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EDITORIAL COMMENT

Proarrhythmia and Oncotherapy

So Much To Be Donel!*

Richard J. Kovacs, MD

roarrhythmia has been recognized as a poten-

tial side effect of antiarrhythmia drugs since

the clinical application of quinidine for the
treatment of arrhythmias (1). Attention to the proar-
rhythmia effects of nonantiarrhythmia drugs is attrib-
utable to a seminal observation by the late Lou
Cantilena and his colleagues, who described torsades
de pointes (TdP) arrhythmia in patients, mostly
young female patients taking terfenadine (the first
nonsedating antihistamine, marketed as Seldane
[Marion Merrell Dow, Kansas City, Missouri]) together
with erythromycin, and published case reports in
1990 (2). For 2 decades, the focus of many drug safety
experts was on the identification and prevention of
drug-induced TdP, a potentially life-threatening
form of ventricular tachycardia, culminating in the
publication of an internationally ratified regulatory
document that guides the premarket assessment of
drugs for the risk of TdP arrhythmia (3). Nearly every
drug with significant bioavailability undergoes
rigorous preclinical evaluation for the risk of TdP as
an off-target effect. However, it was recognized that
certain classes of drugs, such as oncotherapeutics,
may not be able to follow this path because the proto-
cols required testing in healthy individuals (4). With
or without thorough pre-market testing, information
on the risk of TdP is adjudicated by experts and is
readily available to clinicians and the public on a
website or free mobile app (5).
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The system dedicated to the identification of sig-
nals for proarrhythmia is now challenged by the large
number of oncotherapeutics in development, as well
as by the potential for combinations of therapy in a
wide variety of patient types and disease states. In
addition, the internationally harmonized system of
assessment for proarrhythmia focuses only on ven-
tricular arrhythmias and not on atrial arrhythmias,
conduction system disturbances, or drug-device in-
teractions, all of which have the potential to harm
patients. New approaches are needed.

In this issue of JACC: CardioOncology, Ye et al. (6)
report on a comprehensive evaluation of publicly
available data on adverse drug reactions and specif-
ically on the risk of cardiac rhythm disturbances in
patients treated with protein kinase inhibitors. More
than 3 million case reports involving 32 protein kinase
inhibitors were evaluated. More than 23,000 cases of
atrial fibrillation and more than 66,000 cases of car-
diac arrhythmia were evaluated from the U.S. Food
and Drug Administration Adverse Event Reporting
System (FAERS). Statistical analyses identified
heightened risk for atrial fibrillation associated with
exposure to ibrutinib, ponatinib, ribociclib, trameti-
nib, osimertinib, and idelalisib. In addition, there was
a signal for ventricular proarrhythmia with nilotinib
and bradyarrhythmia with alectinib and crizotinib.

This study is an important read for clinicians in
cardio-oncology, and it carries a similar message to
the paper that Lou Cantilena published so many years
ago on the risks of terfenadine. Off-target cardiac ef-
fects of noncardiac drugs are common and clinically
important. Although left ventricular systolic
dysfunction has been a focus, arrhythmias are also
becoming an increasingly recognized complication of
oncotherapy. Clinicians may not be familiar with
FAERS; they should realize that this system is only a
part of the post-market surveillance system world-
wide, and it requires voluntary reporting by clinicians
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via MedWatch form 3500. Many clinicians are unfa-
miliar with adverse event reporting, and most of my
colleagues have never filed a form 3500, even if they
dealt with an adverse drug effect in their practice.
What is in FAERS may well be the tip of an iceberg,
because active surveillance for TdP in Germany
revealed a nearly 10-fold increase in case detection
when compared to passive, voluntary reporting of
proarrhythmias (7). We not only need to be active
contributors to the existing safety databases, we
should be advocating for better safety assessment
both pre- and post-market.

What should the cardio-oncology clinical commu-
nity do in the face of a dizzying number of therapies
being developed worldwide in thousands of clinical
trials and potentially affecting millions of patients? A
first step is to recognize that they cannot do this
alone. TdP risk was addressed by a collaboration be-
tween global regulators, academics, and industry
under the umbrella of the Cardiac Safety Research
Consortium (8), an organization that has already
hosted discussions related to safety in oncology drug
development. A second step is to encourage the
reporting of unexpected adverse events to the U.S.
Food and drug Administration in the United States (9)
or to local regulatory agencies in other parts of the
world. Passive surveillance with greater participation
is better than passive surveillance with limited
participation. Third, and the greatest challenge, is to
organize the data on safety in a way that is real time,
robust, and freely available for analysis. FAERS is
updated only on a quarterly basis, so it is not hard to
imagine a signal of concern going undetected while
numerous patients are placed at risk during the in-
terval between updates. Our electronic records sys-
tems need to be harnessed for this purpose, and
almost certainly, artificial intelligence can contribute
to reducing the huge data burden post-market sur-
veillance entails.
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There is also enormous scientific opportunity, as
Ye et al. (6) point out. Dissecting the biology of
proarrhythmia associated with the inhibition of pro-
tein kinases will undoubtedly have beneficial effects
for our understanding of the risk for cardiac ar-
rhythmias and potentially their treatment. This is not
the first call for using observations made in cardio-
oncology to drive cardiovascular drug discovery.
Bellinger et al. (10) pointed out the opportunities
inherent in these observations but also the challenges
of replicating the phenotypes in vitro and in vivo, as
well as the need to dissect the on-target and off-target
effects of the therapies.

I had the opportunity to meet Lou Cantilena and
hear of his passion for drug safety. Ironically, Lou
died in a plane crash in my state of Indiana several
years ago. I wish we had been able to write this
editorial together, because he would have added
eloquence and experience to the message. Keen
observation is important, but those keen observations
must lead to actionable knowledge, and that knowl-
edge to better systems of care. The very nature of the
specialty of cardio-oncology requires a constant bal-
ance of risk and benefit. Utilizing our existing safety
reporting systems is a great start, but we should all be
looking for ways to expand our knowledge and
improve our methods.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

The author has reported that he has no relationships relevant to the
contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr. Richard J.
Kovacs, Indiana University, Krannert Institute of
Cardiology, 1801 North Senate Boulevard, Indian-
apolis, Indiana 46202, USA. E-mail: rikovacs@iu.edu.
Twitter: @dickovacs.

REFERENCES

1. Schwartz SP, Jezer A. Transient ventricular
fibrillation. Arch Int Med 1932;49:282.

2. Monahan BP, Ferguson CL, Killeavey ES,
Lloyd BK, Troy J, Cantilena LR. Torsades de
pointes occurring in association with terfenadine
use. JAMA 1990;254:2788-90.

3. U.S. Food and Drug Administration. E14 clinical
evaluation of Qt/QTc interval prolongation and the

proarrhythmic potential for non-antiarrhythmic
drugs. U.S. Department of Health and Human Ser-
vices, October 2005. Available at: https://www.
federalregister.gov/documents/2005/10/20/05-2
0971/international-conference-on-harmonisation-
guidance-on-el4-clinical-evaluation-of-qtqtc-
interval. Accessed February 16, 2021.

4. Rock EP, Finkle J, Fingert HJ, et al. Assessing
proarrhythmic potential of drugs when optimal

studies are infeasible. Am Heart J 2010;157:
827-36.

5. CredibleMeds. Available at: WwWw.
crediblemeds.org. Accessed February 17, 2021.

6. Ye J, Hansen F, Mills R, Lundby A. Oncother-
apeutic protein kinase inhibitors associated with
pro-arrhythmic liability. J Am Coll Cardiol Car-
dioOnc 2021;3:88-97.

99


mailto:rikovacs@iu.edu
https://twitter.com/dickovacs
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref1
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref1
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref2
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref2
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref2
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref2
https://www.federalregister.gov/documents/2005/10/20/05-20971/international-conference-on-harmonisation-guidance-on-e14-clinical-evaluation-of-qtqtc-interval
https://www.federalregister.gov/documents/2005/10/20/05-20971/international-conference-on-harmonisation-guidance-on-e14-clinical-evaluation-of-qtqtc-interval
https://www.federalregister.gov/documents/2005/10/20/05-20971/international-conference-on-harmonisation-guidance-on-e14-clinical-evaluation-of-qtqtc-interval
https://www.federalregister.gov/documents/2005/10/20/05-20971/international-conference-on-harmonisation-guidance-on-e14-clinical-evaluation-of-qtqtc-interval
https://www.federalregister.gov/documents/2005/10/20/05-20971/international-conference-on-harmonisation-guidance-on-e14-clinical-evaluation-of-qtqtc-interval
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref4
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref4
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref4
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref4
http://www.crediblemeds.org
http://www.crediblemeds.org
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref6
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref6
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref6
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref6

Proarrhythmia and Oncotherapy

7. Sarganas G, Garbe E, Klimpel A, Hering RC,
Bronder E, Haverkamp W. Epidemiology of symp-
tomatic drug-induced long QT syndrome and
torsade de pointes in Germany. Europace 2014;16:
101-8.

8. Cardiac Safety Research Consortium. Available
at: https://cardiac-safety.org/. Accessed February
17, 2021.

JACC: CARDIOONCOLOGY, VOL. 3, NO. 1,

9. FDA. MedWatch Forms for FDA Safety Report-
ing. Available at: https://www.fda.gov/safety/
medical-product-safety-information/medwatch-
forms-fda-safety-reporting. Accessed February 17,
2021.

10. Bellinger AM, Arteaga CL, Humphreys BD,
Demetri GD, Drucker BJ, Moslehi JJ. Cardio-
targeted

oncology: how new cancer

2021
MARCH 2021:98-100

therapies and precision medicine can inform
cardiovascular discovery. Circulation 2015;132:
2248-58.

KEY WORDS arrhythmia, drug safety, protein
kinase inhibitor


http://refhub.elsevier.com/S2666-0873(21)00024-7/sref7
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref7
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref7
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref7
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref7
https://cardiac-safety.org/
https://www.fda.gov/safety/medical-product-safety-information/medwatch-forms-fda-safety-reporting
https://www.fda.gov/safety/medical-product-safety-information/medwatch-forms-fda-safety-reporting
https://www.fda.gov/safety/medical-product-safety-information/medwatch-forms-fda-safety-reporting
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref10
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref10
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref10
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref10
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref10
http://refhub.elsevier.com/S2666-0873(21)00024-7/sref10

	Proarrhythmia and Oncotherapy
	Funding Support and Author Disclosures
	References


