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Abstract

Arrhythmias and cancer are two pathological conditions that often coexist due to a patient’s pre-existing comorbidities, or toxicity linked to
anti-neoplastic drugs, and both are often characterised by poor prognosis. Cardio-oncology is a new interdisciplinary field that focuses on the
cardiovascular health of cancer patients, especially those undergoing cancer treatment. Furthermore, cardiotoxicity can cause arrhythmias
through primary and secondary mechanisms. Chemotherapy drugs have been shown to directly affect molecular pathways associated with
arrhythmia development, as well as indirectly through mechanisms involving ischaemia or inflammatory injury to the heart. Understanding how
to prevent and to treat these electrophysiological issues in cancer is an important challenge for cardio-oncologists. This review explores the
intersection between cardio-oncology and electrophysiology, the various cardiac cell types implicated in the development of arrhythmias during
cancer, the interplay between arrhythmias and cancer pathogenesis, and the need for the implantation of electronic devices along with their

associated risks.
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Cardiovascular disease (CVD) is the leading cause of death in Western
countries. The significant improvements in cardiovascular therapy, both
pharmacological and device-based, have extended lifespans. However,
chronic conditions, such as ischaemic cardiomyopathy and heart failure
(HF), often coincide with additional comorbidities, including cancer. This
overlap presents patients with multiple evolving challenges stemming
from the underlying cardiovascular condition, the cancer itself, or
combined complications, such as thromboembolism or cardiotoxicity from
anti-neoplastic agents.

Furthermore, an increasing trend of CVD burden among cancer patients
hospitalised between 2003 and 2014 has been observed.' This uptrend
underscores the importance of monitoring and addressing
cardiovascular risk factors in cancer patients to improve overall
treatment outcome and patient survival, and underlines the need for
integrated care approaches to manage both cancer and cardiovascular
health.

Chemotherapy can induce cardiac remodelling more frequently if
anthracycline and tyrosine kinase inhibitors are part of the protocol.
Specifically, anti-neoplastic drugs can cause fibrosis and dilatation,
worsen both left ventricular (LV) and right ventricular systolic and diastolic
function, and, finally, generate pulmonary hypertension.? Beavers et al.
highlighted the increasing necessity to better understand cardiac and
cancer drug interactions due to the evolving treatment scenario in these
fields.?

Biomarker assessment has proven to be a valuable tool for the early
detection of worsening prognosis and for ongoing patient monitoring.
The advancements in chemotherapy, radiotherapy and surgical
procedures may also heighten thromboembolic risk. Biological agents are
emerging as the next frontier in cancer treatment, offering promising
oncological outcomes with fewer cardiovascular side-effects.’

Herrmann et al. additionally emphasised the critical relationship between
cancer treatment and the occurrence of arrhythmia.® Cancer therapy-
related cardiovascular toxicity (CTR-CVT) can manifest as several forms of
cardiac arrhythmia, including bradycardia, which can range from benign
and asymptomatic cases to more severe forms such as complete heart
block, sinus tachycardia, supraventricular tachycardia (SVT), AF or flutter,
ventricular arrhythmia (VA) and other abnormalities that include QT
segment prolongation (QT interval corrected using the Fridericia formula
[QTc] >500 ms), ST-segment and T wave alterations. More specifically,
arrhythmias in cancer patients may arise from cardiomyopathies caused
by drugs or radiation, electrolyte imbalance (notably potassium loss) due
to renal complications from anti-neoplastic and antibiotic drugs, and
hypoxia due to underlying pulmonary disease, pulmonary or pleural
tumour involvement, or infections resulting in significant pleural and
pericardial effusion.® Involvement of the cervical lymph nodes can also,
although rarely, lead to carotid sinus syncope.

The aim of this review is to outline the interplay between cardio-oncology
and electrophysiology, the primary cell populations implicated in both

Published by Radcliffe Group Ltd.
www.AERjournal.com


https://orcid.org/0009-0002-7499-3511
https://orcid.org/0000-0002-9166-3031
https://orcid.org/0000-0003-1241-6487
https://orcid.org/0000-0003-3213-4436
mailto:antonio.curcio.cardio@unical.it
https://creativecommons.org/licenses/by-nc/4.0/legalcode

Relationship Between Electrophysiology and Cardio-oncology

Table 1: Level of Risk of Oncologic Treatments
in AF Development or Worsening

Specific Agents

Responsible
for CTRCD

Alkylating agents Cyclophosphamide Moderate
Busulfan
Melphalan
Anthracyclines Doxorubicin High
Anti-metabolites Capecitabine Moderate
Gemcitabine
5-fluorouracil
Anti-microtubule agents Paclitaxel Low
Immunomodulatory drugs Lenalidomide Moderate
Thalidomide
Platinum compounds Cisplatin High
Proteasome inhibitors Bortezomib Very low
Carfilzomib

CTRCD = cancer therapy-related cardiac dysfunction.

tumour development and the maintaining of arrhythmic circuits, the
connection between arrhythmias and cancer pathogenesis, and the
benefits and risks associated with the use of electronic devices.

Electrophysiology and Cardio-oncology

In July of 2021, the American Heart Association released a scientific
statement regarding the recognition, management and prevention of
autonomic disorders and arrhythmias in cardio-oncology.® AF has been
described as the most encountered arrhythmia, but ventricular
repolarisation abnormalities and QT prolongation, VAs and bradycardia,
including heart block, can also occur. These arrhythmias may be
electrophysiological signs of cardiotoxicity caused by cancer treatment or
of the cancer’s pathogenesis and progression.’

In particular, AF is linked to significant morbidity and mortality in both the
general population and in cancer patients, even when accounting for
traditional risk factors.®® Case—control studies have reported a correlation
between AF and malignancy, particularly colon and breast cancer
Chronic cancer-related inflammation plays a pivotal role in the increased
incidence of AF in this population>® Chemotherapy is also associated
with atrial arrhythmias (Table 1).2

Chemotherapeutic Drugs and Mechanisms
Associated with Arrhythmias

Fluorouracil

Fluorouracil is an anti-metabolite in which the hydrogen at the uracil C-5
position is replaced with fluorine. It primarily inhibits thymidylate synthase,
which disrupts the intracellular deoxynucleotide pools necessary for DNA
replication and has anti-cancer effects. Other potential modes of action
include incorporation into RNA, where it may replace uracil causing RNA
disruption; similarly, inclusion into DNA may cause fragmentation.
Fluorouracil is used to treat gastrointestinal, head and neck cancers. It is
known to possibly cause coronary vasospasm and AF as a consequence
of ischaemia. Fluoropyrimidine-treated patients may also experience
arrhythmias, including SVT, such as AF and atrial flutter, VA and VF*

Anthracyclines
Anthracyclines are common anti-neoplastic drugs used to treat various
malignancies, including breast cancer, leukaemia and lymphoma. This

group destroys the process of redox cycling, which leads to the creation
of reactive oxygen species (ROS) and, consequently, to damage to the
DNA. Cardiomyopathy and congestive HF are the most frequent
cardiovascular complications due to their use, and arrhythmias may
occur as a consequence of indirect effects such as LV dysfunction.®
Anthracyclines are widely used chemotherapy drugs but are limited by
dose-dependent cardiotoxicity. Recent studies®™® have identified
topoisomerase 28 (Top2p) as a key factor in this toxicity, given that it
induces DNA damage and mitochondrial dysfunction. Therefore, Top2
is emerging as a promising target in the prevention of anthracycline-
induced cardiotoxicity® In addition, these chemotherapeutic agents
prolong the action potential of Purkinje fibres, increasing the risk of
arrhythmias. AF has also been observed at a prevalence of 10.3%;
although the exact mechanism is unclear, it could be the result of the
accumulation of toxic metabolites or the effect of anthracyclines on ion
channels*%

Tyrosine Kinase Inhibitors

Ibrutinib is an irreversible tyrosine kinase inhibitor that increases B-cell
adhesion and reduces chemokine production through Bruton’s tyrosine
kinase (BTK) inhibition, which lessens chemokine-mediated homing and
retention of chronic lymphocytic leukaemia cells in lymph nodes, blood
and bone marrow. It is associated with a significant increase in the
incidence of SVT and AF (range, 3.5-10.8%).%" Ibrutinib also targets BTK
and Tec protein kinase that affect phosphatidylinositol 3-kinase (PI3K) —
protein kinase B (AKT) signalling and, in several studies, the inhibition of
the PI3K-AKT pathway and/or BTK proteins increased the risk for AF.2
Treatment with this drug also shows increased bleeding rates, therefore,
caution is needed in the use of anticoagulants.?>-%°

Arrhythmia management is based on either rate control (8-adrenergic
receptor blockers and calcium channel blockers) or rhythm control
strategies (anti-arrhythmic drugs [AADs] or transcatheter ablation;
Supplementary Figure 1.2

Role of Anti-arrhythmic Drugs

Amiodarone, the most preferred AAD, is characterised by its large volume
of distribution, which contributes to potential drug interactions, and
increased risk of skin and mucosal damage with radiation. Additional
AADs used in the cancer setting include flecainide, the application of
which is curtailed by chemotherapy-induced structural heart disease, and
ibutilide, which may exacerbate ECG issues when used with other QT-
prolonging medications.

Risk of QT Interval Prolongation

Multiple cancer treatments have been associated with QT prolongation.
The incidence in patients with cancer in general is up to 22% across a
variety of drug classes.?® Nonetheless, the risk of developing a life-
threatening VA, including torsade de pointes, is generally quite low.
Arrhythmia complications are usually observed when the QT interval is
greater than 500 ms or changes more than 60 ms, and in this situation,
according to recommendations from the Food and Drug Administration®
and the European Medicines Agency®, treatment should be discontinued
or given at a lower dose.

Arsenic trioxide is associated with the highest risk of QTc prolongation
and the consequent torsades de pointes, with reported cases of sudden
death.*? Other high-risk drugs include the histone deacetylase inhibitor
panobinostat, various tyrosine kinase inhibitors, such as nilotinib,
pazopanib, sunitinib and vemurafenib, and selective oestrogen receptor
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modulators, such as tamoxifen, that inhibit the ion channel responsible
for the delayed rectifier K" current in the heart (IKr or KV11.1), which then
causes IKr channel block, which in turn causes prolongation of the QT
interval.**** Moreover, various supportive therapies, such as anti-
emetics, antihistamines and antidepressants, can also cause QT
prolongation, and their co-administration has an additive effect on this
condition (Table 2).%®

Chemotherapy-induced Ventricular

and Bradyarrhythmias

The incidence of VA in patients receiving chemotherapy is rare, except in
the case of advanced metastatic disease. Mechanisms cited include a
direct orindirect effect of the chemotherapeutic agent on cardiomyocytes,
prolongation of the QT interval and concomitant ischaemia. Other causes
are LV systolic dysfunction and electrolyte abnormalities.*® When VA
occurs, correction of electrolyte imbalance, use of IV magnesium sulphate,
and trying to keep the heart rate above 100 BPM using transvenous
pacing or isoproterenol are necessary. Lidocaine and advanced cardiac
life support measures ought to be started in refractory/emergency cases
related to QT interval prolongation.?® According to emerging results,
mexiletine may also help to reduce recurring torsade de pointes and
arsenic-induced QT prolongation; however, the overall safety and efficacy
of mexiletine with chemotherapy agents are yet to be established.
General VA management principles should be followed in the treatment of
VA caused directly by anti-cancer therapies. Given their lower propensity
for drug interactions, B-blockers and class IB anti-arrhythmics are currently
recommended as the safest options for VA treatment.”

Several different classes of chemotherapeutic agents have also been
associated with benign sinus bradycardia; and, although rare,
symptomatic bradycardia and late atrioventricular block can also
occur®® Paclitaxel provokes asymptomatic and reversible sinus
bradycardiainupto30% of patients, while more severe bradyarrhythmias
are atypical. In contrast, thalidomide has been reported to cause sinus
bradycardia in up to 40% of patients, with dizziness and syncope®*.
Fluorouracil causes both symptomatic and asymptomatic bradycardia in
12% of patients due to reversible damage to the conduction system
provoked by transient coronary artery vasospasm.® However, the best-
known chemotherapy drugs that may cause bradycardia are the
anaplastic lymphoma kinase inhibitors, such as crizotinib or ceritinib®.
They are mainly used to treat non-small cell lung cancer. A retrospective
analysis of 1,053 patients, including those who had at least one heart
rate measurement before treatment and who subsequently received
crizotinib, found that 41.9% of patients had at least one documented
episode of sinus bradycardia, with an average maximum decrease in
heart rate of 30 BPM.* Crizotinib directly suppresses the Pacemaker
current (1) in the sinoatrial node cells, lowers the spontaneous beating
rate, and inhibits the rapid delayed rectifier potassium (lkr), sodium
(INa), and L-type calcium (ICa,L ) ion channels. Other tyrosine kinase
inhibitors similarly inhibit the ICa,L and outward rectifier K currents,
which results in a slowing of the heart rate. Moreover, they prolong the
cardiac action potential by blocking the PI3K—AKT pathway, which
raises the late sodium current (Ina,L) and lowers the fast currents (INa,
ICa,L, IKr and IKs).*

In the case of severe bradycardia related to anti-cancer drugs, a
multidisciplinary team should weigh the risks and advantages of
continuing the medication at a reduced dose and investigate alternative
therapies. When there is no other course of treatment available,
pacemaker implantation is recommended.”

Table 2: Level of Risk of Oncologic Treatments
in ECG QT Segment Prolongation

Specific Agents

Responsible
for CTRCD

Aclarubicin
Doxorubicin
Epirubicin
Idarubicin
Mitoxantrone

Anthracyclines Very low

5-Fluorouracil
Capecitabine
Gemcitabine
Pentostatin

Anti-metabolites High

Docetaxel Low
Paclitaxel
Vinblastine

Vincristine

Ribociclib

Anti-microtubule agents

Cyclin-dependent kinase inhibitor

HER?2 inhibitors

High

Lapatinib Low
Pertuzumab

Trastuzumab

Immune checkpoint inhibitors Ipilimumab Low
Nivolumab

Pembrolizumab

Other anti-neoplastic agents Arsenic trioxide High

High

Platinum-based anti-neoplastic class Oxaliplatin

Bortezomib Low

Carfilzomib

Proteasome inhibitors

Selective oestrogen receptor modulator Toremifene
Nilotinib
Pazopanib
Sorafenib
Sunitinib
Vandetanib
Vemurafenib

Tyrosine kinase inhibitor High

CTRCD = cancer therapy-related cardiac dysfunction;, HER2 = human epidermal growth factor
receptor 2.

Differential Cardiac Cell Involvement in
Arrhythmia Development in Cancer

The principal mechanisms of cancer-provoked arrhythmia include the
structural and electrical effects of chemotherapy, immune system
involvement, and oxidative stress (Figure 1). Various cell types are involved
in the adult human heart, such as cardiomyocytes, fibroblasts, vascular
and endothelial cells, and pericytes. These cells can be influenced by the
aforementioned pathological conditions and play distinct roles in the
development of arrhythmias.

Cardiomyocytes

Cardiomyocytes represent “70-85% of the cardiac volume but account
for only 30-40% of the cells in the heart.*? The myocytes are connected
to each other via gap junctions, which enable synchronous contraction
such that they can function as a syncytium.” Cardiomyocyte contraction is
also commensurate with its calcium (Ca®) transient.**

Chronic doxorubicin treatment induced arrhythmic activity in a neonatal rat
cardiomyocyte culture setting, mostly by inducing premature beats with
compensatory pauses, sometimes with a bigeminal pattern; however,
arrhythmogenicity was demonstrated in a dose-dependent fashion.”® The
primary triggering mechanism of doxorubicin cardiac toxicity involves Ca*
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Figure 1: Main Causes of Cardiac Arrhythmia
That Could Affect Cancer Patients
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and (D) VF (D).

homeostasis with significant changes in Ca®* transients.*® Nevertheless,
good [-adrenergic responsiveness was maintained under these
conditions.”” Furthermore, doxorubicin can induce Calcium/calmodulin-
dependent protein kinase Il (CaMKIl )-mediated Ca”* leakage from the
sarcoplasmic reticulum, which affects intracellular Ca?" homeostasis and
enhancesthe genesis of cardiac-triggered activityand AF arrhythmogenesis.
In contrast, CaMKIl inhibition can reduce doxorubicin-induced
cardiotoxicity.®® Selective oestrogen receptor modulators mimicking
oestrogen on cardiomyocytes were associated with torsade de pointes
because of QTc interval prolongation. Mechanisms include inhibition of the
rapidly activating delayed rectifier potassium channel (IKr) and interaction
with other channels (IK1, ICa,L, IKs). However, aromatase inhibitors reduce
circulating oestrogen levels, potentially shortening the QTc interval.*

Fibroblasts

Fibroblasts are the predominant cell type of myocardial tissue. They
surround myocytes and are found throughout all of the cardiac tissue,
with a main involvement in pathological conditions, such as myocardial
remodelling and fibrosis. Fibroblasts are ‘non-excitable’ cells but can
affect electrophysiology indirectly by slowing or blocking the orderly
propagation of electrical impulses. Interstitial fibrosis and collagen
accumulation generatelocal anisotropy which enhances the predisposition
to cardiac arrhythmogenesis.®® Anthracyclines increase ROS formation
and enhance the expression of matrix metalloproteinase 2 (MMP2) and
MMP?9, thereby altering the activity of cardiac fibroblasts and the turnover
of the myocardial extracellular matrix. This causes weakening of the
collagenous matrix and contributes to myocardial remodelling.” ROS-
activated transforming growth factor-, in turn, increases NOX4 and NOX2
gene expression and mediates the downregulation of antioxidant
enzymes, such as catalase and glutathione peroxidase. Cardiac fibroblasts
act as amplifiers of oxidative stress induced by anthracycline exposure
and contribute to a profibrotic phenotype in this setting. Therefore,
fibroblasts could be the first cellular target of oxidative stress induced by
cancer and anti-neoplastic drugs, while triggering cardiomyocyte
dysfunction through proarrhythmic crosstalk.>

Vascular and Endothelial Cells

Endothelial cells and vascular smooth muscle cells (ECs and VSMCs,
respectively) are the protagonists of ischaemic damage caused by
coronary artery vasospasm and vascular coronary endothelial injury.
Furthermore, cardiac arrhythmias can result from these circumstances.
Anthracyclines decrease nitric oxide production, which has a central role in

endothelial homeostasis. They also affect VSMCs, leading to a senescence
phenotype and impairment of contractility. This latter effect is the result of
a downregulation of a-adrenergic receptors and an increase in oxidative
stress.® Alkylating agents cause direct severe endothelial injury because
of the extravasation of toxic metabolites. They also generate ROS, which
impair the antioxidant defence system of the cell, causing oxidative stress,
EC dysfunction and HF.>* Anti-metabolites, such as 5-fluorouracil, could
induce heart damage by coronary vessel spasm, direct damage to the
myocardium, activation of coagulation leading to coronary thrombosis or
an autoimmune mechanism. 5-Fluorouracil also exerts a direct toxic effect
on ECs through an increase in the circulating levels of endothelin-1, a
potent vasoconstrictor, thereby leading to coronary spasm and
endothelium-independent vasoconstriction via protein kinase C.*°

Pericytes

Cardiac pericytes are abundant in the heart but remain the most enigmatic
and underappreciated of cell types. They are embedded in the basement
membrane of microvessels, which is formed by pericytes and ECs. Similar
to the VSMCs of larger vessels, pericytes can produce vasoconstriction
and vasodilation and regulate vascular diameter and capillary blood
flow.*® They are known to play a key role in vascular tone as well as in
angiogenesis. However, their dysfunctional presence and/or absence is
critical in the mechanisms leading to cardiac pathologies such as MI,
fibrosis and thrombosis.*” Pericyte loss and cardiac dysfunction associated
with sunitinib are mediated by the inhibition of platelet-derived growth
factor receptor B (PDGFR-B) signalling, an essential pro-survival signalling
pathway for pericytes.® As evidence suggests, pericytes are directly
involved in cardiovascular complications such as coronary vasospasm, no
reflow, and cancer drug-induced cardiotoxicity.>® All of these conditions,
as mentioned above, play a key role in arrhythmogenesis.

Arrhythmia Related to Cancer Pathogenesis

All cancer types increase the risk of cardiac arrhythmia. Patients with
cardiovascular risk factors, prior cardiotoxic therapy, or those who have
already had CVD are undoubtedly more likely to develop cancer-related
arrhythmias.®® Older age is another significant risk element. It causes
complicated changes in the heart that affect the extracellular matrix and
cellular composition. In the elderly, the rate of cardiomyocyte death is
often enhanced, and fibrosis occurs as a result of oxidative stress brought
on by an increase in ROS generation.®’

Ventricular Arrhythmias

Non-sustained ventricular tachycardias have been observed in unselected
patients with colorectal, pancreatic and non-small cell lung cancer, often
leading to fatal outcomes during the first 5 years.®

In another study, 6-7% of patients with an ICD developed a diagnosis of
cancer, and approximately one-third of cases developed VA% The
incidence of VAs is particularly high in patients with advanced disease
with systemic dissemination. One possible mechanism for this
association is inflammation: inflammation promotes all stages of
carcinogenesis, and key inflammatory mediators in cancer include
interleukin-1B, interleukin-6, tumour necrosis factor-a, chemokines and
the transcription factor NF-KB.%

Atrial Fibrillation

Furthermore, there is an increased incidence of AF 1year after a breast
cancer diagnosis in women and is associated with increased 1-year
cardiovascular mortality not related to breast cancer.®® It should be noted
that the important factors in the development of AF are the severity of the
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cancer and the anatomical location of the tumour; indeed, the strongest
association between oncology and AF is that for lung cancer, with a poor
prognosis, while the association between prostate cancer and AF is the
weakest, despite a relatively good prognosis.®

Bradyarrhythmias

Regarding bradyarrhythmias, several studies have suggested an influence
of the temporal lobe of the brain on autonomic cardiovascular regulation
and progressive reduction of the heart rate, followed by asystole as the
first sign of a left medial temporal cerebral neoplasm.®’

Role of Cardiac Implantable

Electronic Devices in Oncology

The indication for ICD and CRT requires a life expectancy of at least 1year
and good functional status both for primary and secondary prevention of
life-threatening VAs. %85

Studies evaluating the effect of cancer on the severity of VAs in patients
with ICD are weak and mostly retrospective; the majority reported an
increase in arrhythmia burden after the diagnosis of cancer and noted the
usefulness of the ICD.° In exceptional cases, the application of a wearable
cardioverter defibrillator or implantation of a subcutaneous ICD may be
considered.”

Bradyarrhythmias associated with syncope and/or chronotropic
incompetence that does not resolve with the discontinuation of anti-
cancer treatment or in the absence of alternative strategies are reasonable
indications for implantation of a permanent pacemaker.”

In contrast, CRT, left bundle branch area pacing, and cardiac contractility
modulation can improve cardiac function and enable the use of
therapies with newer anti-neoplastic agents that otherwise cannot be
given (Table 3).

The possibility of CRT should be considered in HF patients with reduced
ejection fraction and left bundle branch block and QRS>130 ms, even in
mildly symptomatic status. Interestingly, a cancer diagnosis in the previous
3 years did not rule out CRT in the Swedish Contemporary Heart Failure
Cohort, suggesting that cardiologists are not guided by a history of
malignancy when considering CRT*”* In this regard, a significant
improvement in ejection fraction was observed only 6 months after CRT
implantation in symptomatic HF patients with chemotherapy-induced
cardiomyopathy”. ~ Similarly, ~ patients  with  doxorubicin-induced
cardiomyopathy and HF refractory to maximal pharmacologic therapy
may achieve benefit from CRT® However, further studies on the effective
role of cardiac implantable devices in HF related to cancer therapy are
needed when HF with preserved ejection fraction is diagnosed in
oncology patients (Figure 2).

Cardiac Implantable Electronic Device-

related Infections in Cancer Patients

The improved prognosis of patients with malignancies has resulted in an
increased number of candidates with cancer for implantation of devices
for cardiac rhythm management. Patients with a current diagnosis of
malignancy had significantly higher rates of mortality and postoperative
complications, including major bleeding, chest and cardiac complications,
and device-related infections, compared with patients without cancer’®
Cancer patients are often at greater risk of device-related infections due
to a possible immunocompromised state. The rate of device infection is
approximately 4%, with a notable increase over time.”” The most common

Table 3: Level of Risk of Oncologic
Treatments in Heart Failure

Specific Agents

Responsible
for CTRCD

Doxorubicin
Idarubicin
Epirubicin

Anthracycline High

BCR-ABL inhibitors Bosutinib
Dasatinib
Nilotinib

Ponatinib

Very high

Trastuzumab
Lapatinib
Pertuzumab

HER2-targeted therapies Very high

Bortezomib
Carfilzomib

Dabrafenib
Encorafenib
Vemurafenib
Axitinib
Bevacizumab
Pazopanib
Regorafenib
Sorafenib
Sunitinib
Vandetanib

Multiple myeloma therapies Very high

RAF and MEK inhibitors High

VEGF inhibitors Very high

BCR-ABL = breakpoint cluster region — Abelson murine leukaemia; CTRCD = cancer
therapy-related cardiac dysfunction; HER2 = human epidermal growth factor receptor 2;
MEK = mitogen-activated extracellular signal-requlated kinase; RAF = rapidly accelerated
fibrosarcoma, VEGF = vascular endothelial growth factor.

microorganisms causing device-related infections are skin flora, such as
coagulase-negative staphylococci (38%), Staphylococcus aureus (31%),
Gram-negative bacteria and others (9%).”® Total removal of the entire
device system (generator and leads) is often necessary, and this
intervention increases the mean hospitalisation cost and the overall in-
hospital mortality rates.”*®° The evaluation of modifiable risk factors for
infection is crucial in the oncologic setting, and these risk factors include
use of perioperative systemic antimicrobials, absence of infection or fever
in the previous 24 hours, discontinuation of antiplatelet medications
5-7 days before the procedure, and, if possible, avoidance of bridging
with low-molecular-weight heparin.®® Moreover, the combination of
preoperative vancomycin, intraoperative pocket irrigation with polymyxin
B and bacitracin, envelopes with special antimicrobial mesh, and
postoperative oral minocycline 100 mg twice daily for 5 days was found to
be associated with an infection rate of the implanted devices similar to
that of non-cancer patients.®

For successful management of device infection, a multidisciplinary
approach with a multispecialty team composed of electrophysiologists,
infectious disease specialists, oncologists and cardiac surgeons is
required for the discussion of patient clinical status, as well as the use of
laboratory biomarkers and advanced imaging including trans-
oesophageal/transthoracic echocardiography and 18-fluorodeoxyglucose
PET/CT for potential device removal, according to patient global risk.®

Conclusion

Cardio-oncology has emerged as a vital and evolving subspecialty within
cardiology, with significant updates in recent years. The cardiotoxic
effects of anti-cancer drugs can be severe and potentially lethal. Accurate
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Figure 2: Treatment Options for Cancer Therapy-related Cardiac Dysfunction
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In symptomatic cancer therapy-related cardiac dysfunction (CTRCD) the treatment choices range from the starting or uptitration of cardiovascular (CV) therapy + STOP the anti-neoplastic drugs, to the
implantation of heart-failure devices, such as defibrillator (ICD) with or without cardiac resynchronisation therapy (CRT-D), inotropic and/or mechanical cardiovascular support (MCS), depending on the
severity of cardiac dysfunction. In asymptomatic patients with mild CTRCD close monitoring could be adequate, in severe cases temporary STOP of anti-neoplastic drugs and CV therapy optimisation is

necessary.

assessment of cardiac function and arrhythmia burden represents a
complex challenge. In this context, mobile and wearable technologies
may be a useful strategy for the real-time detection and management of
cardiac issues in cancer patients. Further investigation in this area is
needed. According to effective anti-cancer therapies now available, the
effect on cardiac rhythm can now be managed with cardiac implantable
electronic devices, representing a brand-new discipline of cardio-
oncology that might experience an exponential increase in the next few
years. As a result, balancing the health of these frail subjects with the
current recommendations for device implantation will represent a
challenge. Finally, further research is needed to identify novel biomarkers
that can predict cardiotoxicity at progressively earlier stages. U

Clinical Perspective

« Cardiologists are increasingly involved in the care of cancer
patients as a result of improved life expectancy, a decline in
cancer mortality, and the emergence of new cancer treatments.

» A growing body of investigation has demonstrated an association
between cancer risk factors and cardiovascular disorders, and
several serious cardiovascular consequences have been related
to cancer therapy.

» Expert cardiologists, or cardio-oncologists, are required to
handle the most complicated situations and the necessity of
implantation of electronic devices, along with their related risks.
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