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Cardiovascular toxicity is a potentially serious complication that can result from the use of various cancer thera-
pies and can impact the short- and long-term prognosis of treated patients aswell as cancer survivors. In addition
to their potential acute cardiovascular adverse events, new treatments can lead to late toxicity even after their
completion because patients who survive longer generally have an increased exposure to the cancer therapies
combined to standard cardiovascular risk factors. These complications expose the patient to the risk of cardiovas-
cular morbi-mortality, which makes managing cardiovascular toxicity a significant challenge. Cardio-oncology
programs offer the opportunity to improve cardiovascular monitoring, safety, andmanagement through a better
understanding of the pathogenesis of toxicity and interdisciplinary collaborations. In this review,we address new
challenges, perspectives, and research priorities in cancer therapy-related cardiovascular toxicity to identify
strategies that could improve the overall prognosis and survival of cancer patients. We also focus our discussion
on the contribution of cardio-oncology in each step of the development and use of cancer therapies.
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1. Introduction

Cancer and cardiovascular diseases are the two leading causes of
death in the United States and Europe, where they are responsible for
almost 50% of overall mortality [1]. Recent cancer therapeutic strategies

have improved the survival of patients. Between 2008 and 2012, age-
standardized mortality rates in women with cancer decreased by 1.5%
per year and in men with cancer by 1.0% per year in Europe (National
Institute of Cancer; www.e-cancer.fr). Nevertheless, the improvement
in survival due to cancer therapies has a cost because these treatments
can be sources of deleterious effects on the cardiovascular system. The
increase in themedian survival of patients treated for cancer has some-
times resulted in the development of cardiovascular events or the exac-
erbation of underlying cardiovascular diseases because of an increased
exposure time to cancer therapies. Additionally, the median age of pa-
tients receiving cancer treatment has increased, resulting in potentially
toxic drugs being prescribed to a populationwith a higher prevalence of
cardiovascular diseases and risk factors. Therefore, the risk of develop-
ing cardiovascular events in cancer survivors can become greater than
that of recurrent malignancy [2]. For example, compared with the
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general population, survivors of childhood cancer are at a 15-fold in-
creased risk of developing heart failure [3] and a seven-fold increased
risk of premature death due to cardiac events [4]. Moreover, women
who are breast cancer survivors have a significantly increased risk of
death caused by cardiovascular diseases, which exceeds their risk of
death from their initial cancer or recurrence. In this latter population,
cardiovascular diseases are the leading cause of death [5].

Whereas the incidence of cardiovascular adverse events is relatively
low in cancer clinical trials, “real-life” data have revealed a much higher
incidence of adverse life-threatening effects [6]. This increased inci-
dence results from the exclusion of patients at very high risk of cardio-
vascular events and the rapid development andmarketing of these new
effective therapieswithout sufficient follow-up to identify potential side
effects. Furthermore, it has been shown that the majority of patients
with cancer therapy-induced left ventricular dysfunction (LVD) do not
receive optimal cardiologic treatment resulting in a poorer therapeutic
response [7]. This fact can be explained by a long undetected asymp-
tomatic period of cardiovascular toxicity preceding signs and symp-
toms, a lack of comprehensive care for patients, and the absence of a
consensus regardingmonitoring recommendations, limiting their appli-
cability in practice.

Regardless of whether the “old” classes of cytotoxic chemotherapy
drugs, radiotherapy, or a more recently discovered targeted therapy is
prescribed, the majority of these treatments have the potential to in-
duce cardiovascular toxicity through different mechanisms by affecting
themyocytes, endothelial cells, or the cardiac conduction system. These
toxicities consist mainly of direct myocardial injury with or without
heart failure, systemic hypertension, QTc prolongation, arrhythmias,
myocardial ischemia, pulmonary hypertension, arterial/venous throm-
boembolic events, accelerated atherosclerosis, pericardial diseases,
and valvular heart diseases. Moreover, many anti-cancer drugs have
metabolic effects that can increase the risk of cardiovascular disease.
Therefore, cardiovascular toxicitymanagement has become challenging
because it could significantly influence global survival. In response, the
cardio-oncology sub-specialty has recently emerged to prevent, screen,
and treat cardiovascular diseases related to, or associated with, cancer
treatments without compromising their effectiveness. Through amulti-
disciplinary approach involving cardiologists and oncologists, this disci-
pline aims to provide optimal care for patients with cardiovascular
diseases or risk factors, from the diagnosis of cancer to the remainder
of their lives, even after treatment completion. Over the last few years,
hospitals in the United States, Canada, and Europe have developed
cardio-oncology programs [8–11], allowing for better coordination in
the management of patients owing to facilitated access to comprehen-
sive cardiovascular assessment by specialized cardiologists (cardio-on-
cologists) and better evaluation of the therapeutic benefit-to-risk ratio
of cancer treatments by closer communication between cardiologists
and oncologists. This partnership has been supported by different ac-
tions from professional scientific societies. The American College of Car-
diology has approved a cardio-oncology section under its umbrella, and
the Canadian Cardiovascular Society recently published guidelines for
the evaluation andmanagement of cardiovascular complications of can-
cer therapy, including chapters on recommendations for a multidisci-
plinary approach to cardio-oncology [12].

Nevertheless, substantial discrepancies exist in terms of cardiovas-
cular toxicity definitions and cardiovascular follow-up because of a
lack of strong evidence to guide therapies. In this review, we aim to dis-
cuss new challenges, perspectives, and research priorities in cancer
therapy-related cardiovascular toxicity to identify strategies that could
improve the overall prognosis and survivorship care of cancer patients.

2. The need for accurate and uniform definitions of cardiovascular
toxicity

Cardiovascular toxicities consist mainly of direct myocardial injury
with or without heart failure, systemic hypertension, QTc prolongation,

arrhythmia, myocardial ischemia, pulmonary hypertension, arterial/ve-
nous thromboembolic events, accelerated atherosclerosis, and pericar-
dial or valvular heart diseases. Although the definite implications of a
cancer therapy in the occurrence of cardiovascular events are
sometimes difficult, and they strongly depend on the evolution after
the pre-therapeutic assessment, the definitions of cancer treatment-
related LVD and systemic hypertension are especially challenging be-
cause of discrepancies between diagnostic criteria. Nevertheless, the de-
tection of potential cardiovascular effects begins with a careful clinical
assessment, paying attention to subtle signs and symptoms such as
minor impairment of exercise capacity and resting tachycardia [13].

2.1. How to define cancer treatment-induced LVD and heart failure

Many cancer drugs have direct toxic effects on the myocardium,
which leads to LVD and ultimately to heart failure. A classification system
based on the irreversible (type I agents) or reversible (type II agents) na-
ture ofmyocardial injury has been proposed [14]. Anthracyclines are con-
sidered to be a classic example of type I agents, and targeted therapies
(e.g., trastuzumab) are referred to as type II agents. However, this classifi-
cation is not perfect and thereforemight be abandoned [15]. Indeed, cases
of irreversible LVD have been reported with the use of type II agents. Ad-
ditionally, anti-cancer agents from both categories are often combined,
making it difficult to draw conclusions regarding the possibility of left
ventricular (LV) functional recovery.

The definition of cardiac toxicity has undergonemany changes in re-
cent years. Initially, only the occurrence of clinical signs and/or symp-
toms of heart failure were considered. Then, following advances in
cardiac imaging and the development of serum biomarkers, preclinical
abnormalities were added to the definition [16–19]. Moreover, new-
onset or worsening LVD can be related not only to direct myocardial
toxicity but also to systemic hypertension or myocardial ischemia in-
duced by some cancer treatments.

The Common Terminology Criteria for Adverse Events (CTCAE) is a
descriptive terminology, used for adverse event reporting in oncology
[20]. A grading scale (1 to 5) is provided for each adverse event term.
Recent versions of this classification do not strictly describe each stage
of cardiac toxicity (Supplement file 1), and they use definitions of
LVD, depressed LVEF, and heart failure that could cause confusion be-
cause they strongly differ from those of the American College of Cardiol-
ogy/American Heart Association and the ESC [21,22]. For example, LVD
is defined beginning with grade 3 disease and the occurrence of symp-
toms due to a drop in the response of the LV ejection fraction (LVEF) to
intervention. This latter definition is inadequate because it addresses
only symptomatic patients and suggests no therapeutic intervention
for asymptomatic patients. However, it has been strongly demonstrated
that treatmentwith angiotensin-converting enzyme inhibitors (ACE-Is)
and beta-blockers improves outcome when introduced early in cases of
reduced LVEF, even in asymptomatic patients [23,24]. Moreover, the
CTCAE defines grade I heart failure as an asymptomatic condition with
laboratory (e.g., B-natriuretic peptide [BNP]) or cardiac imaging abnor-
malities. This latter definition is also unsuitable because it does not specify
the type of cardiac imaging abnormalities that should be analyzed.

The decrease in LVEF, as measured by echocardiography, a multi-
gated acquisition scan or magnetic resonance imaging, has become
the reference for defining systolic LVD. However, the threshold values
used have historically been inconsistent [25]. The CTCAE defines a sig-
nificant decrease in LVEF when resting LVEF = 50–40% associated
with a 10–19% drop from baseline. However, a recent consensus be-
tween the American Society of Echocardiography and the European As-
sociation of Cardiovascular Imaging (ASE/EACVI) defined cardiac
dysfunction related to cancer therapies as a decrease in LVEF N 10 per-
centage points to a value b53% [26]. This definitionwas recently slightly
modified by changing the 53% cut-off value by 50% to be in accordance
with the CTCAE [11]. Although this latter has the merit of consensus, it
remains insufficient for identifying early myocardial injury and is
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