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Peripheral and coronary artery disease (CAD) (HR, 1.31
and 1.58, respectively), diabetes (HR, 1.74), hypertension
(HR, 1.45), as well as emphysema and chronic bronchitis
(HR, 1.68), represent additional predictors of increased
risk for cardiac dysfunction.29 The risk of HF remains
higher for patients who receive anthracyclines compared
with those who receive other agents, even after excluding
elderly patients and those with relevant comorbidities.18,29

Cancer treatment-induced HF occurs with several other
traditional chemotherapeutic agents, including cyclophos-
phamide (7%-28%)21and docetaxel (2.3%-8%)26

(Table 1).30-44 The potential for permanent cardiac dam-
age with exposure to anthracyclines has led to the adop-
tion, in some clinical settings (ie, early stage breast
cancer), of chemotherapy regimens with lower cumulative
anthracycline exposure.

Many targeted therapies, particularly monoclonal anti-
bodies and tyrosine kinase inhibitors (TKIs), targeting
human epidermal growth factor receptor 2 (HER-2) (ie,
trastuzumab, pertuzumab, etc), vascular endothelial growth
factor (VEGF), and VEGF receptors (ie, bevacizumab,
sunitinib, sorafenib, etc), and Abl kinase activity (ie, imati-
nib, nilotinib, dasatinib, etc), have been demonstrated to
interfere with molecular pathways crucial to CV health.12,13

LVD associated with targeted therapies has been most
extensively evaluated in the breast cancer population treated
with trastuzumab. Trastuzumab binds to the extracellular
domain of the erb-b2 receptor tyrosine kinase 2 (ErbB2)/
HER2 and leads to reduced ErbB2 signaling via several
mechanisms. It has been speculated that the cardiac dys-
function associated with trastuzumab is a direct conse-
quence of ErbB2 inhibition in cardiomyocytes.15 Mice with
cardiac-specific deletion of ErbB2 develop dilated cardio-
myopathy and demonstrate exaggerated systolic dysfunc-

tion in response to pressure overload compared with
normal mice.15 Therefore, it would appear that ErbB2
receptor signaling is important in the maintenance of myo-
cardial function.15 In contrast to anthracycline-induced car-
diotoxicity, trastuzumab exposure can result in LVD and
HF that appears mostly reversible.45 At highest risk for car-
diotoxicity from trastuzumab exposure are those aged >50
years, patients with underlying heart disease or hyperten-
sion, those with baseline LVEF between 50% and 55% or
lower, and those who have also received anthracycline ther-
apy. The introduction of adjuvant trastuzumab for patients
with HER2-positive, early stage breast cancer has reduced
the risk of breast cancer recurrence by 50% and mortality by
33%.46 However, in the 5 major adjuvant trastuzumab trials
(summarized in Table 2),47-50 symptomatic, severe HF/car-
diac events, ranging from 0% to 3.9%, were observed with
the addition of trastuzumab to traditional chemother-
apy.51-53 Long-term follow-up of the pivotal adjuvant trials
have demonstrated the cardiac safety of trastuzumab with
no substantial increase in CV events over 8 to 10 years,
even with longer term trastuzumab therapy.49,54 However,
it is difficult to generally define cardiac toxicity across stud-
ies, as criteria vary by trial. Current clinical trials in early
breast cancer are taking advantage of the role of dual
HER2 blockade, including the synergistic activity of pertu-
zumab and trastuzumab. To date, there has not been any
additional cardiac safety concern when those agents were
combined55,56; however, we await the results of a large, pro-
spective, randomized trial (Aphinity trial) exploring this
combination in the adjuvant setting.57 Two neoadjuvant
studies (Neosphere, Tryphaena) demonstrated higher path-
ological complete response rates in women with breast can-
cer treated with chemotherapy and dual HER2 blockade
(pertuzumab, trastuzumab) compared with chemotherapy

TABLE 1. Potential Cardiac Toxicity Induced by Anticancer Chemotherapeutic Agents

DRUG STUDY TOXIC DOSE RANGE CARDIAC TOXICITY
FREQUENCY OF
OCCURRENCEa

Doxorubicin Chlebowski 197930 > 450 mg/m2 Left ventricular dysfunction Common

Epirubicin Tjuljandin 199031 > 900 mg/m2 Common

Idarubicin Anderlini 199532 150-290 mg/m2 Intermediate

Paclitaxel Perez 199833 Conventional dose Left ventricular dysfunction Intermediate

Docetaxel Kenmotsu & Tanigawara 201534 Intermediate

Cyclophosphamide Gottdiener 1981,35 Goldberg 198636 >100-120 mg/kg Left ventricular dysfunction Intermediate

Ifosfamide Kandylis 1989,37 Tascilar 2007,38 Cancer Care Ontario39 >10 mg/m2 Uncommon

Capecitabine Sent€urk 200940 Conventional dose Cardiac ischemia Intermediate

Fluorouracil Sent€urk 2009,40 Schimmel 2004,41 Chanan-Khan 200442 Intermediate

Paclitaxel Perez 199833 Conventional dose Cardiac ischemia Uncommon

Docetaxel Kenmotsu & Tanigawara 201534 Intermediate

Trabectedin Lebedinsky 201143 Conventional dose Cardiac ischemia Intermediate

Arsenic trioxide Brana & Taberno 201044 Conventional dose QTc prolongation Common

Paclitaxel Perez 199833 Conventional dose QTc prolongation Uncommon

aCommon indicates that more than 5% reported incidence; intermediate, between 1% and 5% reported incidence; uncommon, less than 1% reported incidence.
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Cardiotoxicity of Anticancer Treatments: Epidemiology,
Detection, and Management

Giuseppe Curigliano, MD, PhD1; Daniela Cardinale, MD, PhD2; Susan Dent, MD3; Carmen Criscitiello, MD, PhD1;
Olexiy Aseyev, MD, PhD3; Daniel Lenihan, MD4; Carlo Maria Cipolla, MD2

Cancer and heart disease are the leading causes of morbidity and mortality in the industrialized world. Modern treatment strat-
egies have led to an improvement in the chances of surviving a diagnosis of cancer; however, these gains can come at a cost.
Patients may experience adverse cardiovascular events related to their cancer treatment or as a result of an exacerbation of
underlying cardiovascular disease. With longer periods of survival, late effects of cancer treatment may become clinically evi-
dent years or decades after completion of therapy. Current cancer therapy incorporates multiple agents whose deleterious car-
diac effects may be additive or synergistic. Cardiac dysfunction may result from agents that can result in myocyte destruction,
such as with anthracycline use, or from agents that appear to transiently affect left ventricular contractility. In addition, cancer
treatment may be associated with other cardiac events, such as severe treatment-induced hypertension and vasospastic and
thromboembolic ischemia, as well as rhythm disturbances, including QTc prolongation, that may be rarely life-threatening. Early
and late effects of chest radiation can lead to radiation-induced heart disease, including pericardial disease, myocardial fibrosis,
cardiomyopathy, coronary artery disease, valvular disease, and arrhythmias, in the setting of myocardial fibrosis. The discipline
of cardio-oncology has developed in response to the combined decision making necessary to optimize the care of cancer
patients, whether they are receiving active treatment or are long-term survivors. Strategies to prevent or mitigate cardiovascular
damage from cancer treatment are needed to provide the best cancer care. This review will focus on the common cardiovascu-
lar issues that may arise during or after cancer therapy, the detection and monitoring of cardiovascular injury, and the best
management principles to protect against or minimize cardiotoxicity during the spectrum of cancer treatment strategies. CA
Cancer J Clin 2016;000:000–000. VC 2016 American Cancer Society.

Keywords: cancer treatment, cardiac dysfunction, cardio-oncology, cardiotoxicity, hypertension, rhythm disturbances, vascu-
lar events

To earn free CME credit or nursing contact hours for successfully completing the online quiz based on this article, go to

acsjournals.com/ce.

Introduction
Mortality rates from cancer have declined over the past 30 years largely because of early detection strategies, improved surgi-
cal approaches, as well as advances in cancer therapeutics.1-3 Improvement in survivorship, however, can be associated with
other organ injuries, including impact on cardiovascular health.4 Cardiovascular (CV) disease (CVD) is now the second
leading cause of long-term morbidity and mortality among cancer survivors.1-3,5,6 Conventional chemotherapy and targeted
therapies are associated with an increased risk of cardiac damage, including left ventricular (LV) dysfunction (LVD) and
heart failure (HF),7,8 treatment-induced hypertension, vasospastic and thromboembolic ischemia, as well as rhythm distur-
bances, including conduction system damage and potentially QTc prolongation, that may be rarely life-threatening.
Although some of these cardiac adverse effects are irreversible and cause progressive CVD, others induce only temporary
dysfunction with no apparent long-term sequelae.9 Early and late effects of chest radiation can lead to radiation-induced
heart disease (RIHD), which may involve a spectrum of cardiac conditions, such as pericardial disease, myocardial fibrosis,
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Table I. Representative tyrosine kinase inhibitors that cause cardiotoxicity.

 Agent    Cardiotoxicity First FDA Molecular
Target no. (trade name) Class Targets Malignancies incidence approval mechanism

Single� 7UDVWX]XPDE� P$E� (UE%�� +(5�+ breast LVD: 3-7% as a single 1998 LVD: inactivation of HER2ŻErk/Akt pathway
 (Herceptin)  (HER2) cancer agent and �64% in  in cardiomyocytes; prevention of HER2
     combination regimens  receptor dimerization; tumor cell death;
     (>6 months administration)  downregulation of HER2 receptor
� %HYDFL]XPDE� P$E� 9(*)� P&5&�� /9'���������� ����a HTN: inhibition of VEGF-eNOS to
 (Avastin)   nsNSCLC, HTN: 16-47%  weaken vasodilation; overproliferation
� � � � P5&&��*%0� � � RI�YDVFXODU�60&s
       Thrombosis: increased platelet aggregation and 
� � � � � � � SURLQÁDPPDWRU\�JHQH�H[SUHVVLRQ�LQ
       endothelial cells
Multiple� ,PDWLQLE� 6PDOO� $%/����� &0/��5&&�� +)����������� ����� +)��LQKLELWLRQ�RI�$%/�FDXVHs cardiomyopathy,
 (Gleevec) molecule KIT, GIST, HES   increased apoptosis and ER stress
� � � 3'*)5�Ơ/ơ
 Sunitinib Small VEGFRs, RCC, imatinib HF: 2.7-11%; 2006 HF: abnormal mitochondrial biogenesis,
� �6XWHQW�� PROHFXOH� 3'*)5�Ơ/ơ, resistant GIST HTN: 5-47%  increased apoptotic cell death, inhibition of
� � � .,7��)/7�� � � � $03.�DQG�3'*)5V

aApproved for breast cancer and revoked in 2011. FDA, Food and Drug Administration; mAb, monoclonal antibody; HER2, human epidermal growth factor receptor 2; LVD, left ventricular dysfunction; 
mCRC, metastatic colorectal cancer; nsNSCLC, non-squamous non-small-FHOO�OXQJ�FDQFHU��P5&&��PHWDVWDWLF�UHQDO�FHOO�FDUFLQRPD��*%0��JOLREODVWRPD�PXOWLIRUPH; VEGF, vascular endothelial growth 
factor; eNOS, endothelial nitric oxide synthase; HTN, hypertension; SMC, smooth muscle cell; 3'*)5��SODWHOHW�GHULYHG�JURZWK�IDFWRU�UHFHSWRU� VEGFR, VEGF receptor; CML, chronic myelogenous 
leukemia; GIST, gastrointestinal stromal tumor; HES, hypereosinophilic syndrome; HF, heart failure; ER, endoplasmic reticulum; FLT-3, Fms-like tyrosine kinase 3;�$03.��$03�DFWLYDWHG�SURWHLQ�NLQDVH�
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of these events varies, depending on the exact agent used and
the severity of the hematologic malignancy being treated.
The range of vascular problems is related to the vascular beds
affected. For instance, dasatinib rarely induces pleural effu-
sions or pulmonary hypertension,82 although the vascular
issues noted with nilotinib are completely different and likely
represent progressive atherosclerosis.83,84 In addition, combi-
nation therapies used in myeloma may increase the risk of
venous and arterial thrombotic events.85 Overall, it is fair
to say that these myriad vascular complications are impor-
tant and ultimately require specific strategies to manage
them effectively.

Rhythm Disturbances and QTc Prolongation

Cancer therapies may be associated with a variety of
rhythm disturbances but most notably can prolong the QT
interval, potentially leading to ventricular arrhythmias. The
use of some medications used in supportive care during
cancer therapy (eg, antiemetics, antidepressants) in combi-
nation with cancer treatments can lead to QT prolongation.
A careful review of drug interactions should be considered
the standard of care for all patients receiving cancer treat-
ment.86 There are specific therapies that have been associ-
ated with certain rhythm disturbances, but the mechanism
for this association is frequently related to electrolyte
abnormalities or concomitant medications that occur in a
particular population. Potential QT interval changes may
be related to the pharmacologic targets, but this association
is difficult to prove.86-88 In general, electrolyte abnormal-
ities should be carefully managed, and concomitant medica-
tions should be chosen that have minimal impact on
rhythm disturbances.

Radiotherapy-Induced CV Damage

The association of radiotherapy (RT) and cardiac dysfunc-
tion is well recognized. Radiation-associated cardiac inju-
ries are especially important in young patients with curable
malignancies, in whom the risk of developing clinically sig-
nificant late cardiotoxicity is high. The development of CV
damage after RT may be progressive and can include coro-
nary artery disease, valvular disease, myocardium damage,
defects in the conduction system, and diastolic dysfunc-
tion.89 The relative risk of fatal CV events after mediastinal
irradiation for Hodgkin disease and for left-sided breast
cancer, which are the two most common reasons for RT in
young patients, is between 2.0 and 7.0 and between 1.0 and
2.2, respectively.89-91 In addition, it is worth highlighting
that these data may not reflect contemporary radiation
treatment protocols, because RT methods have significantly
changed over time. Damage to the arterial endothelium can
induce premature atherosclerosis in the coronary circula-
tion, particularly in the left anterior descending and right
coronary arteries.90 This usually occurs 10 to 15 years after
RT. Acute pericarditis and either symptomatic or asymp-
tomatic chronic pericardial effusion may appear 6 to 12
months after RT. Stenosis and regurgitation of mitral and
aortic valves have been reported. Fibrosis of the conduction
system with disturbed heart rate and heart block (either
complete or incomplete) may also occur. These late
radiation-induced cardiac effects have been seen with doses
from 30 to 40 grays.91 Newer RT techniques, including
3-dimensional (3D) treatment planning with dose-volume
histograms to precisely calculate both heart volume and
dose, should decrease the risk of direct cardiac damage.89-91

The prone position and deep inspiration breath hold are
also commonly used as techniques. Models to predict the
risk of radiation damage include the normal tissue

TABLE 3. Rates of Hypertension With Selected Angiogenesis Inhibitors

GRADE 3/4 HYPERTENSION
RATES, %

DISEASE DRUG STUDY ANTIANGIOGENIC CONTROL

Colon cancer Bevacizumab Dewdney 2012,65 Mir 201166 11 2.3
Renal cell cancer Bevacizumab Fraeman 201367 36 NA
Lung cancer Bevacizumab Mir 2011,66 Chen 201568 7 0.7
Breast cancer Bevacizumab Fraeman 2013,67 Gampenrieder 201469 14.8 14.6
Ovarian cancer Bevacizumab Fraeman 201367 26.4 16.7
Renal cell cancer Sunitinib Larochelle 201271 8 1
GIST Sunitinib George 201272 3 0
Breast cancer Sunitinib Sungyub & Chamberlain 201573 6 NA
Breast cancer Sorafenib Funakoshi 201374 17 12
Lung cancer Cediranib Langenberg 200975 35 NA
Breast cancer Cediranib Langenberg 200975 42 NA
Phase 1 Sorafenib and bevacizumab Castellano 2013,76 Azad 200870 33 NA

GIST, gastrointestinal stromal tumor; NA, not available.
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Cardiotoxicity of Anticancer Treatments: Epidemiology,
Detection, and Management
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Cancer and heart disease are the leading causes of morbidity and mortality in the industrialized world. Modern treatment strat-
egies have led to an improvement in the chances of surviving a diagnosis of cancer; however, these gains can come at a cost.
Patients may experience adverse cardiovascular events related to their cancer treatment or as a result of an exacerbation of
underlying cardiovascular disease. With longer periods of survival, late effects of cancer treatment may become clinically evi-
dent years or decades after completion of therapy. Current cancer therapy incorporates multiple agents whose deleterious car-
diac effects may be additive or synergistic. Cardiac dysfunction may result from agents that can result in myocyte destruction,
such as with anthracycline use, or from agents that appear to transiently affect left ventricular contractility. In addition, cancer
treatment may be associated with other cardiac events, such as severe treatment-induced hypertension and vasospastic and
thromboembolic ischemia, as well as rhythm disturbances, including QTc prolongation, that may be rarely life-threatening. Early
and late effects of chest radiation can lead to radiation-induced heart disease, including pericardial disease, myocardial fibrosis,
cardiomyopathy, coronary artery disease, valvular disease, and arrhythmias, in the setting of myocardial fibrosis. The discipline
of cardio-oncology has developed in response to the combined decision making necessary to optimize the care of cancer
patients, whether they are receiving active treatment or are long-term survivors. Strategies to prevent or mitigate cardiovascular
damage from cancer treatment are needed to provide the best cancer care. This review will focus on the common cardiovascu-
lar issues that may arise during or after cancer therapy, the detection and monitoring of cardiovascular injury, and the best
management principles to protect against or minimize cardiotoxicity during the spectrum of cancer treatment strategies. CA
Cancer J Clin 2016;000:000–000. VC 2016 American Cancer Society.

Keywords: cancer treatment, cardiac dysfunction, cardio-oncology, cardiotoxicity, hypertension, rhythm disturbances, vascu-
lar events
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Introduction
Mortality rates from cancer have declined over the past 30 years largely because of early detection strategies, improved surgi-
cal approaches, as well as advances in cancer therapeutics.1-3 Improvement in survivorship, however, can be associated with
other organ injuries, including impact on cardiovascular health.4 Cardiovascular (CV) disease (CVD) is now the second
leading cause of long-term morbidity and mortality among cancer survivors.1-3,5,6 Conventional chemotherapy and targeted
therapies are associated with an increased risk of cardiac damage, including left ventricular (LV) dysfunction (LVD) and
heart failure (HF),7,8 treatment-induced hypertension, vasospastic and thromboembolic ischemia, as well as rhythm distur-
bances, including conduction system damage and potentially QTc prolongation, that may be rarely life-threatening.
Although some of these cardiac adverse effects are irreversible and cause progressive CVD, others induce only temporary
dysfunction with no apparent long-term sequelae.9 Early and late effects of chest radiation can lead to radiation-induced
heart disease (RIHD), which may involve a spectrum of cardiac conditions, such as pericardial disease, myocardial fibrosis,
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Fig. 1. Schematic representation of pathogenetic mechanisms of ADT-related cardiovascular (CVS) morbidity and mortality. Pathogenetic damage of GnRH
agonist therapy on the heart and blood vessel could have a dual origin. GnRH agonist could be responsible of cardiovascular toxicity through indirect mechanism,
in which hypogonadism plays a critical role in the onset of metabolic syndrome, characterized by changes in body composition, obesity, insulin resistance,
hyperglycemia, dyslipidemia, and hypertension, that contribute to endothelial dysfunction and arterial wall thickness predisposing to atherosclerosis and so
likely cardiac diseases. There also could be a direct mechanism due to possible presence of GnRH receptors on the heart leading to lower cardiac contractility.
Moreover, the addition of other types of prostate cancer treatment, above all radiotherapy, to GnRH use results in increased cardiac morbidity and mortality in
prostate cancer patients, particularly in men with preexisting cardiac risk factors.

hormone agonists, androgen deprivation therapy, prostate
cancer, and cardiovascular toxicity.

3. Mechanism of GnRH agonist action

Androgens function predominantly through their action on
the androgen receptor (AR), a member of the steroid hormone
receptor family of ligand-activated nuclear transcription fac-
tors. The AR exists in the cytoplasm, bound to heat shock
proteins, which stabilize the AR and allow androgen binding.
Upon the binding between the ligand and specific receptor,
the AR homodimerizes and undergoes phosphorylation and
translocation to the nucleus, where it binds androgen response
elements and induces transcription of target genes involved
in cellular cycle regulation and proliferation. As androgens
have a critical role in driving prostate cancer growth, ADT
reduces the rates of testicular androgen synthesis and cir-
culating androgens levels, thereby minimizing AR ligand
availability and subsequent AR-mediated proliferative effects
on the prostate [27–30].

The aim of ADT is to achieve serum testosterone levels
as low as possible, with current guidelines recommending
levels less than 50 ng/dl (normal range in young men,
300–1000 ng/dl).

GnRH stimulation of the anterior pituitary usually results
in the release of luteinizing hormone (LH), which in turn
stimulates testicular androgen synthesis in the normal host.
GnRH agonists are decapeptides that exert a nonpulsatile,
constant stimulation to the anterior pituitary gland, which,
after an initial transient increasing in LH release, cause
downregulation of gonadotropin release and inhibition of
testosterone production with reduction of tumor burden [30].

4. Pathogenesis of cardiovascular and metabolic
effects of GnRH agonists

Pathogenetic damage of GnRH agonist therapy on the
heart and blood vessel could have a dual origin. GnRH agonist
could be responsible of cardiovascular toxicity both indi-
rect mechanism, associated with an increase in body weight,
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The cardiovascular risk of gonadotropin releasing hormone agonists in
men with prostate cancer: An unresolved controversy

Vincenza Conteduca a,∗, Giuseppe Di Lorenzo b, Alfredo Tartarone a, Michele Aieta a

a Centro di Riferimento Oncologico della Basilicata, IRCCS, Rionero in Vulture, Italy
b AOU Federico II, Oncology Division, Napoli, Italy

Accepted 25 September 2012

Contents

1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
2. Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
3. Mechanism of GnRH agonist action . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
4. Pathogenesis of cardiovascular and metabolic effects of GnRH agonists . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

4.1. GnRH agonist: indirect mechanism of cardiovascular risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
4.2. GnRH agonist: direct mechanism of cardiovascular risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

5. Cardiovascular morbidity and mortality of GnRH agonist treatment: recent conflicting evidences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
6. Comparison between GnRH agonists and antagonists on the cardiac toxicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
7. Follow-up and management of patients on GnRH agonist therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
8. Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

Conflict of interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
Reviewers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
Biography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

Abstract

Gonadotropin-releasing hormone agonists (GnRH) play an important role in the treatment of prostate cancer, improving significantly overall
survival. GnRH agonists belong to androgen deprivation therapy (ADT) together with surgical castration and, recently, GnRH antagonists.
ADT has several side effects, such as sexual dysfunction and osteoporosis. Recently, changes in body composition, obesity, insulin resistance,
hyperglycemia, dyslipidemia, and hypertension have emerged as complications of ADT, perhaps responsible for cardiovascular events, but
discussion is still open. Since the majority of men with prostate cancer die of conditions other than their malignancy, recognition of these
adverse effects is important. This review serves to focus attention on the pathogenetic mechanisms of ADT-related cardiovascular toxicity with
also reference to the possible direct role of GnRH agonist on the cardiac receptors. Furthermore, this paper would generate recommendations
for the management of patients treated with GnRH agonists balancing the potential benefits against the possible risks in prostate cancer men.
© 2012 Elsevier Ireland Ltd. All rights reserved.

Keywords: Gonadotropin-releasing hormone (GnRH) agonists; Androgen deprivation therapy (ADT); Prostate cancer; Cardiovascular toxicity

Abbreviations: GnRH, gonadotropin-releasing hormone; ADT, andro-
gen deprivation therapy.
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1. Introduction

Cardiotoxicity is becoming one of the most important
complications of antineoplastic drugs, such as chemother-
apeutic agents, monoclonal antibodies that target tyrosine
kinase receptors, small molecule tyrosine kinase inhibitors,

1040-8428/$ – see front matter © 2012 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.critrevonc.2012.09.008



settings was 5.6% and 3.0%, respectively (p < 0.001),
while it was 4.0% and 2.1%, respectively, in the control
arms.

3.3. Hypertension

Six studies were included in this analysis covering a
total of 7830 mCRPC patients. Among them, 4520 were
treated in the experimental arms with CYP-17 inhibitors
(76.6%) or enzalutamide (23.4%), while 3310 received a
placebo ± prednisone in the control arms.

In the overall cohort, the incidence of all-grade
hypertension was 12.5% in the experimental arms and
7.5% in the control arms. Treatment with new hormonal
agents increased the RR for all-grade toxicity by 84%
(random effect, RR = 1.84, 95% CI, 1.37–2.46;
p < 0.001). There was significant heterogeneity
(Chi2 = 18.6, p = 0.002; I2 = 73%) (Fig. 3A and
Supplementary Table 1).

The incidence of high-grade hypertension was 3.7% in
the patients treated in the experimental arms and 2.4% in
the control groups. Treatment with new hormonal agents
increased the risk of high-grade toxicity (random effect,
RR = 1.77, 95% CI, 1.13–2.77; p = 0.01). Significant
heterogeneity was found (Chi2 = 11.0, p = 0.05;
I2 = 55%) (Fig. 3B and Supplementary Table 1).

The incidence of all- and high-grade cardiac toxicity
by type of molecule is reported in Table 2. A significant
difference was found between the CYP-17 inhibitors and
enzalutamide for the all-grade (p < 0.001), and for the
high-grade (p = 0.014), groups.

The incidence of all-grade hypertension in the exper-
imental arms in the pre- and post-docetaxel settings was

15.7% and 9.6%, respectively (p < 0.001), and 8.6% and
5.5%, respectively, in the control arms. Accordingly, the
incidence of grade 3–4 toxicity in the experimental arms
in the pre- and post-docetaxel settings was 5.2% and
2.2%, respectively (p < 0.001), and 3.1% and 1.0%,
respectively, in the control arms.

3.4. Quality of the studies

All the studies were randomised, double blind clinical
trials. Those with CYP-17 inhibitors used prednisone to
alleviate adverse events related to the mechanism of
action, and also used it in the control arms.
Meanwhile, its use in the enzalutamide trials was permit-
ted, but not required. All the trials had Jadad scores of
five, confirming the good quality of those included in the
analysis (Table 1).

4. Discussion

The correlation between anti-androgen therapies and
cardiovascular toxicity is a disputed topic in prostate
cancer. Several retrospective analyses have investigated
this relationship, with differing results. Keating and col-
leagues studied more than 73,000 patients with localised
prostate cancer from the Surveillance Epidemiology and
End Results (SEER) database. They found an increased
risk of coronary heart disease, MI and sudden cardiac
death, with an adjusted HR of 1.11 (95% CI, 1.01–
1.21; p = 0.03), 1.16 (95% CI, 1.10–1.21; p < 0.001)
and 1.16 (95% CI, 1.05–1.27; p = 0.004), respectively
[19]. Another analysis used the prospective clinical
Cancer of the Prostate Strategic Urologic Research

Fig. 2. Relative risk for (A) all- and (B) high-grade cardiac toxicity in patients treated with new hormonal agents (HA) or control.

1974 R. Iacovelli et al. / European Journal of Cancer 51 (2015) 1970–1977

Meta-analysis in 6735 pts enrolled in 6 prospective studies 
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CT:  
-ANTRACICLINE, ANTRACICLINE LIPOSOMIALI (peghilate e non peghilate: 
minore cardiotossicità ma indicate solo nella malattia mts) 

-5-FLUOROURACILE e CAPECITABINA 
 

HT: 
-TAMOXIFENE, INIBITORI AROMATASI 
 

TT:  
-antiHER2 (TRASTUZUMAB, PERTUZUMAB, LAPATINIB): cardiotossicità 
reversibile, ma indispensabile monitoraggio di FE; 
 

CARDIOXANE:  
-quale ruolo nella prevenzione della cardiotossicità da antracicline?  
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-BEVACIZUMAB -> ipertensione, insufficienza cardiaca, IMA 

-CRIZOTINIB e CERITINIB (ALK inibitori)-> allungamento QT 
(predisposizione a torsioni di punta) 

-NIVOLUMAB -> aritmie 

-NINTEDANIB (triplo inibitore orale dell’angiochinasi) -> ipertensione 
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à   cardiotox: infarto del miocardio, angina, shock cardiogeno, morte improvvisa, 
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sopraventricolare ed eventi trombotici 
-REGORAFENIB: ischemia e infarto del miocardio, ipertensione 
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-Giovane 
-No comorbidità cardiologiche 
-M0, CT adiuvante 
-> lunga aspettativa di vita 
-> NB: danni CV acuti/tardivi 
 

-Anziano 
-Comorbidità (anche cardiologiche) 
-M1, CT palliativa 
-> ridotta aspettativa di vita 
-> NB: danni CV acuti/tardivi 
 



Valutazione cardio-oncologica 
del paziente 

(cardio-)oncologico 
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recommends dexrazoxane only in metastatic patients who 
have received >300 mg/m2 doxorubicin and would benefit 
from additional anthracycline administration.26 American 
Society of Clinical Oncology reports that there is currently no 
standard strategy for long-term monitoring through biomark-
ers or imaging and no direct evidence regarding the treatment 
of LVD in asymptomatic patients1 (Table 3).

Knowledge Gaps and Future Directions
The specialty of cardio-oncology has gained significant 
momentum, with increasing awareness and interest in advanc-
ing the field. This parallels the larger armamentarium of ther-
apies now available to patients with cancer, many of which 
have redefined life expectancy. There are, however, multiple 
gaps in the field, which bear addressing (Table 4). At present, 
there are no internationally published guidelines to address 
this specific patient population, and no standardized classifi-
cation system to define cancer-related cardiac toxicity, LVD, 
and HF. Cardio-oncology guidelines will need to account for 
different subpopulations, such as those with metastatic and 
nonmetastatic disease. Furthermore, defining cardiac dysfunc-
tion through LVEF alone is insufficient. LVEF estimation may 

predict development of later cardiotoxicity but may not be sen-
sitive enough to assess early preclinical changes, which might 
impact on management decisions. Currently, incidence of can-
cer therapy–related LVD and HF are likely underestimated, 
representing the typically younger and healthier population in 
largest cancer trials. Standardization of cardiac toxicity defini-
tions will allow for prospective study of epidemiology.

There are various limitations in our understanding of 
optimal clinical management of cardiac disease in the can-
cer population. At present, the largest focus has centered on 
HF reduced ejection fraction, but the incidence and manage-
ment of HF preserved ejection fraction is largely unknown. 
Clinical trials addressing prevention, prophylactic medi-
cal therapy, length and types of therapy once cardiotoxic-
ity develops, and the safety of rechallenging with cancer 
therapy, all remain critical unaddressed issues. Furthermore, 
prospectively validated risk predictive models would help 
clinicians to individualize care, tailor biomarker and imag-
ing surveillance strategies, and initiate early or prophylactic 
medical therapy for those patients in highest risk categories. 
Another issue is cardioprotection during reinitiation of the 
culprit chemotherapy in the context of optimizing cancer 

chemo

A B

C

Figure.  Proposed algorithm for the surveillance and treatment of cardiotoxicity in patients receiving potentially cardiotoxic chemotherapy 
before (A), during (B), and following (C) therapy. * continuous variables of risk; 1MUGA may be considered if echocardiography or CMR 
not available; 2for high-risk patients or when available, strain imaging, use of Echo contrast when indicated; 365–74 may represent an 
intermediate risk group; 4Troponin, BNP; and 5Consider earlier imaging if higher baseline risk. ACE-I, indicates angiotensin-converting 
enzyme inhibitors; BB, beta-blocker; CAD, coronary artery disease; CHF, congestive heart failure; CMR, cardiac magnetic resonance; 
D/C, discontinue; HTN, hypertension; Hx, history; LVD, left ventricular dysfunction; MI, myocardial infarction; MUGA, multigated acquisi-
tion scan; RT, radiation therapy; and Sx, symptoms.
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Abstract—Success with oncologic treatment has allowed cancer patients to experience longer cancer-free survival gains. 
Unfortunately, this success has been tempered by unintended and often devastating cardiac complications affecting overall 
patient outcomes. Cardiac toxicity, specifically the association of several cancer therapy agents with the development of left 
ventricular dysfunction and cardiomyopathy, is an issue of growing concern. Although the pathophysiologic mechanisms 
behind cardiac toxicity have been characterized, there is currently no evidence-based approach for monitoring and 
management of these patients. In the first of a 2-part review, we discuss the epidemiologic, pathophysiologic, risk factors, 
and imaging aspects of cancer therapy–related cardiac dysfunction and heart failure. In this second part, we discuss the 
prevention and treatment aspects in these patients and conclude with highlighting the evidence gaps and future directions 
for research in this area. (Circ Heart Fail. 2016;9:e002843. DOI: 10.1161/CIRCHEARTFAILURE.115.002843.)

Key Words: cardiomyopathies ■ cardiotoxicity ■ heart failure ■ heart ■ trastuzumab

© 2016 American Heart Association, Inc.

Circ Heart Fail is available at http://circheartfailure.ahajournals.org DOI: 10.1161/CIRCHEARTFAILURE.115.002843

Received September 11, 2015; accepted December 7, 2015.
From the Cardiology Division (C.E.H., M.W.B, H.S., J.B.) and Oncology Division, Stony Brook University, NY (L.B.); Oncology Division, European 

Institute of Oncology, Milan, Italy (D.C.); Cardiology Division, University of Pennsylvania, Philadelphia (B.K.); Cardiology Division, Brigham and 
Women’s Hospital, Harvard Medical School, Boston, MA (A.N.); Cardiology Division, Vanderbilt University, Nashville, TN (D.J.L.); Cardiology Division, 
Center for Cardiovascular Innovation, Northwestern Feinberg School of Medicine, Chicago, IL (M.G.); and Cardiovascular Division, NIHR Cardiovascular 
Biomedical Research Unit, Royal Brompton Hospital and Imperial College London, London, United Kingdom (A.R.L.).

This is Part 2 of a 2-part article. Part 1 appeared in the January 2016 issue.
Correspondence to Javed Butler, MD, MPH, MBA, Cardiology Division, Stony Brook University, Health Sciences Center, T-16, Room 080 SUNY at 

Stony Brook, NY 11794. E-mail javed.butler@stonybrookmedicine.edu

Cancer Therapy–Related Cardiac 
Dysfunction and Heart Failure

Part 2: Prevention, Treatment, Guidelines, and Future Directions

Carine E. Hamo, MD; Michelle W. Bloom, MD; Daniela Cardinale, MD, PhD; 
 Bonnie Ky, MD, MSCE; Anju Nohria, MD; Lea Baer, MD; Hal Skopicki, MD, PhD;  

Daniel J. Lenihan, MD; Mihai Gheorghiade, MD; Alexander R. Lyon, MD, PhD; 
 Javed Butler, MD, MPH, MBA

Advances in Heart Failure

Mortality from cancer has decreased tremendously over 
the past few decades, in part, through earlier diagno-

sis and novel treatments. Unfortunately, although cancer-free 
survival has increased, complications from cancer therapy, 
particularly effects of cardiac function have limited patient 
outcomes, impacting the overall morbidity and mortality 
adversely.1 Heart failure (HF) as a result of cancer therapy has 
been linked to a 3.5-fold increased mortality risk compared 
with idiopathic cardiomyopathy.2 An integrative approach 
between the oncologist and cardiologist can aid in minimiz-
ing these detrimental effects. In the second part of this 2-part 
review, we discuss evaluation, surveillance, prevention, and 
treatment in this patient population. We highlight a proposed 
algorithm for approaching these patients before, during, and 
following cancer therapy. We conclude highlight challenges 
within the field and areas that need further research.

Prevention Strategies
β-Blockers
There is growing evidence suggesting a cardioprotective 
role of β-blockers in prevention of anthracycline-induced 

cardiotoxicity. Carvedilol, which is also an antioxidant and 
has the ability to chelate iron, prevented cardiac histopa-
thology caused by doxorubicin.3 Carvedilol may prevent 
strain abnormalities after anthracycline use.4 In studies with 
carvedilol5 and nebivolol6 at initiation of anthracycline use, 
both agents resulted in higher degree of left ventricular ejec-
tion fraction (LVEF) preservation. The use of β-blockers 
during treatment with trastuzumab and anthracyclines was 
associated with a lower incidence of HF over a 5-year period.7 
Although carvedilol and nebivolol are beneficial, nonselective 
β-blockers, such as propranolol, may in fact be cardiotoxic,8 
and the effect of metoprolol is neutral.9

Renin–Angiotensin Inhibitors
Animal studies suggest that angiotensin-converting enzyme 
inhibitors (ACEI) may be cardioprotective in anthracycline 
toxicity.10 Enalapril treatment 1 week before doxorubicin and 
continued for 3 weeks after the last dose preserved mitochon-
drial function and downregulated free-radical generation.11 
Beneficial mechanisms include attenuation of fibrosis and 
oxidative stress and decreased angiotensin-induced blockade 
of the neuregulin/ERb system.12 Some data on ACEI benefit 
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recommends dexrazoxane only in metastatic patients who 
have received >300 mg/m2 doxorubicin and would benefit 
from additional anthracycline administration.26 American 
Society of Clinical Oncology reports that there is currently no 
standard strategy for long-term monitoring through biomark-
ers or imaging and no direct evidence regarding the treatment 
of LVD in asymptomatic patients1 (Table 3).

Knowledge Gaps and Future Directions
The specialty of cardio-oncology has gained significant 
momentum, with increasing awareness and interest in advanc-
ing the field. This parallels the larger armamentarium of ther-
apies now available to patients with cancer, many of which 
have redefined life expectancy. There are, however, multiple 
gaps in the field, which bear addressing (Table 4). At present, 
there are no internationally published guidelines to address 
this specific patient population, and no standardized classifi-
cation system to define cancer-related cardiac toxicity, LVD, 
and HF. Cardio-oncology guidelines will need to account for 
different subpopulations, such as those with metastatic and 
nonmetastatic disease. Furthermore, defining cardiac dysfunc-
tion through LVEF alone is insufficient. LVEF estimation may 

predict development of later cardiotoxicity but may not be sen-
sitive enough to assess early preclinical changes, which might 
impact on management decisions. Currently, incidence of can-
cer therapy–related LVD and HF are likely underestimated, 
representing the typically younger and healthier population in 
largest cancer trials. Standardization of cardiac toxicity defini-
tions will allow for prospective study of epidemiology.

There are various limitations in our understanding of 
optimal clinical management of cardiac disease in the can-
cer population. At present, the largest focus has centered on 
HF reduced ejection fraction, but the incidence and manage-
ment of HF preserved ejection fraction is largely unknown. 
Clinical trials addressing prevention, prophylactic medi-
cal therapy, length and types of therapy once cardiotoxic-
ity develops, and the safety of rechallenging with cancer 
therapy, all remain critical unaddressed issues. Furthermore, 
prospectively validated risk predictive models would help 
clinicians to individualize care, tailor biomarker and imag-
ing surveillance strategies, and initiate early or prophylactic 
medical therapy for those patients in highest risk categories. 
Another issue is cardioprotection during reinitiation of the 
culprit chemotherapy in the context of optimizing cancer 

chemo
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C

Figure.  Proposed algorithm for the surveillance and treatment of cardiotoxicity in patients receiving potentially cardiotoxic chemotherapy 
before (A), during (B), and following (C) therapy. * continuous variables of risk; 1MUGA may be considered if echocardiography or CMR 
not available; 2for high-risk patients or when available, strain imaging, use of Echo contrast when indicated; 365–74 may represent an 
intermediate risk group; 4Troponin, BNP; and 5Consider earlier imaging if higher baseline risk. ACE-I, indicates angiotensin-converting 
enzyme inhibitors; BB, beta-blocker; CAD, coronary artery disease; CHF, congestive heart failure; CMR, cardiac magnetic resonance; 
D/C, discontinue; HTN, hypertension; Hx, history; LVD, left ventricular dysfunction; MI, myocardial infarction; MUGA, multigated acquisi-
tion scan; RT, radiation therapy; and Sx, symptoms.
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Advances in Heart Failure

Mortality from cancer has decreased tremendously over 
the past few decades, in part, through earlier diagno-

sis and novel treatments. Unfortunately, although cancer-free 
survival has increased, complications from cancer therapy, 
particularly effects of cardiac function have limited patient 
outcomes, impacting the overall morbidity and mortality 
adversely.1 Heart failure (HF) as a result of cancer therapy has 
been linked to a 3.5-fold increased mortality risk compared 
with idiopathic cardiomyopathy.2 An integrative approach 
between the oncologist and cardiologist can aid in minimiz-
ing these detrimental effects. In the second part of this 2-part 
review, we discuss evaluation, surveillance, prevention, and 
treatment in this patient population. We highlight a proposed 
algorithm for approaching these patients before, during, and 
following cancer therapy. We conclude highlight challenges 
within the field and areas that need further research.

Prevention Strategies
β-Blockers
There is growing evidence suggesting a cardioprotective 
role of β-blockers in prevention of anthracycline-induced 

cardiotoxicity. Carvedilol, which is also an antioxidant and 
has the ability to chelate iron, prevented cardiac histopa-
thology caused by doxorubicin.3 Carvedilol may prevent 
strain abnormalities after anthracycline use.4 In studies with 
carvedilol5 and nebivolol6 at initiation of anthracycline use, 
both agents resulted in higher degree of left ventricular ejec-
tion fraction (LVEF) preservation. The use of β-blockers 
during treatment with trastuzumab and anthracyclines was 
associated with a lower incidence of HF over a 5-year period.7 
Although carvedilol and nebivolol are beneficial, nonselective 
β-blockers, such as propranolol, may in fact be cardiotoxic,8 
and the effect of metoprolol is neutral.9

Renin–Angiotensin Inhibitors
Animal studies suggest that angiotensin-converting enzyme 
inhibitors (ACEI) may be cardioprotective in anthracycline 
toxicity.10 Enalapril treatment 1 week before doxorubicin and 
continued for 3 weeks after the last dose preserved mitochon-
drial function and downregulated free-radical generation.11 
Beneficial mechanisms include attenuation of fibrosis and 
oxidative stress and decreased angiotensin-induced blockade 
of the neuregulin/ERb system.12 Some data on ACEI benefit 

 by guest on May 1, 2016http://circheartfailure.ahajournals.org/Downloaded from 

Monitoraggio PERSONALIZZATO 
DURANTE terapia oncologica 



DILEMMI E SFIDE IN ARITMOLOGIA INTERVENTISTICA
Gianfranco Pistis, Francesco Rametta

14:30   Ablazione Aritmie ed Elettrostimolazione: 
             come ridurre al minimo l’esposizione radiologica?
             Matteo Anselmino 

14:45   Ablazione di tachicardie da rientro e di fibrillazione atriale: 
             radiofrequenza o crioablazione?
             Gaetano Senatore

15:00  Tachicardie ventricolari: ablazione “focale” 
             o estensiva di “ampio substrato”?
             Alice Scopinaro

15:15      Discussione 
             Riccardo Massa

15:30   LETTURA: Passato presente e futuro dell’elettrofisiologia 
             interventistica
             Marco Scaglione

   

12

Programma
Venerdì 
6 Maggio 
2016

SESSIONE DI ELETTROFISIOLOGIA

Alessandra Mosca, Baveno 5 maggio 2016 

6  Hamo et al  Cancer Therapy–Related Heart Failure 

recommends dexrazoxane only in metastatic patients who 
have received >300 mg/m2 doxorubicin and would benefit 
from additional anthracycline administration.26 American 
Society of Clinical Oncology reports that there is currently no 
standard strategy for long-term monitoring through biomark-
ers or imaging and no direct evidence regarding the treatment 
of LVD in asymptomatic patients1 (Table 3).

Knowledge Gaps and Future Directions
The specialty of cardio-oncology has gained significant 
momentum, with increasing awareness and interest in advanc-
ing the field. This parallels the larger armamentarium of ther-
apies now available to patients with cancer, many of which 
have redefined life expectancy. There are, however, multiple 
gaps in the field, which bear addressing (Table 4). At present, 
there are no internationally published guidelines to address 
this specific patient population, and no standardized classifi-
cation system to define cancer-related cardiac toxicity, LVD, 
and HF. Cardio-oncology guidelines will need to account for 
different subpopulations, such as those with metastatic and 
nonmetastatic disease. Furthermore, defining cardiac dysfunc-
tion through LVEF alone is insufficient. LVEF estimation may 

predict development of later cardiotoxicity but may not be sen-
sitive enough to assess early preclinical changes, which might 
impact on management decisions. Currently, incidence of can-
cer therapy–related LVD and HF are likely underestimated, 
representing the typically younger and healthier population in 
largest cancer trials. Standardization of cardiac toxicity defini-
tions will allow for prospective study of epidemiology.

There are various limitations in our understanding of 
optimal clinical management of cardiac disease in the can-
cer population. At present, the largest focus has centered on 
HF reduced ejection fraction, but the incidence and manage-
ment of HF preserved ejection fraction is largely unknown. 
Clinical trials addressing prevention, prophylactic medi-
cal therapy, length and types of therapy once cardiotoxic-
ity develops, and the safety of rechallenging with cancer 
therapy, all remain critical unaddressed issues. Furthermore, 
prospectively validated risk predictive models would help 
clinicians to individualize care, tailor biomarker and imag-
ing surveillance strategies, and initiate early or prophylactic 
medical therapy for those patients in highest risk categories. 
Another issue is cardioprotection during reinitiation of the 
culprit chemotherapy in the context of optimizing cancer 

chemo
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C

Figure.  Proposed algorithm for the surveillance and treatment of cardiotoxicity in patients receiving potentially cardiotoxic chemotherapy 
before (A), during (B), and following (C) therapy. * continuous variables of risk; 1MUGA may be considered if echocardiography or CMR 
not available; 2for high-risk patients or when available, strain imaging, use of Echo contrast when indicated; 365–74 may represent an 
intermediate risk group; 4Troponin, BNP; and 5Consider earlier imaging if higher baseline risk. ACE-I, indicates angiotensin-converting 
enzyme inhibitors; BB, beta-blocker; CAD, coronary artery disease; CHF, congestive heart failure; CMR, cardiac magnetic resonance; 
D/C, discontinue; HTN, hypertension; Hx, history; LVD, left ventricular dysfunction; MI, myocardial infarction; MUGA, multigated acquisi-
tion scan; RT, radiation therapy; and Sx, symptoms.
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Abstract—Success with oncologic treatment has allowed cancer patients to experience longer cancer-free survival gains. 
Unfortunately, this success has been tempered by unintended and often devastating cardiac complications affecting overall 
patient outcomes. Cardiac toxicity, specifically the association of several cancer therapy agents with the development of left 
ventricular dysfunction and cardiomyopathy, is an issue of growing concern. Although the pathophysiologic mechanisms 
behind cardiac toxicity have been characterized, there is currently no evidence-based approach for monitoring and 
management of these patients. In the first of a 2-part review, we discuss the epidemiologic, pathophysiologic, risk factors, 
and imaging aspects of cancer therapy–related cardiac dysfunction and heart failure. In this second part, we discuss the 
prevention and treatment aspects in these patients and conclude with highlighting the evidence gaps and future directions 
for research in this area. (Circ Heart Fail. 2016;9:e002843. DOI: 10.1161/CIRCHEARTFAILURE.115.002843.)
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Advances in Heart Failure

Mortality from cancer has decreased tremendously over 
the past few decades, in part, through earlier diagno-

sis and novel treatments. Unfortunately, although cancer-free 
survival has increased, complications from cancer therapy, 
particularly effects of cardiac function have limited patient 
outcomes, impacting the overall morbidity and mortality 
adversely.1 Heart failure (HF) as a result of cancer therapy has 
been linked to a 3.5-fold increased mortality risk compared 
with idiopathic cardiomyopathy.2 An integrative approach 
between the oncologist and cardiologist can aid in minimiz-
ing these detrimental effects. In the second part of this 2-part 
review, we discuss evaluation, surveillance, prevention, and 
treatment in this patient population. We highlight a proposed 
algorithm for approaching these patients before, during, and 
following cancer therapy. We conclude highlight challenges 
within the field and areas that need further research.

Prevention Strategies
β-Blockers
There is growing evidence suggesting a cardioprotective 
role of β-blockers in prevention of anthracycline-induced 

cardiotoxicity. Carvedilol, which is also an antioxidant and 
has the ability to chelate iron, prevented cardiac histopa-
thology caused by doxorubicin.3 Carvedilol may prevent 
strain abnormalities after anthracycline use.4 In studies with 
carvedilol5 and nebivolol6 at initiation of anthracycline use, 
both agents resulted in higher degree of left ventricular ejec-
tion fraction (LVEF) preservation. The use of β-blockers 
during treatment with trastuzumab and anthracyclines was 
associated with a lower incidence of HF over a 5-year period.7 
Although carvedilol and nebivolol are beneficial, nonselective 
β-blockers, such as propranolol, may in fact be cardiotoxic,8 
and the effect of metoprolol is neutral.9

Renin–Angiotensin Inhibitors
Animal studies suggest that angiotensin-converting enzyme 
inhibitors (ACEI) may be cardioprotective in anthracycline 
toxicity.10 Enalapril treatment 1 week before doxorubicin and 
continued for 3 weeks after the last dose preserved mitochon-
drial function and downregulated free-radical generation.11 
Beneficial mechanisms include attenuation of fibrosis and 
oxidative stress and decreased angiotensin-induced blockade 
of the neuregulin/ERb system.12 Some data on ACEI benefit 
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DOPO terapia oncologica 
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CONCLUSIONI 

 
-Diversi farmaci oncologici per diverse neoplasie solide, con 
diverse tossicità CV 
 
-I pazienti oncologici sono molto eterogenei 
 
-Non esistono attualmente Linee Guida validate per ottimali 
Inquadramento clinico e monitoraggio della tossicità cardiaca 
prima/durante/dopo terapia oncologica 
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