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Recognition, Prevention, and Management of Arrhythmias and
Autonomic Disorders in Cardio-Oncology:

A Scientific Statement From the American Heart Association
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Abstract

With the advent of novel cancer therapeutics and improved screening, more patients are surviving
a cancer diagnosis or living longer with advanced disease. Many of these treatments have
associated cardiovascular toxicities that can manifest in both an acute and a delayed fashion.
Arrhythmias are an increasingly identified complication with unique management challenges in
the cancer population. The purpose of this scientific statement is to summarize the current state
of knowledge regarding arrhythmia identification and treatment in patients with cancer. Atrial
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tachyarrhythmias, particularly atrial fibrillation, are most common, but ventricular arrhythmias,
including those related to treatment-induced QT prolongation, and bradyarrhythmias can also
occur. Despite increased recognition, dedicated prospective studies evaluating true incidence are
lacking. Moreover, few studies have addressed appropriate prevention and treatment strategies.
As such, this scientific statement serves to mobilize the cardio-oncology, electrophysiology, and
oncology communities to develop clinical and scientific collaborations that will improve the care
of patients with cancer who have arrhythmias.

Keywords

AHA Scientific Statements; antiarrhythmic agents; anticoagulants; arrhythmias, cardiac;
cardiotoxicity; medical oncology

The explosive development of cancer therapeutics has led to improved cancer survival;
however, cardiovascular complications can adversely impact overall outcomes.! As such,
the field of cardio-oncology has developed to provide collaborative cardiovascular care

to patients with cancer and survivors. The goal of cardio-oncology is the primary
prevention and secondary treatment of cancer therapy-related cardiotoxicity to optimize
cancer care and cardiovascular health outcomes. There is increasing recognition that some
cancer treatments can lead to electrophysiological disease and subsequent tachy- and
bradyarrhythmias (Figure 1).2 The primary objective of this American Heart Association
scientific statement is to present the state-of-the-science on the relationship between
cancer therapeutics and cardiac arrhythmias. This statement will highlight the importance
of a collaborative multidisciplinary health care team-based approach to prevent adverse
cardiovascular events in patients with cancer and to discuss cardioprotective strategies.

CANCER THERAPEUTICS ASSOCIATED WITH ARRHYTHMIAS

Arrhythmic complications can be seen with traditional cytotoxic chemotherapies, targeted
agents, and novel immunotherapies including checkpoint inhibitors and chimeric antigen
receptor therapy (Table 1).3-10 The most encountered arrhythmia is atrial fibrillation

(AF), but ventricular repolarization abnormalities and QT prolongation, ventricular
arrhythmias (VAs), and bradycardia and heart block can also occur. The pathophysiology
of arrhythmogenesis varies for different cancer therapies and may be attributable to direct
cellular effects, electrolyte abnormalities, or the toxicities related to cancer therapy such as
heart failure, ischemia, or myocarditis.11 With increasing recognition of the potential for
cancer therapies to cause arrhythmias, strategies to mitigate this risk are needed.

ATRIAL FIBRILLATION AND OTHER ATRIAL ARRHYTHMIAS

Epidemiological studies have demonstrated an association between cancer and AF. This
association is bidirectional such that there is a higher incidence of AF in patients with
cancer, and an increased incidence of cancer in patients with AF, likely because of shared
risk factors.1213 A study of >15 000 patients found that patients with cancer were more
likely to have prevalent AF than those without cancer.12 AF is frequently observed in
patients with cancer, driven by comorbidities including advanced age, metabolic disorders,
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electrolyte fluctuations, or shared mechanistic pathways such as inflammation. Surgical or
medical therapies for cancer may have either direct or indirect effects on the development of
arrhythmias.1214 Nevertheless, evidence-based strategies for the prevention and treatment of
AF and associated thromboembolic complications in at-risk cancer populations are lacking.

Anthracyclines

Anthracyclines are known to confer a dose-dependent risk for left ventricular (LV)
dysfunction and heart failure. However, incident arrhythmias may also occur, both as a
primary cardiotoxicity or attributable to anthracycline-induced cardiomyopathy. In a study
of 29 patients treated with doxorubicin-containing regimens, supraventricular extrasystoles
were most commonly reported, and 10.3% of patients developed AF.1° In patients with
anthracycline-associated LV dysfunction, there is a high burden of arrhythmias including AF
in up to 56.6% of patients.16:17

Melphalan and Hematopoietic Stem Cell Transplantation

Melphalan, a nitrogen mustard alkylating agent, is commonly used in conditioning
chemotherapy regimens before hematopoietic stem cell transplantation (HSCT). In a
study of 1221 patients undergoing HSCT for various malignancies, 5.1% of cases were
complicated by atrial arrhythmias (supraventricular tachycardia and AF). Melphalan-based
regimens had higher rates of supraventricular arrhythmias affecting 11.0% of 438 exposed
cases in comparison with any non—-melphalan-based regimen.18 Patients with a history of
arrhythmia before HSCT are more likely to develop an arrhythmia during transplantation,
the majority of which were AF.19 New-onset atrial arrhythmias are correlated with

adverse outcomes including all-cause mortality within 1 year after HSCT.19 Strategies to
prevent arrhythmias in patients undergoing HSCT should be considered, including risk
factor optimization and consideration of prophylactic pharmacotherapy with antiarrhythmic
medications in high-risk subgroups such as those with a known history of arrhythmia or
underlying cardiovascular disease.

Ibrutinib and Other Bruton Tyrosine Kinase Inhibitors

Ibrutinib is a Bruton tyrosine kinase (BTK) inhibitor frequently used to treat chronic
lymphocytic leukemia, mantle cell lymphoma, marginal zone lymphoma, and Waldenstrom
macroglobulinemia.2® Although the association between ibrutinib and AF is well
established, there is considerable variability in reported rates. A systematic review by
Ganatra and colleagues?! found an incidence of AF ranging from 3.5% to 16% across 16
studies, or a rate of 5.8 per 100 person-years. In a recent meta-analysis of 8 randomized
clinical trials comprising 2580 patients, the pooled estimate showed that ibrutinib resulted
in a relative risk of 4.69 (95% Cl, 2.17-7.64, P<0.001) for developing AF.22 There is

also evidence to suggest that patients who develop arrhythmias are at increased risk for
mortality, possibly from associated ischemic or hemorrhagic cerebrovascular events.?3 The
mechanism of ibrutinib-associated AF is not well established but may be related to on-
target inhibition of cardiac BTK, off-target inhibition of Tec protein kinase, inhibition of
phosphoinositide 3-kinase, or enhanced automaticity from altered sarcoplasmic reticulum
calcium handling.20.24.25
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The newer BTK inhibitors acalabrutinib and zanubrutinib have higher BTK selectivity than
ibrutinib, with lower rates of AF/flutter than ibrutinib.28 Although incidence rates have
varied by trial, the US Food and Drug Administration fact sheet reports AF/flutter in 4.1% of
patients on acalabrutinib* and 2% of patients treated with zanubrutinib.2

Vascular Endothelial Growth Factor Sighaling Pathway Inhibitors

As a class, vascular endothelial growth factor inhibitors have been associated with a
relatively low incidence of AF. Sorafenib is a vascular endothelial growth factor inhibitor
used to treat unresectable hepatocellular carcinoma, advanced renal cell cancer, and
differentiated thyroid cancer. When combined with 5-fluorocuracil, in a small series of 39
patients, 2 patients (5.1%) developed AF.27

Tyrosine Kinase Inhibitors Targeting BCR-ABL

BCR-ABL tyrosine kinase inhibitors target the Philadelphia chromosome translocation
identified in chronic myeloid leukemias. In general, AF is not a frequently encountered
arrhythmic complication of the first- (imatinib) or second-generation BCR-ABL tyrosine
kinase inhibitors (nilotinib, bosutinib, dasatinib).? In contrast, rates of AF with ponatinib, a
third-generation BCR-ABL tyrosine kinase inhibitor, vary significantly with reports as high
as 7% in phase 2 studies to only 1.9% in a phase 3 trial.28:29 The exact reason for this
disparity is unclear.

Immune Checkpoint Inhibitors

Immune checkpoint inhibitors (ICIs) are increasingly used for various solid and hematologic
malignancies. Although their association with myocarditis is well established, the risk of
supraventricular arrhythmia has been less well studied. In a report of 35 patients who
presented with ICl-associated myocarditis, 9 (25.7%) patients developed AF/flutter.® In
another study of 30 patients with ICI-related cardiotoxicity, 30% had AF.8 In these cases,
underlying myocarditis may be driving or contributing to the risk of arrhythmia.

Chimeric Antigen Receptor T Cells

Chimeric antigen receptor T-cell therapy has significantly improved clinical outcomes in
children with acute lymphocytic leukemia and adults with refractory or relapsed large
B-cell lymphoma and is being actively investigated as a therapy for other hematologic
malignancies. Chimeric antigen receptor T-cell therapy can lead to cytokine release
syndrome, which may result in hypotension, demand ischemia, LV dysfunction, pulmonary
edema, and cardiogenic shock.” A retrospective case study of 137 patients reported
arrhythmias in 5 (3.6%) patients. Another retrospective case study of 145 patients reported
AF in 11 (7.5%) patients and supraventricular tachycardia in 1 patient.30 However, it
remains unclear whether this is related to cytokine release syndrome-associated myocardial
inflammation or a direct effect of chimeric antigen receptor T-cell therapy.’

MANAGEMENT OF ATRIAL FIBRILLATION: RATE AND RHYTHM CONTROL

Management of AF and other arrhythmias in patients with newly diagnosed cancer should
follow algorithms similar to the general population with special consideration taken
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to avoid unique drug-drug interactions that may exist with certain cancer therapeutics

( Figure 2). Structured screening for potential drug-drug interactions, particularly those
impacting cytochrome P450 3A4 and P450 2D6 and P-glycoprotein metabolism, by clinical
pharmacologists should be incorporated into care planning.3!

For asymptomatic individuals with AF, a rate control strategy is appropriate, with

a goal resting heart rate of <110 beats/min.32 In general, B-blockers are preferred.
Nondihydropyridine calcium channel blockers (diltiazem and verapamil) should be used
with caution because they inhibit CYP 3A4 metabolism and can lead to increased
concentrations of various cancer therapeutics.2! Digoxin should also be used with caution
in the cancer population because many cancer treatments, including ibrutinib, inhibit P-
glycoprotein which can lead to increased digoxin concentrations and potential toxicity.2!
Although tachycardia is more often recognized in patients with cancer because of various
factors including deconditioning, pain, dehydration and dysautonomia, bradycardia can
occur as a side effect of several treatments including taxanes and anaplastic lymphoma
kinase inhibitors.33 As such, concurrent use of atrioventricular nodal-blocking drugs

can have an additive heart rate—lowering effect. Moreover, anticancer drugs including
imatinib (used in chronic myeloid leukemia) and abiraterone (an antiandrogen for metastatic
prostate cancer) impact CYP2D6 metabolism and can increase concentrations of various
B-blockers including metoprolol and carvedilol.34 Finally, frequent baseline hypotension in
this population may limit implementation of an adequate rate control strategy.

For patients with symptomatic AF, or for those with heart failure felt to be worsened by
AF, a rhythm control strategy focusing on the restoration and maintenance of sinus rhythm
may be preferable.32 The recently published EAST-AFNET 4 (Early Treatment of Atrial
Fibrillation for Stroke Prevention Trial) suggested a lower rate of adverse events in patients
with AF treated with an early rhythm control strategy, even in the absence of symptoms;
however, the benefits of this approach in patients with cancer has not been established.3®
Although cardioversion is often initially successful, long-term durability is questionable
given the inflammatory milieu of cancer along with the continued use of provocative cancer
therapeutics.1# Antiarrhythmic medications have not been specifically studied in the cancer
population and must be used with caution given the potential for drug-drug interactions
leading to QT prolongation. Moreover, many antiarrhythmics interact with the cytochrome
P450 CYP 3A4 and 2D6 systems, and with P-glycoprotein, as well, leading to similar

drug interactions and toxicities as the nodal-blocking agents.38 Dronedarone should be
avoided because of its effects on both the CYP 3A4 and P-glycoprotein systems. Although
amiodarone is frequently chosen to treat cancer-associated arrhythmias given its relative
ease of use, in particular, in patients with other cardiovascular conditions, it can also
increase various cancer drug concentrations via effects on similar metabolic pathways.3! In
addition to drug-drug interactions, certain antiarrhythmics may not be an option because

of underlying cardiovascular and oncological diseases such as those with underlying
coronary disease or LV hypertrophy from amyloidosis. Although catheter ablation is also

a potential treatment strategy, the procedural success in the setting of cancer therapy-related
arrhythmias is not established. Last, for high-risk populations, the benefits of prophylactic
initiation of nodal blocking agents and antiarrhythmic drugs to prevent arrhythmias has not
been established.
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ANTICOAGULATION AND THROMBOSIS PREVENTION

Both arterial and venous thrombosis are common with active malignancy, and
anticoagulation is the mainstay of thromboembolism treatment and prophylaxis. In the
setting of AF and atrial flutter, stroke and peripheral embolism can occur because of the
stasis of blood in the heart. Recent data suggest that a significant proportion of patients with
cancer who have an elevated risk of stroke but lower risk of bleeding are not receiving
appropriate anticoagulation for thromboembolism prophylaxis.3” It is recommended to

use the CHA,DS,-VASc score to determine the risk of stroke and guide anticoagulation
decision making in patients with AF/flutter (Figure 3).33 Anticoagulation is recommended
for men with a CHA,DS,-VASC score =2 and for women with a score =3 without

significant contraindications.33 Nevertheless, there is increasing evidence to suggest that this
scoring system may not be as accurate for patients who have cancer.38 Moreover, patients
who have cancer are more prone to bleeding diatheses for multiple reasons including
thrombocytopenia. Although the HAS-BLED score (hypertension, abnormal renal/liver
function, stroke, bleeding history or predisposition, labile international normalized ratio,
elderly, drugs/alcohol concomitantly) is frequently used to assess bleeding risk in the general
population, it does not take into consideration circumstances unique to patients with cancer
including low platelets and intracerebral metastases.3° As such, it may not be reliable in

this population. It is essential that cancer-specific risk prediction algorithms are developed to
guide decision making regarding anticoagulation in the setting of AF/flutter balanced by the
potential risk for bleeding.

Although low-molecular-weight heparin has been the anticoagulant of choice for patients
with cancer based on its superiority over warfarin at preventing deep venous thrombosis,
there are no studies evaluating its role to prevent thromboembolism in the setting of
AF/flutter.40 There is increasing evidence demonstrating the safety and efficacy of direct
oral anticoagulants in patients with cancer who have deep venous thrombosis, and the
most recent American Heart Association/American College of Cardiology/Heart Rhythm
Society guidelines recommend direct oral anticoagulants over vitamin K antagonists for
thromboembolism prophylaxis in nonvalvular AF.32 Although patients with cancer were
either excluded from or underrepresented in the original direct oral anticoagulant AF trials,
several recent studies have suggested they are likely safe and beneficial for these patients.
For example, a study of 1236 patients enrolled in the ARISTOTLE trial (Apixaban for
Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation) with active
or prior cancer confirmed that apixaban was superior to warfarin at preventing stroke and
systemic embolism in this population.?! Similar results have been reported with edoxaban.*2
Nevertheless, it should be recognized that active cancer therapy can affect the choice

of anticoagulant because of potential drug-drug interactions (Supplemental Table I). All
direct oral anticoagulants interact with the P-glycoprotein system, but dabigatran is most
affected. Rivaroxaban and apixaban are also metabolized by CYP 3A4 and therefore, must
be used with caution in conjunction with inducers of this system, including ibrutinib.43

It should be recognized that aspirin to prevent AF-associated thromboembolism is no
longer recommended for most patients and may be higher risk in the setting of cancer
because of concomitant thrombocytopenia and platelet dysfunction as a direct result of
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cancer therapeutics such as ibrutinib.*44% A multidisciplinary approach with input from
pharmacists is important to determine appropriate and safe treatment strategies. Moreover,
a shared decision-making approach should be considered in all patients with cancer before
initiating anticoagulation to develop suitable, individualized treatment.32

Given the complexities associated with anticoagulation in patients who have cancer,
including drug interactions and bleeding risk, there may be a role for the early use of

left atrial appendage closure devices. However, there are no studies to date specifically
evaluating this technology in patients with cancer, and the risk of device-related thrombus
could potentially be increased in a hypercoagulable population.46

QT PROLONGATION

The incidence of QT prolongation in patients with cancer is in general up to 22% across

a variety of drug classes,*’ with the exception of arsenic trioxide (used to treat patients

with acute promyelocytic leukemia) that has been associated with QT prolongation in 26%
to 93% of patients.*8 Although QT prolongation is often related to direct blockade of
potassium channels, many antineoplastic agents inhibit intracellular signaling pathways,
including phosphoinositide 3-kinase, leading to delays in ventricular repolarization.4
Despite the attention given to QT monitoring, there are no standardized recommendations,
and therefore, it is necessary to rely on the specific drug label instructions to guide

the frequency of ECG monitoring (Supplemental Table 11).47 For novel therapeutics with
unknown QT-prolonging effects, ECG monitoring after the first dose and after each

change in dose should be pursued.>® Ultimately, standardized QT-monitoring protocols for
oncological treatments should be developed.®! Nevertheless, life-threatening arrhythmias are
rare, occurring in <1% of patients treated with these drugs,*’ and therefore, collaborative
conversations between oncology, cardiology, and the patient should occur before deciding to
change or withhold optimal cancer treatments.

Accurate and uniform measurement of the QT interval can be challenging. Manual
calculation in lead Il or Vs is often necessary, averaged over 3 to 5 beats when sinus
arrhythmia is present or over 10 beats in the presence of AF, to mitigate the effect of
beat-to-beat variability.>>2 The QT interval is longer at slower heart rates and shorter at
faster heart rates. Different correction formulae derived from mathematical modeling are
commonly used in clinical practice to overcome these limitations and standardize the QT
interval over a range of heart rates.> Although there is substantial familiarity with the Bazett
(QTcb) formula (QT/(RR)Y2), the Fridericia (QTcF) formula (QT/(RR)3) is preferred

in the cancer population because it is often more accurate at heart rate extremes.5-52:53
QT-interval assessment can also be challenging in the setting of interventricular conduction
delay from bundle-branch blocks or ventricular pacing. In this situation, calculating the JT
interval (difference in the QT interval and the QRS duration) can be considered, but this may
be difficult to implement in clinical practice, especially for noncardiologists.

Prevention of QT prolongation starts with maintaining familiarity with cardiac, oncological,
and other drugs that can prolong the QT interval and minimizing their concomitant use
(Supplemental Table Il). In general, the arrhythmic risk increases when the QTc is >500 ms
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or the change from baseline is >60 ms.>#7 If significant QT prolongation is identified,
nonessential medications that affect cardiac repolarization should be discontinued and
electrolyte (in particular, potassium and magnesium) abnormalities corrected.?’ Patients
should be counseled about cardiac signs and symptoms including presyncope, syncope, or
new rapid palpitations that warrant evaluation.4’ In the setting of VAs (premature ventricular
contractions, ventricular tachycardia, or torsades de pointes), corrective measures should

be promptly delivered including the infusion of magnesium sulfate, and efforts, as well, to
maintain a heart rate at >100 beats/min with either isoproterenol or temporary transvenous
pacing. In refractory/emergent situations associated with QT-interval prolongation, lidocaine
and advanced cardiac life support procedures should be initiated.4”>* Emerging data
indicate that mexiletine may help to minimize arsenic-induced QT prolongation, and
recurrent torsades de pointes, as well; however, further research is needed to determine
overall efficacy and safety with the full range of cancer therapeutics.>°:56

VENTRICULAR ARRHYTHMIAS

Chemotherapy-induced VAs, including sustained ventricular tachycardia and fibrillation,
are relatively rare. The incidence of VA is higher in patients receiving chemotherapy for
advanced metastatic disease but can also be attributable to the cancer itself.5” Prevention of
VA in patients with cancer focuses on modifiable risk factors including electrolyte repletion
and the avoidance of concomitant medications that may augment the arrhythmic potential.
The invoked mechanisms include a direct or indirect effect of the chemotherapeutic agent
on cardiomyocytes, prolongation of the QT interval, and concurrent ischemia. Although
anthracyclines have been shown to prolong the QT interval, the risk of VA appears to

be secondary to LV systolic dysfunction that can be further aggravated by electrolyte
abnormalities such as hypokalemia.1”-33 The BTK inhibitor ibrutinib is also associated
with VA, unrelated to QT prolongation.23:58 In fact, ibrutinib may shorten the QT

interval, with enhanced automaticity and triggered activity suggested as mechanisms for
arrhythmogenesis.24.25.59.60

The role of implantable cardioverter defibrillator therapy in chemotherapy-induced
cardiomyopathy has not been specifically examined. However, current guidelines
recommend an implantable cardioverter defibrillator for primary prevention in patients
with cardiomyopathy and LV ejection fraction <35% despite guideline-directed medical
therapy, New York Heart Association class Il to 111 symptoms, and life expectancy >1
year.51 This can, in turn, justify the need for an implantable cardioverter defibrillator

in patients with chemotherapy-induced cardiomyopathy who are symptomatic and meet
the LV ejection fraction cutoff criteria. This is further supported by several studies
showing that the prevalence of VA in anthracycline cardiomyopathy is similar to that

in patients with implantable cardioverter defibrillators implanted for non—cancer-related
cardiomyopathy.16.17

Chemotherapy-induced cardiomyopathy may also be accompanied by cardiac conduction
system disease manifesting as a wide QRS interval (>120 ms). The ensuing abnormal
electric activation of the ventricles is associated with mechanical dyssynchrony and adverse
ventricular remodeling. Cardiac resynchronization therapy (CRT) can reduce the extent of
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this dyssynchrony and potentially improve cardiac function and clinical outcomes. Until
recently, data supporting CRT in patients with cancer was based on isolated case series.62:63
More recently, the MADIT-CHIC study (Multicenter Automatic Defibrillator Implantation
Trial-Chemotherapy Induced Cardiomyopathy) addressed this question prospectively in

a single-arm, open-label, multicenter study.64 MADIT-CHIC showed that patients with
chemotherapy-induced cardiomyopathy, LV ejection fraction <35%, and a wide QRS
complex (left bundle-branch block, median QRS duration 152 ms) on optimal guideline-
directed medical therapy derive benefit from CRT with significant improvement in LV
ejection fraction, reduction in LV volumes and left atrial volume, and improvement in heart
failure symptoms at 6 months after CRT implantation.®* Although most CRT implants in
the United States are CRT-defibrillators, CRT-pacemakers may be considered for symptom
control even in patients with a life expectancy <1 year.3.65

BRADYARRHYTHMIAS AND HEART BLOCK

Assessment of the true incidence of bradycardia and atrioventricular conduction disease
related to chemotherapy is difficult because of the variations in surveillance and reporting.
Several chemotherapeutic agents in different classes have been associated with benign
sinus bradycardia, yet symptomatic bradycardia and advanced atrioventricular block do
occur, albeit rarely (Table 1).3 Paclitaxel is associated with reversible asymptomatic sinus
bradycardia in up to 30% of patients, but more advanced bradyarrhythmias are atypical.%6 In
contrast, thalidomide has been reported to cause sinus bradycardia in up to 40% of patients,
with some requiring pacemaker implantation for dizziness and syncope.8” 5-Fluorocuracil
has been associated with symptomatic and asymptomatic bradycardia. In 1 series of 301
subjects, symptomatic sinus bradycardia was observed in nearly 12% of patients, although
a systematic review of 5-fluorocuracil- and capecitabine-related cardiotoxicity suggests a
lower incidence of clinically significant bradycardia.58:69

Targeted and immunotherapies can also cause bradycardia. In addition to the well-described
association with AF, an analysis of 2093 adverse drug reactions attributable to ibrutinib
showed a 2.3% occurrence of conduction defects, 42% of which were high-grade or
complete atrioventricular block, and 18% of which were fatal.33 Likewise, the anaplastic
lymphoma kinase inhibitors, crizotinib and ceritinib, which are used to treat non—small

cell lung cancer, are well known to cause bradycardia, although symptomatic episodes
requiring intervention are rare.’0 ICls are also increasingly associated with both conduction
defects and bradycardia. Presentation with high-degree atrioventricular block can be the first
manifestation of ICl-related myocarditis, which is a rare (1%) but potentially fatal (50%)
complication of ICI therapy. An analysis of adverse drug event data from the World Health
Organization revealed a 0.12% risk of conduction abnormalities reported among 31 321
ICI-related adverse cardiac events.’! In a review of ICI-related cardiotoxicity, conduction
disorders were reported in 5 of 30 (1 7%) of patients, including 1 patient who died of

a bradycardic arrest.8 In this series, conduction abnormalities were strongly associated

with cardiovascular mortality (80% versus 16%, P=0.003).8 Although definitive prevention
strategies have not been established, patients taking atrioventricular nodal-blocking drugs
may experience augmented bradycardic effects from these cancer therapeutics, and
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therefore, prophylactic dose reduction before the initiation of the aforementioned cancer
treatments should be considered.

AUTONOMIC DYSFUNCTION IN CANCER

Autonomic dysfunction (AD) or dysregulation of the parasympathetic and sympathetic
nervous systems is more prevalent in patients with cancer and cancer survivors than in
healthy controls.” Decreased parasympathetic activity or impaired vagal tone is manifested
as an increased resting heart rate, decreased heart rate variability, or abnormal heart

rate recovery 1 minute after the cessation of exercise. Decreased sympathetic nervous
system activity results in abnormal blood pressure responses and orthostasis/syncope. In

1 study, autonomic dysfunction was most frequently identified in patients with hematologic
malignancies, with orthostatic hypotension, followed by inappropriate sinus tachycardia
and postural orthostatic tachycardia syndrome most often reported.”3 Multiple aspects of
cancer treatment contribute to AD: cancer therapy, psychological stress, sleep disturbances,
weight gain, and loss of cardiometabolic fitness.”* Anthracyclines, taxanes, vinca-alkaloids,
platinum-based agents, head and neck irradiation, and HSCT have all been associated

with AD.”® The presence of abnormal heart rate recovery was associated with decreased
exercise duration and increased mortality in survivors of Hodgkin lymphoma treated with
mediastinal radiation.”® Likewise, in survivors of bone marrow transplantation, decreased
heart rate variability was associated with fatigue, decreased functional capacity, and
increased mortality.”” Patients who have breast cancer with AD also exhibit increased
fatigue and decreased exercise capacity.”8

It is postulated that AD promotes inflammation and endothelial dysfunction contributing

to the development of cardiovascular disease in cancer survivors.”%80 In a rat model

of doxorubicin cardiotoxicity, decreased heart rate variability preceded the development

of cardiomyopathy.8! Fullerenol and dexrazoxane, both agents that prevent anthracycline-
associated cardiotoxicity, have been shown to attenuate AD.81:82 Structured aerobic exercise
training, during or after cancer therapy, has also been shown to reverse AD in patients with
breast cancer and in survivors of testicular cancer.83:84 In addition to increased salt and

fluid intake, leg elevation/compression and avoidance of vasodilatory medications, treatment
options for orthostatic hypotension include midodrine, fludrocortisone, pyridostigmine,

and droxidopa.8> Although data are lacking, the use of ivabradine may be an attractive
option to treat symptomatic inappropriate sinus tachycardia in this population and should

be systematically evaluated. In addition, research efforts aimed at attenuating AD in
patients with cancer are needed to improve quality of life and potentially reduce long-

term cardiovascular toxicity. Moreover, a team-based approach to health care, utilizing
exercise therapists, psychologists, and nurses is essential for improving outcomes in this
patient population following strategies presented in the AHA scientific statement on cardio-
oncology rehabilitation.86

CONCLUSION

Cardio-oncology is an important new subspecialty of medicine that continues to evolve. In
this scientific statement, we have summarized the current state of knowledge on the risk
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of arrhythmias in patients with cancer, including possible therapeutic interventions with
antiarrhythmic drugs, and anticoagulation strategies, as well. There are unique challenges
when considering these treatments in the cancer population, in particular, given the paucity
of evidence and limitations of existing data.

The time has come for strategic clinical and scientific collaborations between oncologists
and electrophysiologists to improve clinical care and develop registries and databases

to assess arrhythmia-related outcomes more rigorously in patients with cancer. The
CARDIOTOX registry (Cardiovascular Toxicity Induced by Cancer-Related Therapies) can
serve as a paradigm for future investigations in this area, even though it does not currently
include arrhythmias.8” Accurate assessment of arrhythmia burden can be challenging;
however, leveraging mobile and wearable technology may be a useful strategy for patients
with cancer and warrants further investigation. In the same vein, more basic and translational
research is needed to understand the underlying mechanisms predisposing patients with
cancer to arrhythmias, so that we can develop evidence-based strategies for risk mitigation
and management for this unique and vulnerable population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Mechanisms of Systemic Cancer Therapy Induced Arrhythmias

Autonomic dysfunction
+ Anthracyclines

* Platinum

+ Vinca alkaloids

Ischemia
+ 5-fluorouracil

Myocardial dysfunction:
Cardiomyopathy; myocarditis

* Anthracyclines

* Immune checkpoint inhibitors

Pericardial disease
* Platinum compounds

lon channel and/or
intracellular signaling
dysfunction:

= Tyrosine kinase inhibitors

Systemic inflammatory
response/cytokine release
+ CAR-T therapy

Figure 1. Mechanisms of systemic cancer therapy-induced arrhythmias.
CAR-T indicates chimeric antigen receptor T cell.
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Rhythm Rate Control
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Figure Legend
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Figure 2. Algorithm for the management of atrial fibrillation during cancer treatment.
5FU indicates 5-fluorouracil; CCB, calcium channel blocker; LVH, left ventricular

hypertrophy; and TEE, transesophageal echocardiography
*Vaughan Williams Classification.
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No

A shared decision-making
approach should be
utilized to determine the
most appropriate
treatment strategy for
each individual patient

*  May consider left

Yes

Atrial Fibrillation During Cancer
Treatment

|

CHADS-VASc 22 for males

No
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Anticoagulation
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Anticoagulation*
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Figure 3. Algorithm for the management of atrial fibrillation—-associated thromboembolism
prophylaxis during cancer Treatment.

HAS-BLED indicates hypertension, abnormal renal/liver function, stroke, bleeding history
or predisposition, labile international normalized ratio, elderly, drugs/alcohol concomitantly;
and LMWH, low-molecular-weight heparin. *Anticoagulation therapy should be determined
based on an individualized shared decision-making approach.
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