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BACKGROUND: There is no effective therapy for COVID-
19. Hydroxychloroquine (HCQ@) and chloroquine (CQ)
have been used for its treatment but their safety and
efficacy remain uncertain.

OBJECTIVE: We performed a systematic review to syn-
thesize the available data on the efficacy and safety of CQ
and HCQ for the treatment of COVID-19.

METHODS: Two reviewers searched for published and
pre-published relevant articles between December 2019
and 8 June 2020. The data from the selected studies were
abstracted and analyzed for efficacy and safety outcomes.
Critical appraisal of the evidence was done by Cochrane
risk of bias tool and Newcastle Ottawa Scale. The quality
of evidence was graded as per the GRADE approach.
RESULTS: We reviewed 12 observational and 3 random-
ized trials which included 10,659 patients of whom 5713
received CQ/HCQ and 4966 received only standard of
care. The efficacy of CQ/HCQ for COVID-19 was incon-
sistent across the studies. Meta-analysis of included
studies revealed no significant reduction in mortality with
HCQ use [RR 0.98 95% CI 0.66-1.46], time to fever reso-
lution (mean difference — 0.54 days (- 1.19-011)) or clin-
ical deterioration/development of ARDS with HCQ [RR
0.90 95% CI 0.47-1.71]. There was a higher risk of ECG
abnormalities/arrhythmia with HCQ/CQ [RR 1.46 95%
CI 1.04 to 2.06]. The quality of evidence was graded as
very low for these outcomes.

AUTHORS’ CONCLUSION: The available evidence sug-
gests that CQ or HCQ does not improve clinical outcomes
in COVID-19. Well-designed randomized trials are re-
quired for assessing the efficacy and safety of HCQ and
CQ for COVID-19.

KEY WORDS: Chloroquine; hydroxychloroquine; COVID-19; SARS-CoV-2;
meta-analysis.
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BACKGROUND

A novel coronavirus-severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is responsible for the coro-
navirus disease 2019 (COVID-19). The World Health
Organization (WHO) declared COVID-19 as a global
pandemic on 11 March 2020. As of 8 June, more than
7.1 million people have been infected, and 406,959 have
died due to COVID-19.! In the absence of any definitive
therapy, repurposing of some commonly used antivirals
and immunomodulatory drugs has been tried to treat
COVID-19. Among such drugs, hydroxychloroquine
(HCQ) was one of the first drugs to be tested for
COVID-19 and has been recommended in national treat-
ment guidelines in some countries such as India and the
USA.? Although the US FDA has not approved the drug
for its clinical use, CDC (USA) has mentioned its use on
the website as an approved drug lending support to such
claims.® Clinical studies evaluating the efficacy of HCQ
have several limitations such as small sample size, hetero-
geneity, inconsistent results, and early stoppage of trials
and thus, robust data are lacking with regard to its efficacy
and safety. In view of the recent controversy, public
anxiety, and lack of effective therapy, it is therefore im-
portant to systematically review the literature, critically
appraise it and present credible evidence, which might
help treating clinicians, policymakers, and patients make
informed decisions.

We performed a systematic review of studies that tested
the efficacy of chloroquine (CQ) and HCQ for the SARS-
CoV-2 infection/COVID-19 and did a meta-analysis of the
relevant studies.


http://dx.doi.org/10.1007/s11606-020-06146-w
http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-020-06146-w&domain=pdf
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OBJECTIVE

This systematic review was carried out to answer the follow-
ing research question:

In patients with COVID-19, is the use of CQ or HCQ
effective and safe in reducing mortality and improving the
clinical course, fever remission, and virologic clearance as
compared with no CQ/HCQ?

METHODS

Criteria for considering relevant studies for this review were as
follows

1. Types of studies

We included studies on humans, which were random-
ized controlled trials (RCTs), prospective or retrospective
case series, or cohort studies with a control arm. We
excluded case series without a control arm, case reports,
review articles, viewpoints, experimental in vitro studies,
editorials, and expert opinion. We included indexed stud-
ies from PubMed and Google scholar and non-indexed
and pre-print articles from various pre-print servers be-
cause of the latest information on COVID-19, a new
disease, available on these pre-print servers might be
valuable for the present review.

2. Types of participants

We included human studies in which patients with con-
firmed COVID-19 of all ages and sexes were enrolled.

3. Types of interventions

We sought studies in which patients were given HCQ or CQ
in any dose, alone or combined with other drugs, and had
compared with patients in whom HCQ or chloroquine was not
given.

4. Outcomes
For each study, we sought the following outcomes:
(i) Efficacy outcomes

e C(linical outcomes: Mortality, improvement in the
clinical course in terms of time to fever resolution,
and development of acute respiratory distress
syndrome (ARDS) or need for mechanical ventila-
tion suggestive of worsening of disease.

e Radiologic outcomes: Improvement in findings on
CT chest

e Laboratory outcomes: Virologic clearance as deter-
mined by RT-PCR test

(i1) Safety outcomes: Adverse effects associated with HCQ/
Chloroquine

Search Strategy and Identification of Studies

Two authors independently searched PubMed, Google Schol-
ar, and medRxiv databases using the following search terms:
“(chloroquine OR hydroxychloroquine) AND (COVID-19
OR SARS-CoV-2)” from 2000 to 8 June 2020. Studies of all
languages were included. No limits were applied to the search
results except studies in humans. Hand searching of cross-
references of original articles, reviews, and pre-published ar-
ticles was also performed to find additional relevant articles.

Data Collection and Analysis

The citations were retrieved into a reference management
software (Zotero version 5.0.85). Duplicate citations were
removed. All the remaining studies were reviewed by going
through their title and abstract to select the studies meeting our
inclusion criteria mentioned above. Data on outcomes were
extracted by one reviewer (AE) and cross-checked by another
reviewer (Sh). The risk of bias was assessed using the
Cochrane Risk of Bias Tool for RCTs * and the Newcastle
Ottawa Scale for Cohort studies.” Meta-analysis of RCTs was
done for the outcomes virologic clearance and time to fever
resolution. Meta-analyses of the other studies were done for
the following outcomes:

1. Mortality,

2. Worsening of clinical condition in the form of develop-
ment of ARDS or need for mechanical ventilation,

3. Virologic clearance,

4. ECG abnormalities and de novo ventricular arrhythmias

We calculated relative treatment effects using Mantel-
Haenszel random-effects model, expressed as RRs with 95%
(ClIs) for the outcomes: mortality, worsening of pneumonia/
ARDS/mechanical ventilation, and virologic clearance. For
the outcome ECG abnormalities/de novo ventricular arrhyth-
mia, odds ratio (OR) with 95% CI was calculated using the
generic inverse variance method. Adjusted odds ratio was
used whenever available and unadjusted odds ratio in other
circumstances. The standard error was calculated from the
95% confidence intervals. In the case of continuous variables,
the mean difference for each study was plotted, and the sum-
mary statistic was calculated using the inverse variance meth-
od. All the analyses were performed using RevMan 5.3.

The certainty in the evidence was graded using the GRADE
methodology (Grading of Recommendations, Assessment,
Development and Evaluations).®

RESULTS
Description of Studies

The PubMed search yielded 579 articles. medRxiv search
yielded 291 articles and Google scholar search yielded 1360
articles. The Cohen’s Kappa for inter-rater agreement between
the 2 reviewers was 0.8. Hand searching of relevant articles
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Figure 1 PRISMA flow diagram for study selection.

yielded one article. After excluding articles that did not fulfill
the inclusion criteria and duplicate citations, we had 20 articles
to be examined in detail.

Out of these 20, one study was excluded as it compared
two doses of HCQ, the comparison was with historical
data, and complete information was missing.7 Another
article was excluded as it had incomplete outcome data.®
Two studies were excluded as the authors had withdrawn
the papers.” '° Another study was excluded as the expo-
sure data and co-interventions were incompletely

reported.” Thus, 15 articles 1226 \were included for the

final review and synthesis of evidence, and assessment of
the risk of bias. PRISMA (Preferred Reporting Items for
Systematic reviews and Meta-Analyses) flow chart has
been provided (Fig. 1).

Studies Included

The 15 studies that were selected had included 10,659 pa-
tients. Of these, 12 were cohort studies which had a control
group and 3 RCTs. The details about the study design,

HCQ Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
BoYu 2020 9 48 258 520 13.2% 0.38[0.21, 0.69) —
Ip 2020 432 1914 115 598 18.0% 1.17[0.98,1.41) -
Magagnoli 2020 52 210 18 158 146% 217 [1.33, 3.56) ——
Mahevas 2020 3 84 4 97 53% 0.87[0.20, 3.76) ——
Membrillo 2020 27 123 21 43 151% 0.45[0.29,0.71) —
Rosenberg 2020 243 1006 28 221 16.2% 1.91[1.33,2.74) =
Singh 2020 104 910 109 910 17.5% 0.95[0.74,1.23) e
Total (95% ClI) 4295 2547 100.0% 0.98 [0.66, 1.46] %
Total events 870 553
Heterogeneity: Tau®= 0.22; Chi*= 45.37, df= 6 (P < 0.00001); F=87% :U 01 051 1=U 1UU=

Test for overall effect: Z=0.09 (P = 0.93)

Favours[HCQ] Favours [Control]

Figure 2 Effect of HCQ on mortality in patients with COVID-19.
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HCQ Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Feng 2020 0 25 3 25 4.1% 0.14[0.01, 2.63] —
Geleris 2020 262 811 84 565 248% 2171.74,2.71] -
Magagnoli 2020 19 210 25 158 21.4% 0.57 [0.33,1.00] —
Mahevas 2020 24 84 23 97 22.2% 1.20[0.74,1.97] -
Singh 2020 46 910 57 910 23.4% 0.81[0.55,1.18] .
Zhaowei Chen 2020 0 N 4 N 4.2% 0.11[0.01,1.98] —
Total (95% CI) 2071 1786 100.0% 0.90[0.47, 1.71] ’
Total events 351 196
Heterogeneity: Tau®= 0.42; Chi*= 38.80, df= 5 (P < 0.00001); F=87% 0 lJ=05 051 1=D 260

Test for overall effect Z=033 (P=0.74)

Favours[HCQI] Favours [control]

Figure 3 Effect of HCQ on clinical deterioration/need for mechanical ventilation in patients with COVID-19.

participants, interventions and outcomes are described in Sup-
plementary Tables 1-3.

Risk of Bias in Included Studies

Assessment of bias for the 3 RCTs and 12 cohort studies
revealed a significant risk of bias as assessed against various
quality parameters. Most of the comparative studies were of
poor methodologic quality and were subject to high risk of
bias owing to the non-randomized study design and the lack of
placebo control. Even the RCTs were unblinded and subject to
the risk of assessment bias. The details are shown in Supple-
mentary Figure 1 and Supplementary Table 4.

Effects of CQ and HCQ on COVID-19. Of the 15 studies, 2
studies reported the use of CQ and 13 reported the use of
HCQ. Of'the total 10,659 patients included in 15 studies, 5713
received CQ or HCQ along with standard of care and 4946
received only standard of care (no CQ/HCQ). Each study
reported only a few of the outcomes of interest.

Efficacy Outcomes. Mortality. 7 cohort studies reported
mortality. Two of them showed a reduction in mortality, 3
did not show any benefit, and 2 showed higher mortality with
the use of HCQ compared with the controls (Supplementary

Table 1). However, after adjusting for baseline severity and
comorbidities, one of the cohort studies did not show any
difference in mortality with the use of HCQ.?!

Clinical Course. One RCT and 5 cohort studies reported the
effect of CQ/HCQ on the clinical course of the disease with
either improvement or worsening in the form of development
of ARDS or requirement for mechanical ventilation. One
cohort study reported higher disease progression; one RCT
and 4 cohort studies showed no difference in clinical course
between CQ/HCQ and standard of care arm.

Time to fever remission. Two RCTs and one cohort reported
this outcome. One of the RCTs reported a shorter time to fever
remission with the use of HCQ while the other RCT and a
cohort study did not.

Virologic clearance. Three cohort studies and 2 RCTs
reported on virologic clearance. Two cohort studies found
faster clearance of viral RNA in the HCQ group as
compared with the standard of care group at study endpoints.
But both the RCTs did not show any benefit in terms of
virologic clearance (Supplementary Table 2).

HCQ Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.3.1RCTs
Chen Jun 2020 13 15 14 15 22.8% 0.93([0.73,1.18)
Wei Tang 2020 64 75 61 75 281% 1.05[0.91,1.21)
Subtotal (95% CI) 90 90 50.9% 1.02[0.90, 1.15]
Total events 77 75

Heterogeneity: Tau*= 0.00; Chi*=0.76, df=1 (P = 0.38), F= 0%
Test for overall effect: Z=0.25 (P = 0.80)

1.3.2 Cohort study

Gautret 2020 14 20 2 16 2.4%
Jihad Mallat 2020 14 23 10 11 16.0%
Mingxing Huang 2020 189 197 140 176 30.8%
Subtotal (95% Cl) 240 203  49.1%
Total events 217 152

Heterogeneity: Tau*= 0.23; Chi*=14.90, df= 2 (P = 0.0006); F=87%
Test for overall effect: Z= 0.59 (P = 0.56)

Total (95% CI) 293 100.0%
Total events 294 227

Heterogeneity: Tau®*= 0.04; Chi*= 18.65, df= 4 (P = 0.0006); F= 80%
Test for overall effect. Z=0.29(P=0.77)

Test for subaroup differences: Chi*=0.28, df=1 (P = 0.60), F=0%

330

5.60(1.48,21.13]
0.67 [0.46, 0.98]
1.21 (1.11,1.31] o
1.21[0.64, 2.29]

1.03[0.83, 1.28]

i I
T

0.01 0.1 1 10
Favours[Control] Favours [HCQ]

100

Figure 4 Effect of HCQ on virological clearance in patients with COVID-19.
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Mean Difference
IV, Random, 95% CI

Mean Difference

HCQ Control
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI
1.4.1RCTs
Chen Jun 2020 22 04 N 32 13 31 371%
Zhaowei Chen 2020 1 06 15 1 09 15 34.9%
Subtotal (95% Cl) 46 46 72.0%

Heterogeneity: Tau®*= 0.43; Chi*=7.26, df=1 (P = 0.007); F= 86%
Test for overall effect: Z=1.02 (P=0.31)

1.4.2 Cohort

Kim 2020 14 05 22 2 24 40 28.0%
Subtotal (95% CI) 22 40 28.0%
Heterogeneity: Not applicahle

Test for overall effect: Z=1.52 (P=0.13)

Total (95% CI) 68 86 100.0%

Heterogeneity: Tau*= 0.23; Chi*=7.27, df=2 (P=0.03); F=72%
Test for overall effect. Z=1.63 (P=0.10)
Test for subaroup differences: Chi*=0.02, df=1 (P=0.89), F= 0%

-

e

-1.00 [-1.48,-0.52)
0.00 [-0.55, 0.55)
-0.51[-1.49, 0.47]
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-0.60 [-1.37, 0.17] -
-0.54 [-1.19, 0.11] -
4 -2 0 2 4

Favours[HCQI) Favours [control]

Figure 5 Effect of HCQ on time to fever remission in patients with COVID-19.

Safety outcomes. Two cohort studies reported ECG
abnormalities and one of them reported a higher occurrence
of ECG abnormalities in patients receiving HCQ with or
without azithromycin. However, after adjusting for age,
gender, comorbidities, and baseline severity, there was no
significant increase in odds of ECG abnormality. The other
cohort study reported no difference in cardiac arrhythmias.

Meta-analysis. Meta-analysis of 7 studies showed no
significant reduction in mortality with HCQ use [RR 0.98
95% CI 0.66—1.46] (Fig. 2). There was no significant
difference with regard to clinical deterioration/development
of ARDS/need for mechanical ventilation between the HCQ
and standard of care [RR 0.90 95% CI 0.47-1.71] (Fig. 3).
There was no statistically significant difference in virologic
clearance between HCQ and placebo in the meta-analysis of 2
RCTs and 3 cohort studies [RR 1.03, 95% CI 0.83-1.28]
(Fig. 4). The time to fever remission was reported in 2 RCTs
and one cohort study; meta-analysis showed the reduced time
to fever remission in the HCQ arm [mean difference— 0.54
days, 95% CI — 1.19 to 0.11], which did not attain statistical
significance (Fig. 5).

Meta-analysis of two cohort studies suggested an increased
risk of ECG abnormalities/cardiac arrhythmias in the HCQ
arm as compared with standard of care and this was statisti-
cally significant (RR 1.46 [95% CI 1.04-2.06]) (Fig. 6).

Critical Appraisal. We included all clinical studies in
humans in which HCQ or CQ arm was compared with

no HCQ or CQ arm. We found significant heterogeneity
in the inclusion criteria of the studies in which patients
ranged from asymptomatic to severe and critically ill
COVID-19. The other causes of heterogeneity were the
dosage of HCQ and the use of other supportive care
interventions including corticosteroids, antiviral drugs,
tocilizumab, and IVIG. The stage of disease at which the
drug was administered and host factors such as age and
comorbid conditions was also different between the vari-
ous studies. Similarly, virologic clearance was checked at
various time points from day 6 to day 28. There was a
significant risk of bias due to the study design being non-
randomized in 12 of the 15 included studies. The RCTs
were not blinded and fraught with a risk of assessment
bias. The reason for giving HCQ/CQ in some patients and
not giving in others was not explicitly mentioned in any of
the cohort studies. The Cochrane risk of bias tool was
used to critically appraise the RCTs and Newcastle Ottawa
Scale to assess the risk of bias in cohort studies and the
risk is summarized in Supplementary Figure 1 and Sup-
plementary Table 4.

Quality of Evidence. The evidence was judged to be of very
low quality for the outcome mortality, clinical deterioration/
ARDS/need for mechanical ventilation, virologic clearance
(cohort studies), time to fever resolution (cohort studies), and
ECG abnormalities. For the outcomes virologic cure (RCTs)
and time to fever remission (RCTs), it was judged to be low
quality (Supplementary Table 5).

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight [V, Fixed, 95% Cl IV, Fixed, 95% CI
Ip 2020 036 0.23 579% 1.43[0.91,2.25) -
Rosenherg 2020 041 027 421% 1.51[0.89, 2.56) T
Total (95% CI) 100.0% 1.46 [1.04, 2.06] @
ity Chiz= = = R= + + 1 +
Heterogeneity: Chi*=0.02, df=1 (P =0.89); F=0% 0.005 01 10 200

Test for overall effect: Z=2.18 (P = 0.03)

Favours [HCQ] Favours [control]

Figure 6 Effect of HCQ on ECG abnormalities in patients with COVID-19.
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DISCUSSION

Due to the sheer magnitude of the COVID-19 pandemic and
lack of effective therapy, there is a race to find therapies that
would improve the clinical outcomes of the patients. Amongst
the various medications tried, HCQ has received maximum
attention, partly due to the media coverage. A few initial
in vitro studies as well as a proof of concept study by Guatret
et al. had shown some benefit.'> Subsequently, many institu-
tional protocols in countries like China, France, the USA, and
India ? mandated the use of HCQ in the management of all
patients with COVID-19. This has led to several observational
studies being reported in rapid succession, which were of poor
methodologic quality, and most did not report outcomes of
clinical interest uniformly. There were 3 RCTs but neither of
them reported outcomes in terms of mortality, need for me-
chanical ventilation, or ECG abnormalities. The initial obser-
vational studies and RCTs had many limitations such as small
sample size, heterogeneous patient population, variable end-
points, variable dosing of the drug, and no control for
confounders.

Serious adverse drug reactions with the use of CQ and HCQ
though uncommon have been reported. These include cardiac
toxicity in the form of cardiomyopathy and prolonged QTc
interval,>” and hemolysis in patients with underlying G6PD
deficiency. Moreover, their therapeutic index is narrow.?® The
NIH panel has recommended against using high-dose chloro-
quine (600 mg twice daily for 10 days) and a combination of
hydroxychloroquine plus azithromycin because of the poten-
tial for toxicities.”” The most recent and largest study which
reported higher mortality was subsequently retracted due to
multiple reasons chiefly lack access to data for independent
review held by a private company.*® The investigators of a
multicenter trial, the RECOVERY trial, being conducted in
the UK have announced negative results but the full report is
still to be published

Our results are at odds with those of a recent meta-analysis
from France which has shown that HCQ results in significant
improvements in various clinical parameters including mor-
tality.”' However, this meta-analysis did not use the standard
methodology for a meta-analysis and did not do a proper risk
of bias assessment for the included studies. They also included
a study in their meta-analysis which has now been retracted.
The quality of evidence was also not graded. At this time, it is
important to present credible evidence due to recent scientific
controversy, political discourse, and heightened public
anxiety.

CONCLUSION

There is very low-quality evidence to suggest that neither
chloroquine nor hydroxychloroquine improves mortality or
clinical course nor does it hasten virologic clearance in the
treatment of COVID-19.

Implications for Research

Since the COVID-19 pandemic is ongoing, and > 7.1 million
patients have been infected worldwide, there is an urgent need
to generate robust evidence regarding the efficacy and safety
of CQ and HCQ in COVID-19. Randomized controlled stud-
ies of adequate sample size with sound methodology are
needed to provide definite answers.
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