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Abstract

Following the demonstration of the efficacy of hydroxychloroquine against severe
acute respiratory syndrome coronavirus 2 in vitro, many trials started to evaluate its
efficacy in clinical settings. However, no systematic review and meta-analysis have
addressed the issue of the safety and efficacy of hydroxychloroquine (HCQ) in
coronavirus disease 2019. We conducted a systematic review and meta-analysis
with the objectives of evaluation of safety and efficacy of HCQ alone or in combi-

” o«

nation in terms of “time to clinical cure,” “virological cure,” “death or clinical wor-

» o«

sening of disease,” “radiological progression,” and safety. RevMan was used for
meta-analysis. We searched 16 literature databases out of which seven studies
(n=1358) were included in the systematic review. In terms of clinical cure, two
studies reported possible benefit in “time to body temperature normalization” and
one study reported less “cough days” in the HCQ arm. Treatment with HCQ resulted
in less number of cases showing the radiological progression of lung disease (odds
ratio [OR], 0.31, 95% confidence interval [Cl], 0.11-0.9). No difference was observed
in virological cure (OR, 2.37, 95% Cl, 0.13-44.53), death or clinical worsening of
disease (OR, 1.37, 95% ClI, 1.37-21.97), and safety (OR, 2.19, 95% ClI, 0.59-8.18),
when compared with the control/conventional treatment. Five studies reported
either the safety or efficacy of HCQ + azithromycin. Although seems safe and
effective, more data are required for a definitive conclusion. HCQ seems to be
promising in terms of less number of cases with radiological progression with a
comparable safety profile to control/conventional treatment. We need more data to

come to a definite conclusion.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19) has been declared a global
pandemic by WHO.?> However, we have limited therapeutic
options.>® With the rising toll of infected populations and rising number
of deaths, the preferential global concern is the development of safe
and effective therapeutics against COVID-19. Although lopinavir/rito-
navir was initially a first-line agent in the management of the disease, a
study conducted by Cao et al* compared lopinavir-ritonavir with the
standard of care and no benefit was observed in the primary endpoint.

However, at the same time chloroquine (CQ) emerged as a potent
inhibitor of severe acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2) in vitro.” In SARS-CoV-2 infected Vero-E6 cell lines, low-micro
molar concentration of CQ inhibited virus infection (ECsg = 1.13 uM) with
high selectivity index (SI > 88.50).° CQ increases endosomal pH and also
alters glycosylation of angiotensin-converting enzyme 2 receptors, thus
CQ also has
immunomodulatory activity® and enhances the activity of regulatory T

altering the pathogenesis in vitro®® Besides,
cells.” Beneficial effect of CQ came to light in recent clinical studies also.
In a randomized clinical trial, CQ (n = 10 patients) performed better than
lopinavir-ritonavir (n = 12) combination’® any may represent an effective
and in-expensive option. However, CQ is one of the major treatment
options against malaria and overuse may lead to resistance. Again the
toxicity profile of CQ is also a major concern.**

Hydroxychloroquine (HCQ), being a less toxic derivative, came to the
limelight soon.’?> One group found CQ to be more potent than HCQ,*?
however, another research group found HCQ to be more potent.*® In the
study by Yao et al,’® the ECsq to inhibit the virus in SARS-CoV infected
Vero cells was 0.72 pM*® and using a physiologically based pharmaco-
kinetic modelling model, they established that this concentration can be
attained by a loading dose of HCQ 400 mg BD on the first day, followed
by 200 mg BD for SARS-CoV-2." Following these findings many clinical
trial started worldwide, comparing HCQ to other treatment regimes,
however, until now the results of only seven studies are reported. In this
regard, we have conducted the first systematic review and meta-analysis

to evaluate the efficacy and safety of HCQ in clinical settings.

2 | MATERIALS AND METHODS

This systematic review was done according to the fundamentals laid
in the Cochrane Handbook for Systematic Reviews of Interventions'*
and described as stated by Preferred Reporting Items for Systematic
reviews and Meta-Analysis (PRISMA) statement.®

Objective: To evaluate the safety and efficacy of hydroxy-

chloroquine in the treatment of patients with COVID-19.

2.1 | Criteria for including studies in this review

Setting: In the systematic review part of the study, we included case
series, single-group prospective observational/interventional studies,

other observational study designs and randomized controlled trials
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(RCTs). However, in the meta-analysis part of the study, only com-
parative clinical studies (both prospective and retrospective ob-
servational studies) and RCTs were included.

Participants: Patients with lab-confirmed COVOID-19 of any age
were included.

Intervention: Hydroxychloroquine.

Control: Standard/conventional therapy.

Objectives:
1. Clinical cure (time to body temperature normalization and time to
cough relief).
Virological cure on day 6 to 7 postinitiation of therapy.
Death or clinical worsening of disease condition during treatment.
Radiological progression during drug treatment.
Recurrence of infection during treatment.
Safety and tolerability of HCQ.

o Uk N

Comparisons:
A. HCQ vs conventional therapy/control.

B. HCQ in combination of other agents vs conventional therapy/control.

Definitions:
1. Clinical recovery:

Time to clinical recovery is calculated in terms of time to
normalization of body temperature and total no of cough days.*®
The clinical cure parameters are important as one of the patient,
who became polymerase chain reaction (PCR) negative following
therapy, still died of the disease in the study by Gautret et al*’
and another in India.*®

2. Virological cure: Nondetection of SARS-CoV-2 in nasopharyngeal
swab.?”
3. Recurrence of infection: Defined as swab becoming negative for

SARS-CoV-2, which is again becoming positive after some days.*”

Search strategy:

Electronic searches: We searched a total of 16 literature databases
(Pubmed, CINAHL, SCOPUS, OVID, Wiley online library, Web of Science,
Cochrane CENTRAL, Embase, medRxiv and bioRxiv, Trip Database,
Nature, Epistemonikos, Science Direct, Virtual Health Library; Pan
American Health Organization, CNKI, and mediterranee-infection.com/
pre-prints-ihu) from the date of genesis to the 8th April 2020. Reference
list of all identified articles was screened to find out more relevant arti-
cles. There were no language restrictions. The search keywords included
2019-nCoV, 2019 novel coronavirus, COVID-19, coronavirus disease
2019, chloroquine, hydroxychloroquine, Plaguenil, hydroxychloroquine
sulfate, and hydroxychloroquine sulfate. Details of the search strategy of
each of the databases are represented in Table S1.

2.2 | Selection of studies

After a search of databases and removal of duplicates, two authors

(HK and HRDK) independently screened the titles/abstracts using


http://mediterranee-infection.com
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the selection criteria. For relevant articles, full texts were obtained
for further evaluation. In case of any discrepancy PS and BM were

consulted and the issue was resolved.

2.2.1 | Data extraction

Data extraction was done separately by two authors (PS and HRDK)
using pretested data extraction forms following the template pro-
vided by the Cochrane data extraction form. In articles published in a
language other than English, Google translate was used to identify
relevant data.

2.2.2 | Risk of bias evaluation of included studies

For RCTs, we used the Cochrane risk of bias tool for randomized con-
trolled studies.™* In the case of nonrandomized interventional studies, we
used ROBINS-I tool."” In the case of observational studies, Newcastle
Ottawa Scale was used.”® Three investigators (DM, HRDK, and PS) se-
parately evaluated the possibility of bias using these tools. Publication
bias was not evaluated by funnel plot as there was only three studies

which were included in the meta-analysis part of the study.”*

2.3 | Assessment of heterogeneity

Statistical heterogeneity was evaluated by ¥ test and [?statistics.*
An I? value of 0 < 40% is not considered as significant, 30% to 60% is

taken as moderate heterogeneity, 50% to 90% considered as

Records identified through Additional records
database searching identified through other
(n= 375) sources
{n=33)

Records after duplicates removed
{n=278)

A\ 4

substantial heterogeneity, and 75% to 100% is considered as

significant heterogeneity.

2.3.1 | Statistical analysis

As all the data were dichotomous data, we used either odds ratio
(OR) or risk ratio (RR) as appropriate for estimating the point esti-
mate along with 95% confidence interval (Cl). In the absence of
significant clinical heterogeneity, we have performed the meta-
analysis using the Mantel Hazel method or inverse variance method
for dichotomous data and continuous data respectively. When sta-
tistical heterogeneity was low to moderate, we used a fixed-effect
model for pooling of data otherwise, the random-effects model was
applied.™*

3 | RESULT

We screened a total of 16 literature databases and identified 278 non-
duplicate articles, which were evaluated for possible inclusion using title
and abstract. Out of these, 25 articles were selected for full-text
screening and finally, seven articles (total participants = 1358) were in-
cluded in the systematic review and three articles were included in the
meta-analysis. About 18 articles were excluded following full-text
screening (reasons: editorial=3, review=15, expert consensus/re-
commendation = 3, chloroquine = 3, in vitro = 2, in-silico = 1, and kinetic
study = 1). The PRISMA chart for the included studies is showed in
Figure 1. The details of the included studies are shown in Table 1. Among

16,22-24

these four articles were in preprint versions.

{(n= 278)

Records screened B — Records excluded (n = 253)

|

Full-text articles assessed for Full-text articles excluded, with
eligibility (n= 25) reasons (n =18)

}

Studies included in qualitative
synthesis (n =07)

l

Studies included in
quantitative synthesis (meta-
systematic review (n = 03)

([ incuded | [ enghiy ) [ screening | [ identification )

FIGURE 1 PRISMA flow chart of the included
studies. PRISMA, Preferred Reporting Items for
Systematic reviews and Meta-Analysis
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3.1 | Risk of bias of the included studies

We used Cochrane risk of bias tool for RCTs for evaluation of risk of
bias in case of two RCTS.**?° Data showed in Figure S1. Risk of bias

assessment of the study by Gautret et al*’

was done by using
ROBINS-I scale'” and it was ranked as low, moderate, serious, or
critical risk of bias®>” (Data shown in Table S2). The study by Molina

1,° Chorin at al,?? the second study of Gautret et al,”* and Million

eta
et al”® were single-group studies. Details of risk of bias analysis of

these studies are showed in Table S3.

3.2 | Comparison 1: HCQ vs
control/conventional/standard therapy

A total of three studies*®'”?° reported HCQ vs control/conventional
therapy (total n=128) in terms of efficacy and safety.

1. Clinical cure:
a. Time to body temperature normalization:

Two studies reported mean/media time to temperature nor-
malization (normalization sustained minimum for 72 hours). In the
study by Jun et al,”” time to normalization (median and range) of
body temperature was 1 (0-3) days in the HCQ group, while in the
control group it was 1 (0-2) days. In the study by Zhaowei et al,*®
treatment with HCQ resulted in significantly less time for nor-
malization of body temperature (2.2 +0.4 days) compared with
the control group (3.2 + 1.3 days).*¢

b. Duration of cough

A single study by Zhaowei et al,*® the number of cough days was
significantly lower in the HCQ group (2.0 + 0.2 days) compared to the
control group (3.1+ 1.5 day).

2. HCQ vs control: Virological cure at day 6 to 7 postinitiation of
therapy:

Both the studies reported virological cure (n=29 in HCQ

alone arm vs n =31 in control arm) on day 6 to 7. No difference

was observed between the two arms in terms of virological cure

781
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(OR of virological cure 2.37; 95% Cl, [0.13-44.53]). As there was
high heterogeneity (1> = 72%), we used the random-effect model.
Data showed in Figure 2.

3. HCQ vs control: Death or clinical worsening of disease/progres-
sion to severe disease (LOCF model):

All the three studies (n=66 in HCQ alone arm and n=62 in
the control arm) reported death or clinical worsening of disease
despite treatment with the designated interventions. In the study
by Gautret et al,”* a total of 20 patients were given HCQ alone
(out of which six lost to follow-up). In the analysis, we used the
last observation carried forward (LOCF) model for analysis. In
case the patient required intensive care unit (ICU) during treat-
ment, it was considered worsening of a clinical condition.

In terms of death or clinical worsening of disease (composite),
no difference was seen between the two arms with OR, 1.37 (95%
Cl, 0.09-21.97). As there was moderate heterogeneity (1> = 59%),
we used random-effect model. Data showed in Figure 3.

4. HCQ vs control: Radiological progression during treatment:

In terms of CT evidence of radiological progression of pneu-
monia/lung damage (n=46 both the HCQ group and control/
standard treatment group), treatment with HCQ resulted in a
significant decrease in the radiological progression with OR,
0.31; 95% Cl, (0.11-0.9). As the heterogeneity among the studies
was low (I? = 16%), we used the fixed-effect model. Data showed
in Figure 4.

5. HCQ vs control: Recurrence (PCR negativity initially during
treatment, which is followed by recurrence of PCR positivity) of
infection during treatment:

In the study by Gautret et al, >

one patient who was on both
HCQ and azithromycin (Azi) tested negative on day 6 post in-
clusion, however, he became PCR positive gain on day 8 post
inclusion.*”

6. HCQ vs control: Safety:

A total of seven adverse events is reported in the HCQ group
(n=66). On the other hand, in the standard treatment group, three
adverse events were reported (n = 62). In the study by Jun et al,?®
four cases (26.7%) of the HCQ group and 3 cases (20%) of the control

group had transient diarrhea and abnormal liver function. In the

HCO Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chen Jun 2020 (1) 13 15 14 15 456% 0.46 [0.04, 5.75] B
Gautret 2020 (2) 8 14 2 16 54.4% 9.33[1.51, 57.65) —
Total (95% CI) 29 31 100.0% 2.37[0.13, 44.53] e A e —
Total events 21 16

e 2 - . 2 - - - R - : } : :
Heterogeneity: Tau®= 3.26; Chi*= 3.59, df=1 (P= 0.06); I*=72% 0.01 0 10 100

Test for overall effect: Z= 0.58 (P = 0.56)

Footnotes
(1) Tth day after enrolment
(2) 6th Day

Favours [experimental] Favours [control]

FIGURE 2 Virological cure (HCQ vs control/conventional treatment). Cl, confidendence of interval; df, degrees of freedom; HCQ,

hydroxychloroquine
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HCO Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Tota Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chen Jun 2020 (1) 1 15 0 15 31.6% 3.21[0.12, 85.20] L
Chen Zhaowei 2020 0 Kh| 4 3 344% 0.10 [0.00, 1.88] * L
Gautret 2020 (2) 4 20 0 16 34.0% 9.00 [0.45, 180.84] L) 4
Total (95% CI) 66 62 100.00% 1.37 [0.09, 21.97] et I M S —
Total events 5 4
Heterogeneity: Tau®= 3.54; Chi*= 4.87, df = 2 (P = 0.09); I*= 59% 50 0 031 150 100*

Test for overall effect. Z=0.22 (P = 0.82)

Footnotes
(1) One patient developped to severe disease.

Favours [experimental]) Favours [control]

(2) We included all HCQ alone treated patients (14 HCQ alone +6 lost to floow up). In case requirement of ICU was considered asworsening of. ..

FIGURE 3 Composite endpoint of death or clinical worsening of disease/progression to severe disease (HCQ vs control/conventional
treatment). Cl, confidendence of interval; HCQ, hydroxychloroquine; ICU, intensive care unit

study by Zhaowei et al,'® two patients in the HCQ arm showed mild
adverse reactions, one patient developed a rash, and one patient
experienced headache. In the study by Gautret et al,'” one patient
stopped treatment on day 3 due to nausea and one case of death in
the HCQ arm (as there was no information regarding the details of
the death case, the authors did not include it as adverse effect).
However, when the results were combined, no significant difference
was seen between the two arms with regard to the occurrence of
adverse effects (OR, 2.19; 95% Cl, [0.59-8.18]). As there was very low
heterogeneity (12 = 0%), we used the fixed-effect model (data shown

in Figure 5).

3.2.1 | Sensitivity analysis

As there is a huge criticism?® about the first study on HCQ by
Gautret et al,*” and the high risk of bias of the study, we conducted a
sensitivity analysis and conducted the same set of analysis as men-
tioned above by removing the study data of Gautret et al*” from the
analysis. However, irrespective of removal of the study, the study
conclusions did not change in terms of virological cure on day 6 to 7
postinitiation of therapy, death or clinical worsening of disease/
progression to severe disease, the radiological progression of lung
disease during treatment and safety. The details of the sensitivity
analysis are illustrated in Figure S2 to S4. After removing the first

|,17

study by Gautret et a also, in meta-analysis part of the study, a

benefit was seen only in terms of radiological progression of lung
disease during treatment with comparable safety to the control/

conventional treatment.

3.3 | Comparision 2: HCQ along in combination
with other agents vs control/standard therapy

A total of four studies evaluated efficacy of HCQ + Azi'”2%2426

17,22-24,26

and
five studies evaluated safety of the combination. Among
these two studies were by Gautret et al’” and the population of
patients in the first study was also part of the second study.
Coming to the efficacy of the combination in patients with
COVID-19, in the first study by Gautret et al,’’ the use of HCQ + Azi
(n = 6) combination resulted in 100% virological cure, compared with
57.1% virological cure in the HCQ alone arm (n=14) and 12.5%
virological cure in the control arm (n = 16). However detailed safety
data is not available for the same. In the second single arm study by
the same authors with a higher sample size (n = 80 COVID-19 cases),
a virological cure was seen in 83% of patients on day 7 and in 93% of
patients on day 8. At the time of publishing the study report, 65
patients were discharged from the hospital with a mean length of
hospital stay of 4.6 days.>* In another report by the same group
(n=1061), the virological cure was seen in 91.7% of participants by
day 10 and poor outcome was seen in only 4.3% patients with a
mortality rate of 0.47%.>°> On the other hand, another published
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FIGURE 4 Number of cases showing evidence of radiological progression during therapy (HCQ vs control/conventional treatment). Cl,

confidendence of interval; HCQ, hydroxychloroquine
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FIGURE 5 Safety issues (HCQ vs control/conventional treatment). Cl, confidendence of interval; HCQ, hydroxychloroquine

single-group prospective study,”® which evaluated the efficacy of the
same combination at the same dose did not find significant efficacy of
the combination in terms of virological cure (8 out of 10 positive for
the virus at 5-6 days after therapy). Among the 11 patients enrolled,
one patient died, two needed ICU. However, the patient population
was of severe COVID-19 with significant comorbidities present in
eight cases out of 11.

Coming to the safety profile of the combination, In the second
study by Gautret et al,>* the reported adverse effects of the com-
bination treatment were nausea and vomiting (2.5%), diarrhea (5%),
and blurring of vision (1.2%). In the study by Million et al,® none of
the participants showed sign of cardiac toxicity.?® In the study by

Molina et al,%®

a single patient showed persistent QT prolongation
and the medications had to be withdrawn. Chorin et al,?? found that
among 84 patients they recruited, in 30% of patients, QTc prolonged
by more than 40 milliseconds and 11% of patients showed QTc of
more than 500 milliseconds. In multivariate analysis, they found that
development of acute renal failure was a more stringent predictor of

extreme QTc prolongation.22

4 | DISCUSSION

While comparing HCQ vs control/conventional treatment, two stu-
dies reported clinical cure parameters. The importance of clinical
cure parameters can be highlighted by the fact that in the study by

Gautret et al,"”

one patient died despite having a virological cure. In
our study, in terms of clinical cure parameters, two studies reported
that time to body temperature normalization was less in the HCQ
arm compared with the control/conventional treatment/standard
treatment arm. On the other hand, total cough days were also lower
in the HCQ treated arm compared with the control/conventional
treatment/standard treatment arm. The benefit was also seen in
terms of radiological progression (two studies) with less number of
patients showing radiological progression in the HCQ arm compared
with the control/conventional treatment/standard treatment arm
(OR for radiological progression of disease during treatment with OR,
0.31; 95% Cl, [0.11-0.9]). On the other hand, no difference was found

in terms of virological cure on day 6 to 7 (two studies), death or

clinical worsening of disease condition (three studies). However,
limited sample size and nondefining the treatment of control group/
standard treatment/conventional treatment are major limitations.
Coming to safety, there was no difference seen between the con-
ventional/standard treatment/control arm and the HCQ arm.
Regarding recurrence of the disease during therapy, in the study

1,' one patient had a recurrence of the disease (being

by Gautret et a
PCR negative initially, followed by a return of PCR positivity, while
still on treatment with HCQ and Azi).)” So, the development of re-
sistance to the drugs during therapy may be a possibility, which we
need to be monitored closely.

As the study by Gautret et al,"” showed a high risk of bias, we
conducted a sensitivity analysis and reanalyzed the same endpoints

1.Y7 However, the final con-

while excluding the data of Gautret et a
clusions remained the same despite the exclusion of the study.
Details of the sensitivity analysis can be found in Figure S2 to S4.

To address the issue of combining HCQ with other drugs, the
two studies by Gautret et al,'”?* and another study by the same
group”® showed benefit in terms of efficacy of a combination of
HCQ+Azi in COVID-19. In the first study,17 treatment with the
combination resulted in 100% virological cure on day 6 post inclusion
in the combination arm (n = 6), compared with 57.1% virological cure
in the HCQ alone arm (n=14) and 12.5% virological cure in the
control arm (n=16). In the second study also,”* they found vir-
ological clearance (total sample size = 80) in 83% of patients on day 7.
Treatment with HCQ resulted in a shorter duration of hospital stay.””
However the six patients in the first study were also included in the
second study. In the third study by the same group,?® virological cure
was seen among 91.7% of the patients on day 10 with a very low
mortality rate (0.47%). On the contrary, Molina et al,?¢ failed to re-
plicate the findings of the obtained by Gautret et al.” However, in
the study by Molina et al,?® the patient population also had sig-
nificant comorbidities (cancer, HIV, and obesity) and the patient
population included belonged to severe COVID-19 category. We
need further controlled studies for an effective conclusion.

Coming to safety issues of the combination, mild adverse events
were reported by Gautret et al, 2020 which included nausea,
vomiting, diarrhea and blurring of vision.”* In the study by Molina

et al, 2020 a single patient showed electrocardiographic evidence of
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QT prolongation.? Chorin et al, 2020 found that around 11% of the
population on the combination therapy showed evidence of sig-
nificant QTc prolongation (> 500 ms) and development of acute renal
failure was an important predictor of extreme QTc prolongation.??

The key limitations of our study were a limited number of clinical
studies with a limited number of participants and three studies being
reported from the same group.

Another major limitation was the lack of control/conventional/
standard group. In case of Jun et al,?° the control group was treated
with conventional treatment. However, it is unknown what was ba-
sically given to treat the control arm. Many of the blogs claim that
the control arm was treated with Kelatra (lopinavir-ritonavir com-
bination) and arbidol. All the patients in both the arms were also
treated with interferon-alpha.?’ But the authenticity of this blog is

unknown though. In the study by Gautret et al,*’

patients who met
exclusion criteria or who are not given hydroxychloroquine were
treated as controls. However, how these controls were treated is
unknown. In the study by Chen Z et al, 2020 also, details of treat-
ment of the control/conventional treatment group is not available.'®

Another concern is the return of PCR positivity in a patient who
was turned PCR negative by treatment with HCQ + Azi. This high-
lights the possibility of occurrence of resistance to this regime.

However this needs further validation.

5 | CONCLUSION

Treatment with HCQ may result in a benefit in terms of less number
of cases showing radiological progression, with comparable adverse
events profile when compared to control/conventional/standard
treatment. We can expect benefit in terms of time to body tem-
perature normalization and a number of cough days. However, at this
current point of time, no difference was seen in terms of virological
cure on day six to seven postinitiation of therapy and composite
death or worsening of disease. The benefit of the HCQ + Azi treat-
ment is uncertain at this current point of time with most of the data
being reported by the same research group. We need more clinical
studies to come to a definite conclusion.
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