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Introduction

Over the past 3 decades the breakthroughs of breast cancer 
(BC) treatment strategies—that included the addition of 
new generation systemic agents, as well as the use of more 
advanced and precise radiotherapy techniques—have 
significantly improved patient’s survival (1). The number of 
BC survivors is still growing; it has been estimated that nearly 
three million of them exist at present in the United States, 
and represent 41% of female cancer survivors. By 2022, BC 
survivors are expected to become 4.5 million (2,3).

However, to obtain this considerable price has been paid 
regarding cardiovascular (CV) side effects. Several anti-
cancer drugs, commonly used for BC treatment, have the 
potential to cause CV damage, including acute coronary 

syndromes, arterial hypertension, arrhythmias, valve 
impairment, pericarditis, and thrombo-embolic events (4) 
(Table 1). However, the most feared clinical manifestation 
of cardiotoxicity is the development of left ventricular 
dysfunction (LVD) (1,5,6).

The incidence of CV injury induced by cancer therapy 
varies widely, and it depends on the type of drug used, its 
duration, and underlying patient comorbidities. Recently, in 
a review of BC survivors, women had a significantly higher 
risk of death caused by CV disease, that exceeded that of 
the initial cancer or of recurrent disease (1,7). Indeed, CV 
disease is the leading cause of death in patients with BC over 
fifty years of age (1,8). Even when asymptomatic, CV disease 
not only affects the patient’s cardiology prognosis, but 
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negatively limits therapeutic opportunities when additional 
therapy for the resumption of cancer or its persistence 
are needed. As a result, the risk of cardiac adverse events 
induced by oncologic therapies has become—at present—
an important determinant of the BC patient’s survival and 
quality of life independently of the oncologic prognosis (9).

Cardioncology: a new medical discipline

Since patients previously treated with anticancer therapy have 
a higher CV risk, the identification and the management 
of patients with BC at high risk for CV events has become 
critical in order to reduce morbidity and mortality from CV 
toxicity due to cancer therapy, which may compromise its 
effectiveness. A new medical discipline, cardioncology, was 
born to deal with this need. The neologism was introduced 

in 1996 (10), and at present, cardioncology is a well-
recognized novel medical discipline with the goal being 
to stimulate a close relationship between cardiologists and 
oncologists, investigating new strategies, collecting new 
evidence-based indications, and developing interdisciplinary 
expertise. Accordingly, a new medical figure has been 
identified, the cardioncologist, generally a cardiologist, 
an expert in the management of CV problems in patients 
with cancer. The cardioncologist’s main aims are to avoid 
the possibility that cancer therapy could induce cardiac 
disease—preventing the oncologic patient cured today from 
becoming the heart patient of tomorrow—and to avoid 
the possibility that pre-existent cardiac disease be a barrier 
leading to a reduction of therapeutic opportunities for the 
patient. In brief, the cardioncologist has to balance cancer 
care with CV safety, and identify patients who will benefit 
from a closer CV surveillance or preventive strategies (11).

The cardioncological approach

In the past three years, a number of position statement 
and guidelines for suggested practices in the field of 
cardioncology have been developed (12-16). According to 
these indications, the management of cardiotoxicity refers 
to four key points: risk stratification, monitoring for early 
diagnosis, prevention (primary or secondary), and early 
treatment (Figure 1).

Baseline risk stratification

Breast cancer patients represent the most typical example 
of cancer patients scheduled for potentially cardiotoxic 
cancer therapy, being mainly treated with the two classes of 
drugs—anthracyclines and Her2-monoclonal antibodies—
associated with the highest rate of cardiotoxicity. The 
role of the cardioncologist is to identify patients at low-
risk from those at a high-risk. Old patients, patients with 
a pre-existing CV disease, CV risk factors, prior exposure 
to chemotherapy (CT) and radiotherapy are patients at 
increased risk for cardiotoxicity (Table 2) (13). Control 
and/or correction of hypertension, hypercholesterolemia, 
diabetes, overweight, and smoking cessation should be the 
first form of prevention of cardiotoxicity (1,6,13,17,18). The 
timing and frequency of cardiologic assessment during and 
after therapy has to be planned, depending on the specific 
cancer treatment, total cumulative dose, delivery protocol, 
duration, and the patient’s baseline CV risk. In patients 
with previous heart disease, the stabilization of the clinical 

Table 1 Cardiotoxicities associated with breast cancer therapy

Anticancer therapy Major cardiovascular side effects

Anthracyclines Hypokinetic cardiomyopathy

Anti-HER2 agents Hypokinetic cardiomyopathy

Taxanes Bradycardia, ischemia

Fluoropyrimidine Coronary spasm

Cyclophosphamide Myocarditis, thrombosis

Aromatase inhibitors Hyperlipidemia, hypertension, 
ischemia

Radiotherapy Coronary artery disease, valves 
impairment, pericarditis
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Figure 1 Outline of general cardioncology algorithm for the 
management of cardiotoxicity. CT, chemotherapy.
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picture, the maximization of cardiac therapy, and a closer 
and more personalized monitoring scheduling are strongly 
recommended. Oncologists should also evaluate the CV 
profile when considering the best anti-cancer pharmacology 
approach in each patient. Finally, in high-risk patients, a 
primary prevention—using cardioprotectants and/or CV 

drugs should be considered (1,6,13,17).

Early detection

In patients at low risk, i.e., without CV risk factors or 
previous history of cardiac disease, scheduled to receive 
limited doses of anthracyclines (total cumulative dose 
≤240 mg/m²), or limited-dose anthracyclines followed 
by trastuzumab-based regimens, who represent the 
largest population of BC patients treated with potentially 
cardiotoxic therapy, cardiac monitoring is not recommended 
by the international oncological guidelines, still advising 
today the identification of cardiotoxicity with the 
occurrence of symptoms of decompensation (19). Reasons 
include medicalization, the possibility of causing stress and 
anxiety, and costs (19,20). Otherwise, the international 
cardiological guidelines recommend monitoring based on 
repeated evaluations of left ventricular ejection fraction 
(LVEF), but are not clear in suggesting when, how often, 
by what means, nor for how long. However, making a 
diagnosis of cardiotoxicity based on the onset of symptoms 
of decompensation or based on evidence of asymptomatic 
decrease of LVEF is making a very late diagnosis, which 
precludes any form of effective prevention (21). Moreover, 
very often at that phase cardiac damage is progressive, and 
no longer reversible.

A recent prospective study that included a large (n=2,625) 
unselected population of anthracycline-treated patients 
(predominantly BC patients; 51%) showed that close 
monitoring of LVEF after the end of CT enabled almost all 
cardiotoxicity cases to be identified during the first twelve 
months of follow-up (22). The study also showed that 
timely treatment with ace-inhibitors (enalapril) and beta-
blockers (carvedilol or bisoprolol) allowed to normalize 
heart function in most cases (82%). Nonetheless, 11% only 
of patients who showed normalized LVEF had full recovery, 
i.e., the same LVEF value as before the start of CT. By 
contrast, in 71% of patients who had significantly improved 
and normalized cardiac function, the final LVEF value still 
remained below the baseline value (Figure 2).

These data confirm that this approach is not very 
sensitive in identifying cardiotoxicity at an early stage, 
when it is still potentially reversible, or in predicting a later 
functional decrease, probably because no changes in LVEF 
can be observed until a critical extent of myocardial damage 
occurred, and when compensation mechanisms have been 
exhausted (9). Furthermore, although a normal LVEF a 
later loss of cardiac function cannot be excluded. 

Table 2 Baseline risk factors for cardiotoxicity (13)

Current myocardial disease

Heart failure

Asymptomatic LV dysfunction (LVEF <50%)

Evidence of CAD (previous myocardial infarction, angina, PCI 
or CABG, myocardial ischemia)

Moderate and severe VHD with LVH or LV impairment

Hypertensive heart disease with LV hypertrophy

Hypertrophic cardiomyopathy

Dilated cardiomyopathy

Restrictive cardiomyopathy

Cardiac sarcoidosis with myocardial involvement

Significant cardia arrhythmias (AF, ventricular 
tachyarrhythmias)

Previous cardiotoxic cancer treatment

Prior anthracycline use

Prior radiotherapy to chest or mediastinum

Demographic and other CV risk factors

Age (pediatric population <18 years; >50 years for 
trastuzumab; >65 years for anthracyclines)

Family history of premature CV disease (<50 years)

Arterial hypertension

Diabetes mellitus

Hypercholesterolemia

Lifestyle risk factors

Smoking

High alcohol intake

Obesity

Sedentary habit

AF, atrial fibrillation; CABG, coronary artery bypass graft; CAD, 
coronary artery disease; CV, cardiovascular; LV, left ventricular; 
LVEF, left ventricular ejection fraction; LVH, left ventricular 
hypertrophy; PCI, percutaneous coronary intervention; VHD, 
valvular heart disease.
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Probably, cardiotoxicity is a continuous phenomenon 
beginning with myocardial injury, changes in myocardial 
strain, followed by progressive LVEF decline that may 
gradually lead to symptomatic heart failure (HF) (Figure 3) (9).  
We can identify cardiotoxicity at each of these steps, 

depending on the diagnostic tool we use. At present, we 
can identify cardiotoxicity at a preclinical phase, very long 
before HF symptoms onset, long before the evidence of 
LVEF drop. The majority of data refer to biochemical 
markers—such as troponins—or cardiac imaging tools (13).

Troponin assessment in breast cancer patients 

Troponins are the gold standard biomarkers to detect 
cardiac damage. In the oncologic setting, several reports 
demonstrated that troponins are able to detect cardiotoxicity 
at a pre-clinical stage, in patients treated with different 
antitumor drugs (23-25) (Table 3) (26-49).

In BC populations, the first study investigating the 
role of troponins in early cardiotoxicity detection, and in 
predicting later LVD included 211 patients with poor-
prognosis disease, scheduled for high-dose CT (mainly 
epirubicin; cumulative dose 600 mg/mq) (28). Troponin 
I (TnI) concentration was assessed before and during 
three days after each CT. After CT, a different behavior of 
LVEF in patients showing an increase in the marker (TnI+ 
group) compared with patients with normal troponin values 
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Figure 2 Left ventricular ejection fraction (LVEF) in patients with 
cardiotoxicity and with partial (red line) or full (blue line) recovery 
with heart failure therapy. Data are mean ± SD. CT, chemotherapy; 
HF, heart failure. Modified from Cardinale et al. (22). 

start of
chemotherapy

myocardial
cell injury

increase
in troponin

Primary 
prevention

Detection of  pre-clinical 
cardiotoxicity and prevention of 

LVD

•	 CV factors control
•	 Limit AC dose
•	 AC analogues
•	 Liposomial AC
•	 Dexrazoxane
•	 Beta-blockers 
•	 RAS inhibitors
•	 Statins

LVD treatment 
and prevention

 of HF

Treatment of
 symptomatic

 HF

decrease
in GLS

decrease
in LVEF HF symptoms 

enalapril carvedilol? ACEI+BB ACEI+BB
diuretics

myocardial 
deformation

asymptomatic 
cardiotoxicity

overt
cardiotoxicity

hours/days/weeks months years

Figure 3 Schematic representation of the possible strategies for cancer drug-induced cardiotoxicity detection, prevention, and treatment. 
AC, anthracyclines; 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. From Cardinale et al. (9).



S4310

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(Suppl 35):S4306-S4322jtd.amegroups.com

Cardinale et al. Key strategies to reduce cardiotoxicity

Table 3 Clinical studies demonstrating troponins as predictor of anticancer drug-induced left ventricular dysfunction

Study [year]
Patients  

(n)
Cancer type Drugs Troponin type Cut off Timing of assessment

Lipshultz [1997] (26) 15* ALL AC T 0.03 ng/mL Before CT; 1–3 days after each 
dose

Cardinale [2000] (27) 201 Various HD CT I 0.04 ng/mL 0-12-24-36-72 hours after CT

Cardinale [2002] (28) 232 Breast cancer HD CT I 0.04 ng/mL 0-12-24-36-72 hours after CT

Auner [2003] (29) 30 Hematological HD Cycl T 0.03 ng/mL Before CT; 1–14 days after CT

Sandri [2003] (30) 179 Various HD CT I 0.04 ng/mL 0-12-24-36-72 hours after CT

Cardinale [2004] (31) 703 Various HD CT I 0.04 ng/mL 0-12-24-36-72 hours after CT

Specchia [2005] (32) 79 Hematological AC I 0.15 ng/mL Before CT; weekly ×4 times

Kilickap [2005] (33) 41 Various AC T 0.10 ng/mL Before CT; 3–5 days after 1st 
and last dose

Lee [2008] (34) 86 Hematological AC I 0.20 ng/mL Before each dose

Schmidinger [2008] (35) 74 Renal cancer Sunitinib/sorafenib T 0.02 ng/mL Before CT, bimonthly, symptoms 
occurrence

Cardinale [2010] (36) 251 Breast cancer AC, TRZ I 0.04 ng/mL Before and after each cycle

Sawaya [2011] (37) 43 Breast cancer AC + taxanes + TRZ HS-I 0.015 ng/mL Before CT; after 3 and 6 months 
during CT

Lipshultz [2012] (38) 205* ALL AC/AC + dexrazoxane I/T any detectable 
amount

Before CT; 1–7 days after each 
dose; end CT

Sawaya [2012] (39) 81 Breast cancer AC + taxanes + TRZ HS-I 30 pg/mL Before CT; after 3 and 6 months 
during CT

Draft [2013] (40) 53 Various AC I 0.06 ng/mL Before CT; after 1, 3, 6 months

Mornoş [2013] (41) 74 Various AC HS-T NA Before CT;  
after 6, 12, 24, 52 weeks

Mavinkurve-Groothuis 
[2013] (42)

60* ALL AC HS-T 0.01 ng/mL Before CT;  
after 3 and 12 months

Ky [2014] (43) 78 Breast cancer AC + taxanes + TRZ HS-I NA Before CT; after 3 and 6 months 
during CT

Mornoş [2014] (44) 92 Various AC HS-T NA Before CT; after 12 and  
36 weeks

Putt [2015] (45) 78 Breast cancer AC + taxanes + TRZ HS-I NA Before CT; every 3 months  
[max 15 months)

Zardavas [2016] (46) 412 Breast cancer AC + taxanes + TRZ HS-T/US-I 14 ng/L/ 
40 ng/L

Before CT; week 13,25,52;  
month 18,24,30,36

Olivieri [2017] (47) 99 Lymphoma AC/lipoAC US-I 0.08 ng/mL Before CT; 1, 24–72 hours after 
each cycle

Kitayama [2017] (48) 40 Breast cancer AC/AC + TRZ/TRZ HS-T NA Before CT; every 3 months  
during CT

Shafi [2017] (49) 82 Breast cancer AC US-I NA 1, 24 hours after each cycle

AC, anthracycline-containing chemotherapy; ALL, acute lymphoblastic leukemia; CT, chemotherapy; Cycl, cyclophosphamide; HD,  
high-dose; LAP, lapatinib; lipoAC, liposomal anthracycline; NA, not available; I, troponin I; T, troponin T; TRZ, trastuzumab; HS,  
high-sensitive; US, ultra-sensitive *, pediatric population.
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(TnI– group) has been observed (Figure 4). In the TnI+ 
group, LVEF significantly reduced after the first month of  
follow-up, and continued to worse during the follow-up. In 
the TnI– group, LVEF did not significantly reduce during 
follow-up (Figure 4). In TnI+ group, TnI maximal value 
after CT closely correlated with LVEF maximal reduction 
detected at follow-up (Figure 5).

In a following larger study, TnI was measured during three 
days after CT (early evaluation) and after one month (late 
evaluation) (31). Three different troponin release patterns 
were observed: no increase in troponin (TnI−/− patients); 
increase at early evaluation only (TnI+/− patients); increase 
at early and late evaluation (TnI+/+ patients) (Figure 6).  

These three different release patterns were associated with 
a different cardiological prognosis. A more marked decrease 
in LVEF and a greater rate of cardiac events was observed in 
those subjects with troponin elevation, particularly in patients 
with persistent positivity (Table 4). Given the high negative 
predictive value identified in this study (99%), TnI identified 
patients at low-risk, who could be excluded from a close and 
expensive long-term cardiac surveillance program, reserving 
a more intensive monitoring to patients at high-risk, i.e., 
showing an increased positive troponin value, particularly 
those with persistent positivity (31).

Finally, more recent studies have investigated the potential  
role of troponins in patients treated with newer cancer 
agents (Table 3). In a population of 251 BC patients, 
treated with trastuzumab, troponin increased in 36 cases 
(14%), most frequently after the first administration (45%;  
Figure 7) (36). These patients more frequently developed 
LVD (62% vs. 5%; P<0.001) and were less likely to recover 
from cardiotoxicity, despite optimized HF therapy. Possibly, 
Troponin pattern release may allow to differentiate 
reversible and irreversible cardiac damage in patients 
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treated with a sequential treatment of anthracyclines 
and trastuzumab. These data have important clinical 
implications both for oncologists who might decide to 
resume trastuzumab, and for cardioncologists allowing the 
identification of patients who need closer monitoring and 
more aggressive HF therapy (36).

An integrated approach of biomarkers and cardiac 
imaging

More recently, more sensitive and specific troponin 
dosing systems have become available thanks to advances 

in laboratory technology. These new high-sensitivity 
(HS) dosing systems are able to detect very small levels of 
troponin which were not identifiable using older troponin 
dosing methods (48). In the cardioncology field these new 
tests are very useful in identifying cardiotoxicity, because we 
often have to deal with very low troponin concentrations, 
and it is crucial to use high-precision dosing systems (50).

The first study using HS troponin included forty-five 
subjects with HER-2-overexpressing BC, undergoing 
anthracyclines treatment, followed by taxanes and 
trastuzumab. Sawaya et al. assessed global and regional 
myocardial function by means of tissue Doppler and 
strain rate imaging in combination with HS troponin I, at 
baseline and every three months—until fifteen months of 
follow-up—during anticancer therapy (37). A reduction 
in longitudinal strain and an increase in HS troponin 
after the end of anthracycline therapy predicted LVD 
later development. Notably, the combined evaluation of 
longitudinal strain and troponin variations showed an 
increase in specificity (93%) compared to the evaluation of 
the single parameter (both 73%). In a cohort of patients 
with BC undergoing the same anticancer schedule, Ky et al. 
investigated a multimarker assessment (43). All the markers 
significantly increase from baseline (with the exception 
of NT-proBNP and galectin-3). Nevertheless, only HS 
troponin absolute values at the end of anthracycline therapy 
(before starting taxanes and trastuzumab), and changes in HS 
troponin I and myeloperoxidase, a marker of oxidative stress, 
were predictive of later LVD development, even if for the 
latter marker the significance was less remarkable (43).

Table 4 Adverse cardiac events in the three study groups (31)

Cardiac event Total (n=703) Troponin −/− (n=495) Troponin +/− (n=145) Troponin +/+ (n=63)

Sudden death 3 (0.4%) 0 (0%) 0 (0%) 3 (4.8%)

Cardiac death 2 (0.3%) 0 (0%) 0 (0%) 2 (3.2%)

Acute pulmonary edema 3 (0.4%) 0 (0%) 1 (0.7%) 2 (3.2%)

Heart failure 47 (6.7%) 1 (0.2%) 18 (12.4%) 28 (44.4%)

Asymptomatic left ventricular 
dysfunction

37 (5.3%) 2 (0.4%) 24 (16.6%) 11 (17.5%)

Life-threatening arrhythmias 17 (2.4%) 2 (0.4%) 10 (6.9%) 5 (7.9%)

Conduction disturbances requiring 
pacemaker implantation

2 (0.3%) 0 (0%) 0 (0%) 2 (3.2%)

Cumulative events 111 (15.8%) 5 (1.0%) 53 (36.6%)* 53 (84.1%)**

*, P<0.001 vs. Troponin I −/− group; **, P<0.001 vs. Troponin I +/− group.
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Primary prevention: reduction of the direct 
cardiotoxic effect (Figure 3)

Anthracycline cumulative dose limitation

The risk of doxorubicin-induced HF increases with 
cumulative dose of anthracycline (1). Current cancer 
guidelines suggest to limit the maximum cumulative dose 
of anthracyclines to 450–550 mg/mq, on the basis of results 
indicating the rapid increase in cardiotoxicity incidence at 
higher doses (3,6), even if great variability exists in terms 
of susceptibility to anthracyclines: some patients develop 
cardiotoxicity at standard doses, while some patients are 
able to tolerate a total dose two-fold greater than the 
conventional dose limitation, suggesting that genetic 
variation might modulate the risk of cardiotoxicity after 
cancer treatment (6).

Moreover, it’s well known that cardiotoxicity is increased 
if anthracyclines are associated with trastuzumab (1,3,6). The 
BCIRG-006 trial compared doxorubicin, cyclophosphamide 
and docetaxel (ACT), ACT in combination with trastuzumab 
(ACT-H), and docetaxel, carboplatin in combination with 
trastuzumab (TCH) regimens for the treatment of HER-2 
positive BC (3). Both trastuzumab-containing regimens were 
more effective than ACT, and similar regarding the oncologic 
efficacy. Notably, TCH was associated with a significant 
lower asymptomatic cardiotoxicity, and a lower occurrence 
of overt HF compared with ACT-H. Thus, minimizing 
anthracycline exposure, or when possible, the avoidance of 
anthracycline-based regimens in HER-2+ BC, should be 
taken into consideration in high-risk patients (1,3,6).

Use of less cardiotoxic anthracycline analogues 

Epirubicin demonstrated to have a lower cardiotoxicity in 
some preclinical and clinical reports (17,19). Epirubicin 
induced cardiotoxicity occurs after higher doses of 
doxorubicin, but higher doses must be administered to 
achieve the same clinical response (90 mg/mq epirubicin 
=60 mg/mg doxorubicin) (1,9).

Liposomes cannot escape from the vascular space where 
capillaries have narrow junctions, such as at the heart. 
Thus, the tendency to accumulate in heart cells is reduced, 
lowering the risk of cardiotoxicity. Pegylated liposomal 
doxorubicin showed lower cardiotoxicity compared to 
standard doxorubicin, and it might be considered in 
BC subjects at increased risk or need higher doses of 
anthracycline (3). In a meta-analysis, liposomal doxorubicin 
showed a lower risk of both asymptomatic, and symptomatic 

LVD compared to standard doxorubicin (51). Other meta-
analyses showed similar results (3,52,53). In addition, a 
regimen based on non-pegylated liposomal doxorubicin also 
resulted significantly less cardiotoxic than an epirubicin-
based treatment in a small group with non-metastatic BC, 
without differences in cancer-specific outcomes (54).

Alternatives to trastuzumab for HER-2+ breast cancer 

For BC patients with LVD induced by trastuzumab who 
recovered or partially recovered cardiac function, but who 
need to continue HER-2 blockade, less toxic, but equally 
effective alternatives therapeutic options different from 
trastuzumab should be evaluated. The MARIANNE trial 
investigated taxanes in combination with trastuzumab (TH) 
vs. trastuzumab-emtansine (T-DM1) alone or T-DM1 in 
combination with pertuzumab in patients with advanced 
HER-2+ BC (55). Both T-DM1-containing regimens were 
non-inferior to TH regarding progression-free survival and 
were associated with a lower rate of LVD (22), suggesting 
that T-DM1 might be a less cardiotoxic choice for those 
patients needing long-term treatment with trastuzumab and 
who are at high-risk for cardiotoxicity.

Primary prevention: pharmacologic prevention 
(Figure 3)

The use of cardioprotectants 

The use of cardioprotectants to reduce the cardiotoxic effect 
of anticancer drugs is of great interest in the cardioncologic 
context, as an alternative to modifications or limitations/
interruptions in cancer treatment (4,50). 

Dexrazoxane
Dexrazoxane markedly reduces anthracycline-related 
cardiotoxicity in adults with different solid tumors and in 
children with acute lymphoblastic leukemia and Ewing 
sarcoma (38,56-58). A large amount of evidence shows 
that patients who received dexrazoxane have a reduced 
rate of HF as compared to those not receiving this drug. 
Despite that, dexrazoxane use has not been widely adopted, 
and it is recommended as a cardioprotectant by the 
American Society of Clinical Oncology only in subjects 
with metastatic BC who have already received more than 
300 mg/m2 of doxorubicin (58), because of the suspicion 
never confirmed of an interference with the antitumor 
effectiveness of anthracyclines (58,59).
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The use of cardiovascular agents

Different classes of drugs—beta-blockers, angiotensin 
antagonists, statins, and aldosterone antagonists have been 
reported to be potentially cardioprotective in patients with BC 
treated with anthracyclines or trastuzumab (Table 5) (60-69).

Beta-blockers
The cardioprotective effect of carvedilol, a non-cardioselective 

beta-blocker with antioxidant effects, was shown in a in a small 
population—mostly with BC—treated with anthracyclines 
in which the drug was able to prevent LVD (60). In 40 BC 
patients carvedilol was able to prevent strain abnormalities 
after anthracycline use, as reported by Elitok et al. (70). In 
a similar population, the prophylactic use of the drug failed 
to prevent a LVEF reduction >10% (in all cases, however, 
the value of LVFE remained within the normal limits), 

Table 5 Cardiovascular drugs showing a prophylactic effect against anticancer therapy-induced LVD in breast cancer populations

Study [year] Study design/follow-up ToT N [BC%] Cancer type Drugs Intervention Results 

Beta-blockers

Kalay [2006] (60) RCT/6 months 50 [68] Various AC Carvedilol No LVEF↓

Kaya [2012] (61) RCT/6 months 45 [100] Breast 
cancer

AC Nebivolol No LVEF and  
NT-proBNP↑

Seicean [2013] (62) Retrospective/5 yrs 318 [100] Breast 
cancer

AC, TRZ Beta-blockers HF↓

Pituskin [2015] (63) RCT/12 months 99 [100] Breast 
cancer

CT + TRZ Bisoprolol No LVEF↓

ACEI

Cardinale [2006] (64) RCT/12 months 114 [27] Various HD CT Enalapril No LVEF↓;  
MACE incidence↓

Pituskin [2015] (63) RCT/12 months 99 [100] Breast 
cancer

CT + TRZ Perindopril No LVEF↓ 

ARB

Cadeddu [2010] (65) RCT/18 months 49 [37] Various AC Telmisartan No peak strain rate↓; 
no interleukin-6↑

Gulati [2015] (66) RCT/1.5–16 months 120 [100] Breast 
cancer

AC + Tx + TRZ Candesartan No LVEF↓

Aldosterone antagonists

Akpek [2015] (67) RCT/6 months 83 [100] Breast 
cancer

AC Spironolactone No LVEF↓;  
no TNI and BNP↑; 

Statins

Seicean [2012] (68) Retrospective/5 yrs 67 [100] Breast 
cancer

AC Statins HF↓

Chotenimitkhun [2015] (69) PO 51 [35] Various AC Atorvastatin/
simvastatin 

No LVEF↓

ACEI, angiotensin-converting enzyme inhibitor; ANP, atrial natriuretic peptide; ARB, angiotensin receptor blocker; BC%, breast cancer 
patient percentage; BNP, brain natriuretic peptide; HD CT, high-dose chemotherapy; LVD, left ventricular dysfunction; LVEF, left ventricular 
ejection fraction; LVEDD, left ventricular end-diastolic diameter; HF, heart failure; MACE, major adverse cardiac events; NHL, non-Hodgkin 
lymphoma; NT-proBNP, N-terminal-proBNP; QT, QT interval; PO, prospective observational; RCT, randomized controlled trial; ToT N, total 
number of patients; Tx, taxanes; TNI, troponin I; TRZ, trastuzumab; ↓, decreased; ↑, increased.
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but blunted the troponin increase, and preserved diastolic 
function (71).

The cardioprotective action of nebivolol, a selective 
β1 antagonist with nitric oxide-dependent vasodilatory 
actions, was demonstrated in patients with BC in whom 
the drug, started seven days before anthracyclines, and 
administered for six months, prevented the decline of LVEF 
and NT-proBNP rise. Conversely, in untreated patients, 
LVEF significantly dropped and the marker increased (61).  
A retrospective study that included 318 BC patients, the 
continuation of ongoing beta-blocker therapy during 
oncology treatment—including anthracyclines, trastuzumab 
or both—was associated with a lower rate of HF at 5-year 
follow-up period (62).

Angiotensin-converting enzyme inhibitors and 
angiotensin receptor blockers
The key role of the renin angiotensin system in the 
development and progression of cardiotoxicity has been amply 
demonstrated in experimental models (9,64) In the clinical 
scenario, the angiotensin II receptor blocker telmisartan, 
initiated one week before epirubicin in 25 patients with various 
solid tumors (mostly BC), was able to prevent significant 
reduction in myocardial deformation variables—as indicated 
by Tissue Doppler Echocardiography—and an increase in 
reactive oxygen species or in interleukin-6, exerting its RAS 
blocking action, and probably also its anti-inflammatory and 
anti-oxidant properties (65).

Recently, the PRADA study has reported that candesartan—
but not metoprolol—administrated with adjuvant CT, with 
or without trastuzumab, protects against LVEF early decline, 
as evaluated by cardiac magnetic resonance (66). Conversely, 
the cardioprotective effectiveness of candesartan has not been 
confirmed by a following randomized study published in the 
same year, and involving a very similar population (72). 

The Canadian study MANTICORE-101 compared 
perindopril vs. bisoprolol in the prevention of LVD in 
patients with HER2+ BC receiving trastuzumab (63). 
Neither drug has been shown to prevent left ventricular 
remodeling—defined as an increase in end-diastolic 
diameters—primary end-point of the study. However, at 
multivariate analysis, the use of both drugs was associated 
with a preserved left ventricular function.

Aldosterone antagonists
Spironolactone cardioprotective action has been reported 
in a recent randomized trial, including 43 BC patients, who 
started the drug one week before anthracycline-including 

CT (67). Three weeks after the end of CT—differently 
from placebo group—they didn’t show significant 
reductions in LVEF, had a preserved diastolic function, and 
no increase in troponin I and NT-proBNP.

Statins
Probably, the cardioprotective effect of statins against 
anthracycline cardiotoxicity depends on their pleiotropic 
effect, particularly in their antioxidant properties. In a 
retrospective report, the continuation of ongoing statin use 
was associated with a noteworthy reduction in HF risk and 
cardiac mortality during follow-up versus controls (68).  
More recently, in a prospective observational study 
from North Carolina, including 51 patients with BC or 
hematological malignancies, patients already treated with 
statins for CV prevention, had a lower reduction in LVEF 
after CT, than those not receiving statins (69).

Secondary prevention

Prevention may be primary, extended to all patients scheduled  
for potentially cardiotoxic therapies, or secondary, in 
selected high-risk patients showing preclinical signs of 
cardiotoxicity as in the form of biomarker increase or strain 
decrease, with the benefit of limiting prophylactic therapy 
only to a restricted number of subjects, exposing to possible 
side effects of the prevention therapy only high-risk patients 
(Figure 3).

The sole example is a randomized trial including 473 patients 
with various types of tumors (BC 30%), treated with high-
dose CT in which enalapril was evaluated (64). Enalapril 
was started after the end of CT only in patients showing a 
troponin rise, titrated as tolerated, and continued for one 
year. In patients treated with enalapril, no subjects reached 
the primary end-point i.e., a LVEF reduction of 10 absolute 
points below the value of 50%, and the incidence of major 
cardiac events was significantly lower (Figure 8). Notably, 
in the enalapril-treated group, after a follow-up period of 
twelve months, LVEF value was equal to baseline value in 
88% of cases (both in patients with transient and persistent 
troponin rise), attesting that enalapril was able to achieve 
a full preservation of systolic function in this population 
(Figure 9).

The unique example of preventive therapy in BC 
patient with evidence of strain parameter reduction is the 
NCT02177175 trial. The study population has already been 
treated with anthracyclines and should receive trastuzumab. 
The inclusion criteria imply a normal LVEF and a reduced 
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longitudinal strain. Patients are randomized to receive or 
not carvedilol. The main endpoint is the detection of an 
abnormal LVEF value during the one-year follow-up. The 
study is still ongoing at the Memorial Sloan Kettering 
cancer center.

Primary vs. secondary prevention

It has previously been shown that enalapril, started 
early after evidence of troponin elevation after CT, and 

continued for twelve months, can prevent the development 
of LVD and related cardiac events (64). To pick up troponin 
elevation, however, repeated sampling is necessary, as 
the marker may increase at different times after therapy 
infusion, depending on different types of drugs and 
schedules. Primary prevention, extended to all patients 
who need to be treated with potentially cardiotoxic 
anticancer therapies, does not have this limitation (73). 
The ICOSONE (International CardioOncology Society-
one) randomized study was prospectively conducted to 
compare the effectiveness of two different strategies: to 
verify whether enalapril, initiated in all patients before CT 
(Prevention Group) was capable of preventing troponin 
elevation and subsequent development of LVD, and 
whether this approach was more effective than enalapril 
treatment initiated only after evidence of troponin elevation 
during CT (Troponin-triggered Group). The study 
enrolled 273 patients (BC 76%) from 21 different oncology 
centers. Epirubicin and doxorubicin were the most frequently 
administered anthracyclines [median cumulative dose of 360 
(270±360) and 240 (240±240) mg/mq, respectively]. No 
significant reduction in heart function or very low incidence 
of CV events was observed in both groups during CT and 
the twelve-month follow-up. Only three patients (two in the 
Prevention Group, one in the Troponin-triggered Group; 
1.5% vs. 1%; P=NS) developed cardiotoxicity defined as a 
10% point reduction of LVEF, below the value of 50%.

Briefly, the main finding of the study was that the two 
strategies seem equally effective in preventing LVD and 
adverse cardiac events, confirming the effectiveness of 
enalapril use in preventing anthracycline-induced LVD, 
regardless of the strategy chosen. 

What strategy should we prefer then? Secondary 
prevention, guided by a rise in troponin, has the 
disadvantage that repeated blood sampling is necessary. 
However, due the very high negative predictive value of the 
marker highlighted in previous studies (27,28,31,64), this 
strategy seems justified and cost-effective as it allows the 
exclusion of low-risk patients, i.e., patients with negative 
troponin, the majority from long-term surveillance programs 
by means of costly imaging techniques, with a more favorable 
cost-benefit ratio, by reducing medicalization, distress, 
anxiety, and costs (20). In addition, a primary prevention on 
one hand does not require serial dosing of troponin during 
CT, on the other hand can be challenging in terms of 
monitoring during the drug up-titration involving 100% of 
patients. In addition, extending preventive treatment to all 
patients treated with CT also exposes those less predisposed 
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to develop cardiotoxicity to possible side-effects (73).

Treatment

Thus far, there are no clear evidence-based recommendations 
to suggest the best treatment for this category of patients, 
not least because they have been systematically excluded 
from the randomized trials that evaluated the current drug 
therapy for HF. Current recommendations focus principally 
on the continuation/suspension/renewal of cancer therapy 
according to the LVEF value of the patient (74). Up until 
2010, the few data available that support the use of ace-
inhibitors and beta-blockers in patients who developed 
LVD during or after cancer therapy referred to case reports 
and old and small retrospective studies (1). 

The helpfulness of ace-inhibitors and beta-blockers has 
been recently evaluated in prospective studies including 
larger populations of cancer patients (22,75). The results 
of these studies show that in patients who have developed 
anthracycline cardiomyopathy therapy with ace-inhibitors 
and beta-blockers is mandatory, should be started as soon 
as possible, and increased to the maximum tolerated 
dosage. A cohort of patients with anthracycline-induced 
heart disease, an inverse correlation was found between 
the time elapsed since the end of CT and the beginning of 
cardiologic therapy (enalapril in association with carvedilol, 
when possible) and the extent of improvement in LVEF in 
response to treatment. Actually, 64% of patients treated 
within two months after the end of CT showed a recovery 
of LVEF until its normalization; however, in patients treated 
later this percentage decreased progressively as time passed 

and no complete recovery was observed in patients treated 
after six months (Figure 10). Notably, the clinical benefit 
was most evident in asymptomatic patients (75). These data 
underline the pivotal importance of an early diagnosis of 
cardiotoxicity to be able to treat it in a still reversible phase, 
and suggest, moreover, that a cardiological monitoring 
focused only on the HF symptoms occurrence, may miss 
this chance.

As reported above, a close cardiological surveillance 
for early diagnosis and a prompt treatment with ACE-
inhibitors and beta-blockers have confirmed to be critical 
for substantial recovery of cardiac function in a broad 
non selected population treated with anthracycline, has 
allowed for early detection of 98% of cases of cardiotoxicity 
during the first twelve months after CT, and led to the 
normalization of LVEF in 82% of cases (22). However, only 
11% of patients had a full recovery (22).

Taken all together, these findings advise that strategies 
targeted at preventing the development of LVD appear 
more expedient than treatments aimed at thwarting 
an already developed dysfunction, which can be now 
irreversible in most subjects. 

Stakeholders in the cardioncology unit 

Based on our clinical and scientific experience, we have 
suggested an approach focused on the identification of 
high-risk patients for cardiotoxicity by the evaluation of 
troponin during CT, joined with a prophylactic treatment 
with enalapril. This approach has been endorsed by the 
European Society for Medical Oncology (Figure 11) (74). 
In our routine, in BC patients scheduled for anthracycline-
containing CT, we suggest a baseline evaluation, and a 
troponin evaluation before and soon after every cycle. In 
case of troponin rise, enalapril is promptly started. The 
oncologic therapy is not discontinued. The patient is closely 
monitored during CT and then, during the first year after 
the completion of CT. Conversely, in patients in whom 
troponin values remain below the cut-off value, we do not 
suggest intense cardiac surveillance. This approach is part 
of an internal procedure, shared also by our oncologist 
colleagues and it is available on our web site (www.ieo.it).  
Using this strategy in more than 4,000 patients treated 
with CT at our institution, we didn’t detect significant drop 
in LVEF from baseline neither in patients showing nor 
in those not showing an increase in the marker, and not 
receiving enalapril, during a twelve-year follow-up.

In practical terms, in order to make this kind of approach 
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Figure 11 Algorithm for the management of cardiotoxicity in 
patients receiving anthracyclines. CT, chemotherapy; ECHO, 
echocardiogram; TnI, Troponin I. Modified from Curigliano 
et al. (74).
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Figure 12 Stakeholders in a cardioncology service. LAB, 
laboratory; CT, chemotherapy; EKG, electrocardiogram; ECHO, 
echocardiogram.

reliable in our clinical reality, we need the availability, 
and we have to work closely with colleagues from other 
disciplines (Figure 12). We need the willingness from our 
laboratory medicine service for the serial assessment of 

troponin values during and after the anticancer therapy, 
the availability of a cardiologist to evaluate EKG and to 
perform echocardiograms for monitoring LVEF (generally 
the cardioncologist him/herself), of a cardioncologic nurse 
to receive the patient at the cardioncology unit, and for 
performing EKG (especially after troponin rise). Finally, 
the collaboration with the referral oncologist for updates, 
and sharing all clinical data for decision making in terms 
of oncologic therapy, preventive strategies, and a closer 
monitoring program is of pivotal importance (Figure 12).

Conclusions

Cardioncology is a new interdisciplinary medical area 
focused on a thorough management of CV complications 
in patients undergoing cancer treatments. In the last two 
decades, many aspects have been studied and clarified, 
though the present evidence-based indications are currently 
limited. Since the compelling need for skills in this field, 
cardioncology is a current clinical and research discipline 
that warrants exploration. This may be fascinating task for 
both cardiologists and oncologists, particularly for young 
colleagues, and, as well as, an exciting challenge.
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