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Use of Chloroquine and Hydroxychloroquine in
COVID-19 and Cardiovascular Implications

Understanding Safety Discrepancies to Improve Interpretation and Design of

Clinical Trials
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disease 2019 (COVID-19), the disease caused by

severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has been substantial. As of May 5, 2020,
>3.6 million individuals have been infected globally and
>9250000 have died.! Mounting research efforts are
under way to test and develop effective prophylactics
and therapeutics. Among the compounds under investi-
gation are chloroquine and hydroxychloroquine, 2 widely
used antimalarial drugs with additional indications for
use in patients with connective tissue diseases and auto-
immune disorders.

Guided by in vitro evidence of antiviral activity and early
clinical studies demonstrating improvements in surro-
gate end points, in the early weeks of the outbreak some
prominent politicians, journalists, and physicians have
advocated for the routine empirical use of these medi-
cations in patients with COVID-19 and for prophylaxis
to prevent infection. While such an approach may seem
reasonable given the current pandemic, it strongly con-
trasts with the standard modus operandi that demands
supportive data from well-designed clinical trials before
widespread medication use. In this article, we discuss the
cardiovascular impact of chloroquine and hydroxychlo-
roquine and provide our scientific opinion regarding the
safety of these medications in patients with COVID-19
before formal regulatory review.

Chloroquine and hydroxychloroquine are commonly
prescribed worldwide. When used for malaria prophy-
laxis, chloroquine is generally administered at a dose of

The public health burden imposed by coronavirus

500 mg per week starting 2 weeks before and continu-
ing for up to 8 weeks following endemic exposure. Long-
term use can be considered for the treatment of chronic
autoimmune diseases, such as rheumatoid arthritis and
systemic lupus erythematosus. Hydroxychloroquine is
typically prescribed as a 400 mg weekly dose when used
for malaria chemoprophylaxis and as a 200 to 400 mg
daily dose in patients with systemic lupus erythematosus
or with rheumatoid arthritis.

MECHANISMS OF ACTION

Chloroquine and hydroxychloroquine alkalinize phagoly-
sosomes, leading to impairment of cellular fusion and
viral uncoating.? The drug-mediated pH elevation also
increases protease activity and decreases intracellular
processing of secretory proteins, such as tumor necro-
sis factor o and interleukin-6, which are proinflamma-
tory cytokines. This has prompted clinical investigation
of tocilizumab, a humanized monoclonal antibody target-
ing interleukin-6, for which results are eagerly awaited.
Specific antiparasitic mechanisms include inhibition of
hemoglobin degradation in intraerythrocytic trophozoites,
culminating in the accumulation of cytoxic heme and
lysosome toxicity.? Antiautoimmune activity stems from
its activation of transcription factor FOXP3 (forkhead/
winged helix transcription factor) and the promotion of
regulatory T cells.

Chloroquine and hydroxychloroquine have broad in
vitro antiviral properties, prompting previous evaluation
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Nonstandard Abbreviations and Acronyms

ACE2 angiotensin-converting enzyme 2
COVID-19 coronavirus disease 2019

FOXP3 forkhead/winged helix transcription
factor

SARS- severe acute respiratory syndrome

CoV-2 coronavirus 2

in HIV and the severe acute respiratory syndrome. In a
primate cell model of the severe acute respiratory syn-
drome, both drugs inhibit terminal glycosylation of the
cellular receptor, ACE2 (angiotensin-converting enzyme
2).* Because blockade of ACE2 attenuates virus recep-
tor binding pre- and post-infection, chloroquine and
hydroxychloroquine are thought to be potentially effec-
tive options for viral prophylaxis and treatment.

In SARS-CoV-2 cells, chloroquine suppresses viral
entry and postentry stages, while promoting immune-
modulating activity thought to be synergistic with its
direct antiviral effects. In an in vitro pharmacokinetic
model of SARS-CoV-2 infected cells, hydroxychloro-
quine appears to be more potent than chloroquine, with
a significantly lower half maximal effective concentration
(EC50=0.72 umol/L, EC50=5.47 pmol/L).> Azithromy-
cin, whose combination with hydroxychloroquine is cur-
rently being evaluated in several trials, has multiple direct
antiviral properties, with the most established mechanism
being inhibition of interferon-stimulated gene expression
and protein production.

CLINICAL STUDIES

While a number of clinical trials are seeking to evalu-
ate the effect of chloroquine and hydroxychloroquine
in COVID-19, several have already been published. A
summary of the most important studies with available
results is included in Table 871" Although a few trials
have demonstrated improvement in various surrogate
end points (ie, viral clearance), these investigations are
limited by small sample size. Importantly, this precludes
adequate evaluation of safety and efficacy among
diverse populations, including those with underlying
cardiovascular disease.

Based predominantly on preclinical data, the US
Food and Drug Administration issued an emergency
use authorization of chloroquine phosphate in adults
hospitalized with COVID-19 for whom clinical trial par-
ticipation is not possible.”? The authorization statement
recognizes that optimal dosing and treatment durations
are currently unknown, and that high-quality clinical
trial data are essential to understanding any therapeu-
tic benefits. To date, only few clinical trials evaluating
chloroquine and hydroxychloroquine have reported the
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cardiovascular safety of these medications when used
to treat COVID-19. This is particularly important given
the adverse cardiovascular effects, including cardiomy-
opathy, that have been reported previously. Both medica-
tions can induce cardiotoxicity via inhibition of lysosomal
enzymes in cardiomyocytes, including a-galactosidase A,
B-galactosidase, and arylsulfatase.'® These changes are
reminiscent of the cardiomyopathy associated with Fabry
disease, with biventricular concentric hypertrophy and
diastolic dysfunction. At the ultrastructural level, hydroxy-
chloroquine toxicity is associated with intracellular accu-
mulation of myelin and formation of curvilinear bodies."

Chloroquine blocks the cardiac inward rectifier K+
current, /., and to a lesser degree the rapidly activat-
ing delayed rectifier, /,, resulting in prolongation of the
action potential. This increases the likelihood of ventric-
ular ectopy and lethal ventricular arrhythmias. Hydroxy-
chloroquine prolongs spontaneous action potential
firing via inhibition of multiple cardiac channels, includ-
ing that of /. and /.

Chloroquine and hydroxychloroquine are also char-
acterized by a number of additional adverse effects,
including cutaneous (hyperpigmentation of skin), neuro-
muscular (weakness), and ophthalmologic (retinopathy)
manifestations (Figure).

To a large degree, the incidence and spectrum of
adverse cardiovascular effects with chloroquine and
hydroxychloroquine are not well described. Existing
reports show that undifferentiated cardiac toxicity from
these drugs appears to be more frequentin women (65%),
typically following a long treatment duration (median of
7 years) and high cumulative dose.' According to a sys-
tematic review of published cardiac complications with
chloroquine and hydroxychloroquine (median duration of
7 years [range: 3 days—35 years]), conduction disorders
were reported most commonly (85% of cases). Less
frequently encountered cardiovascular effects included
left ventricular hypertrophy, left ventricular hypokinesis
and heart failure, QTc prolongation (especially in patients
with preexisting QT prolongation and in combination with
macrolide antibiotics), valvular heart disease, and pulmo-
nary arterial hypertension.'® Interestingly, complete atrio-
ventricular block was more commonly associated with
chloroquine; whereas, left ventricular hypokinesis was
more commonly encountered with hydroxychloroquine.

A great deal of cardiovascular uncertainty exists when
considering use of chloroquine or hydroxychloroquine
in patients with COVID-19. First, historical trials that
established the value of these medications in rheuma-
toid arthritis and systemic lupus erythematosus did not
systematically collect cardiovascular safety data.’® Since
electrocardiograms and cardiac imaging were not rou-
tinely performed, the incidence, risk factors, and clinical
outcomes of cardiac arrhythmias or heart failure among
patients receiving chloroquine or hydroxychloroquine
are not known. In addition, the likelihood of recovery or
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Table. Major Clinical Trials of Chloroquine or Hydroxychloroquine in Patients With COVID-19

Study
Author Country Study Population Sample Medications End Points Results
Gautret et al® France Hospitalized patients, 36 HCQzazithromycin Viral clearance, Viral-free:
age>12y, SARS-CoV-2 nasopharyngeal HCQ, 57%;
positive PCR swab, PCR HCQ+azithromycin: 100%
Control:
12.5% (day 6)
Chen et al’ China Hospitalized patients, 30 Arm A: HCQ Viral clearance, Viral-free:
SARS-CoV-2 positive PCR nasopharyngeal HCQ, 87%
swab, PCR
Arm B: control Control:
93% (P>0.05; day 7)
Borba et al® Brazil Hospitalized patients 81 Arm A: All-cause mortality; Mortality:
with clinically suspected high-dose (600 mg twice daily QTc >500 msec | high-dose, 39%; low-dose,
COVID-19 for 10 days) chloroquine 15%
Arm B: QTc >500 msec:
low-dose (450 mg twice daily on high-dose, 19%; low-dose,
day 1 and once daily for 4 days) 11%
chloroquine diphosphate.z
Mahevas et al'® France Hospitalized adult patients, 181 Arm A: HCQ Transfer to ICU, All-cause mortality:
SARS-CoV-2 positive PCR, all-cause mortality, | HCQ, 2.8%; control, 4.6%
requiring oxygen within 7 days (nonsignificant)
Arm B: control Transfer to ICU or death:
HCQ, 20%; control, 22%
(nonsignificant)
Chen et al'! China Hospitalized adult patients, 62 Arm A: HCQ Time to clinical Improvement in pneumonia:
SARS-CoV-2 positive PCR recovery HCQ, 81%); control, 55%
Arm B: control

COVID-19 indicates coronavirus disease 2019; HCQ, hydroxychloroquine; ICU, intensive care unit; and SARS-CoV-2, severe acute respiratory syndrome

coronavirus 2.

response to neurohumoral blockade has also not been
studied. Finally, while the potential for QTc prolongation
is well known to occur with these medications, its inci-
dence has not been established.

This point is particularly relevant in patients with
COVID-19, as both arrhythmias and cardiomyopathy
have been described in those with more severe mani-
festations of the disease. Moreover, acutely ill patients
with COVID-19 may be more likely to receive empirical
antimicrobial regimens that include other QTc-prolong-
ing drugs, such as azithromycin, levofloxacin, and azole
antifungals. Azithromycin, in particular, has been recog-
nized as a cause of QT prolongation and a higher risk
of sudden cardiac death, which is more likely in women
and in the elderly. Patients with severe COVID-19
also commonly manifest biochemical changes such as
hypokalemia, hypomagnesemia, as well as fever, which
can potentiate QT prolongation. In addition, although a
recent randomized controlled trial showed no benefit
with lopinavir/ritonavir compared with standard of care
in patients with severe COVID-19,'” this combination
therapy can interact with chloroquine, and may further
prolong the QT interval.

Collectively, these findings underscore the urgent
need for additional studies formally assessing the
arrhythmic potential of these agents through double-blind
trial design and rigorous electrocardiographic monitoring
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protocols. Such an approach is feasible in the outpatient
setting and in those already on telemetry. This is likely to
be more challenging for those admitted to floors with-
out telemetry services, as repeated electrocardiographic
assessment increases exposure risk to healthcare work-
ers. Therefore, a more pragmatic approach leveraging
electrocardiographic assessment in permissive scenarios
or in those at higher arrhythmia risk (concomitant proar-
rhythmic medications, underling cardiac disease). While
preliminary data has been published evaluating the use of
mobile cardiac telemetry for QTc and arrhythmia monitor-
ing in patients with COVID-19 receiving medications with
torsadogenic potential,’® additional studies are needed.
A recent review from the Mayo Clinic outlines an
approach to mitigating the torsadogenic potential of
investigated pharmacotherapies for COVID-19." The
article endorses the performance of a baseline ECG
with QTc measurement for all patients with COVID-19
slated for treatment with medications which may lead
to torsades des pointes. QTc intervals longer than the
99th percentile (470 msec in adult males, 480 msec
in adult females) should be considered higher risk for
ventricular arrhythmias and those with QTc intervals
exceeding 500 ms should be regarded as higher risk for
torsades des pointes as well as sudden cardiac death.
In both groups, careful investigation of modifiable co-
contributors to QTc prolongation should be mandated,
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Well-Defined Side Effects Poorly-Defined Side Effects

Retinal toxicity Neuromuscular weakness Pulmonary Hypertension

Heart Failure

Conduction Defects

8 IAEERAS RRAS!

Skin hyper-pigmentation

~

Cardiovascular Safety Requirements for Covid-19 Trials
* Accurate collection of baseline cardiovascular risk factors and disease
*  Pre- and during-treatment EKG monitoring (including QTc), when clinically feasible
*  Pre- and post-study echocardiogram, when clinically feasible
e Analysis of the cardiovascular effect of a 2-drug Covid-19 regimen, and drug-drug

interaction

¢ Post-study longitudinal safety assessments

Figure. Systemic adverse effects of chloroquine and hydroxychloroquine.

with discontinuation of nonessential medications and
close monitoring with telemetry.

In late April, the Food and Drug Administration released
a safety communication in which it cautioned against the
use of chloroquine or hydroxychloroquine in patients with
COVID-19 in a nonhospital, nontrial setting, due to the
risk of serious arrhythmias. The Food and Drug Adminis-
tration’s safety statement followed reports of QT prolon-
gation, ventricular tachycardia, and ventricular fibrillation
in patients with COVID-19 treated with chloroquine or
hydroxychloroquine with or without azithromycin.

EFFECT ON LEFT VENTRICULAR
FUNCTION

The incidence of cardiomyopathy with chloroquine and
hydroxychloroquine is currently unknown, with most avail-
able data derived from case reports. Both medications,
however, have been implicated as a cause and exacer-
bator of left ventricular diastolic dysfunction—a finding
largely believed to be reversible upon drug discontinu-
ation?® There exists an important need to improve our
understanding of the potential for cardiomyopathy in the
midst of the COVID-19 pandemic. This is challenged by
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(1) the lack of pharmacovigilance and adverse event-
focused studies to date, (2) marked differences between
patients historically treated with these agents from
those likely to be treated in the midst of an acute symp-
tomatic viral infection, and (3) the added effect of the
SARS-CoV-2 infection on the cardiovascular system.
The potential for drug-induced valvular abnormalities,
alterations to the conduction system, and left ventricular
dysfunction, underscore the urgent need for dedicated
studies to determine the prevalence, predisposing fac-
tors, and short- as well as long-term consequences.

PRUDENT RECOMMENDATIONS

In light of the potential for serious cardiovascular effects
with chloroquine and hydroxychloroquine, we believe
their use in COVID-19 should be limited to randomized
controlled trials. For critically ill patients unable to enroll
in a trial, selective in-hospital use could be considered,
with careful clinical monitoring in keeping with the Food
and Drug Administration's emergency use authorization.

Empirically administering these drugs outside of a
clinical trial risks exposing patients to serious adverse
effects beyond those associated with COVID-19. Non
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evidence-based use may also limit their availability for
patients with approved clinical indications (eg, systemic
lupus erythematosus, rheumatoid arthritis). Of key impor-
tance is the need for condition-specific pharmacotoxicity
analyses and trial safety reporting (Figure).

In summary, findings regarding the benefit of chloro-
quine/hydrochloquine have not been encouraging to date,
but larger trials are underway to assess the efficacy, and in
particular the efficacy related to timing of drug administra-
tion. There exists an urgent need to enroll patients in clini-
cal trials that are able to identify rare, but important adverse
cardiovascular events. Studies evaluating chloroquine and
hydroxychloroquine should systematically collect baseline
demographic data, results from electrocardiographic and
echocardiographic monitoring before and during treat-
ment, and rates of adverse cardiovascular events in both
the short- and long-term. Only with such an approach will
the safety of these agents be truly understood.
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