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Abstract. — OBJECTIVE: The present study
aims to identify potential safety signals of chlo-
roquine (CQ) and hydroxychloroquine (HCQ),
over the period preceding their repurpose as
COVID-19 treatment options, through the anal-
ysis of safety data retrieved from the FDA Ad-
verse Event Reporting System (FAERS) pharma-
covigilance database.

MATERIALS AND METHODS: We performed
a disproportionality analysis of FAERS data be-
tween the first quarter of 2004 and December
2019 using the OpenVigil2.1-MedDRA software.
Disproportionality was quantified using the re-
porting odds ratio (ROR) and its 95% confidence
interval (Cls). The reported mortality of CQ and
HCQ was also investigated.

RESULTS: The dataset contained 6,635,356
reports. Comparison of the RORs revealed sig-
nificant differences between CQ and HCQ for
the following adverse events: cardiomyopathy,
cardiac arrhythmias, retinal disorders, corneal
disorders, hearing disorders, headache, hepat-
ic disorders, severe cutaneous reactions, mus-
culoskeletal disorders, and cytopenia. Only CQ
was associated with psychotic disorders, sui-
cide, self-injury, convulsions, peripheral neu-
ropathy, and decreased appetite. In multivari-
able logistic regression, death was more fre-
quently associated with CQ use, advanced age,
male sex, co-reported suicide and self-injury,
cardiomyopathy, cardiac arrhythmias, and de-
creased appetite.

CONCLUSIONS: Our results confirm previ-
ously published evidence and suggest that HCQ
has a safer clinical profile compared to CQ, and
thus could serve as the drug of choice for future
therapeutic purposes.

Key Words:
Safety, Chloroquine, Hydroxychloroquine, Dispro-
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Introduction

In the era of the COVID-19 pandemic, there
is an urgent need to identify new drugs as well
as repurpose older drugs that could effectively
treat or prevent disease spread. Chloroquine (CQ)
and its structural analogue hydroxychloroquine
(HCQ) have been used for more than 50 years as
the primary and most successful drugs against
malaria and certain autoimmune diseases. Based
on their inhibitory action on the endosomal-ly-
sosomal acidification process and their anti-in-
flammatory and immunomodulatory effects, CQ
and HCQ have been investigated as potential
treatments of COVID-19.

On March 28%2020 the FDA issued an
Emergency Use Authorization that allowed the
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emergent use of chloroquine phosphate and hy-
droxychloroquine sulfate in the treatment of
COVID-19'.0n April 23, 2020 the European
Medicines Agency (EMA) released a public
health statement that acted as a reminder of the
risk of serious, in some cases fatal, arrhyth-
mias associated with CQ or HCQ, particularly
when these drugs were taken at high doses or in
combination with azithromycin®. One day later,
on April 24, 2020 FDA released a drug safety
communication recommending the use of HCQ
or CQ for COVID-19 only in hospital and under
clinical trial settings®. On July 4, 2020 the WHO
supported the recommendation of the Solidar-
ity Trial’s International Steering Committee to
discontinue the hydroxychloroquine arm, based
on results suggesting that HCQ vs. standard-of-
care did not decrease mortality in hospitalized
patients with COVID-19. Further studies*> on
the prophylacticor therapeutic use of CQ° and
mainly HCQ"" suggested no effect in terms of
clinical status or mortality, while several con-
cerns emerged, including severe cardiac compli-
cations, during the use of CQ or HCQ in patients
with COVID-19'%1,

The use of already available human safety data
is of utmost importance to evaluate the risks and
benefits associated with CQ. Pharmacovigilance
databases, such as the US Food and Drug Ad-
ministration Adverse Event Reporting System
(FAERS), contain valuable real-world data on
suspected adverse drug reactions. The aim of
the present study was to identify potential safety
signals of CQ and HCQ use, during the period
preceding their repurpose as COVID-19 treat-
ment options, using a disproportionality analysis
of FAERS data between the first quarter of 2004
and December 2019.

Materials and Methods

Database

The FAERS is a pharmacovigilance database
that includes U.S. and international data on sus-
pected adverse drug reactions and relevant ad-
ministrative information, patient demographics,
information about drug regimens, and patient
outcomes'. OpenVigil2.1-MedDRA software is
an open data-mining tool that incorporates the
MedDRA terminology (Introductory Guide for
Standardized MedDRA Queries (SMQs) Ver-
sion 22.0.; 2019) and facilitates the access to
and analysis of clean (verified and normalized
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drug names) FAERS data, as well as access
to individual reports and counts of safety re-
ports meeting specific criteria. The OpenVig-
il2.1-MedDRA software was used to retrieve
reports submitted between the first quarter of
2004 and December 2019 (period available via
OpenVigil2.1-MedDRA). Our team has pub-
lished several papers using the methodology of
disproportionality analysis on datasets derived
from the FAERS database, and recently system-
atically reviewed this methodology on studies
conducted among the most important sponta-
neous reporting databases: the databases of the
World Health Organization (VigiBase), of the
European Medicines Agency (EudraVigilance),
and the FAERS",

Case/Non-Case Analysis of the Safety
Profile of CQ and HCQ

First, we conducted a case/non-case analysis
to investigate the safety profile of CQ and HCQ.
The following list of adverse events was select-
ed after inspection of the Summary Product
Characteristics of both drugs: cardiomyopathy,
cardiac arrhythmias, convulsions, headache, ex-
trapyramidal symptoms, peripheral neuropathy,
musculoskeletal disorders, depression, psychotic
disorders, suicide and self-injury, corneal dis-
orders, retinal disorders, hearing and vestibular
disorders, gastrointestinal symptoms, hepatic dis-
orders, decreased appetite, lactose intolerance,
hypoglycemia, DRESS, hypersensitivity and he-
matopoietic cytopenia. The above adverse events
were matched to MedDRA terms, with priority
given to standardized MedDR A Queries (SMQs)
and higher-level terms (Table I). Reports with the
above events associated with CQ or HCQ were
defined as cases while other events were defined
as non-cases.

Disproportionality analysis was performed
to detect a safety signal for each of the investi-
gated adverse events and any association with
either CQ or HCQ. Disproportionality was
quantified using the reporting odds ratio (ROR)
and its 95% confidence interval (ClIs). ROR es-
timates the frequency of the examined adverse
event co-reported with the drug of interest and
compared to all other drugs in the database.
Disproportionality signals were defined when
the lower boundary of the 95% CI of the ROR
was greater than one and the number of reports
was higher than three!®. RORs and their confi-
dence intervals were calculated with OpenVig-
i12.1-MedDRA.
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Table I. Selected MedDRA terms used.

Events

Selected MedDRA terms

Arthritis
Cardiac Arrhythmias

Cardiomyopathy
Convulsions

Corneal disorders
Decreased appetite
Depression
Extrapyramidal symptoms

Gastrointestinal symptoms
Haematopoietic cytopenia

Headache
Hearing and vestibular disorders

Hepatic disorders

Hypersensitivity
Hypoglycaemia

Lactose intolerance
Malaria

Musculoskeletal disorders

Peripheral neuropathy
Psychotic disorders
Retinal disorders

Severe cutaneous reactions

Suicide and self-injury
Systematic lupus erythematosus

Arthritis (SMQT narrow scope)

Arrhythmia related investigations, signs and symptoms (SMQ narrow scope)

Bradyarrhythmia terms, nonspecific (SMQ narrow scope)

Conduction defects (SMQ narrow scope)

Disorders of sinus node function (SMQ narrow scope)

Cardiac arrhythmia terms, nonspecific (SMQ narrow scope)

Supraventricular tachyarrhythmias (SMQ narrow scope)

Tachyarrhythmia terms, nonspecific (SMQ narrow scope)

Ventricular tachyarrhythmias (SMQ narrow scope)

Cardiomyopathy (SMQ narrow scope)

Convulsions (SMQ narrow scope)

Corneal disorders (SMQ narrow scope)

Decreased appetite (PTH)

Depression (SMQ narrow scope)

Akathisia (SMQ narrow scope)

Dyskinesia (SMQ narrow scope)

Dystonia (SMQ narrow scope)

Parkinson-like events (SMQ narrow scope)

Gastrointestinal nonspecific symptoms and therapeutic procedures (SMQ narrow scope)

Haematopoietic cytopenias affecting more than one type of blood cell (SMQ narrow scope)

Haematopoietic erythropenia (SMQ narrow scope)

Haematopoietic leukopenia (SMQ narrow scope)

Haematopoietic thrombocytopenia (SMQ narrow scope)

Headache NEC. (HLTY)

Hearing impairment (SMQ narrow scope)

Vestibular disorders (SMQ narrow scope)

Cholestasis and jaundice of hepatic origin (SMQ narrow scope)

Hepatic failure, fibrosis and cirrhosis and other liver damage-related conditions
(SMQ narrow scope)

Hepatitis, non-infectious (SMQ narrow scope)

Liver related investigations, signs and symptoms (SMQ narrow scope)

Liver-related coagulation and bleeding disturbances (SMQ narrow scope)

Hypersensitivity (SMQ narrow scope)

Hypoglycaemia (SMQ narrow scope)

Lactose intolerance (PT)

Malaria (PT)

Muscle atrophy (PT)

Muscular weakness (PT)

Musculoskeletal discomfort (PT)

Musculoskeletal pain (PT)

Myalgia (PT)

Neuromyopathy (PT)

Peripheral neuropathy (SMQ narrow scope)

Psychosis and psychotic disorders (SMQ narrow scope)

Retinal disorders (SMQ narrow scope)

Severe cutaneous adverse reactions (SMQ narrow scope)

Drug reaction with eosinophilia and systemic symptoms syndrome
(SMQ narrow scope)

Suicide and self-injury (SMQ narrow scope)

Systemic lupus erythematosus (SMQ narrow scope)

fStandardized MedDRA Querie.

Reporting Death in CQ and HCQ Reports

Further, we investigated the reported mortality
of CQ and HCQ. The sample consisted of reports
mentioning the use of CQ or HCQ and the da-
ta was extracted using OpenVigil2.1-MedDRA,

while duplicates were excluded. Multivariable
logistic regression was conducted using the out-
come of the report (death or not) as the dependent
variable and as the presence of one of the above
MedDRA terms (including arthritis, malaria, sys-
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tematic lupus), age, sex, reporting year, reporting
country (US or not US) and drug (CQ or HCQ) as
the independent variables. Complete case analy-
sis was conducted and reports with missing data
concerning age, sex, reporting year, reporting
country, drug name or outcome were excluded.
Alpha was set at two-sided 0.05 and analysis was
performed in R version 3.6.1.

Results

The dataset contained 6,635,356 reports sub-
mitted in FAERS between the first quarter (Q1)
of 2004 and December (Q4) 2019. CQ was iden-
tified in 942 (0.014%) reports and HCQ in 25,862
(0.390%). Disproportionality signals and RORs
are reported in Table II and Figure 1. Based on
the signal results, both CQ and HCQ were as-
sociated with reported cardiomyopathy, cardiac
arrhythmias, retinal disorders, corneal disorders,
hepatic disorders, hearing and vestibular disor-
ders, severe cutaneous reactions, headache, mus-
culoskeletal disorders and hematopoietic cytope-
nia. In addition, CQ was significantly associated,
showing RORs indicative of a safety signal, with
psychotic disorders, suicide and self-injury, con-
vulsions, peripheral neuropathy and decreased
appetite, while no signal was detected for HCQ

and these adverse events. However, HCQ was as-
sociated with reported hypersensitivity and gas-
trointestinal symptoms.

Based on the comparison of RORs, significant
differences were observed between CQ and HCQ
indicating a favorable safety profile of HCQ for
most of the selected adverse events: cardiomy-
opathy (22.2 vs. 3.2 for CQ and HCQ respective-
ly), cardiac arrhythmias (CQ: 7.6 vs. HCQ: 1.2),
retinal disorders (CQ:12.6 vs. HCQ:4.2), corneal
disorders (CQ:8.7 vs. HCQ:1.8), hearing and ves-
tibular disorders (2.4 vs. 1.3), headache (1.7 vs.
1.5), hepatic disorders (CQ: 3.1 vs. HCQ: 1.8),
severe cutaneous reactions (2.9 vs. 2.5), musculo-
skeletal disorders (2.0 vs. 1.5) and hematopoietic
cytopenia (2.0 vs. 1.4). Furthermore, safety sig-
nals identified only for CQ included signals for
reported psychotic disorders (ROR 2.8), suicide
and self-injury (ROR 4.2) peripheral neuropathy
(ROR 3.3), convulsions (ROR 2.6) and decreased
appetite (ROR 1.9). Safety signals identified only
for HCQ included signals for reported hypersen-
sitivity and gastrointestinal symptoms, neverthe-
less these RORs were relatively low (1.9 and 1.4
respectively) (Table III and Figure 2).

Lastly, we investigated the association between
CQ and HCQ and death using a final sample of
10,279 reports (Figure 3) of which 537 (5.2%)
mentioned the use of CQ and9742 (94.8%) the

Table Il. Disproportionality analysis of chloroquine and hydroxychloroquine.

Chloroquine Hydroxychloroquine
N ROR LB_ROR UP_ROR N ROR LB_ROR UP_ROR
Cardiomyopathy 53 222 16.8 293 222 32 2.8 37
Retinal disorder 53 12.6 9.6 16.7 493 42 3.8 4.6
Corneal disorders 7 8.7 4.1 18.3 39 1.8 1.3 24
Cardiac arrythmias 98 7.6 6.1 9.3 465 1.2 1.1 1.3
Severe cutaneous reactions 15 29 1.8 49 343 2.5 2.2 27
Decreased appetite 17 1.9 1.2 3.1 254 1.0 09 1.2
Psychotic disorders 22 2.8 1.8 42 82 0.4 0.3 0.5
Convulsions 33 2.6 1.8 37 200 0.6 0.5 0.6
Headache 45 1.7 1.3 23 1071 1.5 14 1.5
Hypoglycaemia 4 0.8 0.3 2.1 94 0.7 0.5 0.8
Extrapyramidal symptoms 5 0.6 0.2 1.4 64 0.3 0.2 0.4
Hearing and vestibular disorders 20 24 1.5 3.7 302 1.3 1.2 1.5
Peripheral neuropathy 21 33 2.1 5.0 186 1.0 09 1.2
Suicide and self-injury 28 42 33 54 540 0.5 0.4 0.6
Hepatic disorders 75 31 2.5 4.0 1193 1.8 1.7 1.9
Depression 20 1.2 0.8 1.9 285 0.6 0.6 0.7
Gastrointestinal symptoms 96 1.2 09 1.4 3027 1.4 1.3 14
Hypersensitivity 85 1.2 1.0 1.5 3587 1.9 1.9 2.0
Haematopoieticcytopenia 45 2.0 1.5 2.7 899 14 1.3 1.5
Musculoskeletal disorders 32 2.0 1.4 29 659 L5 1.4 1.6
Lactose intolerance 0 0.0 0.0 0.0 1 0.4 0.1 27

6006



Safety profile of chloroquine and hydroxychloroquine

Cardiomyopathy 4 Fe
Retinal disorder 4 gl e
Corneal disorders 5 o
Cardiac Arrythmias 4 o ——
Severe cutaneous reactions - Helo——
Hepatic disorders - e
Suicide and self-injury 4 L ——i
Peripheral neuropathy o —e—
Hearing and vestibular disorders 4 o —o—
Musculoskeletal disorders 4 o—i
drug
Haematopoietic cytopenia - o —eo— chloroquine
—e— hydroxychloroquine
Headache o
Convulsions 4 L B |
Psychotic disorders |
Hypersensitivity - o
Decreased appetite - o
Gastrointestinal symptoms 4 |0
Depression 4 dHo—
Hypoglycaemia 4 Het—
Extrapyramidal symptoms 4 HoH
Lactose intolerance § d#o———1
0 10 20 30
ROR

Figure 1. Disproportionality analysis of chloroquine and hydroxychloroquine.

use of HCQ. Death was reported in 755 (7.3%) of
these reports. In multivariable logistic regression,
death was associated with CQ use, advanced age,
male sex, patients originating from the United
States, with co-reported suicide and self-injury,
cardiomyopathy, cardiac arrhythmias, and de-
creased appetite.

Discussion

CQ and HCQ exert several pharmacological
in vitro effects and have been proposed as repur-
posed medications in the treatment of COVID-19.
They exhibit anti-inflammatory and immuno-

modulatory properties and concentrate in acidic
cytoplasmic vesicles, increasing their pH and
leading to dysfunction of several enzymes'”. Fur-
ther, it has been proposed that CQ and HCQ in-
terfere with the process of terminal glycosylation
of the cellular receptor angiotensin converting
enzyme 2, that interacts with the SARS-CoV-2
spike protein and mediates viral entry's.
According to the drugs summary of product
characteristics, very common side effects of
both drugs include abdominal pain and nausea,
and common side effects include anorexia, di-
arrhea, vomiting, headache, skin rash, pruritus,
and blurred vision (impaired accommodation).
The FAERS database usually includes more
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Table IIl. Multivariable logistic regression for reporting outcome death of chloroquine and hydroxychloroquine.

Factor OR LB_OR UP_OR p-value

Suicide and self-injury 8.37 6 11.7 0
Cardiomyopathy 3.05 2.13 44 0
Cardiac arrhythmias 1.68 1.23 2.3 0
Decreased appetite 23 1.2 44 0.01
Gender (Male) 1.43 1.19 1.7 0
Reporting country (US) 1.26 1.05 1.5 0.01
Age in report 1.02 1.01 1.02 0
Hypoglycaemia 4.85 0.96 24.5 0.06
Date of the report 0.95 0.93 0.98 0
Hepatic disorders 1.06 0.78 1.4 0.72
Severe cutaneous reactions 1.31 0.72 24 0.37
Systematic lupusery thematosus 0.88 0.69 1.1 0.27
Haematopoieticcytopenia 0.95 0.67 1.3 0.76
Hypersensitivity 0.67 0.5 0.9 0.01
Gastrointestinal symptoms 0.66 0.49 0.9 0.01
Musculoskeletal disorders 0.78 0.47 1.3 0.34
Drug (HCQ) 0.6 0.44 0.8 0
Drug (CQ) 1.7 1.3 2.3 0
Arthritis 0.45 0.38 0.5 0
Malaria 0.74 0.31 1.8 0.5
Corneal disorders 1.37 0.3 6.2 0.68
Headache 0.42 0.22 0.8 0.01
Depression 0.42 0.19 0.9 0.02
Peripheral neuropathy 0.37 0.13 1 0.06
Convulsions 0.44 0.09 2.2 0.31
Psychotic disorders 0.07 0.01 0.5 0.01
Retinal disorders 0.03 0 0.2 0
Hearing and vestibular disorders 0 0 INF 0.94
Extrapyramidal symptoms 0 0 INF 0.98

severe side effects, while the mildest ones are
underreported. However, some of the common
events were captured in our analysis as safe-
ty signals (decreased appetite, gastrointestinal
symptoms, hypersensitivity, severe cutaneous
reactions, headache). Interestingly, musculo-
skeletal disorders (including muscle atrophy,
weakness, and pain, and neuromyopathy) and
peripheral neuropathy also demonstrated RORs
indicative of safety signals, especially with the
use of CQ.

The strongest safety signals found in our anal-
ysis were for reported cardiomyopathy, retinal
disorders, corneal disorders, and arrhythmias.
Notably, the ROR values for these adverse events
were significantly higher for CQ than HCQ, es-
pecially for cardiomyopathy (22.2 vs. 3.2). The
higher cardiac risk of CQ was further supported
by the increased risk of arrhythmias (ROR 7.6).
Cardiomyopathy and heart rhythm problems are
well recognized adverse events of CQ analogues,
especially in combination with azithromycin and
other QT prolonging medications'*. These find-
ings are congruent with a recently published
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disproportionality analysis focusing on cardio-
vascular adverse events associated with CQ and
HCQ that suggested higher reporting rates of car-
diomyopathy, QT prolongation, thythm disorders,
and heart failure which were also associated with
higher rates of severe outcomes?'.

Central and peripheral nervous system dis-
orders including convulsions (ROR 2.6) and
peripheral neuropathy (ROR 3.3) were also iden-
tified only for CQ and interestingly, a safety sig-
nal for psychosis (ROR 2.8) was also revealed.
Many case reports and epidemiological studies
have previously linked the use of CQ analogues
(especially CQ and mefloquine) to an increased
risk of neuropsychiatric adverse effects, such as
depression or psychoses?, while acute psychotic
behavior was associated with CQ decades ago®.
A recently published disproportionality analysis
of the FAERS focusing on the neuropsychiatric
adverse events of CQ reported a significant, yet
marginal (aRORs between 1.3-2.1) association
between the use of CQ and the reporting of
amnesia, delirium, hallucinations, loss of con-
sciousness, and depression, while a potential
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Figure 2. Multivariable logistic regression for reporting outcome death of chloroquine and hydroxychloroquine.

link with an increased risk of suicide or psy-
chosis was not detected. However, this analy-
sis had several methodological limitations and
included a limited time period of FAERS data
(Q42012-Q42019)*.

One of our findings that raises concerns is the
signal for reported suicide and self-injury (ROR
4,19) for CQ. Death due to CQ overdose has been
previously reported, even during its first years
of use. In 1964 a report of 13 fatalities was pub-
lished and suicide was the most likely cause of
death in all cases. This ‘milestone’ publication

highlighted the rapid time course of events fol-
lowing overdose, since CQ is rapidly absorbed
from the gastrointestinal tract, the onset of
symptoms is fast, and death occurs in less than
two hours®. Voluntary intoxication with CQ is
a major medical and social problem especially
in developing countries. A study of 884 cases
in Mali revealed that self-poisoning was most
commonly associated with suicide attempts and
self-induced abortion and in the majority of
them CQ was used®. CQ is a common agent
used in suicide attempts and there is extensive

6009



G. Papaizisis, S. Siafis, D. Cepatyte, D. Giannis, E. Stamoula, D. Tzachanis, T. Egberts

Reports in FAERS
n=6635356

Exposure to
investigated drugs
n=30825

e Unknown age, gender,

drug name, reporting
year, reporting

country,
(n=13975) Cleaned data

n=16850

P—

e Duplicates (n=2743)

Unique reports

n=14107
e Unknown outcome
(n=3768) v
Known outcome
n=10339
e Use of both
investigated drugs
(n=60) :
Final sample
n=10279

Figure 3. Flow chart of chloroquine and
hydroxychloroquine reports for the analysis
of reporting outcome death.

experience regarding its toxicity. Based on pre-
vious studies, CQ is 2 to 3 times more toxic than
HCQ and has a narrow therapeutic index?*¢. CQ
overdose causes severe and rapid symptomatol-
ogy, with symptoms frequently observed within
30 minutes. Death usually occurs within one to
three hours after ingestion and the main cause
of death is cardiac arrest?”’. On the other hand,
HCQ overdose is rarely reported in the literature
and there is limited experience to characterize a
HCQ overdose, while lethal dose or toxic dose
cut-off are not established*®. Our multivariable
logistic regression analysis revealed that reports
including the outcome of death were more fre-
quently associated with CQ use and co-reported
suicide and self-injury. Death was also signifi-
cantly associated with cardiomyopathy and car-
diac arrhythmias, which are well-known com-
plications of CQ/HCQ treatment in COVID-19
patients as well.

The present study has certain limitations.
Pharmacovigilance databases like FAERS suf-
fer from under-reporting, temporal patterns of
reporting, notoriety of the adverse event and
suboptimal quality of reports'. Further, dispro-
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portionality analysis is a statistical method that
cannot provide clinical causality assessment;
thus, any identified association does not imply
causation. Additionally, it is important to notice
that ‘death’ may be reported as an adverse event
(preferred term) or as an outcome (i.e., the final
clinical event resulting from the adverse event).
In the latter scenario, causality is even more chal-
lenging, because it is unfeasible to attribute death
to the use of any drug, especially considering the
complexity and diversity of patients. However,
we deliberately focused our analyses on death
as an outcome and performed a multivariable
logistic regression analysis, because death is in
general the most important outcome to validate
the clinical profile of any drug.

Conclusions

The major strength of this study is the large
number of reports, and the comprehensive list of
adverse events. Our results confirm previously
published evidence® and suggest that HCQ may
have a safer clinical profile compared to CQ.
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