising possible
concerns regarding its association with increased risks of infection, myelosuppression, and secondary
malignancies, mainly hematologic, with special relevance to pediatric use, contraindicating the drug
for children and adolescents due to insufficient evidence of safe activity [20]. In adults, the role of
dexrazoxane has been systematically documented in a Cochrane Group review, pooling the data from
ten clinical randomized trials on 1619 patients [21]. The meta-analysis showed a statistically significant
benefit in favor of dexrazoxane relative to the occurrence of heart failure (relative risk: 0.29; 95% CI:
0.20–0.41) and confirmed the oncological safety of this drug. No evidence for a difference in response
rate, survival, or occurrence of secondary malignancies between the dexrazoxane and control groups
was demonstrated [21]. When used as part of the chemotherapy of cancer patients, dexrazoxane
has been shown to provide acute cardioprotection, based on surrogate markers of cardiac damage,
such as troponin-T levels and echocardiographic measurements. However, no long-term data proving
a reduction of the risk for symptomatic heart failure in children receiving high-dose anthracyclines has
been reported [22]. In adults, the use of dexrazoxane is approved for restricted clinical indications,
namely, in patients for which the cumulative dose of anthracycline is anticipated to be higher than
300 mg/m2 of doxorubicin (or 540 mg/m2 of epirubicin) [23]. In particular, in Europe, the use is limited
to metastatic breast cancer patients when the cumulative dose exceeds 300 mg/m2 of doxorubicin but
anthracyclines are still used [24].

3.1.2. Targeting the Key Pathogenetic Mechanisms of Chemotherapy-Induced Cardiotoxicity

The activation of the renin–angiotensin–aldosterone hormone system (RAAS) has been suggested
as playing a central role in the physiopathology of the anthracycline-induced chain of cardiotoxic
events. RAAS is a finely controlled biological system for the maintenance of ions, fluid balance, and
blood pressure [25]. The system is made up of protein fractions in the plasma: renin, an enzyme
secreted by specialized juxtaglomerular kidney cells in response to hemodynamic and neuro-endocrine
stimulations; angiotensinogen, produced by the liver and converted by renin into angiotensin I;
angiotensin-converting enzyme (ACE), an enzyme that cleaves angiotensin I into angiotensin II,
which exerts biological activities via receptor type I and type II, and regulates the adrenal incretion of
aldosterone. At the level of cardiomyocytes, RAAS has a role in the cellular stress response that is
involved in the pathogenesis of pathological heart remodeling in patients carrying chronic cardiotoxic
sequelae [26]. Therefore, the use of angiotensin-converting enzyme inhibitors (ACE-I) or angiotensin
receptor blocker (ARBs or “sartans”) represents a cornerstone in the prevention and treatment of
cardiovascular sequelae of a multitude of risk-increasing conditions, including chemotherapy [26].

The blockade of the RAAS using the endocrine effector aldosterone has been identified
as an appealing strategy in this context. Spironolactone is a steroid with anti-aldosterone
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properties, which is used in clinical settings for multiple indications of primary or compensatory
hyper-aldosteronism, including heart failure. A Turkish clinical trial tested the cardioprotective value
of spironolactone, enrolling breast cancer patients (5–15% metastatic patients) receiving adriamycin or
epirubicin-containing chemotherapy regimens [27]. Patients were monitored with two-dimensional
trans-thoracic heart ultrasonography for the estimation and monitoring of the LVEF. The investigators
observed that the LVEF decreased from 67.0 ± 6.1% to 65.7 ± 7.4% (p = 0.094) in the spironolactone
group and from 67.7 ± 6.3% to 53.6 ± 6.8% (p < 0.001) in no spironolactone group, reporting an
attenuation of the LVEF suppression from the baseline when the cardioprotective drug was added.
An exploratory analysis found a correlation between the LVEF and the cumulative dose of both the
doxorubicin and epirubicin anthracyclines (r = 0.66–0.72), hypothesizing a cumulative dose effect.

The manipulation of RAAS has also been achieved using receptor blockers of the peptide hormones.
The PRADA (PRevention of cArdiac Dysfunction during Adjuvant breast cancer therapy) study on the
prevention of LVEF dysfunction enrolled patients with breast cancer who were treated with adjuvant
chemotherapy-containing anthracyclines, with or without trastuzumab, and locoregional radiation
therapy (n = 120 patients). These patients received the ARB candesartan cilexetil, the beta 1 selective
adrenergic blocker (bB) metoprolol succinate, or a combination of them [28]. PRADA was designed as
a 2 × 2 factorial study (beta-blocker vs. ARB or cardioprotective therapy vs. no protective therapy),
with the aim to measure the change in LVEF from baseline to the completion of the adjuvant anticancer
therapy, as determined using cardiac magnetic resonance (MRI). The study population presented
a low percentage of co-morbid conditions or cardiac risk factors at baseline. For patients receiving
candesartan, the drug attenuated the LVEF decline by 1.8% compared to the placebo, for patients both
with and without baseline hypertension. The incorporation of metoprolol was not associated with
a significant adjunctive protective effect in terms of an LVEF change (p = 0.77). Overall, the combination
of the two drugs failed to show a synergistic effect. The OVERCOME (preventiOn of left Ventricular
dysfunction with Enalapril and caRvedilol in patients submitted to intensive ChemOtherapy for the
treatment of Malignant hEmopathies) trial assessed the role of the ACE-I enalapril plus the beta 1,
beta 2, and alpha 1 adrenergic receptor-blocker carvedilol in patients with acute leukemia or generic
blood malignancies, such that they were eligible for autologous hematopoietic stem cell transplantation,
and with the absence of baseline left ventricular dysfunctions [29]. The study was conducted in a
single institution, on a Catalonian cohort of patients, and was designed to compare the absolute change
from baseline LVEF with or without the pharmacological intervention (n = 90 patients). In the first
semester of treatment, significant reductions in the echocardiography- and MRI-estimated LVEF was
observed between the control versus the experimental group of 3.1% and 3.4%, respectively, which was
essentially driven by patients with acute leukemia. More interestingly, an explorative analysis showed
an absolute difference in cardiovascular death or clinically significant heart failure of −15.3% with
enalapril and carvedilol. However, such analysis was only hypothesis-generating, as it was not
preplanned. To better understand the role of bBs in the setting of the prevention of organ dysfunction
in patients receiving cardiotoxic drugs, an adequately powered study has subsequently been designed
with the use of carvedilol, namely, the CECCY (Carvedilol for prEvention of Chemotherapy-related
CardiotoxicitY) trial (n = 200). [30] This trial enrolled breast cancer patients whose treatment was
initiated with anthracyclines [30]. The study was designed to test the alternative hypothesis that the
use of carvedilol would prevent systolic dysfunction (defined as a ≥10% reduction in the LVEF) at
6 months. In the short follow-up term established per trial, there was no significant difference in
the primary outcome in patients receiving or not receiving the preventive intervention, meaning the
null hypothesis could not be rejected. The investigators reported a higher likelihood of troponin I
pathological increase over time in the non-interventional group, suggesting a benefit regarding the
marker of myocardial necrosis. Furthermore, they noted a lower incidence of diastolic dysfunction
in the interventional group. Taken together, the results warrant a longer follow-up, as the troponin
increase and diastolic dysfunction have been proposed as early markers of cardiac damage that are
capable of anticipating a subsequent occurrence of heart failure [31] (Table 1).
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Table 1. Synoptic table of the principal studies on cardiotoxicity: prevention and management of cardiac toxicity occurring during cancer treatments.

Population (n) Study Type Cardioprotective
Intervention Outcome Measured Benefit of the Intervention Reference

Patients with a solid tumor or
leukemia receiving Ant (n = 1619) Meta-analysis Dexrazoxane Heart failure

(clinical and subclinical)

Statistically significant benefit in favor of
dexrazoxane for the occurrence of heart

failure (RR: 0.29, 95% CI: 0.20–0.41,
p < 0.00001).

Van Dalen et al., Cochrane Database Syst
Rev 2011 [21]

Pediatric patients receiving Ant for
AML (n = 1014) Prospective, observational Dexrazoxane

LVSD using TTE
(defined as SF < 28% or

EF < 55%)

Smaller EF and SF declines with
dexrazoxane compared to unexposed

patients across courses and a lower risk for
LVSD (26.5% vs. 42.2%; HR: 0.55; 95% CI:

0.36–0.86; p = 0.009).

Getz et al., J. Clin. Oncol. 2020 [32]

BC patients receiving Ant (n = 83)
Prospective, randomized,

placebo-controlled,
double-blind

Spironolactone LVEF using TTE

LVEF decreased from 67.0 ± 6.1% to
65.7 ± 7.4% (p = 0.094) in the spironolactone
group, and from 67.7 ± 6.3% to 53.6 ± 6.8%

in the control group (p < 0.001).

Akpek et al., Eur J Heart Fail 2015 [27]

Early BC patients receiving adjuvant
Ant +/- trastuzumab and RT (n = 120)

2 × 2 factorial,
randomized,

placebo-controlled,
double-blind

Candesartan, metoprolol,
or matching placebos LVEF using cardiac MRI

The overall decline in LVEF was 2.6%
(95% CI: 1.5–3.8%) in the placebo group and
0.8% (95% CI: 0.4–1.9%) in the candesartan

group in the intention-to-treat analysis
(p = 0.026). No effect of metoprolol on the

overall decline in LVEF.

Gulati et al., Eur Heart J 2016 [28]

Patients with malignant
memopathies that were eligible for

intensive chemotherapy (n = 90)
Randomized, controlled Enalapril and carvedilol LVEF using TTE and MRI

LVEF did not change in the intervention
group but significantly decreased in the
controls, resulting in a −3.1% absolute
difference based on echocardiography
(p = 0.035) and −3.4% (p = 0.09) in the

59 patients who underwent MRI.

Bosch et al., Jam Coll Cardiol 2013 [29]

Patients with HER2-negative early
BC receiving Ant (n = 200)

Prospective, randomized,
placebo-controlled,

double-blind
Carvedilol Early-onset decrease in

LVEF ≥ 10% at 6 months

Primary endpoint occurred in 14 patients
(14.5%) in the carvedilol group and

13 patients (13.5%) in the placebo group
(p = 1.0). No differences in changes in LVEF

were noted between groups.

Avila et al., J Am Coll Cardiol. 2018 [30]

Patients with advanced BC treated
with Ant (n = 120)

Prospective, blinded,
observational

Digitalo-diuretic therapy
+ ACE inhibitor

Recovery of the LVEF
after developing CHF

Cardiac function continued to deteriorate
during digitalo-diuretic therapy for

3 months. Almost all LVEF values returned
to normal after a median of 3 months of ACE
inhibitor therapy and remained stable in the

follow-up period (median of 33 months).

Jensen et al. Ann Oncol. 2002 [33]

Long-term survivors of pediatric
cancer exposed to Ant, with a cardiac

abnormality identified (n = 135)

Randomized,
double-blind, controlled Enalapril

Cardiac function
deterioration (defined

using MCI on an exercise
test or an increase in

LVESWS)

No difference in the rate of change in MCI
between enalapril and the placebo groups.

The rate of change in LVESWS was greater in
the enalapril group than in the placebo group
(−8.59 vs. 1.85 g/cm [2]; p = 0.033) during the

first year and maintained over time,
resulting in a 9% reduction in the estimated
LVESWS by year 5 in the enalapril group.

Silber et al., J. Clin. Oncol. 2004 [34]
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Table 1. Cont.

Population (n) Study Type Cardioprotective
Intervention Outcome Measured Benefit of the Intervention Reference

Patients with hematologic or solid
tumors with LVEF ≤ 45% due to

AC-CMP (n = 201)
Prospective study Enalapril and, when

possible, carvedilol
Recovery of the LVEF

using TTE

42% of patients were responders
(LVEF ≥ 50%), 13% were partial responders

(10% < LVEF ≤50%), and 45% were
non-responders (LVEF increase ≤ 10%).

Responders showed a lower rate of
cumulative cardiac events than partial and

non-responders (5%, 31%, and 29%,
respectively; p < 0.001).

Cardinale et al., J Am Coll Cardiol. 2010 [35]

Adult patients treated with Ant (n =
273)

Controlled, open-label,
phase III

Enalapril started before
Ant (prevention arm) or at

troponin increase
(troponin-triggered arm)

Incidence of troponin
elevation

No difference in the proportion of patients
with a first high troponin level: 23% in the

prevention group and 26% in the
troponin-triggered group (p = 0.50), or in the
time to the first troponin elevation (HR: 1.13,

95% CI: 0.70–1.83; p = 0.61). The median
level of the first elevation of troponin was

40% (22–90%) above the ULN in the
prevention group and 33% (18–50%) in the

troponin-triggered arm (p = 0.17).

Cardinale et al., Eur J Cancer. 2018 [36]

AC-CMP: anthracycline-induced cardiomyopathy, ACE: angiotensin-converting enzyme, Ant: anthracycline, AML: acute myeloid leukemia, BC: breast cancer, CHF: congestive heart
failure, EF: ejection fraction, HR: hazard ratio, LVEF: left ventricular ejection fraction, LVESWS: left ventricular end-systolic wall stress, LVSD: left ventricular systolic dysfunction, MCI:
maximal cardiac index, MRI: magnetic resonance imaging, RT: radiation therapy, SF: shortening fraction, TTE: transthoracic echocardiography, ULN: upper limit of normality.
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3.2. The Management of Cardiotoxicity Occurring during the Cancer Treatments: The Clinical Scenarios

3.2.1. Anthracycline-Related Damage: Targeting the Direct Cardiomyocytes Toxic Agents

The spectrum of cardiotoxicity during cancer treatments can be variable and protean. While the
onset of clinically critical adverse events can prompt the discontinuation of oncological therapies,
the decision to discontinue permanently potentially life-saving therapeutics can still be challenging.
Where clinically appropriate, the cardiological schedule of monitoring should be adjusted for the
risk of toxicity, based on a baseline risk estimation and the known potentiality of cardiotoxicity,
which dictates the intensity of both the types of surveillance strategies and the follow-up schedules [24].
Several clinical scenarios can be defined to provide pharmacotherapy for preventing severe sequelae
and treat specific events. We pooled some scenarios of common clinical presentations.

Clinical Scenario 1: Asymptomatic Patients Receiving Anthracycline

This scenario involves those patients receiving chemotherapy and experiencing an LVEF decrease
of ≥10% from baseline to below 50% and for all experiencing a decline of ≥40% but <50%. In these
patients, the (at least) temporary interruption of the treatment is mandated, and cardiologic therapy
should be considered to rescue the LVEF function before resuming the cancer treatments [24]. When no
intervention is provided, the probability of having a spontaneous rescue of the left ventricular systolic
function is poor (less than 10%). One prospective study on a Danish cohort of advanced breast cancer
patients analyzed the patterns of the decline of LVEF via serial measurements of the left ventricular
systolic function [33]. The study showed no improvement in the LVEF in patients experiencing
a deterioration of the cardiac function during 3 months of digitalo-diuretic therapy. However,
ACE-I therapy was able to rescue the LVEF in all the patients and stabilize the heart function in the
long term. When ACE-I was added to the treatment, no hypotension was observed, suggesting that a
low dose of ACE-I can be safely administered in patients with normal baseline arterial pressure, in the
absence of major contraindications. Another study designed for cancer survivors assessed the value of
the ACE-I enalapril at a low dose (0.098 mg/kg/die) against a placebo in a double-blind, controlled
clinical trial [34]. The target population consisted of patients aged 8 years and older who developed
cancer before the age of 20 years and were previously treated with anthracyclines for 2 or more years
from the completion of the cancer treatment. The authors demonstrated a significant rate of change
in the left ventricular end-systolic wall stress (LVESWS). LVESWS is an index of afterload, which is
proposed as an early marker of chemo-induced remodeling and heart failure. Though an improvement
of the LVESWS was observed, no change in the systolic function was detected in the exploratory
analysis, therefore providing inconclusive results for this population. To date, the administering of
protective agents to all-comer childhood cancer survivors with preclinical modifications of the heart
structure or function does not seem to be supported and all the decisions should be based on clinical
findings and based on survivorship guidelines. The single-arm Italian study from Cardinale et al.
assessed the combination strategy of enalapril (2.5 to 20 mg) and, when indicated and tolerated,
carvedilol (6.25 to 50 mg) for patients experiencing an LVEF decline below 45% due to the exposure to
anthracyclines [35]. The use of ACE-I plus bB resulted in the complete reversal of the LVEF decline in
nearly half of the population studied, all of which occurred within the first 6 months of the cardiological
treatment. However, for 45% of the patients, no response was observed. Interestingly, patients with
the total reversion of the systolic dysfunction experienced the best clinical course, with a low rate
of cumulative cardiac events, including death. According to these data, the current guidelines state
that when experiencing an asymptomatic LVEF drop, the introduction of ACE-I can be recommended.
So far, no trial has demonstrated the benefit of including bB or a specific role as a single agent; for ARBs,
their value should be calculated by extrapolating from the data of ACE-I, as no trial has been specifically
designed with these agents. The current indication is to consider ARB when ACE-I are contraindicated
or poorly tolerated, as it is suggested in clinical practice.
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The use of cardioprotective agents has been proposed based on biomarkers of early damage of the
heart that are capable of reliably predicting a significant LVEF decline and heart failure. The decrease of
the average global longitudinal strain from baseline assessed using 2D heart ultrasonography, as well as
the rise of cardiac troponin, have been proposed as biomarkers of damage. In some cases, considerations
of cardio-protectants can be provided based on surrogate biomarkers, especially when the pathological
changes persist after repeated measurements and in frail or multi-comorbid patients [24]. Currently,
the ICOS-ONE study (Anthracycline-induced cardiotoxicity: a multicenter randomised trial comparing
two strategies for guiding prevention with enalapril: The International CardioOncology Society-one
trial) investigated the opportunity to develop a troponin-triggered ACE-I cardioprotective treatment
versus ACE-I to all the patients receiving anthracyclines [36,37]. The study failed to show a benefit of
the primary prophylaxis with ACE-I, as no differences across the arms were reported in terms of a
cardiac troponin rise. The authors reported a possible role of ACE-I in patients experiencing pre-clinical
heart damage, e.g., with a rise of troponin. Nevertheless, a minor elevation in troponin levels should
be considered normal, especially when no change in the LVEF is observed; such a situation usually
warrants only clinical monitoring, as it is self-limiting in nature.

For patients pre-exposed to anthracyclines and experiencing asymptomatic sequelae,
the international clinical guidelines suggest the inclusion of liposomal formulations to reduce the
cardiac toxicity [24]. Though based on low-quality evidence, liposomal doxorubicin has often been
used in clinical practice for patients with an anthracycline-related suppression of the LVEF, though
otherwise asymptomatic, in which the benefit of anthracyclines is deemed to outweigh the risks.
Liposomal formulations of doxorubicin have been identified as one of the key strategies for preventing
the occurrence of treatment-related heart failure in patients at higher risk due to their need for a safer
cardiological profile [24]. In fact, the use of liposomal delivery is thought to have the same value as
dexrazoxane in terms of being a cardio-protectant [24]. However, no experience has been reported
with the use of liposomal formulations in addition to ACE-I or bBs, and the cumulative protective role
of combined strategies is largely unknown.

Clinical Scenario 2: Symptomatic Patients with a Significant Baseline Reduction in the LVEF

These patients meet the conditions for heart failure based on the international definitions [38,39].
All patients experiencing signs and symptoms of impaired cardiac function as a consequence of
chemotherapy are patients with heart failure, and all the lessons learned from this clinical syndrome,
mainly characterized for the ischemic etiology, are to be punctually considered in cancer patients. This is
essential, as early recognition and prompt intervention to control heart failure can have prognostic
implications [24]. If a symptomatic patient presents a baseline reduction of the LVEF between 40
and 50%, a cardiological consultation should be encouraged to produce a shared clinical strategy
for treatment. Multidisciplinarity is critical for reaching a patient-centered and evidence-informed
clinical decision, ensuring all the major prognostic information is well integrated and the highest
standards for treatments are attained [24]. The clinical decision can be much more challenging when
the baseline LVEF is <40%. In such a situation, any use of anthracycline should be discouraged,
and enhanced treatment of the heart failure should be prioritized, as well as exploring alternative
cancer treatments with no relevant cardiovascular toxicity. Although the majority of the experiences
with chemotherapy and cardiotoxicity have focused on the anthracycline paradigm of pathogenesis,
other conventional cytotoxic agents have been associated with myocardial dysfunction, including
high doses of cyclophosphamide (e.g., bone-marrow transplantation setting), cisplatin, ifosfamide,
and taxanes [40]; for some of them, such as cisplatin, the need to dilute the drug in high volumes
of saline solution or dextran and the need for hyper-hydration to reduce the kidney toxicity can
precipitate a subclinical or known cardiac dysfunction, which causes an increase of the preload and/or
a secondary load of renal toxicity. When the direct toxicity of cardiomyocytes is suspected from any
chemotherapy agents, the indications for the management of anthracycline-related cardiotoxicity
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should be extrapolated; a multidisciplinary discussion should take place to rule out the most common
causes of cardiac function impairments (Figure 2).J. Clin. Med. 2020, 9, x FOR PEER REVIEW 10 of 19 
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3.2.2. Fluoropyrimidine-Induced Cardiotoxicity: Targeting Vascular Coronary Artery Toxicity

Fluoropyrimidine-related cardiotoxicity is the second most common finding after anthracycline-
related damage [40]. The intravenous drug 5-fluorouracil (5-FU) or the oral capecitabine, tegafur,
and trifluridine-typiracil are approved for use in a wide range of tumors, where the knowledge of the
possible toxicity and their mechanisms is critical for formulating a risk-adjusted strategy for patients’
optimal management. The cardiotoxic effects of fluoropyrimidines seem to be vascular and exerted via
a direct endothelial toxic activity that clinically presents as vasospasms of coronary arteries. It has
been proposed that 5-FU inhibits nitric oxide (NO) synthase activity, increasing the responsiveness
to vasoconstrictive stimuli with an increase of the pro-constrictive mediator endothelin-1 [41]. In the
literature, the occurrence of clinically relevant cardiotoxic complications related to fluoropyrimidines
has been observed in 1–18% of the cases, suggesting a significant presence in the clinical setting [42].
The overall time exposure of the endothelium to the chemotherapeutics has also been suggested to
dictate the incidence risk, as cardiotoxicity has been reported in 3–8% of bolus 5-FU plus infusion
administrations [40]. However, the concurrent administration of agents with potential endothelial
toxic activity in poly-chemotherapy regimens, such as platinum compounds, can jeopardize the real
noxious role of 5-FU in the determination of the events. The onset of ECG-alterations of ischemic
significance, such as ST segment changes, symptoms suggestive of acute heart failure, LVEF new-onset
dysfunction, and the entire spectrum of acute coronary artery syndromes during fluoropyrimidine
treatment, strongly suggest the referral of patients to cardiologic care. However, some inducible, focal,
and self-limiting ischemic events have been reported, probably due to vasospasms of the coronary
arteries matching with Prinzmetal’s angina mechanisms [40].

In the spectrum of thrombotic-facilitating agents exerting cardiotoxicity via vascular mechanisms,
both for myocardial and cerebrovascular ischemic events, cisplatin has been identified as a potential
causative agent in 2% of patients [43]. The cumulative risk of cardiovascular artery disease in young
patients receiving cisplatin has been estimated at around 8% within twenty years from the completion
of treatments [44]. The risk of cardiovascular mortality is increased almost fivefold in the first year after
a testicular cancer diagnosis in patients treated with cisplatin compared with surgery alone, which
is ascribed to a possible pathological change of the endothelium with accelerated atherogenesis [44].
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The current clinical indications suggest the use of vascular dilators, such as nitrates and calcium
blockers, with an added anti-angina drug known as ranolazine if necessary, in patients experiencing
chest pain or other cardiac symptoms during chemotherapy when pathological changes of the coronary
arteries are ruled out. This indication is largely based on an experts’ consensus and is intended to
allow for the dose density and intensity of cancer therapies to remain at the safest conditions [40].

3.2.3. Cardiac Arrhythmias Related to Cytotoxic Chemotherapy Agents

The disruptions of the rhythm impulse generation, control, and conduction have been reported
across a wide spectrum of clinical arrhythmias in cancer patients receiving active treatments.
The detection of an affected rhythm has been reported in one-third of cases [40]. One common
finding described in patients taking selected medicines, mainly small molecules, is the prolongation
of the QT interval, which is a risk factor for a type of polymorphic ventricular tachycardia called
torsade de pointes, a potentially fatal dysrhythmic event. While QT prolongation can be related to
electrolyte disturbances, drug–drug interactions (including anti-emetics, such as ondansetron, and
antibiotics, such as macrolides), and comorbidities (e.g., hypothyroidism), chemotherapy agents have
been identified as causes in some cases. QT interval prolongation is common with anthracyclines and is
observed after the first cycle of chemotherapy in more than 10% of patients [45]. The cardiotoxic effect
of anthracyclines, mainly doxorubicin, seems to be exerted on the conduction system with damage
to the specialized cardiomyocytes via oxidative damage [46]. Doxorubicin has been demonstrated
to increase the response to pro-arrhythmogenic stimuli affecting the membrane potassium currents,
increasing the susceptibility to long QT and ventricular arrhythmias when hypokalemia occurs, or
during the use of drugs with effects on the repolarization phase, i.e., class III anti-arrhythmic drugs
(e.g., dofetilide, ibutilide) or non-cardiological drugs, e.g., the antibiotic erythromycin [47]. Similarly,
platinum compounds have been associated with QT prolongation, mainly oxaliplatin. This drug seems
to delay the sodium channel closure, affecting the depolarization phase, thus increasing the risk for
torsade de pointes. While the management of long QT in cancer patients is not formally different from
non-cancer patients, and the onset of severe ventricular arrhythmias always prompts emergency access
to cardiologic care, the administration of selected agents needs to be particularly careful. For instance,
when patients present risk factors for QT prolongation, the multidisciplinary tumor board must balance
the risks and benefits in the treatment decision-making and assess all the concomitant medications to
reduce the risk of fatal events. In fact, this approach should be used in any similar condition with an
increased risk of fatal arrhythmias, including Brugada syndrome and catecholaminergic polymorphic
ventricular tachycardia, that can present serious concerns. When the corrected QT (QTc) surpasses
the value of 500 msec during the ECG, temporary interruption of the cancer therapy is recommended
and an evaluation of the causative etiologies should be prompted. When patients develop torsade de
pointes, the usual care with magnesium sulfate is considered under specialistic care; if hemodynamic
instability occurs, cardiac defibrillation is recommended [40].

Supraventricular (tachi-)arrhythmias can occur in the general population and can arise acutely in
cancer patients while receiving treatments; overall, atrial fibrillation is the most common form [40].
Selected agents seem to be more prone to cause supraventricular arrhythmias; the use of gemcitabine,
for example, seems to exert such an event in 8% of all the patients exposed [48]. The management of
an atrial fibrillation/flutter aligns with the indications of all patients with atrial fibrillation or atrial
flutter in non-cancer settings. The priorities are to control the rhythm and/or the heart rate when the
atrio-ventricular response is high and reduce the risk of embolic ischemic events [40]. The choice
to pursue a strategy of rate or rhythm control should be patient-centered and symptom-directed.
Brady arrhythmias can also occur, for example, as a result of an increase in the parasympathetic tone
or an impairment of the normal sinus node function. Paclitaxel is a plant-derived (Taxus brevifolia)
chemotherapeutic that is associated with sinus bradycardia and is described as the single agent used for
nearly one-third of the patients receiving it [49]. Though speculative, the negative chronotropic effect
of paclitaxel seems to be related to the release of histamine by this drug and its solvent Cremophor EL;
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histamine can exert an inhibitory activity on the conductive tissue of the atrioventricular node and
slow the heart rate by decreasing atrioventricular nodal conduction via histamine H1 receptors [50].
However, the common use of anti-H1 premedication agents with taxanes and the higher dilution of
Cremophor nowadays has partially reduced the occurrence of this side effect of taxanes on the rhythm
generation and conduction.

3.3. Management of Cardiotoxicity from Non-Chemotherapy Agents: An Overview

A complete dissertation on the toxicity and management of adverse events from non-chemotherapy
agents is outside the scope of the present work. Thus, bullet points have been outlined, emphasizing
the most relevant effects regarding the use of these agents with chemotherapy or to remark on the
main differences with chemotherapy-induced toxicities.

3.3.1. Trastuzumab and Other Anti-HER2 Agents

Trastuzumab is an anti-HER2 monoclonal antibody that can lead to reversible dysfunction of
cardiomyocytes, commonly referred to as type 2 cardiotoxicity pattern, to distinguish it from the
irreversible one, which is related to anthracyclines [40]. HER2 signaling is involved in key cardiac
processes for adaptive responses to stressors [51].

The most frequent effect of trastuzumab-related cardiac toxicity is the reduction of the LVEF.
The combined analysis from phase 2 and 3 clinical trials of patients receiving trastuzumab reported an
increased risk of cardiac dysfunctions (7–13%), which was amplified when combined with anthracyclines
(up to 27%) [52]. The combination with a second anti-HER2 agent, such as pertuzumab or lapatinib,
has not been associated with a worsened safety profile [53,54]. No excess of cardiovascular toxicity
has been reported with the new antibody–drug conjugates trastuzumab emtansine (T-DM1) and
trastuzumab deruxtecan (T-DXd) [55]. The cardiotoxicity from anti-HER2 agents is more pronounced
in the metastatic setting and later lines of treatment, which is possibly related to the previous exposure
to anthracyclines. One clinical study has been recently presented, which was designed to determine
the role of ACE-I and bB in preventing trastuzumab-induced cardiotoxicity (MANTICORE study
(Multidisciplinary Approach to Novel Therapies In Cardio-Oncology Research) n = 468 women with
HER2-positive breast cancer) [56]. However, the use of lisinopril or carvedilol in this clinical trial
only provided some benefits for patients exposed to trastuzumab plus anthracyclines based on the
findings from a non-preplanned subgroup analysis. Accordingly, the use of these agents for the type 2
cardiotoxicity is largely investigational.

3.3.2. Immune-Related Cardiovascular Adverse Events

Immunotherapy has been rarely associated with immune-related cardiotoxic events, such as
cardiomyopathy, arrhythmia, hypotension, left ventricular dysfunction, and vasculitis. The outcomes
of these events can be potentially fatal. Immune-mediated iatrogenic myocarditis has received
most of the attention since this results in significant morbidity and disability, and is associated
with high mortality [57]. The incidence of myocarditis ranges between 0.0038 and 1.14%, as found
in the pharmacovigilance registries and a retrospective analysis of the literature, respectively [58].
The management of these events is based on the use of immunosuppressors, and no role has been
reported for the classic cardioprotective agents used for chemotherapy [59–63].

3.3.3. Tyrosine Kinase Inhibitors (TKIs) and Other Small Molecules

The cardiotoxic potential of the other class of antineoplastic molecules is often undermined and
underreported. A meta-analysis of more than 10,000 patients from 36 phase II and III trials showed
a significantly increased risk of heart failure in people treated with small anti-VEGF molecules [64].
Some classes of drugs, for example, the MEK inhibitors used in melanoma, can exert multiple effects
on cardiac function. Cobimetinib is a MEK inhibitor that can cause hypertension, LVEF reduction,
and QT prolongation [65]. Such an effect has also been reported for the anti-myeloma drugs bortezomib
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and carfilzomib, both of which target the proteasome [66] and the multitargeted tyrosine kinase
blockers vandetanib and cabozantinib. ALK inhibitors have been associated with bradycardia,
especially alectinib and crizotinib. [67,68] A special caveat for the arrhythmogenic molecules needs to
be mentioned regarding the Bruton’s tyrosine kinase (BTK) inhibitors [69]. Ibrutinib is an irreversible
BTK blocker that is approved for the treatment of B-cell neoplasms. While it is well tolerated overall,
ibrutinib has been associated with a substantially increased risk of atrial fibrillation (11.2% of patients),
which requires special ECG monitoring [69,70].

TKI-related cardiomyopathy was also described [71]. The use of dasatinib has been associated with
pulmonary hypertension, with an incidence estimated at around 3%; when not corrected, pulmonary
hypertension can evolve into chronic cor pulmonale with right heart failure [72]. On the other hand,
the use of nilotinib for chronic myelogenous leukemia has been associated with peripheral arterial
disease in more than 6% of the patients under treatment [73]. Ischemic heart disease, ischemic
cerebrovascular disease, and peripheral artery disease have also been reported, suggesting a possible
toxic effect on the endothelium of arteries.

4. Post-Treatment Care for Long-Term Cardiotoxic Sequelae: Survivorship Care

Survivorship care comprises a wide range of health interventions, generally as tertiary prevention.
While traditionally organized as a strategy for the early detection of the disease relapse within a
follow-up timeline of 5–10 years, survivorship care is now conceived as a broad health context for
the holistic care of cancer survivors. Special care of long-term sequelae from cancer treatments and
their implications on the prognosis is emphasized. In fact, the time of onset of heart failure from
previous exposure to cardiotoxic agents can be as long as 10 years after treatments. A risk-based
model of follow-up can be created for cancer survivors regarding their increased risk of experiencing
adverse heart effects [8]. Such a risk stratification model of survivorship care is intended to address the
important questions of priorities in the intensity of follow-up plans and provide the most appropriate
care setting, in PHS and/or the specialistic setting [8]. Framing a multidisciplinary and integrated
strategy for survivorship across the continuum of care as “eritis insuperabiles, si fueritis inseparabiles”
(you would be insuperable if you were inseparable) can be a functional disposition for patients
accessing the cardio-oncology service in a risk-stratified manner. PHS should be positioned at the
center to coordinate the territorial services, which are engaged in a case-by-case manner and delivered
in the primary healthcare setting and, referred to the specialistic care when appropriate. While being
well-established for children, for adult cancer patients, this organizational approach has not been
greatly emphasized. This warrants more implementation research to assess the safety and effectiveness
of delivering cardiological pharmacotherapies for cancer patients within alternative health service
delivery schemes, assuring better cost-effectiveness and resource utilization while serving patients
more closely to enhance the treatment adherence and ultimately improve the outcome through a health
system approach.

5. Areas of Implementation and Future Perspectives

The broader context of research implementation for heart disease should now include cancer
patients that are exposed to a higher risk of cardiovascular sequelae or carrying comorbidities related to
the exposure to cardiotoxic antineoplastic agents. Cancer patients are traditionally under- represented
in the clinical trials for cardiovascular interventions, especially for the acute coronary or arrhythmic
events; this has been related to the concept that patients with cancer have indiscriminately a poor
prognosis. There is no reason to separate the cardiology achievements for non-cancer patients from the
cardio-oncology research field. The current drug development for cardiotoxicity mainly addresses
anthracycline-related damage, either as strategies of primary prevention or the management of
patients experiencing earlier signs of cardiac injury based on imaging or biomarkers (e.g., troponin)
(Table 2). Though anthracycline-related damage is the most common clinical model used to implement
interventions for cardiac protection, a call for innovation must be stated for the development of newer
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antineoplastic agents and non-anthracycline chemotherapeutics, including immunotherapy agents,
and for other antineoplastic treatments. Increased research into radiation-induced heart damage is
also required (Figure 3).

Table 2. An overview of the ongoing clinical trials of cardio-protective agents with patients receiving
anticancer drugs.

Population Intervention Pharmacological
Class Phase Primary Outcome NCT Identifier

Patients with ES, OS, and
AML scheduled for

chemotherapy
Captopril ACE-I 3

Effect of ACE-Is in
preventing

chemotherapy-related
cardiotoxicity

NCT03389724

Patients scheduled for
anthracycline Ivabradine Selective inhibitor of If NA

Reduction in the global
longitudinal strain of

at least 10%
NCT03650205

Early breast cancer
patients eligible for

anthracycline +/-
trastuzumab

Bisoprolol;
ramipril bB and ACE-I 3 Maximum change in

the LVEF NCT02236806 (SAFE)

Breast cancer patients
eligible for anthracycline

treatment
Sulforaphane Nutritional

supplement 1/2
Change in cardiac

function after
doxorubicin

NCT03934905

NHL patients scheduled
for (R)CHOP type

treatments
Atorvastatin Lipid- lowering statin 2 LVEF preservation at

12 months
NCT02943590

(STOP-CA)

Adolescent patients after a
bone marrow

transplantation for
hematological
malignancies

Sacubitril,
valsartan

Neprilysin inhibitor
and ACE-I NA Change in the left

ventricular function NCT04092309

Breast cancer patients
treated with doxorubicin Alfacalcidol Vitamin D 2 Change in the plasma

levels of troponin-T NCT04166253

Breast cancer patients
scheduled for
anthracycline

Alpha-lipoic
acid Dietary supplement NA

Serum brain natriuretic
peptide, neurotensin,

and TNF-α level
plasma assessment

NCT03908528

Early breast cancer
patients eligible for

anthracycline
Xinmailong

Bioactive fraction
extracted from

Periplaneta Americana
(American cockroach)

2
Rate of no cardiac

events during
chemotherapy

NCT03785704

Early breast cancer
patients eligible for

anthracycline
Atorvastatin Lipid- lowering statin 2 LVEF preservation at

24 months
NCT01988571
(PREVENT)

Chemotherapy patients at
risk of cardiotoxicity ACE-I and bB ACE-I and bB NA

New LV dysfunction,
as defined based on a

3D echo

ACTRN12614000341628
(SUCCOUR)

Source: NCTtrial.gov (last access: 31 August 2020). ACE-I: angiotensin-converting enzyme inhibitor; AML: acute
myeloblastic leukemia; bB: beta blocker; ES: Ewing sarcoma; If: funny channel current; LV: left ventricle; LVEF:
left ventricular ejection fraction; NA: not applicable; NCT: National clinical trial; OS: osteosarcoma; (R)CHOP:
chemotherapy protocol with (Rituximab) cyclophosphamide, doxorubicin, vincristine, and prednisolone.

In the complex landscape of cancer drug development, preclinical and clinical considerations for
heart damage are priorities for research and clinical care. This provides the imperative to commit
to the design of patient-centered studies across the continuum of care. When committing to cancer
research from our hearts, we need to take care more of patients’ hearts.
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