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Chloroquine and hydroxychloroquine as
a repurposed agent against COVID-19:

a narrative review

Yogesh Acharya'=" and Abida Sayed?

Abstract: The predicament arising from the coronavirus disease 2019 (COVID-19)

pandemic has become one of the most significant modern public health challenges.

Despite uncertainties in the viral determinants and pathogenesis, it is crucial to accurately
inspect all available evidence to construct accurate clinical guidelines for optimised

patient care. This study aims to discuss the available evidence for the use of chloroquine

(CQJ and hydroxychloroquine (HCQ) against COVID-19. Early in vitro studies of CQ/HCQ
against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) are convincing. But
contradictory evidence exists on the clinical use of CQ/HCQ, either alone or in combination
with azithromycin. As of now, there is no compelling clinical evidence on CQ, HCQ, and
azithromycin in COVID-19 and the available evidence is limited to methodologically inferior
non-randomised studies. Studies have also shown detrimental drug reactions to CQ and

‘HCAQ plus azithromycin’, mainly cardiac side effects in hospitalised patients with coexisting
cardiovascular comorbidities. Therefore, we recommend that physicians avoid high doses and
exercise extreme caution in the compassionate use of CQ/HCQ, either alone or in combination

with other antiviral drugs.
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Introduction

The sudden outbreak of Coronavirus Disease
2019 (COVID-19), stemming from a novel coro-
navirus originating from Wuhan, China, has
grown into a global pandemic as the third major
outbreak of the virulent coronavirus family after
Severe Acute Respiratory Syndrome (SARS) and
Middle Eastern Respiratory Syndrome (MERS).!
Despite radical containment efforts, the SARS
Coronavirus 2 (CoV 2) continues to spread glob-
ally. Currently, therapeutic tactics are only sup-
portive as there are no proven pharmacological
agents active against the virus.? International
efforts are focussed on searching for effective
therapies to counter the disease’s effects. One
strategy is to search for Nobel agents by repurpos-
ing older drugs with known antiviral activity that
have been studied in the past.? In this regard,

chloroquine (CQ) and hydroxychloroquine (HCQ)
have garnered much attention as they were well
studied during previous coronavirus epidemics
with SARS and MERS.*

This study aims to discuss the general properties
and antiviral history of CQ and HCQ, and to ana-
lyse the available evidence against COVID-19,
either alone or in combination with other drugs.

Methods

A literature review was performed using PubMed
and Google Scholar to identify all relevant English
language scientific studies based on our study
objectives. Non-specific combinations of the
search strings included (Coronavirus OR Severe
Acute Respiratory Syndrome OR SARS OR
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SARS-CoV OR Middle Eastern Respiratory
Syndrome OR MERS OR MERS-CoV OR
Severe Acute Respiratory Syndrome Coronavirus
2 OR SARS-CoV-2 OR 2019-nCoV OR Corona-
virus disease OR COVID-19) AND (Quinine OR
Chloroquine OR CQ OR Hydroxychloroquine
OR HCQ), in association with related pharma-
cology and antiviral activity. For additional stud-
ies, we also searched medRxiv.org, the largest
preprint repository of clinical medicine. Studies
that analysed the efficacy and safety of CQ/HCQ
in SARS, MERS, and COVID-19 both # wvitro
and i vivo models were included. Due to the
scarcity of randomised control trials (RCT), other
relevant studies, such as observational studies,
case reports, case series, and review articles, were
also incorporated. Studies conducted in the pae-
diatric population and pregnant women were
excluded. An independent analysis of the included
studies was performed with a secondary reference
search for the relevant supplementary studies.

Pharmacological properties

Chemically, CQ is made up of 7-chloro-4
(-4-dimethylamino-1-methyl butyl amino) quino-
line. The CQ/HCQ belongs to the same family of
weak bases, alkylated 4-aminoquinolines.> HCQ
differs due to the presence of a hydroxyl group in
its side chain with N-ethyl substitute being beta-
hydroxylated. Both can easily cross cell mem-
branes, with HCQ being more polar with a lower
lipophilic effect.

CQ and HCQ share similar pharmacokinetics,
with rapid absorption from the gastro-intestinal
surfaces, and are renally and hepatically elimi-
nated. As they are weak bases, they increase the
pH of acidic vesicles.® Notably, HCQ increases
intracellular pH levels by inhibiting lysosomal
activity in immune cells to prevent downstream
immune cell interaction, antigen processing, and
cytokine responses. Furthermore, the increment
in the pH interferes with viral entry into
endosomes and blocks viral-endosome fusion.®

Although CQ and HCQ are relatively well-tol-
erated, both drugs are associated with systemic
adverse effects, including QT syndrome, hypo-
glycemia, hepatitis, pancreatitis, neutropenia,
retinopathy, anaphylaxis, and cardiac toxici-
ties.” The United States Food and Drug
Administration (FDA) has issued warnings on

CQ/HCQ, particularly based on the associated
cardiac side-effects.8 The CQ/HCQ, either alone
or in combination with other drugs like azithro-
mycin, can cause possible cardiac complications,
including conduction defects, such as bundle
branch blocks, atrioventricular blocks, QT pro-
longation, torsades de point (TdP), and even
dangerous ventricular arrhythmias. Although the
CQ and HCQ use during pregnancy and in lac-
tating mothers are believed to be safe,%11 they
should be avoided in children due to narrow ther-
apeutic and toxic windows. Children can suffer
from apnea, seizures, and arrhythmias if they
exceed the recommended therapeutic dose.1?

Antiviral activity: SARS, MERS and others

Clark, in 1952, conducted studies depicting the
potential anti-microbial activity of CQ by effec-
tive inhibition of deoxyribonucleic acid (DNA)
synthesis on a protozoan parasite, Plasmodium
gallinaceum.'3 This led to further investigations by
Schellenberg and Coatney in 1960, who dem-
onstrated CQ-induced inhibition of the incorpo-
ration of radioactively labelled nucleic acid
substituents in DNA and ribonucleic acid (RNA)
of Plasmodium gallinaceum. These studies showed
that CQ could inhibit the nucleic acid, and this
nucleic-acid inhibitory potential could be utilised
in viruses.

Mallucci conducted one of the first animal stud-
ies in 1966 to demonstrate the antiviral activity of
CQ on lysosomes of hepatitis virus-infected
mouse cells.!> The mechanism of inhibition was
unknown before the animal studies, and CQ was
believed to lower virus yield, hypothesised by the
prevention of new viral synthesis or viral uncoat-
ing. In 1972, Shimizu et al. investigated the anti-
viral effects of CQ on non-oncogenic viruses in
animal cell culture.!® They reported the antiviral
effect of CQ on chick embryo cells infected with
vesicular stomatitis virus with a subsequent
reduction in the viral yield. The antiviral activities
were attributed to the selective inhibition of vesic-
ular stomatitis viral RNA without interfering with
RNA synthesis in the host cells. In 1971, Lancz
et al. showed CQ inhibiting herpes simplex virus
replication in HeLa cell cultures,!” and Banfield
and Kisch subsequently confirmed these results
in 1973.18 However, they were unable to prove
the inhibition . vivo. Other studies in the late
1970s and mid-1980s reported CQ-induced
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inhibition of endocytosis and viral particle entry
into cells, interfering with lysosomal enzyme
activity, and preventing viral uncoating and mul-
tiplication and inhibition of DNA polymerase
through intercalation.!?

In 1994, Pazimo Yuhas and Tennant showed
CQ/HCAQ induced inhibition of retroviral infec-
tions in Moloney leukemia virus-cell cultures.2?
During the same period, Tsai ez al. illustrated
antiviral activity against human immunodefi-
ciency virus (HIV) on the H9 cell line and avian
reticuloendotheliosis virus on chick bone marrow
cells resulting in the reduction in viral yield
through the inhibition of viral protein glycosyla-
tion in the Golgi complex by CQ.2! The antiviral
activity of CQ was reinforced by further studies
conducted by Sperber ez al., Chiang er al., and
Boelaert ez al. by demonstrating the interference
of HIV replication in T cells and monocytes.2224
These studies were the fundamental basis of drug
repurposing of CQ/HCQ on subsequent viral epi-
demics. They opened the door for many further
studies on CQ/HCQ, either alone or in combina-
tion with other antiviral drugs.

Many pharmaceutical agents were tried empiri-
cally during the SARS epidemic in 2003. Savarino
et al. were the first to hypothesise the possible use
of CQ in SARS,?> which led to further research by
Keyaerts ez al. in 2004 at the Belgian Catholic
University of Leuven on the iz wvitro antiviral
activity of CQ against SARS-CoV Frankfurt 1
strain.2% This study was conducted using Vero E6
cell culture, and there were promising results on
inhibition of viral replication. Soon CQ became
the preferred choice for prophylaxis and treat-
ment of SARS due to its easy accessibility, admin-
istration, and low cost.

In 2005, Vincent ez al. replicated the results pro-
duced by Keyaerts ez al., demonstrating the inhi-
bition of SARS virus in Vero E6 cells.?%27 These
inhibitory effects were noted with CQ treatment
both before and after exposure to the SARS
virus, suggesting its prophylactic as well as ther-
apeutic utility. Vincent ez al.?2” found that CQ
interferes with the terminal glycosylation process
of cellular receptors, particularly angiotensin-
converting enzyme 2 (ACE2), with the potential
to prevent virus-receptor interaction, and inter-
feres with viral spreading by increasing vesicular
pH levels.

In 2006, Savarino er al. pointed out the impor-
tance of the CQ as a broad-spectrum antiviral
agent.2® They stated, ‘the broad-spectrum antivi-
ral effects of chloroquine deserve particular atten-
tion in a time in which the world is threatened by
the possibility of a new influenza pandemic, and
the availability of effective drugs would be funda-
mental during evaluation of an effective vaccine.’

In 2009, Keyaerts er al. further investigated both
the in vitro and in vivo antiviral activities of CQ
against human CoV strain OC43 (HCoV-0OC43)
in newborn mice.?® They concluded that CQ
interferes with the @n witro replication of
HCoV-0OC43, and showed 100% survival in new-
born mice treated pre-partum with CQ. Their
result showed that CQ could be immensely useful
against HCoV-OC43.

Although there were some promising results con-
cerning CQ/HCQ in SARS/MERS, most of these
credible pieces of evidence were based on i vitro
studies. Only a few clinical studies were available,
which were methodologically inferior with small
sample size, high dropout rates, variable baseline
viral loads compared with monotherapy, and
combination therapy of CQ/HCQ and differences
in toxicities, which impacted the quality and
validity of the results obtained.3° As the SARS/
MERS outbreaks were limited within a particular
region and lasted for a short time, there were no
follow ups, more extensive observational studies,
or controlled clinical trials to support this
evidence.

Evidence: COVID-19

Since the beginning of the COVID-19 outbreak in
December 2019, there have been reports of inten-
sive investigations into the possible repurposing of
antiviral agents. The World Health Organisation
(WHO) global ethical guide on managing ethical
issues in infectious disease outbreak regarding the
use of the unproven experimental drug,3! first
published as an ethical guide after the Ebola epi-
demic in 2016, has allowed the ‘off-label’ use of
the experimental intervention on a case-by-case
basis if there are no proven effective treatments
and the results of the controlled clinical studies are
not available, or not expected to be available
sooner. This ethical guide opened the door for re-
testing of many drugs with possible antiviral prop-
erties during the ongoing COVID-19 pandemic.
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The CQ and HCQ duo was one of the very first
contenders in the race against COVID-19.
Although there was no high-quality clinical evi-
dence of CQ/HCQ against SARS and/or MERS,
the  vitro and in vivo results of CQ/HCQ were
promising. Therefore, as SARS-CoV 2 shared
genetics and pathological similarities with SARS/
MERS within the coronavirus families, CQ/HCQ
were considered to be initial candidates for drug
repurposing in COVID-19.32-35 We have summa-
rised these 2 vitro and i vivo studies in Table 1,
and each of these studies is described in brief based
on the sequential unfolding of the evidence.

On 4 February 2020, an editorial in Springer
Nature® conducted by Wang ez al. was one of the
first to describe the effects of CQ in conjunction
with other five antiviral drugs in Vero E6 cells
infected with nCoV2019BetaCoV.3> They per-
formed a standard in wvirro assay in 2019-nCoV
clinical specimens to elucidate the antiviral activ-
ity in terms of cytotoxicity, virus yield, and infec-
tion rate. Notably, their time-of-addition assay
showed that CQ blocked the virus at low concen-
trations during both entry and post-entry phases
of cellular infection. They concluded that CQ has
a high prospect in 2019-nCoV as it is a standard
drug with known safety profile, is relatively cheap,
achieves a wide volume of distribution after oral
intake, and can easily attain the EC90 seen in
Vero E6 (6.90 uM) with standard 500 mg dose.

On 19 February, a Chinese briefing reported CQ
as a successful treatment regimen in greater than
100 patients infected with COVID-19.53 The
patients showed improvements in lung function
demonstrated by radiological evidence, viral
clearance, and slowing of disease progression.
They recommended CQ to be listed in the stand-
ard Guidelines for management of COVID-19-
associated pneumonia in the National Health
Commission, China, based on the successful out-
comes in terms of safety and efficacy within the
country.

Another in vitro study conducted by Yao er al.3¢
on 9 March 2020, showed that both CQ and
HCQ have appropriate antiviral effects with HCQ
being more potent than CQ against COVID-19.
They tested the antiviral activity of CQ/HCQ in
Vero cells infected with SARS-CoV2 through
‘physiologically based pharmacokinetics’ models
with five different HQ dosing regimens simulated

in wvitro. Their results showed that a twice-daily
HCQ for 4days (loading dose: 400 mg and main-
tenance dose: 200mg) achieved three times the
potency of the standard 500mg CQ given in
advance for 5days. Following these outcomes,
many clinical trials were launched across different
health centers in China to evaluate the efficacy of
CQ and HCQ in COVID-19.

There is conflicting evidence on CQ/HCQ in
COVID-19 regarding the available clinical stud-
ies to date. The European Medicines Agency
(EMA) published a list of observational studies
on CQ/HCQ in COVID-19 patients on 29 May
2020.5% Although this is not an inclusive list of all
the studies conducted so far, it provides an excel-
lent reference to many current studies on
COVID-19.

On 6 March 2020, Chen er al. reported a ran-
domised control parallel arm equal group pilot
study [ClinicalTrials.gov identifier: NCT042
61517] that treated 30 treatment-naive moderate
COVID-19 infected patients with 400mg HCQ
once daily for 5days against the conventional
treatment at a public hospital in Shanghai,
China.3” More patients in the control group
achieved a higher negative pharyngeal swab of
viral nucleic acid at 7 days following the randomi-
sation as the primary outcome (93.3%, n=14 ver-
sus 86.7%, n=13, p>0.05). While only one
patient in the HCQ intervention group progressed
to develop a severe infection, the authors sug-
gested probable discrepancies in outcomes to
relatively small sample sizes. They recommended
more extensive studies to evaluate the conclusive
effect of the drug.

On 10 March 2020, Coregiani ez al. reported a
systematic review of CQ’s safety and efficacy in
COVID-19.55 After going through six different
studies, they could only identify promising pre-
clinical studies but non-conclusive clinical evi-
dence. They recommended that the clinical use of
CQ/HCQ must adhere to the Monitored
Emergency Use of Unregistered Interventions
(MEURI) framework, or the WHO ethical guide-
lines for the clinical trials, and expressed the
urgent need for high-quality clinical trials to pro-
vide conclusive evidence.

An open-label non-randomised French trial by
Gautret ez al. on 20 March 2020, consisting of 36
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patients (26 HCQ groups wersus 16 control
groups), was conducted to investigate HCQ effi-
cacy against COVID-19.3® Their primary end-
point was a virological clearance, as demonstrated
by the negative nasopharyngeal polymerase chain
reaction (PCR) results on the sixth day of inclu-
sion. A significantly higher proportion of patients
on the HCQ group (200 mg thrice-daily) achieved
viral clearance as the primary outcome compared
with the control (70% versus 12.5%, p=0.001).
Similarly, patients treated with HCQ and azithro-
mycin showed 100% viral clearance at the same
time as 57.1% in HCQ only group and 12.5% in
the control group (p<0.001). The investigators
concluded that HCQ, in conjunction with azithro-
mycin, effectively reduces viral load in COVID-
19. Although this study showed a promising
clinical prospect of HCQ in COVID-19, either
alone or in combination with azithromycin, their
conclusion is severely limited due to the relatively
small sample size.

A prospective study by Molina ez al. assessed anti-
viral clearance properties of HCQ and azithromy-
cin in COVID-19 patients following the French
trial by Gautret er al.383° Their study involved
administration of HCQ (600mg/day for 10days)
and azithromycin (500mg on day 1 and 250mg
on days 2-5). PCR after the drug regimen showed
positive SARS-CoV 2 nucleic acids in 8 of the 10
patients, while 1 patient died. Although this was a
relatively smaller study, the results showed a lack
of clinical benefit of high dose HCQ plus azithro-
mycin. They contradicted the results observed by
Gautret er al., casting suspicion to HCQ’s strong
antiviral properties in COVID-19.

On 10 April 2020, Chen ez al. published a paral-
lel-group RCT that evaluated HCQ against
COVID-19.490  Their study incorporated 62
COVID-19 patients, of whom 31 were adminis-
tered an additional 400 mg/day HCQ for 5days.
They reported a shortened time to clinical recov-
ery in regard to temperature and cough remission
in the HCQ group. Also, a greater degree of
improvement in pneumonia was noted compared
with the control (80.6% versus 54.8%). They con-
cluded that HCQ could significantly decrease the
clinical recovery time and enhance pneumonia
absorption in COVID-19.

On 13 April 2020, a systematic review by Shah
et al. analyzed the prophylactic importance of

CQ/HCQ in COVID-19.5% They screened 45
articles, of which 5 were chosen, including iz vitro
preclinical research as well as clinical opinion
papers. Preclinical studies and clinical opinions
demonstrated the role of CQ/HCQ as a prophy-
lactic measure for COVID-19. Meanwhile, there
was no original clinical research to show the pro-
phylactic effects of the CQ/HCQ. The authors
concluded that the prophylactic use of these phar-
maceutical agents still needs to be evaluated care-
fully in clinical studies due to the lack of clear
evidence on prophylaxis and the specific safety
concerns.

Furthermore, on 14 April 2020, a target French
trial by Mahévas et al. comprising 4 French hos-
pitals to evaluate the effectiveness of HCQ in
COVID-19 patients requiring oxygen was
reported to be prematurely terminated following
the unanticipated adverse drug events with high
dose HCQ (600mg daily), in particular, severe
pulmonary and cardiogenic side effects.! The
study recruited 181 patients with COVID-19
induced pneumonia, of which 84 received HCQ
while 97 did not. In total, 20.2% of patients
receiving HCQ ended up in the ICU or had died
within 1-7days (primary endpoint) compared
with 22.1% amongst those not taking HCQ [16
versus 21 adverse events; relative risk (RR) 0.91;
95% confidence interval (CI) 0.47-1.80]. The
trial concluded that the use of HCQ against
COVID-19 with hypoxic pneumonia should be
discouraged.

On 16 April 2020, Borba ez al. reported a study on
preliminary safety results on two CQ doses in
severe COVID-19 patients.#? This randomised
double-blinded phaseIIb trial showed high fatality
rates (27%, 95% CI: 17.9-38.2%) with high dose
CQ (600mg twice daily or 12 g total) when com-
pared with the low dose (450mg daily or 2.7¢g
total). Furthermore, QTc and higher lethality
were observed more in the high CQ dose (18.9%
and 39%, respectively). They concluded that
higher CQ doses should not be recommended for
COVID-19 treatment because of potential safety
risks. These adverse events caused the premature
halting of further patient enlistment.

A systematic review and meta-analysis published
by Sarma er al. evaluated the safety and efficacy of
HCQ in COVID-19.57 Seven studies were incor-
porated into this systematic review, with a total of
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1358 participants. Compared with the control
groups, HCQ showed reduced radiological pro-
gression in lung injury [odds ratio (OR) 0.31,
95% CI 0.11-0.9], while no significant difference
was seen in virological cure (OR 2.37, 95% CI
0.13-44.53), death or symptomatic worsening of
illness (OR 1.37, 95% CI 1.37-21.97) and safety
(OR 2.19, 95% CI 0.59-8.18). They stressed the
need for more convincing study and comprehen-
sive data to reach a definitive consensus, despite
having promising early results of HCQ and
azithromycin in COVID-19.

On 23 April 2020, a retrospective study by
Magognoli et al. evaluated HCQ, either alone or in
combination with azithromycin in COVID-19.43
The study evaluated 368 veterans in three groups;
97 HCQ, 113 ‘HCQ plus azithromycin’, and 158
without HCQ. The death rate was seen to be
27.8%, 22.1%, 11.4% in the HCQ, ‘HCQ plus
azithromycin’, and non-HCQ group, respectively.
The risk of death was observed to be significantly
higher in HCQ groups [adjusted hazard ratio (HR)
2.61, 95% CI 1.10-6.17, p=0.03]; however, this
was not significant in ‘HCQ plus azithromycin’
groups (adjusted HR 1.14, 95% CI 0.56-2.32;
p=0.72). They emphasised to exercise caution and
patience on awaiting further evidence on the effi-
cacy of the HCQ before the extensive adoption of
these therapies in the clinical settings.

On 29 April 2020, Saleh ez al. conducted a pro-
spective observational safety study to evaluate the
effect of CQ, HCQ, and azithromycin in associa-
tion with QT interval and risk of TdP and sudden
cardiac death in COVID-19 patients.** In this
extensive cohort study to date with CQ/HCQ/
azithromycin, no TdP or sudden death due to
arrhythmia was noted. These medications did
prolong the QT interval but did not lead to the
discontinuation of therapy. They concluded that
further research is needed to establish drug safety
before a definitive recommendation can be made.
In addition, a retrospective observational cohort
safety study conducted by van den Broek ez al. on
29 April 2020, investigated CQ-induced QT pro-
longation in COVID-19 patients.¥> They con-
cluded that CQ leads to QT prolongation and
recommended ECG monitoring of all patients
taking CQ.

Similarly, on 1 May 2020, Mercuro et al. in
Boston, Massachusetts, investigated the risk of

QT prolongation with the use of HCQ with or
without azithromycin used in combination in
COVID-19 confirmed-patients.*® They observed
that patients receiving HCQ as a treatment for
COVID-19 pneumonia were at significant risk for
QT prolongation and that parallel treatment with
azithromycin further elevated the risk. They
emphasised extreme caution and careful monitor-
ing of the patients with a careful weighing of both
risk and benefits before initiation of the treatment
with HCQ/azithromycin.

On 2 May 2020, a rapid systematic review con-
sisting of clinical trials carried out by Chowdhury,
Rathod and Gernsheimer showed inadequate
evidence to encourage the use of CQ/HCQ in
COVID-19.58 They concluded that healthcare
professionals should dissuade from the clinical
use of CQ/HCQ until the ongoing studies pro-
vide more evidence on efficacy and safety pro-
files. Similarly, on 5 May 2020, Jain et al.
conducted a safety study to establish an improved
ECG monitor system of COVID-19 patients
undergoing pharmaceutical treatment associated
with a risk of QT prolongation.4” They created a
tool called Situation Background Assessment
Recommendation (SBAR) that identifies patients
requiring ECG monitoring and tags QT prolonga-
tion within the ECGs. They showed that SBAR
efficiently identified QT prolongation, with 95.1%
being related to QT-prolonging medications.

Furthermore, on 7 May 2020, Geleris et al. con-
ducted an observational study to determine an
association between HCQ and the need for intuba-
tion or risk of death.8 Based on the observations of
1376 consecutive patients with COVID-19 who
received HCQ (600 mg twice daily on initial admis-
sion followed by 400 mg daily for 5 days), they con-
clude that there was no significant association of
HCQ with lowering the risk of intubation or death
(HR 1.04; 95% CI 0.82-1.32). Geleris et al.*® con-
cluded that HCQ should only be used within clini-
cal trial settings unless its efficacy can be thoroughly
tested and established. This study had many
potential limitations, including missing data and
inaccurate health record-keeping, incomplete doc-
umentation on smoking, and comorbidity status
on patients as well as a single-centre design, limit-
ing the generalisability of the study data.

An open-labeled randomised controlled trial was
published on 7 May 2020, by Tang et al., to assess
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the HCQ’s efficacy and safety against COVID-
19.% The trial involved 150 patients; 75 received
HCQ along with standard care groups, while other
75 received standard care only. The probability of
negative viral conversion was almost similar in the
HCQ (85.4%, 95% CI: 71.8-93.8) and the stand-
ard of care group (81.3%, 95% CI: 71.2-89.6).
But, adverse events were higher with HCQ than
with standard of care (30% versus 8.8%).

On 11 May 2020, Rosenberg ez al. reported a ret-
rospective multicentre cohort study involving
1438 patients to evaluate an association between
HCQ and COVID-19-induced mortality.5° They
concluded that there was no significant associa-
tion between HCQ use and a reduction or
increased mortality rate due to COVID-19 com-
plications (HR 1.08; 95% CI, 0.63-1.85). The
majority of the observed fatalities are attributed to
coexisting clinical comorbidities, like hyperten-
sion, obesity, diabetes mellitus, liver, or kidney
dysfunction.

A systematic review and meta-analysis was pub-
lished on 12 March 2020, by Singh ez al. to sum-
marise available evidence of HCQ in COVID-19.5°
Efficacy was measured through quantification by
viral clearance via reverse transcriptase-polymer-
ase chain reaction (RT-PCR) as well as all-cause
mortality. The meta-analysis regarding viral clear-
ance involved three studies with a total of 120
patients. It showed no benefit by HCQ on viral
clearance (RR 1.05, 95% CI: 0.79-1.38; p=0.74
and 12=61.7%, p=0.007). Similarly, meta-anal-
ysis regarding all-cause death also involved three
studies, but with a total of 474 patients. It revealed
significantly higher rates of death with HCQ than
with the control (RR 2.17, 95% CI: 1.32-3.57,
$»=0.002,12=0.0%, p=0.43). Based on the given
results, the authors recommended great caution
in HCQ utility until further evidence from clinical
trials is available.

On 3 June 2020, Boulware ez al. reported on an
RCT that evaluated HCQ’s effect on preventing
symptomatic illness following SARS-CoV 2 expo-
sure.>! In total, 821 positive COVID-19 patients
were enrolled. Following 4 days of exposure, par-
ticipants were allocated randomly to either a pla-
cebo group or a treatment group. Participants in
the treatment group were given the initial dose of
800mg HCQ, followed by 600mg in 6-8h, and
600mg daily for 4days. Primary outcomes were

set as confirmed COVID-19 infection or COVID-
19-like illness occurring during 14 days post expo-
sure. Post-exposure prophylaxis was not observed
with HCQ as there was no significant difference
between the HCQ group and placebo (11.8% versus
14.3%, absolute difference —2.4percentage
points; 95% CI: —=7.0 to 2.2; p=0.35), although a
higher side effect profile was observed with HCQ
than placebo (40.2% wversus 16.8%). Boulware
et al. concluded that HCQ is not effective at pre-
venting COVID-19 infection and does not show
the benefits of post-exposure prophylaxis.>!

Furthermore, on 4 June 2020, Randomised
Evaluation of COVID-19 therapy (RECOVERY)
Trial,>? the most significant ongoing open-labeled
clinical trial to date in COVID-19 covering 175
hospitals throughout the United Kingdom (UK),
published their result of the HCQ arm after a
request from the UK Medicines and Healthcare
Products Regulatory Agency (MHRA) to the
independent Data Monitoring Committee to
review the trial. The trial results were published
after randomisation of the 4674 patients; 1542 in
the HCQ group and 3132 in the control group
with usual care. No significant difference was
observed in the primary outcome of all-cause
mortality within 28days (25.7% wversus 23.5%,
HR 1.11, 95% CI: 0.98-1.26; p=0.10). The
RECOVERY trial concluded no mortality benefit
with HCQ in COVID-19 patients, leading to the
stoppage of any further participants’ enrollment
in the HCQ arm.

Safety warning on CQ/HCQ

Apart from a general warning, the FDA has cau-
tioned against the indiscriminate use of CQ/
HCQ, either alone or in combination with
azithromycin, in COVID-19 patients due to the
potential linkage to cardiac toxicities, including
severe complications like rhythm disturbances.®®
While the FDA continues to explore these adverse
events and will communicate their findings with
the public once more information becomes avail-
able, the latest COVID-19 NIH Treatment
Guidelines Panel recommends ‘against using
high-dose chloroquine (600mg twice daily for
10days) for the treatment of COVID-19 (Al),
because the high dose carries a higher risk of tox-
icities than the lower dose’.%! Similarly, the EMA
has advised the close monitoring of the COVID-
19 patients receiving CQ/HCQ.>*
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Recommendation

Current clinical recommendations on CQ/HCQ
in COVID-19 are not backed by substantial evi-
dence, and most of the studies are methodologi-
cally inferior. In this unique circumstance, we are
made to decide between providing medical care
or producing reliable and scientifically valid data.
This dilemma may lead to compromising the gen-
eration of evidence-based and clinically reliable
results. In many cases, drugs like CQ and HCQ
are being given compassionately due to the severe
nature of the disease, despite the discrepancies
and safety warnings. As there is insufficient clini-
cal evidence to either refute or accept the use of
CQ/HCQ in COVID-19, we would like to advise
physicians across the globe to avoid high dose and
exercise extreme caution in the compassionate
use of CQ/HCQ, particularly in patients with car-
diac comorbidities.

Quality of the current evidence

Understandably, there is an overwhelming need
to identify plausible treatment options against a
devastating and deadly disease like COVID-19.
In their quality analysis of the existing studies of
CQ/HCQ in COVID-19, Alexander et al.,
reported that the majority of the existing studies
on COVID-19 are general, biased, and methodo-
logically non-rigorous.®2 They concluded that the
available clinical studies have many limitations,
including sample size, unclear reporting of study
methodology, no blinding and/or randomisation,
missing clinical data, inconsistencies in treatment
versus control groups such as groups taken from
different healthcare centers, lack of control
groups, lack of matching and stratification, incon-
sistent and low event rates, and an unadjusted
analysis. Observational studies can lead to biases,
like selection, collider, and confounding bias, that
can significantly influence studies outcomes,
making them challenging to interpret and/or rep-
licate.%3:%¢ This is mostly due to the high demand
for evidence on ongoing pandemics and uncer-
tainty regarding the virus.

Although we did not perform the quality assessment
of the available studies, the majority of the available
studies were case-based small studies that are often
not controlled with randomisation and/or standard-
isation. There is no denial that high-quality research,
such as RCTs or extensive registry-based observa-
tional studies, are still warranted to have conclusive
evidence before reaching any consensus. Despite

these methodological challenges, it is still up to the
research community and clinicians to accurately
appraise studies and prioritise the publication of
credible evidence.%

Conclusion

Given the promising early in wvitro results of CQ/
HCQ in SARS-CoV 2 and existing therapeutic
dilemmas, the compassionate use of CQ/HCQ
can be an option in the ongoing crisis despite the
absence of convincing clinical evidence in
COVID-19. However, physicians should avoid
high doses of CQ/HCQ and exercise caution, par-
ticularly in patients with existing cardiovascular
disease. We suggest that clinicians and research-
ers regularly update and adhere to the available
credible evidence and findings of the ongoing
clinical trials.

Highlights

e Given the promising early in vitro results
and therapeutic dilemma, the compassion-
ate use of CQ/HCQ in COVID-19 can be
an option.

e However, there is no convincing clinical
evidence to support the use of CQ and
HCQ, either alone or in combination with
azithromycin, in COVID-19.

e Misuse of CQ/HCQ or use beyond the pre-
scription can result in serious health prob-
lems, including cardiac toxicity and even
death.

e It is recommended to avoid high dose CQ/
HCQ and exercise extreme caution while
using CQ/HCQ even in hospitalised
patients.

e C(Clinicians and researchers should regularly
update and adhere to the available credible
evidence and findings of the ongoing clini-
cal trials.
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