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A Rapid Systematic Review of

Clinical Trials Utilizing Chloroquine

and Hydroxychloroquine as a
Treatment for COVID-19

MD Sadakat Chowdhury, BS'@®, Jay Rathod, BS', and Joel Gernsheimer, MD*

ABSTRACT

Objectives: The emergence of SARS-CoV-2 has presented clinicians with a difficult therapeutic dilemma. With
supportive care as the current mainstay of treatment, the fatality rate of COVID-19 is 6.9%. There are currently
several trials assessing the efficacy of different antivirals as treatment. Of these, chloroquine (CQ) and its
derivative hydroxychloroquine (HCQ) have garnered the most attention.

Methods: In this study, the literature currently available on CQ and HCQ as treatment of COVID-19 was
surveyed using EMBASE, PubMed, Cochrane Library, MedRxiv, and one clinical trial registry. Upon gathering
published and preprint trials, risk of bias was assessed using Cochrane Risk of Bias Tool 2.0.

Results: There are currently seven completed clinical trials and 29 registered clinical trials focusing on HCQ or
CQ as a therapeutic avenue for COVID-19. Of these, five of seven trials have shown favorable outcomes for
patients using CQ or HCQ and two of seven have shown no change compared to control. However, all seven

trials carried varying degrees of bias and poor study design.

Conclusion: There are currently not enough data available to support the routine use of HCQ and CQ as
therapies for COVID-19. Pending further results from more extensive studies with more stringent study
parameters, clinicians should defer from routine use of HCQ and CQ. There are several clinical trials currently

under way with results expected soon.

Coronaviruses are positive-sense, single-stranded
enveloped RNA viruses. In December 2019, a
novel coronavirus endemic to China was identified as
the cause of a series of pneumonia cases in the region
of Wuhan. The virus spread rapidly thereafter, resulting
in the World Health Organization (WHO) declaring it
a pandemic in March 2020." The novel coronavirus
was named severe acute respiratory syndrome coron-
avirus (SARS-CoV-2), and the disease caused by the
virus named COVID-19. Current theories suggest a

zoonotic origin with genomic analysis showing a close
resemblance with two other highly contagious human
coronaviruses, MERS-CoV and SARS-CoV.? As of
April 26, 2020, there have been more than 2,900,000
cases reported globally, with more than 206,000 deaths
and 860,000 recoveries from COVID-19, according to
Johns Hopkins University.’

At present, the mainstay of treatment for COVID-
19 thus far has been mainly supportive. Those with
nonsevere illnesses (fever, cough, myalgias, etc.) are
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managed with home care and selfisolation. Home care
includes use of hydration, antipyretics, analgesics, and
antitussives as necessary with use of face masks and
the maintenance of 6 feet of distance when in the
presence of other people. Frequent handwashing and
disinfection of frequently touched surfaces is also rec-
ommended by the Centers for Disease Control and
Prevention. Those with illness proven by positive
COVID-19 screening tests are advised to discontinue
home isolation at least 7 days after start of symptoms,
and at least 3 days after becoming asymptomatic (reso-
lution of fever and respiratory symptoms). Those who
are asymptomatic are asked to selfisolate for at least 7
days after a positive test result.” Those with severe
COVID-19 are admitted into the hospital, where they
are managed with oxygen support via high-flow oxygen
or noninvasive positive pressure ventilators. Currently,
the WHO recommends against the use of glucocorti-
coids.® Some patients go on to develop acute respira-
tory distress syndrome requiring intubation with
mechanical ventilation in an intensive care unit set
ting. There has recently been investigation exploring
the use of certain antivirals in the treatment of
COVID-19, with clinical trials currently under way
measuring their effectiveness. Some of these experi-
mental treatments include remdesivir, chloroquine
(CQ)/hydroxychloroquine (HCQ), IL-6

convalescent plasma, favipiravir, and lopinavir-riton-

inhibitors,

avir. Of these, chloroquine/hydroxychloroquine has
gained the most media attention after President Don-
ald Trump of the United States urged patients to take
it.

Chloroquine is used extensively as an antimalarial
and immunomodulating agent. HCQ, a derivative of
CQ with an extra hydroxyl group, is shown to be less
toxic than CQ in animal studies.® HCQ is commonly
used in rheumatologic conditions, such as systemic
lupus erythematosus and rheumatoid arthritis and con-
ditions like porphyria cutanea tarda, Q fever, and
malaria. The anti-inflammatory properties of HCQ are
thought to be due to interference of antigen processing
in macrophages and antigen-presenting cells by
increasing the pH within intracellular vacuoles and
endosomes.” Common side effects of the drug include
nausea, diarrhea, QTc prolongation, and retinopathy
from chronic use. CQ and HCQ have recently gained
international attention for their efficacy against SARS-
CoV-2 in vitro.!® However, objective clinical data eval-
uating their use are limited. As of March 30, 2020,
the U.S. Food and Drug Administration has issued
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an emergency use authorization for CQ and HCQ in
adolescents and adults hospitalized for COVID who
are unable to participate in clinical trials.'’ This study
aims to review the literature currently available regard-
ing the clinical use of CQ and HCQ as treatment in
COVID-19 patients in an effort to catalog their recom-
mendations and assess drug efficacy.

METHODS

This is a systematic review performed to analyze the
current literature to find the role of CQ and HCQ in
the treatment of COVID-19 patients. The Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines were used for this
review.'? This review was not registered on Prospero
because data extraction began as soon as clinical trial
data were made available due to the urgency of the
crisis.

Eligibility Criteria

The studies selected were:

1. Randomized or nonrandomized clinical trials
assessing the efficacy or safety of HCQ or CQ use
in patients with COVID-19.

2. Participants in the trials could be of any age, in
any geographic location.

3. Published articles, preprint manuscripts, abstracts,
letter to the editors, or currently undergoing trials.

4. Completed between December 1, 2019, and April
26, 2020.

The indiscriminate nature of the eligibility criteria is
due to the evolving nature of the pandemic and the
limited number of completed clinical trials. The pri-
mary outcomes prioritized in this study were mortality,
clinical improvement, radiologic improvement, clinical
complications, drug adverse events, and negative
SARS-CoV-2 polymerase chain reaction (PCR) or
nasopharyngeal swab posttreatment. However, any out-
come analyzed by the studies was also considered.

Electronic search was completed using these data-
bases:

1. Cochrane Library.

2. MEDLINE.
3. EMBASE.
4. MedRxiv.

Clinical trials that are ongoing were searched in the
registry below:
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1. ClinicalTrials.gov

Keywords used for searches in all databases and reg-
istry are detailed below:

“Hydroxychloroquine” + “chloroquine” and “COVID
19” + “coronavirus” + “novel coronavirus” + “SARS-

CoV-2” + “COVID” + “COVID-19”

No restrictions were placed on search parameters,
including status, date, or language. The results of the
search are detailed in Figure 1 below.

Screening

The results of the databases and registry were searched
and analyzed by two authors independently (MC and
JR). Titles and abstracts were screened to isolate clini-
cal trials utilizing HCQ or CQ as the experimental
arm. Those that met eligibility requirements were read
in full to extract clinical data pertaining to outcomes
detailed. Those that included HCQ or CQ specifically
as therapeutic agents (rather than as prophylactic
agents) were included in this review. Any discrepancies
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in data collection or extraction were solved by consen-

sus with the help of a third party (JG).

Risk of Bias Assessment
Risk of bias within completed clinical trials was

assessed for each study using Cochrane Risk Bias Tool
2.0.7

Summary Measures and Synthesis of
Results

It was not possible to conduct a meta-analysis given
the heterogeneity of the trials included and lack of ade-
quate data availability. Points of heterogeneity that pre-
cluded quantitative analysis included study design
(some studies were randomized while some were non-
random), study protocol (some studies were intention-
to-treat while others were per-protocol), variability in
experimental intervention groups, variability in control
intervention groups, deviation from stated intervention
(some studies included additional intervention depend-
ing on clinical circumstance), and differing primary

ClinicalTrials.gov

(n=59)
" Embase MEDLINE MedRxiv Cf_’i‘;ﬂ;a"e
| (n=140) (n=191) (n=84) il
© , (n=6)
2 ,
©
; | | |
[
Total abstracts Total studies
analyzed A ]
B discounting repeats — eliminated
s (n=340) (n=274)
o ,
: |
(72}
L '
3 Total full texts Total studies
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(n=66) (n=30)
©
% ,
3 Total clinical Total pending
- trials included clinical trials
(n=7) (n=29)

Figure 1. Search results and flow diagram. 'Studies eliminated that were not clinical trials. Studies eliminated that were not looking at

HCQ/CQ as treatment for COVID-19.
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outcomes. As such, results and data are presented as
an integrative qualitative review in a narrative format.

RESULTS

Using the databases listed, initial search on April 9,
2020, and a subsequent search on April 26, 2020,
yielded a total of 340 abstracts. Of those, 274 were
eliminated because they did not meet the eligibility cri-
teria. Sixty-six abstracts were further investigated with
their full texts analyzed. Of those full texts, 30 were
eliminated because they did not use HCQ or CQ as
treatment arms but rather as prophylactic agents. The
remaining 36 studies were analyzed in full, with data
extracted as per These studies
included seven completed clinical trials, which was

14716 o published
and one letter of declaration’® of results.

points protocol.

composed of three preprint texts,
texts,”f19
They also included 29 ongoing clinical trials. Results
and study design from completed clinical trials are
detailed in Tables 1 and 2. Data extracted from ongo-
ing clinical trials are detailed in Data Supplement S1
(available as supporting information in the online ver-
sion of this paper, which is available at http://online
library.wiley.com/doi/10.1111/acem.14005/full). One
publication”” in Chinese was translated to English
using Google Translator Web service before review.

Risk of bias was calculated for all completed clinical
trials included in this review except for Gao et al.,*"
because there was no information about study design
or data regarding intervention or primary outcome in
the publication. Bias assessment for completed clinical
trials is included below in Figure 2.

DISCUSSION

The anti-inflammatory and antiviral properties of CQ
and HCQ have been catalogued in several studies per-
formed in vitro.” *> The mechanism of action by
which CQ and HCQ exhibit antiviral properties
against SARS-CoV-2 has not be fully elucidated but
presumed to be due to the alkaline nature of the drug,
which causes an increase in pH within endosomes in
cells, leading to the prevention of viral entry and trans-
port. In addition, CQ has previously shown an ability
to block glycosylation of cell surface receptors, dis-
abling the ability of SARS-CoV-1 to bind to angioten-
sin-converting enzyme 2 receptors, which exist in
abundance in human heart, lung, kidney, and intes-

tines.”* Since SARS-CoV-2 is thought to utilize the
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same mechanism for cell attachment and entry, CQ
and HCQ exhibit significant promise in blocking ini-
tial viral infection in vitro. Given these promising
in vitro results and the overwhelming demands of
finding an effective treatment in the face of a rapidly
evolving global health emergency, multiple in vivo clin-
ical trials were set in motion from December 2019 to
April 2020 to evaluate the efficacy of HCQ and CQ
as therapeutic agents in COVID-19. Our search
showed that there are at present seven such clinical tri-
als with published or prepublished results. However,
due to poor study design and haphazardly chosen out
comes, the results of these in vivo studies are less con-
vincing than those in vitro.

The first published clinical trials evaluating antiviral
activity of CQ in COVID-19 patients were from
China. Gao et al.* published the first study in letter
format, where they enlisted “more than 100 patients”
and found CQ superior to control intervention (which
they do not elucidate on) in clinical improvement of
pneumonia, improvement of imaging findings, and
shortening of disease course. This study prompted
the National Health Commission of the People’s
Republic of China to establish the use of CQ
(500 mg BID for 10 days maximum) nationwide in
adults with COVID-19.”° Despite the promising
results, the letter did not include any information
about trial design or give any further information
about the study results. It did mention that there were
a “number of subsequent trials” under way to study
the same intervention. Most of these trials were never
completed or published, but one (Chen et al.'®) pub-
lished just 10 days later showed that an intervention
of HCQ vyielded no difference in clinical improve-
ment, imaging findings, and duration of disease
course versus supportive care. The study by Chen

1. had its own methodologic limitations, includ-

et a
ing failure to meet the minimum sample size needed
for reliable analysis (i.e., n = 900, study used n = 30)
as defined by its own protocol. There was also a lack
of uniformity in the interventions, because 12 of 15
patients in the experimental arm and 10 of 15
patients in the control arm also received abidol (an
antiviral used in China). Moreover, the study demon-
strated of bias
because most patients with

excluded and an exclusion criterion included ability to

substantial risk in randomization

severe illness were
be excluded based upon “researcher discretion.”
A recently available preprint manuscript of a study

conducted by Tang et al'® reciprocated similar
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Studies with
intention-to-

treat Unique ID Study ID Experimental Comparator Outcome
Chen1l Chenetal. HCQ Standard of care
Chen 2 Chenetal. HCQ Standard of care
Huang Huang et al. cQ Lopinavir/Ritonavir
HCQ +
Gautret 2 Gautret et al. Azithromycin Standard of care
Tang Tang etal. HCQ Standard of care

Studies with
per-protocol

Gautretl Gautret et al. HCQ +- Azithromycin Standard of care
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Figure 2. Study bias as per Cochrane Risk Bias Tool 2.0'3. Chen 1 = Chen et al.;'® Chen 2 = Chen et al.;'* Huang: Huang et al.;'® Gautret

2 = Gautret et al.;'” Tang = Tang et al.;'® Gautret 1 = Gautret et al.®

important ramifications, these results are plagued with
some of the same pitfalls as previous trials on CQ.
Like that of Chen et al.,'” the sample size is small
(n=22) and much of the results were statistically
insignificant (p > 0.05). Additionally, there is a signifi-
cant risk of bias in randomization for this study as
patients were on average much older in the CQ group
(mean = 53.0 years) compared to the lopinavir/riton-
avir group (mean = 41.5 years). Despite these short-
comings, this trial introduces the possibility of
multiantiviral treatment of COVID-19, which is an
avenue being assessed by several ongoing clinical trials
(Data Supplement S1).

While the early volume in completed clinical trials
came from China, much of the international spotlight
given to CQ and HCQ has stemmed from the results
of a study performed in Marseille, France, by Gautret
et al.'® In this study, HCQ was demonstrated to be
efficacious in a cohort of 42 patients by shortening
time to virologic clearance as measured by RT-PCR
(p < 0.05). Moreover, HCQ plus azithromycin (which
was used in 20 six of participants in the HCQ group
to prevent bacterial superinfection) yielded viral clear-
ance in six of six participants (p < 0.05). However,
there were major organizational and fundamental
problems with this study. First, the study lacked inter-

nal validity because there was no blinding or

randomization. There was a significant risk of bias in
recruitment of participants as all participants in the
experimental arm were recruited from the same center,
whereas the control arm was composed of patients
from multiple centers and patients who denied experi-
mental intervention. Furthermore, the study also did
not meet the sample size needed for reliable analysis
(n = 48) as per its own protocol. From the patients
recruited, six of the patients from the experimental
arm (16.7%) were lost to follow-up or had adverse out-
comes that were not included in the results. Addition-
ally, the primary outcome of the study (virologic
clearance assessed by viral load in RT-PCR) was ana-
lyzed haphazardly, with PCR not performed on each
patient every day and viral load listed for certain
patients on certain days but excluded for others. The
study did attempt to stratify its data according to initial
presentation by layering patients into asymptomatic,
lower respiratory tract infection, and upper respiratory
tract infection groups, but the number of patients in
each group was drastically asymmetric and outcomes
were not assessed by group. Given these methodologic
limitations, the promising results of this trial come
with an asterisk. The authors acknowledge that there
needs to be further research with a larger cohort but
give their recommendations of using HCQ plus azi-
thromycin. They recognize that the combination of the
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two drugs confers a potential risk of QTc prolongation
and necessitates daily electrocardiogram monitoring for
patients. Results from this study have inspired outcries
from both international governing bodies and scien-
tific communities alike to create numerous similarly
designed trials to assess both HCQ and HCQ plus
azithromycin as potential therapeutic avenues (Data
Supplement S1).

One such trial was conducted by the very same
authors.!” This new study showed that use of HCQ
plus azithromycin improved clinical outcome in 65 of
80 patients (p-value not listed). This study nevertheless
contained several design flaws, similar to its predeces-
sor. The most significant of these flaws is the lack of a
control intervention. All 80 patients received HCQ
plus azithromycin with none receiving supportive care.
Six of the patients included were also patients from
the previous study who had already received HCQ
plus azithromycin. Additionally, the decision to dis-
charge patients was based on a viral RT-PCR cycle
threshold value, but the value was changed three times
during the experiment. Despite these shortcomings,
this study seems to have been an intention-to-treat pro-
tocol unlike the authors’ previous study, and the
authors acknowledge the need for further investiga-
tion.

At present, of the seven completed clinical trials
evaluating CQ or HCQ efficacy in treatment of
COVID-19, five show that the drugs improve clinical
outcome and two show no difference between the
drugs and supportive care. However, all seven trials
have serious methodological flaws that necessitate fur-
ther investigation. There are currently several trials
under way with more regimented study designs to
assess safety and efficacy of these drugs (Data Supple-
ment S1). Although the outcomes of these studies
may not be available for quite some time, preliminary
findings from select clinical trials and retrospective
cohort studies are becoming available in preprint for-
mat. One such study,”® a retrospective cohort study
completed using 368 patients in Veterans Affairs cen-
ters in the United States concluded that the mortality
was higher in HCQ plus azithromycin compared to
supportive care (hazard ratio = 2.61, 95% confidence
interval [CI] = 1.10 to 6.17, p = 0.03). CQ did not
fare much better as another study performed in Bra-
zil*" (double blind, randomized clinical trial) revealed
that high doses of CQ (600 mg BID for 10 days) con-
ferred a higher fatality rate (27%, 95% CI = 17.9% to
38.2%) compared to supportive care. Neither study

Chowdhury et al. ¢ SYSTEMIC REVIEW OF CQ AND HCQ AS TREATMENT OF COVID-19

was included in data and results because they did not
match the eligibility criteria (not a clinical trial or trial
not completed).

Given the low cost, relatively safe side effect profile,
and wide availability of CQ and HCQ compared to
other antivirals currently being tested in clinical trials
there is a dire need for more evidence for their use.
Thus far, there is not sufficient clinical evidence to
support the routine use of HCQ or CQ in treatment
of COVID-19. Some data even suggest that they con-
fer a higher fatality rate than control. There must be
more robust clinical trials to prove the benefit of these
drugs before they are used routinely.

LIMITATIONS

The limitations of this review include a small sample
of eligible clinical trials (n = 7) and indiscriminate eli-
gibility criteria. Given the evolving nature of COVID-
19, there will be more available clinical trial data with
more robust study design and data points to compare
to in the coming months.

CONCLUSION

This rapid systematic review has identified seven differ-
ent completed clinical trials evaluating the efficacy of
hydroxychloroquine or chloroquine as therapy for
COVID-19. The results of the trials show that hydrox-
ychloroquine or chloroquine is efficacious compared
to supportive care and to lopinavir/ritonavir in treat-
ment of COVID-19. However, all the studies analyzed
posed significant risk for bias and had significant
methodologic flaws. As such, there is still a lack of
clinical evidence to support therapeutic use of hydroxy-
chloroquine or chloroquine. There are currently sev-
eral randomized clinical trials under way with more
stringent study design and a greater number of partici-
pants, so pending their results, clinicians should defer

from the routine use of chloroquine or hydroxychloro-
quine for COVID-19.
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