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0 Introduction

Onco-cardiology (also known as Cardio-oncology)
is defined as the medical specialty focused on the
management of cardiovascular diseases in cancer
patients. Significant progress has been achieved in the
last several decades in the prevention, early detection,
and treatment of both cardiac and oncologic diseases.
Despite these advances, these two medical conditions
continue to constitute the most common causes of
deaths in the developed countries and although cancer
remains a leading cause of morbidity and mortality
worldwide, the survival rate of patients with malignancy
has steadily increased over the last 4 decades. The 5-year
relative survival rate of these patients increased from
around 50% between 1975 and 1977 to around 68%
between 1999 and 2005". In the USA alone, around
14.5 million cancer survivors were alive in 2014 and
it is estimated that by 2024, the population of cancer
survivors will be close to 19 million".

As the armamentarium of cancer therapies
grew, several treatment modalities were found
to be associated with acute and also long-term
cardiovascular side effects impacting these patients

outcome. Since the late 1970’°s and over the last

several decades, multiple research programs and
protocols were focused on studying and identifying
the molecular and cellular mechanism of cancer
therapy related cardiovascular toxicities. In the 1970s-
1990s, the focus was aimed at the toxicities related
to traditional chemotherapy drugs like anthracyclines
and the vascular and pericardial diseases secondary to
radiation therapy. Between late 1990s and 2010, the
interest shifted towards toxicities related to certain
targeted cancer therapies like trastuzumab and the
oral tyrosine kinase inhibitors (TKIs). In the last 3-5
years, we started dealing with the emerging concern
related to the rare but life-threatening events caused
by cancer immunotherapy and specifically the immune
checkpoint inhibitors (ICIs). These chemotherapies
related cardiovascular toxicities are becoming
particularly relevant since the improvement in the
life expectancies of cancer patients has dramatically
extended the use and duration of such therapies.
Furthermore, the advances in medical oncology with
secondary improvement in cancer survival has allowed
the latency of delayed cardiovascular side effects of
key cancer therapies to manifest years after the cancer

therapy was completed”’. Pediatric cancer survivors
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for example were reported to have a 15-fold increase
in relative risk of heart failure, especially after
anthracycline and radiation therapy". It has also been
reported that cardiovascular causes are responsible for
the death of 33% of cancer survivors compared to a
51% mortality rate directly linked to cancer recurrence
and progression'*’.

The management of the debilitating symptoms
associated with cancer and heart diseases presents
a major challenge to patients, families, and health
care providers throughout the entire duration of
cancer care. In order to effectively contribute to the
effective management of these complex patients,
onco-cardiology specialty uses two essential programs
that complement each other: One is aimed at clinical
care and the other one is focused on research. The
main aim and objectives of clinical practice in onco-
cardiology is to help tackle these challenges by
optimizing cardiovascular conditions BEFORE (for
patients with known heart diseases), DURING (for
patients experiencing acute toxicities) and AFTER
(cancer survivors) cancer treatment in order to reach
optimal patient outcome. On the other hand, a main
goal of the research program in onco-cardiology is
to investigate mechanisms of cardiotoxicities and
use such knowledge to help manage side effects and
also to help advance cardiovascular discoveries by
offering the opportunities for a better understanding of
cardiovascular physiology and pathology. In fact, the
continued and evolving discoveries of mechanisms of
cardiac toxicity of many traditional and also targeted
cancer therapies fueled the interest of scientists and
cardiologists in using novel cardiovascular biomarkers
and imaging in order to help predict, monitor and
prevent cardiovascular toxicities and also develop

safer and better tolerated drugs.

1 The wide spectrum of cardiovascular
syndromes in Onco-cardiology

Cardiovascular diseases in cancer patients can
precede the diagnosis of cancer or can be related
to the malignancy itself or its therapy. The direct
cancer effects on the heart and the cardiotoxicity of
chemotherapeutic agents can lead to a wide range of

cardiovascular syndromes as shown in figurel.

Cancer patient|

Cardiovascular evaluation prior to, during
and after cancer therapy;
1. History & physical exam
2.ECG —
r 3. Echocardiogram if clinical findings suggest

structural heart disease

Known underlying cardiovascular
disease Optimize medical therapy for:
1. Cardiomyopathy
2. Heart failure
3. Coronary artery disease
4. Arthythmia
S. Hypertension
I
Refer to Onco-cardiology prior
to chemotherapy if:
1. Active cardiovascular symptoms
(angina, heart failure)
2. Poorly controlled hypertension
3. LVEF <50% and cardio-toxic
chemotherapy regimen being considered

Cardiovascular complications
detected during or after cancer therapy

Refer to Onco-cardiology for
1. Worsening LVEF

2. Myocardial infarction

3. Arthythmia

4. Worsening hypertension
5. Prolonged QT-interval

Figurel The workflow of patients with cancer and heart

disease

Onco-cardiologists are often asked to assess
cancer patients with a wide variety of acute and
chronic cardiovascular illnesses. Contrary to what is
widely believed, the vast majority of these patients
have their cardiovascular events triggered by
mechanisms other than pure chemotherapy related
cardiotoxicity. These events are often related to
previously non-diagnosed or already established
but stable underlying structural heart disease like
stable angina, asymptomatic coronary artery disease,
asymptomatic valvular heart disease, cardiomyopathy
or well controlled chronic arrhythmia. In fact, these
patients are typically more susceptible to the cardio-
toxic side effects of cancer therapies and they also
face the challenge and risks of altering chronic
stable cardiac medications. One example of these
typical challenges include management of dual anti-
platelets therapy in patients with prior coronary
stents and facing risks of chemotherapy-induced
thrombocytopenia””.

Another commonly encountered clinical
challenge is related to the evaluation and management
of new onset cardiomyopathy and acute heart failure
syndromes in patients receiving chemotherapy.
While the most feared etiology in this setting is the
progressive, permanent and irreversible myocardial
damage related to toxicities, the majority of these
patients have their symptoms in fact triggered by
mechanisms other than drug toxicity™”. Despite some
overlap, a clinically useful approach at evaluating and

managing these patients is to divide them into two
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groups based on their initial clinical presentation:

a: The first group includes patients presenting
with sudden and new onset acute heart failure with
associated systolic dysfunction (Low ejection fraction
below 50%). These include cardiomyopathies related
to sepsis, stress cardiomyopathy, and myocarditis
(toxic or infectious).

b: The second group includes patients presenting
with subacute or chronic heart failure symptoms
and those with underlying structural heart disease
(i.e. hypertensive or valvular heart disease), those
with chemotherapy-induced cardiomyopathy and
those with infiltrative myocardial condition related
to their underlying malignancies or its therapy (i.e.
amyloidosis, iron overload).

This typical example related to heart failure also
applies to many other cardiovascular syndromes like
coronary and arterial ischemia (TKIs, cisplatin)!'*""),
arrhythmia (Ibrutinib)!'*""!

pericardial diseases (ICIs, radiation, infection) and

, QT prolonging agents,

hypertension (TKIs)''*. A good understanding of
the differences between these etiologies and an
accurate clinical diagnosis are at the core of an onco-
cardiology program. An accurate and correct diagnosis
is essential for the appropriate care of these patients
in order to adequately select those who can resume
the same cancer therapies versus who need alternative
cancer therapeutic approach. Since cardiovascular
complications of cancer therapy can have a profound
and lasting effect on the health of patients with active
cancer or cancer survivors, it is becoming obvious
that clinical care of these patients require adequate

understanding of both medical fields.

2 Mechanism of cardiotoxicity as a platform for
cardiovascular discoveries

The discovery of new biologic pathways
responsible for certain cellular function and its role
in certain cardiovascular diseases and cancer, has
provided important explanations of the mechanisms
of cardiac toxicity. This strategy has the potential
for facilitating the discovery of novel biomarkers in
addition to identifying the exact target of intervention
in order to help manage cardiovascular toxicity and

also help develop safer and better tolerated cancer

drugs. A typical example is the breast cancer targeted
therapy drug trastuzumab: this agent in fact targets
ErbB2 receptors in breast cancer cells and has been
shown to improve outcome and prolong survival
in these HER2+/ErbB2 breast cancer patients'”.
These same receptors within the cardiac myocyte
are, however, responsible for normal cell function
and specifically in the cardiac myocyte repair. When
affected by ErbB2 inhibitors like trastuzumab, the
natural mechanism of myocyte repair is impacted
and secondary mitochondrial dysfunction can be
observed"®. In addition to the benefit of improving
strategies to prevent drug toxicities, the better
understanding of these biologic pathways targeted by
cancer therapy may also provide a better understanding
of certain heart diseases and its management. For
example, the discovery of the key role of ERB2 in
normal cardiac function and its relation to trastuzumab
toxicity, was followed by the discovery of the benefit
of an ERB2 agonist called neuregulin-1 in the animal
models of heart failure!'”. Neuregulin-1 is currently
being studied for the treatment of heart failure in
humans.

Another biologic example is the observation that
Bruton tyrosine kinase receptor is expressed in the
atria of human heart tissue. This tyrosine kinase is in
fact the target of the novel drug therapy with ibrutinib
used in certain hematologic malignancies including
lymphoma and chronic lymphocytic leukemia. This
drug has been associated with significant incidents of
atrial arrhythmia, potentially mediated by its on-target
effect and more specifically by inhibiting the PI3K-
Akt signaling pathway'"’!. Similarly, another group
of targeted cancer therapy drugs include several oral
tyrosine kinase inhibitors (TKIs) that belong to the
group of vascular signaling pathway inhibitors (VSP)
and include sunitib, sorafenib, ponatinib, axitinib
and others. These drugs are commonly used in many
cancers due to their proven oncologic efficacy related
anti-angiogenesis effect that results from inhibiting
the physiologic function of the several vascular
endothelial growth factors (VEGF) receptors!*"".
Their un-intended effects on the normal vasculature
however has been the source of many of their side

effects including new-onset and severe hypertension
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and also thromboembolic arterial event”.

Other mechanisms of toxicities have also been
extensively studied and reported with older, conventional
chemotherapeutic drugs like the anthracyclines:
cardiovascular toxicity of this drug has been recently
linked to inhibition of Topoisomerase I p*". This
enzyme is responsible for normal myocyte function
and its inhibition would partially explain cardiovascular
toxicity of Adriamycin. Preventive measures aiming at
upholding the function of Topoisomerase [ during
anthracyclines therapy are currently being studied as
potential cardioprotective drugs.

More recently, breakthrough discoveries of
several therapeutic modalities permitted the utilization
of the immune system in the fight against cancer. This
allowed the development of the immune checkpoint
inhibitors or ICIs and more recently the approval of
engineered T cells in the treatment of many cancers.
ICIs are now recognized for being responsible for
serious cardiac side effects. Cardiovascular toxicities
are rare, but suspected to be underestimated”” and
include a wide spectrum of cardiovascular syndromes
from atrial fibrillation and pericarditis to pericardial
effusion and subclinical or smoldering myocarditis to
full-blown fulminant myocarditis leading to ventricular

arrhythmia and even death™

. Over the last few years,
clinicians and scientist tried to better understand the
pathophysiology of these immune system mediated
cardiovascular syndromes. These efforts are pointing
towards the likelihood of certain T cell lineage
selection in infiltrating the myocardium and triggering
different type of myocarditis (Lymphocytic and Giant
cell myocarditis)****!. Current research efforts are
focusing on a better understanding of these T cell
response and behavior™ that hopefully will help

minimize chances of drug induced myocarditis, and

also improve options for its therapy (steroids versus
immunomodulatory therapy). These discoveries may
ultimately shed more light on the pathophysiology and

improve management of myocarditis in general.

3 The role of cardiac monitoring in the early
detection of cardiotoxicity

Discoveries in cardiotoxicity research has played a
major role in our knowledge of mechanism of toxicity
and also established our current understanding of the
biologic differences between each group of cancer
therapy drugs. These findings were translated into a
better understanding of the needed tools to monitor
and treat these cardiotoxicies. Over the last decade,
various guidelines emerged in an attempt to help
clinicians monitor and treat these patients ®"", Many
of these guidelines are however based on limited
and controversial clinical data. Most are difficult to
implement in daily clinical practice and are often
met with skepticism. The main source for these
controversies are the fact that cardiovascular outcomes
are typically not included as main aims in oncologic
trials and most of the cardiovascular toxicity
prevention and monitoring studies are structurally
flawed and usually include a small cohort of patients.

Below is a brief review of our practical and
simplified approach at evaluating patients with
suspected cardiotoxicity in our daily practice and is
based on our current understanding of mechanism
of toxicity and how it is different between cancer
drugs. This is by no means a perfect approach that
fits every patient but it does give the reader a general
understanding of our thinking process as we face these
clinical challenges on daily basis. (Figure2)

a-Cardiotoxicity related to traditional

chemotherapies like anthracyclines, include

Chemotherapy

Cardiovascular syndromes secondary to
cancer or cancer therapies
- Direct Paraneoplastic | Cancer I
[Mechamsm] effect effect su:gi’ery
[] L

-Tumor invasion of| -Volume overload

¥

-Myocardial
dysfunction

-Vasospastic disease
-Electrolytes
imbalance

pericardium

L
-Cardiac metastasis

‘—Hypercoagulatle state|

-Pericardial injury
during chest surgery|

-Coronary spasm|
-QT interva

U

!

-Arrhythmia
-Digital ischemia
-Arterial ischemia

]
-Arrhythmia
(Cardiovascular| | -Pericardial
syndrome effusion
-Heart failure

-Arrhythmia
-Myocardial
ischemia

-CHF ’

-Heart failure

-Myocardial
ischemia

-Arrhythmia

CHF: congestive heart failure
Figure2 Tumor and anti-cancer therapy

associated cardiovascular toxicities
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myocardial cell damage that is initially well tolerated
in patients with normal cardiac function at baseline.
Very rarely, patients would experience myocardial
dysfunction during therapy and this is due to the
excellent myocardial reserve and ability of the heart
to compensate for limited number of myocytes injured
or lost. Symptoms hence tend to manifest years
after therapy when the limited myocardial reserve is
overwhelmed following a second insult (myocardial
ischemia, hypertension, infection, etc.). Monitoring for
potential initial myocardial injury during anthracycline
therapy using cardiac biomarker has been proposed to
guide timing of initiation of cardio protective drugs.
The complexity of this monitoring process in a busy
practice makes it a difficult to implement for every
patient. We use cardiac biomarkers for the purpose of
myocardial toxicity detection only on case-by-case
basis when certain clinical scenario are suggestive of
possible cardiotoxicity. Serial cardiac imaging using
echocardiography techniques on routine basis is also
impractical and is typically reserved for baseline
cardiac function assessment or after certain cumulative
dose of anthracyclines (>350mg/m”) has been used.
Universal use of pharmacologic interventions to
prevent cardiotoxicities (dexrazoxane, beta blocker or
ACE inhibitor use) continue to be controversial.

b- Cardiovascular toxicities related to targeted
cancer therapies is much more heterogencous with
predominantly cellular dysfunction and alteration
of biologic pathways compared to the more serious
myocardial injury observed with anthracyclines: In
the case of toxicities related to targeted therapy with
trastuzumab, left ventricular systolic dysfunction is
typically transient and resolve after drug cessation.
Patients can hence be safely monitored by serial
echocardiography””. Cardiac imaging on the other
hand plays very limited role in managing toxicities
related to other targeted therapy drugs like the VSP
inhibitors mentioned above. Patients using these drugs
should simply be followed with clinical monitoring for
hypertension or vascular ischemia®”. Serial cardiac
imaging does not appear to play any significant role
in the absence of symptoms suggestive of myocardial
dysfunction. Another group of TKIs (vemurafenib,

Ibrutinib, vandetanib, nilotinib) are associated with

arrhythmia or QT prolongation. Serial ECGs should
suffice in monitoring these patients™”.

c-The third group of cardiotoxic cancer drugs
include the new immunotherapy medications ICIs.
Patients receiving these therapies do not appear to
benefit from serial imaging. This is due to the rare and
acute nature of their cardiovascular toxicities. Serial
cardiac biomarkers have been suggested by many
oncologic societies””” to monitor for subclinical or
smoldering myocarditis but these recommendations
are mainly driven by expert opinions and not based on

any objective evidence.

4 Management and outcome

The management of the cardiovascular syndromes
related to cancer or cancer therapy typically follows
the standard of care established for non-cancer patients
with cardiac diseases. Such approach however may
not be associated with the expected clinical response
or cardiovascular outcome as shown for example
in the analysis of patients undergoing implantation
of ventricular assisted device for heart failure:
Compared to patients with cardiomyopathy related
to other etiologies, those with chemotherapy induced
cardiomyopathy required more right ventricular assist
device support™. A possible explanation to such
finding is the scattered and patchy myocardial damage
in both ventricles caused by chemotherapy with
secondary higher incidence of right ventricular failure.
This observation is an example of how clinical course,
treatment and outcome of certain cardiovascular
syndromes can differ between cancer patients and
the non-cancer population and also highlights the
importance and the necessity for dedicated building
strong clinical relationships and collaborative efforts

between oncologists and cardiologists.

5  Summary

This is an exciting time in Onco-cardiology as we
witness the interest in this field growing exponentially
and the number of medical centers adding dedicated
onco-cardiology services continues to grow. Heart
disease and cancer are the two leading causes of
morbidity and mortality worldwide. Patients typically

experience cardiovascular events related to underlying
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asymptomatic structural heart disease that become
unmasked during the stress of cancer therapies.
Other cancer patients experience cardiovascular
toxicity caused by certain cancer therapies which
remains a major cause of concern for oncologists
and cardiologists. This issue is becoming particularly
relevant since the improvement in the life expectancies
of cancer patients has dramatically extended the use
and duration of such therapies. The recent discoveries
of new mechanisms of cardiac toxicity fueled the
interest of researchers in using novel cardiovascular
biomarkers in order to help predict, monitor and
prevent cardiovascular toxicities and also develop
safer and better tolerated drugs. Clinicians on the
other hand, continue to better define and use models
for therapy selection and monitoring during and
after cancer therapy. Onco-cardiology continues to
evolve in order to address the cardiovascular needs
of these patients whose optimal outcome mandates
close and collaborative efforts between cardiologists
and oncologists in a multidisciplinary approach.
Future research in this field would definitely benefit
from adding cardiovascular outcomes as a common
measurable outcome in cancer trials using accurate
and standardized assessment tools of cardiotoxicity.
Involvement of cardiologists in cancer patients’
care has changed from focusing on managing
cardiovascular complications of therapy to an overall
assistance in the care of these patients from the initial

cancer diagnosis to survivorship.
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