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What is already known on thistopic

The potent in-vitro effects of hydroxychlorogquine (HCQ) against SARS-CoV-2 has not
convincingly been translated into clinical benefits in patients with COVID-19. A non-randomized
trial showed significantly higher virus clearance rate at 6-day post inclusion in patients receiving
600mg hydroxychloroquine daily (N=20) than in patients with standard-of-care (N=16). In contrast,
a randomized study of hydroxychloroquine published in Chinese showed no impact of
hydroxychloroquine with a dose of 400mg hydroxychloroquine daily for 5 days on increasing virus
negative conversion rate and alleviation of clinical symptoms in 30 patients with COVID-19.

What this study adds

In our multicenter, parallel, open-label randomized trial that included 150 adult patients hospitalized
for COVID-19, adding hydroxychloroquine to the current standard-of-care in patients with
COVID-19 does not increase virus response but accelerate the alleviation of clinical symptoms,
possibly through anti-inflammatory properties and recovery of lymphopenia. Clinicians might
consider hydroxychloroquine treatment in symptomatic patients with elevated CRP and/or
lymphopenia because hydroxychloroquine might prevent disease progression, particularly in
patients at higher risk.

Side effects of HCQ should be closely monitored, although no apparent safety concerns were
observed in our trial using HCQ with aloading dose of 1, 200 mg daily for three days followed by a
maintained dose of 800 mg daily for the remaining days (total treatment duration: 2 or 3 weeks for

mild/moderate or severe patients, respectively).
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Abstract

Objectives To assess the efficacy and safety of hydroxychloroquine (HCQ) plus standard-of-care
(SOC) compared with SOC alonein adult patients with COVID-19.

Design Multicenter, open-label, randomized controlled trial.

Setting 16 government-designated COVID-19 treatment centers in China through 11 to 29 in
February 2020.

Participants 150 patients hospitalized with COVID-19. 75 patients were assigned to HCQ plus
SOC and 75 were assigned to SOC alone (control group).

I nterventions HCQ was administrated with a loading dose of 1, 200 mg daily for three days
followed by a maintained dose of 800 mg daily for the remaining days (total treatment duration: 2
or 3 weeks for mild/moderate or severe patients, respectively).

Main outcome measures The primary endpoint was the 28-day negative conversion rate of
SARS-CoV-2. The assessed secondary endpoints were negative conversion rate at day 4, 7, 10, 14
or 21, the improvement rate of clinical symptoms within 28-day, normalization of C-reactive
protein and blood lymphocyte count within 28-day. Primary and secondary analysis was by
intention to treat. Adverse events were assessed in the safety population.

Results The overall 28-day negative conversion rate was not different between SOC plus HCQ and
SOC group (Kaplan-Meier estimates 85.4% versus 81.3%, P=0.341). Negative conversion rate at
day 4, 7, 10, 14 or 21 was aso similar between the two groups. No different 28-day symptoms
aleviation rate was observed between the two groups. A significant efficacy of HCQ on alleviating
symptoms was observed when the confounding effects of anti-viral agents were removed in the
post-hoc analysis (Hazard ratio, 8.83, 95%CI, 1.09 to 71.3). This was further supported by a

significantly greater reduction of CRP (6.986 in SOC plus HCQ versus 2.723 in SOC,
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milligram/liter, P=0.045) conferred by the addition of HCQ, which also led to more rapid recovery
of lymphopenia, albeit no statistical significance. Adverse events were found in 8.8% of SOC and
30% of HCQ recipients with two serious adverse events. The most common adverse event in the
HCQ recipients was diarrhea (10%).

Conclusions The administration of HCQ did not result in a higher negative conversion rate but
more alleviation of clinical symptoms than SOC aone in patients hospitalized with COVID-19
without receiving antiviral treatment, possibly through anti-inflammatory effects. Adverse events
were significantly increased in HCQ recipients but no apparently increase of serious adverse events.

Trial registration ChiCTR2000029868.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has swept into more than 200 countries, areas or territories within the
four months. As of 5 April, more than 1 million infections and 60 thousands of deaths have been
reported.

Several agents or drugs including, remdesivir, favipiravir, ribavirin, lopinavir—ritonavir (used in
combination) and chloroquine (CQ) or hydroxychloroquine (HCQ), have been highlighted based on
the promising in-vitro results and therapeutic experiences from another two coronavirus diseases
including the severe acute respiratory syndrome (SARS) and the Middle East respiratory syndrome
(MERS)?. However, none of these promising results has yet been translated into clinical benefits of
patients with COVID-19, including lopinavir—ritonavir, reported from the most recently failed trial.®

Another “wonder drug”’, CQ and its hydroxy-analogue HCQ, are glaring on the list of
COVID-19 therapy, due to potent antiviral activity against SARS-CoV-2 from in-vitro studies,*®
and promising results from news reports of some ongoing trials.® Despite their unclear benefits, CQ
and HCQ are both recommended for off-label use in the treatment of COVID-19 by the Chinese
National guideline” and recently authorized by the U.S. Food and Drug Administration for
emergency uses.® HCQ was also recently recommended by the American president Donald Trump.
Such a presidential endorsement stimulates an avalanche of demand for HCQ, which buried the
dark-side of this drug. Deaths have been reported in Nigeria among people self-treating for apparent
COVID-19 with CQ overdoses.” Retinopathy, gastrointestinal and cardiac side effects are well
documented with the use of CQ or HCQ in the treatment of malarial and rheumatic diseases.’® HCQ
is preferred in clinical applications due to its lower toxicity, particularly retinal toxicity," and three

times the potency against SARS-CoV-2 infection comparing to CQ in the recent in-vitro study.’
9
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Currently, there is no convincing evidence from well-designed clinical trials to support the use of
CQ/HCQ with good efficacy and safety for the treatment of COVID-19. Rapidly conduction of such
trails with high-quality is challenging in the face of a dangerous coronavirus outbreak, in which,
healthcare workers are under overwhelming work and highest risk of exposure to developing
COoVID-19."

Having encountered numerous challenges, we conducted a multicenter, open-label, randomized,
controlled trial to assess the efficacy and safety of HCQ sulfate in adult patients with COVID-19. A

clearer verdict will come from such atrial for the use of HCQ in patients with COVID-19.

10


https://doi.org/10.1101/2020.04.10.20060558

medRXxiv preprint doi: https://doi.org/10.1101/2020.04.10.20060558.this version posted April 14, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

METHODS

Trial oversight

The study was designed and initiated by the principal investigators after the protocol was approved
by the institutional review board in Ruijin Hospital. It was conducted urgently during the outbreak
of COVID-19 and in compliance with the Declaration of Helsinki, Good Clinical Practice
guidelines, and local regulatory requirements. The Shanghai Pharmaceuticals Holding Co.,Ltd
donated the investigated drug, HCQ, but was not involved in the study design, accrual, analyses of
data, or preparation of the manuscript. A contract research organization (CRO), R&G
PharmaStudies Co., Ltd., was hired to conduct the study, collect data and perform statistical
analyses. Data were recorded by clinical research coordinators followed by query from clinical
research associates. Confirmed data were then entered into the Web-based OpenClinica database for
statistical analyses. An independent data and safety monitoring committee (IDMC) periodically
reviewed the progress and oversight of the study. Hospitals with the capability of providing the
current SOC for COVID-19 were invited to participate in the study by the principal investigators.
Minimum regquirements for the SOC included the provision of intravenous fluids, supplemental
oxygen, regular laboratory testing, and SARS-CoV-2 test, hemodynamic monitoring and intensive
care and the ability to deliver concomitant medications.

The interim analysis was performed on March 14 and the results were presented to the IDMC
for review. After data review, the IDMC concluded the trial after taking into consideration the good
efficacy of HCQ in symptom alleviation and anti-inflammation reported from the interim analysis.
Members from the IDMC and trial principa investigators all decided to report the trial results to

promote the translation of these promising results into clinical benefits that could save lives in the
u
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emergently ongoing pandemic of COVID-19, particularly in overwhelming areas. The manuscript
was drafted based on these results by the first and last authors with great input from all the
co-authors. All authors vouch for the veracity of the data, analyses, and trial protocol and vouch that
the trial was conducted and reported consistently with the protocol, which together with the
statistical analysis plan, is available in the appendix.
Trail design, Randomization, and procedures

This study was a multicenter, randomized, parallel, open-label, trial of oral HCQ in hospitalized
patients with COVID-19. No placebo was used and drugs were not masked. Patients meeting
eligibility criteria were stratified according to the disease severity (mild/moderate or severe) and
were then randomly assigned (in a1:1 ratio) to receive either SOC or SOC plus HCQ. Patients were
enrolled by the site investigator. The statistician performed the randomization; equal numbers of
cards with each group assignment number randomly generated by computer were placed in
sequentially numbered envel opes that were opened as the patients were enrolled. The patients were
treated with SOC aligning with the indications from the updating National clinical practice
guidelines for COVID-19 in China. Treatment of HCQ was begun within 24 hours after
randomization and was administrated with a loading dose of 1, 200 mg daily for three days
followed by a maintained dose of 800 mg daily for remaining days (total treatment duration: 2
weeks or 3 weeks for mild/moderate or severe patients, respectively). Dose for HCQ will be
adjusted when adverse events are related to HCQ as judged by investigators. Details for dose
adjustment were provided in the study protocol available online. Neither patients, nor investigators,
nor statisticians were masked to treatment assignment.

Patients
12
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Patients were enrolled a 16 government-designated COVID-19 treatment centers from three
provinces in China (Hubel, Henan and Anhui province) between February 11, 2020 and February 29,
2020. All patients provided written informed consent.

Eligible patients were at least 18 years of age, had ongoing SARS-CoV-2 infection confirmed
with real-time reverse-transcriptase—polymerase-chain-reaction (RT-PCR). Patients who were
willing to participate in this trial had to consent not to be enrolled by other clinical trials during the
study period. A chest computed tomography examination result is needed for determining disease
severity before randomization. Patients had to receive HCQ orally. Patients with known allergy to
HCQ or existing conditions that could lead to severe adverse events during the trial period were
excluded, particularly those with severe liver or rena diseases that could impair the ability to
metabolize high doses of HCQ. Those unable to co-operate with investigators due to cognitive
impairments or poor mental status were considered inappropriate for this trial. Female patients who
were pregnant or during lactation period were excluded. Full eligibility criteria are provided in the
protocol (appendix).

Assessment and outcome

Upper and/or lower respiratory tract specimens were obtained from each patient upon screening
(Day -3~1), during treatment and post-treatment follow-up at scheduled visits on days 4, 7, 10, 14,
21 and 28. Collected specimens were tested to determine positive or negative results for
SARS-CoV-2 at each site’s local Center for Disease Control and Prevention according to the WHO
recommendations.”? Patients were assessed on each scheduled visit for vital signs, C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR), Tumor necrosis factor (TNF)-a, Interleukin-6

(IL-6), complete blood cells count with differential, blood chemistry, coagulation panel, pulse
13
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oximetry, and respiratory symptoms. Administration records of HCQ and adverse events were
reviewed daily to ensure fidelity to the protocol and more importantly, patient safety. More details
for data collection were provided in the protocol (appendix).

The primary endpoint for this trial was the negative conversion of SARS-CoV-2 within 28-day.
Key secondary endpoints included the alleviation of clinical symptoms, laboratory parameters, and
chest radiology within 28-day. Definition for the alleviation of clinical symptoms was 1) resolving
from fever to an axillary temperature of <36.60] and; 2) normalization of SpO2 (>94% on room air)
and; 3) disappearance of respiratory symptoms including nasal congestion, cough, sore throat,
sputum production and shortness of breath. Normalization of laboratory parameters were focused
on CRP, ESR, IL-6 and TNF-a level. Other secondary outcomes for severe cases included all-cause
mortality, clinical status as assessed with the six-category ordinal scale on days 7, 14, 21 and 28,
days of mechanical ventilation, extracorporeal membrane oxygenation, supplemental oxygenation,
and hospital stay for severe cases. Disease progression was assessed in mild/moderate cases. Safety
outcomes included adverse events that occurred during the study period. Adverse events will be
coded using the latest version of Medical Dictionary for Regulatory Activities coding dictionary and
will be recorded in standard medical terminology and graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events.

Statistical analysis

The overall negative conversion rate was estimated and compared by analyzing time to virus
nucleic acid negativity using the Kaplan-Meier method on intention-to-treat population. The hazard
ratio was estimated by the Cox model, which is the higher, the more rapid the conversion is. The

same approach was applied to analyze other key secondary endpoints. Forest plot was used to
14
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display hazard ratios generated for each subgroup. The trial was designed to enroll approximately
360 subjects (180 per group) to assure a power of 80% and the family-wise type-l error <0.05. The
sample size was calculated based on the aternative hypothesis of a 30% increase in the speed of
virus nucleic acid negativity, therefore, a total of 248 events is needed with a Log-Rank test. An
interim analysis was planned when around 150 patients were treated for at least 7 days.
O’ Brien-Fleming cumulative a-spending function by Lan-DeMets algorithm ( Lan-Demets, 1983 )
was applied to control family-wise type-l error. Absolute changes from baseline of CRP and blood
lymphocyte count by last assessment were compared between actual treatment groups using the
Two-Sample T-test. Significance was claimed for other analyses than primary analysis if p-value
<0.05. Data analyses were conducted on SAS version 9.4.

Patient and public involvement

This was a randomized controlled tria with no involvement of patients in the trial design, outcome
measures, data analysis, results interpretation or manuscript writing. Personal health information
used in this trial is not accessible to patients or the public. The study protocol is available online as
a supplementary material with the publication of the paper. A preprint version of the study is

publicly available on medRxiv.

15
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RESULTS

Patient Baseline Characteristics

A total of 191 patients admitted with COVID-19 from February 11, 2020 to February, 29 2020,
were assessed for eligibility, of which 41 did not meet eligibility criteria. The remaining 150
patients underwent randomization; Among them, 75 patients were assigned to SOC and 75 patients
to SOC plus HCQ group (Figure 1). The mean age of the patients was 46 years and 55% were male.
The mean day from disease onset to randomization was 16.6 and 89% of the patients had
concomitant medication before randomization. The mgority of the patients had mild to moderate
COVID-19 (99%) and only 2 patients (1%) were severe upon screening. Baseline demographic,
epidemiological and clinical characteristics of the patients between the two groups are shown in
Table 1.

By 14 March 2020 (the cutoff date for data analysis) The median duration of follow-up was 21
days (range, 2 to 33) in the SOC group and 20 days (range, 3 to 31) in the SOC plus HCQ group. Of
the 75 patients assigned to receive SOC plus HCQ, 6 patients did not receive any dose of HCQ; of
them, 3 patients withdrew consent and 3 patients refuse to be administrated HCQ.

Primary Outcome

Overall, the negative conversion rate of SARS-CoV-2 among patients who were assigned to receive
SOC plus HCQ was 85.4% (95% confidence interval [Cl], 73.8%, 93.8%), similar to that of the
SOC group 81.3% (95%Cl, 71.2% to 89.6%) within 28-day. Negative conversion rate at specific
time-point, 4-, 7-, 10-, 14- or 21-day was aso similar between the two groups. The negative
conversion time did not differ between SOC plus HCQ and SOC group (median, 8 days vs. 7 days;
hazard ratio, 0.846; 95%CIl, 0.580 to 1.234; P=0.341) (Figure 2_panel A).

Post hoc analyses were performed in subgroups to explore any decrease of negative conversion
16
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time by the addition of HCQ upon SOC. No such effects were observed in the analyzed subgroups
according to age (>45 years versus <45 years), BM| value (>24 kg/m? versus <24 kg/m?), presence
or absence of existing conditions, days between disease onset and randomization (>7 days versus <7
days), baseline CRP value (>upper limit of normal versus <upper limit of normal), baseline
lymphocyte count (<lower limit of normal versus >lower limit of normal) and with or without
contaminant use of potential anti-viral agents for treating COVID-19 during the study period
(Figure 2_panel B).

Secondary Outcome

The overall rate of symptoms aleviation within 28-day was not different between patients with
SOC with (59.9%, 95%Cl, 45.0% to 75.3%) and without HCQ (66.6%, 95%ClI, 39.5% to 90.9%).
The median time to alleviation of clinical symptoms was similar in the SOC plus HCQ group than
that in the SOC group (19 days versus 21 days). More rapid aleviation of clinical symptoms with
SOC plus HCQ than with SOC alone was observed during the second week since randomization
(Figure 3 _panel A). The efficacy of HCQ on the alleviation of symptoms (Hazard ratio, 8.83,
95%Cl, 1.09 to 71.3) was more evident when the confounding effects of other anti-viral agents were
removed in the post-hoc subgroup analysis (Figure 3_panel B). No significant difference between
SOC plus HCQ group and SOC group on symptoms improvement was observed in other subgroup
analyses (Figure 3_panel B).

Changes of CRP values and blood lymphocyte count

Comparing to SOC aone, the addition of HCQ on SOC led to more rapid normalization of elevated
baseline CRP and recovery of baseline lymphocytopenia, although the overall improvement rate
become similar within the 28-day (Figure 4_panel A, B). The declined value of CRP from baseline

by last assessment was significantly greater in SOC plus HCQ group than in the SOC group
17


https://doi.org/10.1101/2020.04.10.20060558

medRXxiv preprint doi: https://doi.org/10.1101/2020.04.10.20060558.this version posted April 14, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

(absolute change, 6.986 versus 2.723 milligram/liter, P=0.045) (Figure 5). Similarly, the elevation
of blood lymphocyte count at last assessment from baseline was greater in SOC plus HCQ group
than that in the SOC group (absolute change, 0.062 versus 0.008 x10%liter, P=0.547) (Figure 5).
Comprehensive analysis for other prespecified secondary outcomes including the reduction of
erythrocyte sedimentation rate, IL-6 or TNF-a. was not available due to very limited data of these
parameters on pre-specified visiting date.
Safety
Six patients assigned to the SOC plus HCQ group but did not receive HCQ treatment were
classified as HCQ non-recipient in the safety population. One patient in the SOC group wrongly
received 14-day of HCQ treatment with an accumulative dose of 11, 600 mg. This patient was
classified as HCQ recipient in the safety population (Figure 1). Safety endpoints were compared
between HCQ recipient and non-recipient (Table 2). In HCQ recipients, the median duration of
HCQ treatment was 14 days (range, 1 to 22). Between randomization and final visit, a total of 21
patients (30%) in the SOC plus HCQ group reported adverse events, significantly (P=0.001) higher
than those (7 patients, 8.8%) reported in the SOC group (Table 2). No patients reported serious
adverse events in the SOC group whereas 2 patients reported serious adverse events due to disease
progression and upper respiratory infection. The case with upper respiratory infection had finished
the 14-day treatment of HCQ and developed throat-drying and pharyngalgia without evidence of
pneumonia on chest computed tomography during the extended follow-up period.

The most common adverse events in the SOC plus HCQ group were diarrhea, which was more
frequent than that in the SOC group (10% versus 0%, P=0.004). HCQ was discontinued in one
patient due to blurred vision and was adjusted to give a lower dose in one patient who reported

thirst. These two adverse events were both transient with a period of 1-2 day.
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DI SCUSSION

The present study (conducted during the outbreak of COVID-19 in China) is the first
randomized, controlled trial showing that there is no increase of negative conversion rate of
SARS-CoV-2 conferred by the addition of HCQ administration to the current SOC in patients
hospitalized with COVID-19, including those received HCQ within or beyond 7 days of symptoms
onset and those with or without receiving antiviral agents. An evident efficacy of HCQ on the
aleviation of symptoms was demonstrated (Hazard ratio, 8.83, 95%CI, 1.09 to 71.3) in the
subgroup of patients without receiving antiviral treatment in the post-hoc analysis. This was further
supported by a significantly greater reduction of CRP (6.986 in SOC plus HCQ versus 2.723 in
SOC, milligram/liter, P=0.045) conferred by the addition of HCQ, which also led to more rapid
recovery of lymphopenia, albeit no statistical significance.

Our negative results on the anti-viral efficacy of HCQ obtained in this trial are on the contrary

to the encouraging in-vitro results*®

and to the recently reported promising results from a
non-randomized trial with 36 COVID-19 patients.® Before interpreting our results, it should be
noted that the precise anti-viral mechanism of CQ/HCQ has not been established in SARS-CoV-2,
nor in other viruses.** The discrepancy of the results between our tria and in-vitro studies
highlighted the importance of pre-clinical in-vivo studies in which, the pharmacokinetic,
pharmacodynamic and toxicity profiles of the tested drug should be established. Although there is
no data of CQ/HCQ against SARS-CoV-2 from animal studies, data from a mice study suggested
limited efficacy of CQ in inhibiting SARS-CoV replication.* Promising anti-viral results of HCQ
from the recent trial should be interpreted with caution due to its limited sample size and lack of

randomization design. A combination therapy, HCQ plus azithromycin was recommended by the

authors based on a 100% of virus negative conversion rate within one week of treatment in 6
19


https://doi.org/10.1101/2020.04.10.20060558

medRXxiv preprint doi: https://doi.org/10.1101/2020.04.10.20060558.this version posted April 14, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

patients with COVID-19.">. We were unable to validate this result due to the limited number of
patients using azithromycin (N=2). In contrast to their excellent effects, our results did not support
the clinical use of HCQ to suppress viral replication. One might argue that there was a median
16-day delay of HCQ treatment from symptoms onset in our study, which is longer than the time
window of effective treatment of virus-related respiratory disease, like influenza.’® However, in the
subgroup of patients who received HCQ within 7-day of illness onset, no additional virus negative
conversion rate was observed beyond SOC in our trial. It is challenging to conduct a trial in
hospitalized patients within 48-h of illness onset due to an estimated 12.5 day delay from illness
onset to hospital admission.*” Future trials should consider enrolling patients at early-stage from the
outpatient clinic. One might also argue that the current SOC included antivirals that were sources of
confounding effects, athough none of them has yet been proven efficacy in treating COVID-19.
Nevertheless, no difference regarding time to virus negative conversion between the treatment and
control groups was observed after excluding patients who ever received antivirals during the study
period, including lopinavir-ritonavir, arbidol, oseltamivir, virazole, entecavir, ganciclovir and/or
interferon-alpha. Of note, the promising drug, lopinavir-ritonavir which is an inhibitor of HIV
protease, was recently demonstrated ineffective in lowering virus load of SARS-CoV-2.> Moreover,
the specimens collected in our trial for virus RNA determination was mostly from the upper
respiratory tract, which introduced false-negative results.'® Bronchoalveolar lavage fluid, the best
specimen for detection of SARS-CoV-2 was not well collected since the majority of our patients
were mild/moderate cases without need for a bronchoscopy. But the prespecified definition for virus
negative conversion was two negatives with at least 24 hours apart, which could significantly
reduce false negativity. Although we did not monitor the concentration of HCQ in our study, the

dosage we choose is enough to reach the 50% effective concentrations (ECsp) of HCQ against
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SARS-CoV-2.'° Therefore, it is not likely to have additional anti-viral effects by further escalating
dosage. Taken together, future studies could take advantage of our results to design trials in more
selective populations, at the earliest stage as possible (<48h of illness onset), and using more
sensitive endpoints, such as viral load shedding. It also remains an open question whether HCQ
would lead to an improved virologic response in patients with severe COVID-19.

In addition to virus infection, acute inflammation response is another hallmark of COVID-19.%°
Recent findings in clinical series have shown that the systemic inflammation or cytokine storm is
the driver of disease progression and death.?># Substantially decrease of lymphocyte count and
increase of inflammatory response marker, e.g., CRP were both observed in the early stage of
patients who eventually progressed and died.?* These results highlighted the importance of the
recovery of lymphopenia or anti-inflammation in preventing the development of systemic
inflammation in critically ill COVID-19 patients. Such abilities and benefits were observed from
HCQ in our current trial, showing that patients with SOC plus HCQ had a significantly greater
reduction of CRP level and a moderate elevation of blood lymphocyte count at the last assessment
comparing to patients with SOC only. These effects were observed after 5-day of HCQ treatment
and maintained until the withdraw of HCQ. These encouraging results suggested clinical benefits of
adding HCQ into the current standard management to limit inflammatory response, which is the key
to prevent systemic inflammation and subsequent multiple organ failure and death. From
mechanism perspective, HCQ as a weak base, accumulates within acidic vesicles, such as the
lysosomes autophagosomes of phagocytic cells and changing local pH value, subsequently inhibits
immune activation.” Multiple cellular functions and molecular pathways were partially inhibited,
such as MHC class |1 expression, antigen presentation or Toll-like receptor-7, -9 signaling pathways

and production of IL-1, IL-6, TNF, and IFNy*. These shreds of evidence support the
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anti-inflammatory effects of HCQ observed in our study, in which the patients were given HCQ
with a loading dose of 1, 200 mg daily for three days followed by a maintained dose of 800 mg
daily for remaining days (total treatment duration: 2 weeks or 3 weeks for mild/moderate or severe
patients, respectively). Lower doses and shorter treatment duration are not recommended because a
previous study using 400 mg of HCQ per day for 5 days did not show any additional effects on
aleviating symptoms and viral suppression.” However, it remains to be determined whether the
extension of treatment duration would bring more benefits because that HCQ has a gradual onset of
action that might take weeks to reach maximal activity.? It is also important to explore the
combination therapy of HCQ with other anti-inflammatory drugs or higher dosage of HCQ in the
treatment of patients with COVID-19.

Another encouraging result from our study is that using our current HCQ regimen, serious
side-effects were rare and patients were well tolerated. Thisis in consistence with a previous report
of cancer study using HCQ with a dose up to 1,200 mg daily,?* Transient blurred vision was
reported in one patient in our trial, of which, retinal damage was not assessed using the automated
visual fields or spectral-domain optical coherence tomography as recommended for screening of
retinopathy.” Although the retinal toxic effects from HCQ with a dosage of <5.0 mg/kg are less
than 2% up to 10 years® earlier development of retinal damage with a daily dose of 800 to
1,200mg was detected using sensitive retinal screening tests.® Therefore, the retinal damage could
be underestimated in our trial. Evidence for increased rate of adverse gastrointestinal events in a
high dose of HCQ*" was observed in our trial, particularly an increased burden of diarrhea. Events
of cardiac arrhythmia, e.g., prolonged QT interval®® was not observed in our trial, possibly due to
the relatively mild/moderate patients investigated or the short-term period of follow-up. However,

with the increasing interest of the combined use of HCQ and azithromycin worldwide, physicians
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should be cautious of the increased risk of QT interval prolongation and fatal ventricular arrhythmia
with azithromycin and other anti-microbials.®% Overall, the generally favorable safety profiles of
HCQ using our current regimen supported the future exploration of clinical benefits provided by
this drug. However, drug-drug interaction'® should be taken into consideration when assessing
safety and efficacy endpoints. The effects of HCQ in causing increased levels of digitoxin and
metoprolol® would be particularly relevant in severe COVID-19 patients and therefore would
reguire close monitoring.

Numerous challenges were encountered in the performance of this multi-center randomized
controlled trial, which was initiated during the most challenging time of the COVID-19 outbreak in
China. Although a major strength of our trial was its randomized design, an open-label, as opposed
to double-blind design, would introduce biased investigator-determined assessments. The
knowledge on the association of clinical or virologic characteristics to disease course at the time of
our trial design was largely limited. Selecting the virus negative conversion as the primary
end-point might not be the most appropriate outcome for investigating the treatment efficacy of
HCQ. The shortened time to alleviation of symptoms and rapid normalization elevated CRP and
recovery of lymphocytopenia in patients who received HCQ observed in our trial suggested more
potential of this drug in controlling acute inflammation and might be useful for preventing disease
progression. Another difficulty is to ensure the fidelity to the protocol by investigators under highly
challenging circumstances at the front lines in the COVID-19 treatment centers. A CRO was
therefore hired to fully support the conduct and oversight of the trial. Population quarantine of
Wuhan and neighboring cities, nation-wide travel restrictions and case/contact isolation were also
barriers to collect and transfer data and paper files. The prespecified secondary endpoint of imaging

changes on chest CT was therefore not finished by the cutoff date of analysis. The recruitment of
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eligible patients was unexpectedly difficult because that almost hundreds of clinical trials launched
in the same period in response to the urgent call for the exploration of effective treatment against
COVID-19 by the national health authorities. The rapid decline in eligible new cases of COVID-19
in the mid of March 2020 in China precluded the recruitment of our targeted number of cases. After
a two-round extensive review of the efficacy and safety data generated from the interim analysis,
the IDMC endorsed an early termination of the trial. Members from the IDMC all agreed that the
conclusion drew from the trial isimportant for the proper use of HCQ in the clinical management of
COVID-19, especialy in overwhelming areas. The report of the trial could also be an important
resource to facilitate a better design of futuretrials.

In conclusion, the results of our trial did not show additional virologic response by adding HCQ
to the current SOC. The administration of HCQ with a loading dose of 1, 200 mg daily for three
days followed by a maintained dose of 800 mg daily for remaining days (total treatment duration: 2
weeks or 3 weeks for mild/moderate or severe patients, respectively) was clearly associated with a
greater decline of CRP, recovery of lymphopenia and a higher rate of symptoms aleviation and did
not result in apparent safety concerns in patients hospitalized with COVID-19. As a well-tolerated,
cheap, and widely available drug, future trials to determine the clinical benefits of HCQ in
preventing disease progression is criticaly important considering the ongoing pandemic

COVID-19.
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Figurelegend

Figure 1. Screening, Randomization, and Follow-up. Shown is the disposition of the trial

participants.

Figure 2. Kaplan-Meier curves of the time to negative conversion of SARS-CoV-2 on RT-PCR test
in SOC plus HCQ versus SOC in the intention-to-treat population and post-hoc subgroup analysis.
Shown in panel A are data for 75 patients assigned to SOC plus HCQ and 75 assigned to SOC. The
median time to negative conversion in the SOC plus HCQ group (8 days; 95%Cl, 5 to 10) was
similar to that in the SOC group (7 days, 95%(Cl, 5 to 8) (P=0.34). Data from patients who did not
have negative conversion were censored (tick marks) at the last visit date. Shown in panel B are
forest plots of subgroup analyses in which no difference was observed in subgroups regarding virus
negative conversion between SOC plus HCQ and SOC treatment. SOC=standard-of-care;

HCQ=hydroxychloroquine; Cl=confidence interval.

Figure 3 Kaplan—-Meier curves of the time to alleviation of clinical symptoms in SOC plus HCQ
versus SOC in the intention-to-treat population and post-hoc subgroup analysis. Shown in panel A
are data for 55 symptomatic patients assigned to SOC plus HCQ and 64 symptomatic patients
assigned to SOC. The median time to alleviation of clinical symptoms in the SOC plus HCQ group
(19 days; 95%CI, 14 to 22) was similar to that in the SOC group (21 days; 95%CI, 14 to not
estimable) (P=0.97). Data from patients who did not have symptoms alleviation were censored (tick
marks) at the last visit date. Shown in panel B are forest plots of subgroup analyses, in which a
significantly higher rate of symptoms alleviation was observed in patients with SOC plus HCQ

versus SOC in the subgroup of patients without receiving potentia anti-SARS-COV-2 drugs
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(Hazard ratio, 8.83, 95%CI, 1.09 to 71.3). No significance was observed in other subgroups.

SOC=standard-of-care; HCQ=hydroxychloroquine; Cl=confidence interval. NE=not estimable.

Figure 4 Kaplan-Meier curves of the time to normalization of elevated CRP and recovery of
lymphopenia in SOC plus HCQ versus SOC in the intention-to-treat population post-hoc subgroup
analysis. Shown in panel A are data for 28 and 20 patients with elevated baseline CRP who were
assigned to SOC plus HCQ and to SOC, respectively. The median time to normalization of elevated
CRPin the SOC plus HCQ group (8 days; 95%Cl, 5 to 14) was shorter to that in the SOC group (14
days; 95%CI, 5 to 21), but without statistical significance (P=0.42). Shown in panel B are data for
22 and 16 patients with baseline lymphopenia who were assigned to SOC plus HCQ and to SOC,
respectively. The median time to recovery of lymphopenia in the SOC plus HCQ group (15 days;
95%CI, 7 to not estimable) was similar to that in the SOC group (15 days, 95%CI, 10 to 15)
(P=0.76). SOC=standard-of-care; HCQ=hydroxychloroquine; Cl=confidence interval. NE=not

estimable.

Figure 5 Absolute changes of CRP and Lymphocyte count from baseline by last assessment in all
patients. Shown is the bar chart for the absolute changes of CRP and blood lymphocyte count at last
assessment comparing to baseline values in patients with SOC with and without HCQ. Data were
expressed as mean with standard error of mean. The declined value of CRP from baseline by last
assessment was significantly greater in SOC plus HCQ group than in the SOC group (change,
-6.986 versus -2.723 milligramy/liter, P=0.045). The elevation of blood lymphocyte count at last
assessment from baseline was greater in SOC plus HCQ group than that in the SOC group (change,
0.062 versus 0.008 x10%liter), but without statistical significance (P=0.547). Not all the patients

have both baseline and last assessment for the calculation of value change in this analysis. Available

33


https://doi.org/10.1101/2020.04.10.20060558

medRXxiv preprint doi: https://doi.org/10.1101/2020.04.10.20060558.this version posted April 14, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

number of patients in each group was provided in the bracket. SOC=standard-of-care;

HCQ=hydroxychloroquine.
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Table 1. Baseline Demographic and Clinical Characterigics of the Patients in the

Intention-to-Treat Population.

o SOC plusHCQ SOC Total
Characteristics*
(N=75) (N=75) (N=150)
Age—yr
48.0+14.1 44.1+15.0 46.1+14.7
Male sex — no. (%) 42 (56.0) 40 (53.3) 82 (54.7)
Body-mass index (% with missing data)’
23.9+3.24 (1.3) 23.2+3.0(5.3) 235+32(3.3)
Days from disease onset to randomization (%
o 16.0+9.9 (2.7) 17.1+11.1 (1.3) 16.6+£10.5 (2.0)
with missing data)
Exposure history — no./total no. (%)
Hubei province exposure 50/72 (69.4) 53/71 (74.6) 103/143 (72)
Contact with confirmed COVID-19 patient
© 39/72 (54.2) 32/71 (45.1) 71/143 (49.7)
Others 72 (1.4) 71 (1.4) 2/143 (1.4)
No exposure 2/72 (2.8) 971 (12.7) 11/143 (7.7)
Unknown 5/72 (6.9) 571 (7) 10/143 (7)
Medication prior to randomization — no. (%) 47 (62.7) 43 (57.3) 90 (60.0)
Disease severity — no. (%)
Mild 15 (20.0) 7(9.3) 22 (14.7)
Moderate 59 (78.7) 67 (89.3) 126 (84.0)
Severe 1(1.3) 1(1.3) 2(1.3)
Coexisting conditions— no./total no. (%) 28 (37.3) 17 (22.7) 45 (30.0)
Diabetes 12 (16.0) 9(12.0) 21 (14.0)
Hypertension 6(8.0) 3(4.0) 9 (6.0)
Others 21(28.0) 10(13.3) 31(20.7)
Vital Signs (Yowith missing data)
Body temperature — °C 36.910.47 (4) 36.8+0.48 (0.0) 36.8+0.5 (2.0)
Pulse — beats/min 82.75+8.0 (2.7) 82.5+9.4 (5.3) 82.6+8.7 (4.0)
Respiratory rate — breaths/min 19.6+1.3(2.7) 19.741.7 (6.7) 19.6+1.5 (4.7)
Systolic blood pressure — mm Hg 126.3+13.2 (6.7) 123.5+11.2 (8.0) 124.9+12.3 (7.3)
Diastolic blood pressure — mm Hg 79.1+8.5 (6.7) 76.8+8.0 (8.0) 77.918.3 (7.3)
Pulse oximetry — % 97.4+1.6 (0) 97.3+1.6 (2.7) 97.4+1.6 (1.3)
Symptoms — no./total no. (%)
Fever 43/72 (59.7) 40/75 (53.3) 83/157 (52.9)
Cough 35/68 (51.5) 26/68 (38.2) 61/136 (44.9)
Sputum production 11/68 (16.2) 4/68 (5.9) 15/136 (11)
Shortness of breath 15/68 (22.1) 4/68 (5.9) 19/136 (14)
Nasal congestion 0(0) 0(0) 0(0)
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Pharynx discomfort 2/68 (2.9) 4/68 (5.9) 6/136 (4.4)
Fatigue 5/68 (7.4) 1/68 (1.5) 6/136 (4.4)
Laboratory parameters (% with missing data)
White-cell count — x10%liter 5.59+1.9 (0) 5.6£1.8 (0.0) 5.6£1.8 (0.0)
Lymphocyte count — x10%liter 1.46+0.6 (0) 1.6+0.5 (0.0) 1.5+0.57 (0.0)
Neutrophil count— x10%liter 3.55+1.6 (0) 4.2+6.2 (0.0) 3.9+4.51 (0.0)
Platelet count — x10%liter 214.8+68.1 (0) 211.7+71.6 (0.0)  213.2+69.7 (0.0)
Hemoglobin —g/liter 128.8+17.5 (0) 129.1+17.1 (0.0)  129.0+17.3(0.0)
Aspartate aminotransferase — Ul/liter 25.0+135 (0) 26+14.7 (0.0) 25.5+14.1 (0.0)
Alanine aminotransferase — Ul/liter 31.4+26.3 (0) 32.7£25.2 (1.3) 32.1+25.7 (0.7)
v-glutamyl transpeptidase — U/liter 46.9+61.8 (2.7) 44.0+51.8 (2.7) 45.4+56.9 (2.7)
Total bilirubin — pmol/liter 11.6+8.4 (1.3) 12.8+7.7 (2.7) 12.248.1 (2.0)
Albumin — g/L 39.9+4.5(1.3) 40.4+4.4 (1.3) 40.1+4.4 (1.3)
L actate dehydrogenase — U/liter 203.9+65.2 (12) 190.9+49.5(10.7)  197.4+58.0 (11.3)
Creatine kinase — U/liter 74.4+110.1 (10.7) 71.0+52.6 (9.3) 72.7+85.7 (10.0)
Creatine kinase isoenzyme-MB — U/liter 8.0+4.2 (38.7) 6.8+3.9 (41.3) 7.4+4.0 (40.0)
Creatinine — pmol/liter 71.2+38.4 (1.3 63.9+16.0 (1.3) 67.5+29.5 (1.3)
Blood urea nitrogen — mmol/liter 3.5+1.0 (41.3) 3.1+0.7 (48.0) 3.310.9 (44.7)
Urea— mmol/liter 4.0+£3.0 (58.7) 3.8+1.2 (57.3) 4.0+2.2 (58.0)
International normalized ratio 1.0£0.1 (2.7) 1.0£0.1 (1.3) 1.0£0.1 (2.0)
C-reactive protein mg/liter 9.9+13.3 (2.7) 7.4+12.8 (1.3) 8.6:13.1 (2.0)
Erythrocyte sedimentation rate 30.6+28.6 (4) 25.4+21.7 (5.3) 28.0+25.4 (4.7)
TNF-o — pg/milliliter 4.9+4.1 (90.7) 4.8+3.6 (90.7) 4.8+3.7 (90.7)
IL-6 — pg/milliliter 12.9+36.3 (58.7) 8.9+13.0 (61.3) 11.0+27.4 (60.0)

* Plus-minus values are means =SD. SOC=standard-of-care, HCQ= hydroxychloroquine,
COVID-19=coronavirus disease 2019. To convert the values for creatinine to milligrams per
deciliter, divide by 88.4. To convert the values for total bilirubin to milligrams per deciliter, divide
by 17.1.

T The body-mass index is the weight in kilograms divided by the square of the height in meters.
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Table 2. Summary of Adver s2 Eventsin the Safety Population.

SOC plusHCQ SOC
Adverse Events* Pvalue
(N=70) (N=80)
no. of patients (%)

Any adverse event 21 (30) 7 (8.8) 0.001

Serious adverse event 2(2.9) 0 0.216
Disease progression 1(1.4) 0 0.467
Upper respiratory tract infection 1(1.4) 0 0.467

Non serious adverse event 19 (27.1) 7 (8.8) 0.004
Diarrhea 7 (10.0) 0 0.004
Vomiting 2(29) 0 0.216
Nausea 1(1.4) 0 0.467
Abdominal discomfort 1(1.4) 0 0.467
Thirst 1(14) 0 0.467
Abdominal bloating 0 1(1.3) 1
Sinus bradycardia 1(1.4) 0 0.467
Hypertension 1(1.4) 0 0.467
Orthodtatic hypotension 1(1.4) 0 0.467
Hypertriglyceridemia 1(1.4) 0 0.467
Decreased appetite 1(1.4) 0 0.467
Fatigue 1(1.4) 0 0.467
Fever 0 1(1.3) 1
Dyspnea 1(1.4) 0 0.467
Flush 1(1.4) 0 0.467
Liver abnormality 0 1(1.3) 1
Kidney injury 1(1.4) 0 0.467
Coagulation dysfunction 1(1.4) 0 0.467
Hepatic steatosis 0 1(1.3) 1
Ctitis externa 0 1(1.3) 1
Blurred vision 1(1.4) 0 0.467
Decreased white blood cell 1(1.4) 0 0.467
Increased alanine aminotransferase 1(14) 1(1.3) 1
Increased serum amylase 1(1.4) 0 0.467
Decreased neutrophil count 1(1.4) 0 0.467
Increased serum amyloid A 0 1(1.3) 1

* Multiple occurrences of the same adverse event in one patient were counted. SOC=standard-of-care,
HCQ=hydroxychloroguine. P value were calculated using Chi-square test followed by Fisher’s exact
test as appropriate.
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SOC+HCQ SOC

Hazard Ratio (95%ClI)

Subgroup analysis No. of events/ No. of patients HR (95%C)

Age 245 years 26/40 25/32 |—0——| 0.799 (0.461, 1.386)
Age <45 years 27/35  31/43 F—— 0.889 (0.528, 1.500)
BMI 224 kg/n? 24/32 25/31 I'—*—| 0.791(0.451, 1.387)
BMI <24 kg/n? 29/42  29/40 —— 0.791 (0.470, 1.334)
With existing conditions 1828  13/17 —e—— 0.727 (0.354, 1.493)
Without existing conditions 35/47  43/58  —— 0.917 (0.584, 1.439)
Days between disease onset and randomization <7 1014 14/19 —— 0.656 (0.282, 1.530)
Days between disease onset and randomization >7 42/59 41/55 —— 0.923 (0.599, 1.422)
Baseline CRP higher than upper limit of normal 19/28 15/20 |——¢—-| 0.931(0.471, 1.840)
Baseline CRP lower than upper limit of normal 28/38 37149 '—0-—| 0.832(0.509, 1.361)
Baseline lymphocyte count lower than lower limit of normal 17/22 14/16 |—0-—| 0.875(0.431, 1.779)
Baseline lymphocyte count higher than lower limit of normal 36/53 42/59 |—0——| 0.813(0.518, 1.276)
Using potential anti-SARS-CoV2 drugs after randomization 40/58 40/56 I—O—-| 0.775 (0.499, 1.205)
Without using potential anti-SARS-CoV2 drugs after randomization ~ 13/17 16/19 I——O—' 1.281(0.613, 2.680)
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SOC+HCQ SOC

Hazard Ratio (95%ClI)

Subgroup analysis No. of events/ No. of patients HR (95%Cl)

Age > 45 years 1634 6/23 ——— 1.644 (0.632, 4.281)
Age <45 years 16/30  18/32 —e— 0.807 (0.402, 1.621)
BMI 224 kg/n? 1327 1022 F—r— 1.044 (0.449, 2.427)
BMI <24 kg/n?? 1937 1331 —e— 0.918 (0.433, 1.946)
With existing conditions 1223 512 ——— 1.012(0.341, 3.001)
Without existing conditions 2041 19/43 —— 0.986 (0.517, 1.879)
Days between disease onset and randomization <7 6/13 914 —e— 0.531(0.176, 1.606)
Days between disease onset and randomization >7 26/49 14/40 —— 1.483 (0.768, 2.866)
Baseline CRP higher than upper limit of normal 25 6/17 p——o—— 1.104 (0.380, 3.205)
Baseline CRP lower than upper limit of normal 21/33 17/33 |—<—| 0.990 (0.513, 1.908)
Baseline lymphocyte count lower than lower limit of normal 7118 6/14 I g : 0.499 (0.153, 1.625)
Baseline lymphocyte count higher than lower limit of normal 25/46 18/41 |—-0—| 1.189 (0.639, 2.213)
Using potential anti-SARS-CoV2 drugs after randomization 24/50 23/41 |—0——| 0.695 (0.383, 1.261)
Without using potential anti-SARS-CoV2 drugs after randomization ~ 8/14 114 I +- 8.827 (1.093, 71.277)
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