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Editorial

Caution Needed on the Use of Chloroquine and Hydroxychloroquine
for Coronavirus Disease 2019
Stephan D. Fihn, MD, MPH; Eli Perencevich, MD, MS; Steven M. Bradley, MD, MPH

The coronavirus disease 2019 (COVID-19) pandemic has propagated global shock waves that have
disrupted nearly every aspect of human endeavor. Nowhere has this been more evident than in
health care. Health care delivery systems in some locations have been overwhelmed, and even those
not so severely affected have had to reorganize and restructure to concentrate resources to meet
an anticipated surge of patients who are critically ill. In the absence of rapid and reliable testing,
proven therapies, or even standard protocols for treatment, physicians and other clinicians have
been forced to improvise, in some cases relying on the thinnest of evidence, to treat patients who are
desperately ill.
The response of the medical research community has been remarkable. Investigators have
rapidly pivoted to fill the enormous gap in knowledge the pandemic has laid bare. While nearly all
medical research not directly related to COVID-19 or otherwise deemed essential has been paused,
laboratories around the world have refocused on elucidating the biological characteristics of the
severe acute respiratory syndrome coronavirus 2 in support of efforts to develop treatments and
vaccines. In addition to the phenomenal investment in basic research, clinical investigators have
collected massive amounts of data and launched nearly 1000
1000 clinical trials worldwide'
worldwide.1
In this study by Borba et al,
a1,22 results are presented from a preliminary study that tested a
compound, hydroxychloroquine, that has been widely touted in the lay press as an effective
treatment for COVID-19. Hydroxychloroquine, which was initially used widely as an antimalarial drug,
has also long been used as an effective treatment of chronic rheumatic diseases, such as rheumatoid
arthritis and systemic lupus erythematosus. In addition, earlier research on this drug suggested that
it had potential antiviral properties. In 2 small, uncontrolled studies, hydroxychloroquine and its
congener, chloroquine, were reported to be effective against COVID-19, although the publishing
journal’s society subsequently declared that the trial did "not
“not meet the Society's
Society’s expected
journal's
3-5
standard.”
standard!' These weak findings, bolstered by anecdotal reports and media attention, have
fostered widespread belief in the efficacy of these agents. In response, concerns have been raised
about the lack of reliable efficacy data and about potential toxic effects. In short-term use,
chloroquine can prolong the QT interval and induce arrhythmias. This is especially concerning in
elderly patients with underlying heart disease who are at highest risk for COVID-19. Nonetheless, in
many hospitals, patients with known or suspected COVID-19 infection are routinely being treated
with chloroquine, and it is often being coadministered with other agents, such as azithromycin, that
prolongation.6 At least 11 death in the general population has
might synergistically cause QT interval prolongation.'
resulted from unintentional poisoning due to ill-advised use of chloroquine.2
chloroquine.7
2
Borba and colleagues
colleagues2 performed a parallel, double-blind, randomized clinical trial in a Brazilian
population designed to assess the safety of chloroquine in dosages that, based on earlier research,
were thought to be sufficient to exert antiviral effects.2
effects.2 They compared a high dose of chloroquine,
600 mg twice daily for 10
10 days (total dosage, 12.0 g), with a lower-dose regimen, initially 450 mg
twice daily on the first day, tapering to 450 mg once daily for 4 days (total dosage, 2.7 g). Patients
enrolled in the trial exhibited fever and respiratory symptoms, along with tachypnea, tachycardia,
hypoxemia, or hypotension. The primary outcome was death, originally planned to be assessed at 28
days after entry to the trial. Secondary outcomes included death at 13
13 days, electrocardiographic
anomalies, recovery of viral RNA, and a number of clinical events, such as duration of mechanical
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ventilation and clinical status. Because of delays in testing for the virus, treatment was initiated based

31 of 41
on suspicion of COVID-19. Ultimately, 31
31 of 40 patients (77.5%) in the low-dose group and 31
patients (75.6%) in the high-dose group had test results positive for COVID-19. This should not be
viewed as a problem, as it accurately reflects the conditions under which many patients are being
treated in the absence of a definitive diagnosis.
The intended sample size was 440 individuals, but based on occurrence of serious adverse
events, the data safety monitoring board terminated the trial after only 81
81 individuals had been
enrolled, preceding even the first planned interim analysis at 25% of enrollment. By day 13 of
enrollment, 6 of 40 patients (15.0%) in the low-dose group had died, compared with 16 of 41
41 patients
(39.0%) in the high-dose group. Prolongation of QTc interval was observed in 4 of 36 patients (11.1%)
in the low-dose group and 7 of 37 patients (18.9%) in the high-dose group. In addition, 2 patients in
the high-dose group (2.7%) experienced ventricular tachycardia. Three of 5 patients (60.0%) in the
high-dose group with underlying heart disease died.
Despite these discouraging findings, several other observations prevent concluding
categorically that high-dose chloroquine was toxic and that the likely mechanism was
arrhythmogenesis. First, Borba et a12
al2 found no apparent association of the appearance of QTc interval
prolongation and subsequent death. There was also no witnessed torsade de pointes, an arrhythmia
that is characteristically induced by QTc interval prolongation. Second, all patients were also
receiving azithromycin, and nearly all were receiving oseltamivir (for possible influenza), which can
also prolong the QTc interval. Thus, one can only conclude from this trial that high-dose chloroquine
(and by close association, hydroxychloroquine) in combination and azithromycin and possibly
oseltamivir, is potentially associated with increased mortality among patients with severe, suspected
COVID-19.
Several other trials, including a large multicenter trial in the US, are ongoing and hopefully will
provide additional crucial information about the efficacy and safety of hydroxychloroquine. In the
interim, the results of this trial by Borba et al
a122 should prompt some degree of skepticism toward the
enthusiastic claims about chloroquine and perhaps serve to curb the exuberant use. For the time
being, prudent clinicians should discuss with patients and their families, when feasible, the potential
risks of this drug and the uncertain benefits before initiating it.
al2 also illustrates some of the successes and challenges that the COVID-19
This trial by Borba et a12
pandemic has created for publication of research results. The mechanisms to design, approve, fund,
and execute important research have dramatically accelerated. The first patient was enrolled in this
trial on March 26, 2020, and the first submission of this manuscript to the JAMA Network was on
April 13, 2020. The rapidity with which clinical data have been issuing forth through traditional
Apri113,
medical journals and other conduits is unsurpassed. Journals, including JAMA Network Open, have
been receiving hundreds of submissions from around the globe. In response to the urgency of
disseminating information, JAMA Network Open has adapted processes to expedite triage, review,
and publication of important studies while still maintaining high-quality peer review. This is all the
more difficult in the present environment, when the most qualified reviewers are busily engaged in
dealing with the epidemic in their own institutions and their larger communities. Nevertheless, it
remains critically important that a commitment not only to high-quality science, but also to accurate
and unbiased reporting, remains intact as we seek to publish results as rapidly as possible. Science
poorly conducted or poorly reported is counter to the public interest.
In the current torrent of data, the half-life of information is short. A novel observation from a
week earlier rapidly becomes common knowledge or is superseded by more definitive studies. That
so much research is being conducted and published underscores the robustness of the scientific
publishing enterprise and should be heartening to the world population as we all wait anxiously for
information and signs of progress.
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Abstract

Points
Key Poiro

IMPORTANCE There is no specific antiviral therapy recommended for coronavirus disease 2019
(COVID-19). In vitro studies indicate that the antiviral effect of chloroquine diphosphate (CQ)
requires a high concentration of the drug.

Question How safe and effective are 2
different regimens of chloroquine
diphosphate in the treatment of severe

coronavirus disease 2019 (COVID-19)?

OBJECTIVE To evaluate the safety and efficacy of 2 CQ dosages in patients with severe COVID-19.

DESIGN, SETTING, AND PARTICIPANTS This parallel, double-masked, randomized, phase Ilb
IIb
81 adult patients who were hospitalized with severe acute respiratory syndrome
clinical trial with 81
coronavirus 2 (SARS-CoV-2) infection was conducted from March 23 to April 5, 2020, at a tertiary
care facility in Manaus, Brazilian Amazon.

INTERVENTIONS Patients were allocated to receive high-dosage CQ (ie, 600 mg CQ twice daily for
10 days) or low-dosage CQ (ie, 450 mg twice daily on day 11 and once daily for 4 days).
MAIN OUTCOMES AND MEASURES Primary outcome was reduction in lethality by at least 50% in
the high-dosage group compared with the low-dosage group. Data presented here refer primarily
to safety and lethality outcomes during treatment on day 13. Secondary end points included
participant clinical status, laboratory examinations, and electrocardiogram results. Outcomes will be
presented to day 28. Viral respiratory secretion RNA detection was performed on days 0 and 4.
81 were enrolled (41
(41 [50.6%] to highRESULTS Out of a predefined sample size of 440 patients, 81
dosage group and 40 [49.4%] to low-dosage group). Enrolled patients had a mean (SD) age of 51.1
(13.9) years, and most (60 [75.3%]) were men. Older age (mean [SD] age, 54.7 [13.7] years vs 47.4
[13.3] years) and more heart disease (5 of 28 [17.9%] vs 0) were seen in the high-dose group. Viral
RNA was detected in 31 of 40 (77.5%) and 31 of 41 (75.6%) patients in the low-dosage and highdosage groups, respectively. Lethality until day
13 was 39.0% in the high-dosage group (16 of 41) and
day13

15.0% in the low-dosage group (6 of 40). The high-dosage group presented more instance of QTc
interval greater than 500 milliseconds (7 of 37 [18.9%]) compared with the low-dosage group (4 of
36 [11.1%]). Respiratory secretion at day 4 was negative in only 6 of 27 patients (22.2%).
CONCLUSIONS AND RELEVANCE The preliminary findings of this study suggest that the higher CQ
dosage should not be recommended for critically ill patients with COVID-19 because of its potential

Findings In this phase Ilb
IIb randomized
clinical trial of 81
81 patients with COVID-19,
an unplanned interim analysis
recommended by an independent data
safety and monitoring board found that
a higher dosage of chloroquine
diphosphate for 10 days was associated
with more toxic effects and lethality,
particularly affecting QTc interval
prolongation. The limited sample size
did not allow the study to show any
benefit overall regarding treatment
efficacy.

Meaning The preliminary findings from
the CloroCovid-19 trial suggest that
higher dosage of chloroquine should not
be recommended for the treatment of

severe COVID-19, especially among
patients also receiving azithromycin and
oseltamivir, because of safety concerns
regarding QTc interval prolongation and
increased lethality.
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+
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Abstract (continued)

safety hazards, especially when taken concurrently with azithromycin and oseltamivir. These findings
cannot be extrapolated to patients with nonsevere COVID-19.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04323527
JAMA Network Open. 2020;3(4.23):e208857. doi:10.1001/jamanetworkopen.2020.8857

Introduction
The first cases of the new coronavirus 2019 disease (COVID-19) were reported in December 2019
when a group of patients was admitted to hospitals in Wuhan, the capital of Hubei province in central
China, with an initial diagnosis of pneumonia of unknown etiology.'
etiology.1 Initially, the outbreak of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was confined to Hubei province, but it
rapidly spread to many other countries,"
countries,2,3 compelling the World Health Organization to officially
declare a global pandemic on March 11, 2020. SARS-CoV-2 infection appears to cause a wide range of
4,5
6,7
symptoms.
symptoms.4•s
Most deaths involve older adults, many of whom had underlying chronic diseases.
diseases.6•7
Recent publications have drawn attention to the possible benefit of chloroquine diphosphate
infection.8-13
(CQ) and hydroxychloroquine (HCQ) for the treatment of patients with SARS-CoV-2 infection."
Both drugs have been used for the treatment of acute malaria as well as for some chronic rheumatic
conditions. Hydroxychloroquine, a derivative of CQ first synthesized in 1946, proved to be less toxic
(by approximately 40%) when used for longer periods and has been recommended for the
arthritis.14 During prolonged use (ie,
treatment of systemic lupus erythematosus and rheumatoid arthritis.'
months or even years), which is not the targeted scenario for the treatment of COVID-19, CQ may
deposit in the eye, causing retinal toxicity.1516
toxicity.15,16 Myopathy has also been associated with the use of
17
CQ.
CQ.17 The major complication, even in short regimens, is the potential for QTc interval prolongation,
18
favoring fatal arrhythmias such as ventricular tachycardia and torsades de pointes.
pointes.'
The in vitro
19,20
antiviral activity of CQ was first identified in the late 1960s.19.2°
1960s.
anti–
Two studies have shown antiSARS-CoV activity, with high concentrations needed for antiviral effect.°;°
effect.9,11
The effect of CQ was apparently superior to the control treatment in inhibiting the exacerbation
of pneumonia, improving pulmonary imaging findings, promoting a negative conversion of the virus,
12
and reducing the disease course.
course.12
In 20 patients with COVID-19 treated with HCQ, 6 of whom also
received azithromycin, the proportion of patients who tested negative in nasopharyngeal samples
differed significantly between patients receiving treatment and patients in the control group.13
group.13
Although highly preliminary and probably not sufficiently powered to be conclusive, these results
supported an effort to evaluate the effect of CQ on the evolution and prognosis of COVID-19 more
thoroughly.
The Health Commission of Guangdong Province recommended the use of phosphate CQ tablets
10 days (total dose, 10
10 g) for the treatment of patients aged 18 to
at a dose of 500 mg twice daily for 10
COVID-19.10 A shorter treatment
65 years with mild, moderate, or severe pneumonia secondary to COVID-19.'°
regimen (ie, 5 vs 10 days) could potentially reduce the adverse effects, but the antiviral effect could
be lost. Therefore, no clear recommendation of total dosage is available; most recommendations are
based on expert opinion.
Considering that in many countries the compassionate use of CQ or HCQ to treat COVID-19 has
already been formally indicated for patients with severe disease, it would be unethical to test proper
efficacy owing to the lack of a placebo group as a comparator. Our study aimed to evaluate primarily
the safety and secondarily the efficacy of CQ in 2 different dosages for the treatment of severe
COVID-19. Here, we report data from the first 81
81 randomized patients after an unplanned interim
analysis due to safety concerns recommended by the independent data safety and monitoring
board (DSMB).

JAMA Network Open. 2020;3(4.23):e208857. doi:10.1001/jamanetworkopen.2020.8857 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 04/24/2020

From the Desk of

Stuart Levine
sltax@taxation-business.com

April 24, 2020

2/14

JAMA Network Open I| Infectious Diseases

Effect of High vs Lose Dosage of Chloroquine Diphosphate on SARS-CoV-2 Infection

Methods
The detailed study protocol is available in Supplement 1. This study was conducted in accordance
with the principles of the Declaration of Helsinki and the Good Clinical Practice guidelines of the
International Conference on Harmonization. The protocol was approved by the Brazilian Committee
of Ethics in Human Research. All patients and/or legal representatives were informed about
objectives and risks of participation. They were given time to carefully read and then sign an
informed consent form. After recovery, patients also signed the informed consent form. Random
online clinical monitoring and quality control were performed. A virtual independent DSMB,
composed of epidemiologists, clinicians, and experts in infectious diseases, was implemented to
review the protocol and hold daily meetings to follow the activities of the study. The trial was
reported according to the Consolidated Standards of Reporting Trials (CONSORT) reporting guideline.'
guideline.21
Study Design and Site
IIb clinical trial, which started on
CloroCovid-19 was a parallel, double-masked, randomized, phase lib
March 23, 2020, aiming to assess the safety and efficacy of CQ in the treatment of hospitalized
patients with severe respiratory syndrome secondary to SARS-CoV-2 infection. This trial is being
conducted at the Hospital e Pronto-Socorro Delphina Rinaldi Abdel Aziz, in Manaus, Western
Brazilian Amazon (currently the largest public unit dedicated exclusively to the treatment of severe
COVID-19 cases in Brazil, with the capacity to hospitalize 350 patients in intensive care units). The
hospital has all source documents registered online in an electronic medical recording system
(Medview). Clinical analyses, laboratory examinations, and routine computed tomography scanning
are also available locally. Manaus is the capital of the Amazonas state, the largest Brazilian state, and
has approximately 2.5 million inhabitants. At the beginning of the study, autochthonous SARS-CoV-2
transmission had already been recorded at the study site.
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Participants
Hospitalized patients with clinical suspicion of COVID-19 (ie, history of fever and any respiratory
symptom, eg, cough or rhinorrhea), aged 18 years or older at the time of inclusion, with respiratory
rate higher than 24 rpm and/or heart rate higher than 125 bpm (in the absence of fever) and/or
peripheral oxygen saturation lower than 90% in ambient air and/or shock (ie, arterial pressure lower
than 65 mm Hg, with the need for vasopressor medicines, oliguria, or a lower level of consciousness)
were included. Patients younger than 18 years were not included due to the known lower morbidity
and mortality from COVID-19 in this group.22
group.22 Patients were enrolled before laboratory confirmation
of COVID-19, considering that this procedure could delay randomization. For the analyses at this
point, all patients were included regardless of confirmed etiology, which should not be an issue for
the focus of this article, ie, safety concerns. The flow chart (Figure 1) presents clinical-epidemiologic

Figure 1. Study Flow Chart
131 Hospitalized patients (>_18
(≥18 years)
131
assessed fore
for eligibility
igibility
50 Excluded
48
48 Did not meet inclusion criteria
2 Declined to participate
81
81 Randomized

40 Allocated to low-dosage CQ group
31
31 With virological confirmation
9 With clinical-epidemiologic suspicion

41
41 Allocated to high-dosage CQ group
31
31 With virological confirmation
10 With clinical-epidemiologic suspicion
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suspected cases as well as cases already confirmed by reverse transcription-polymerase
transcription–polymerase chain
reaction.

Sample Size Calculation
The sample for the primary outcome (ie, reduction in lethality rate) was calculated assuming a 20%
7,23,24
lethality incidence in critically ill patients
patients723•24
and that higher dose of CQ would reduce lethality by at
least 50% compared with the low-dosage group. Thus, considering a test of differences in
proportions between 2 groups of the same size, 80% power and 5% a,
α, 394 participants were
needed (197 per group). Adding 10% for losses, the final sample of 440 participants was obtained.
Sample calculation was performed in the R version 3.6.1 (R Project for Statistical Computing), with the
functions implemented in the TrialSize and gsDesign packages.
Procedures
Dosages in the literature are heterogeneous. The reasons that guided the high dosage in this study
9
; (2)
were as follows: (1) in principle, antiviral dosages should be high, as per in vitro studies'
studies’ results
results9;
the toxic effects of high doses, such as HCQ 600 mg twice daily for 28 days, were already studied in
patients with cancer, showing good safety even in phase I trials25-27;
trials25-27; (3) in an unknown disease that
has proved to be more lethal than expected, the benefits for critically ill patients were thought to be
superior to the adverse effects of high-dose CQ; (4) only 150 mg chloroquine base tablets are
available in Brazil, which needed to be adjusted for a routine daily prescription to avoid tablet
partition; (5) patients with high body mass index (calculated as weight in kilograms divided by height
in meters squared) in the study population (ie, median [interquartile range], 28.1
28.1 [26.0-31.6]); and
(6) critically ill patients in shock usually present limited gastrointestinal absorption, and no
intravenous drug was available. The low dosage was what was recommended by the Brazilian
Ministry of Health, based on expert opinion.
The interventions tested in this study were based on different regimens using CQ base 150 mg
tablets (241.9 mg of the phosphate CQ per tablet) (Farmanguinhos). Eligible participants were
allocated at a 1:1 ratio to receive orally (or via nasogastric tube in case of orotracheal intubation) either
high-dosage CQ (600 mg CQ; 4 ×x 150 mg tablets twice daily for10
for 10 days; total dose 12 g) or
low-dosage CQ (450 mg CQ; 3 ×
x 150 mg tablets and 11 placebo tablet twice daily on day 0, 3 ×x 150 mg
tablets plus 11 placebo tablet once a day followed by 4 placebo tablets from day 11 to day 4, then 4
placebo tablets twice daily from day 5 to day 9; total dose 2.7 g). Placebo tablets, also produced by
Farmanguinhos, were used in the low-dosage group to standardize treatment and masking of
research team and participants.
According to hospital protocol, all patients meeting the same criteria of the study (ie, acute
respiratory distress syndrome) received intravenous ceftriaxone (1
(1 g twice daily for 7 days) plus
azithromycin (500 mg once daily for 5 days), systematically, starting on day 0. Oseltamivir (75 mg
twice daily for 5 days) was also prescribed when influenza infection was suspected. (In the Amazon,
influenza season is from January to April.)
Clinical parameters were measured daily by the routine clinical staff from day 0 to discharge or
death, and then at days 13 and 28 for discharged patients, to assess efficacy and safety outcomes.
clinician’s discretion. Data
Laboratory parameters and electrocardiograms were performed at the clinician's
were recorded on Medview and then transferred into an electronic database (Research Electronic
Data Capture) on tablet computers at bedside in the wards, which were further validated by external
trial monitoring staff.
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Outcomes
Safety outcomes included adverse events that occurred during treatment, serious adverse events,
and premature or temporary discontinuation of treatment. Adverse events were classified according
to the National Cancer Institute Common Terminology Criteria for Adverse Events. The working
hypothesis of this trial was that the lethality rate in the high-dosage group would be half that of the
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low-dosage group by day 28. Thus, the primary end point was lethality by day 28. Secondary end
points included lethality on day 13, participant clinical status, laboratory examinations,
electrocardiogram on days 13 and 28, daily clinical status during hospitalization, duration of
mechanical ventilation (if applicable) and supplementary oxygen (if applicable), and the time (in
days) from treatment initiation to death. Here we present analyses until day
13, with lethality as the
day13,
primary outcome. A subgroup of patients enrolled when already admitted to the intensive care unit
was analyzed separately. Virologic measures included viral RNA detection on days 0 and 4.

Randomization and Masking
An electronically generated randomization list was prepared by an independent statistician, with 110
blocks of 4 participants per block. This randomization list was generated on R version 3.6.3 (R Project
for Statistical Computing), using the package blockrand. The list was accessible only to nonmasked
pharmacists in the study in an attempt to minimize observation bias. Participants were randomized
by the study pharmacist to their designated treatment regimen at the time of inclusion and were
subsequently identified throughout the study only by their allocated study number, always assigned
in chronological order. In case of serious adverse events, unmasking was available to DSMB members,
and an unplanned preliminary analysis was performed before the scheduled interim analyses to
guide early halting of either group. At this point, an overall lethality rate higher than 25% was noted,
and serious cardiac adverse events were reported.
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Laboratory Analysis
Hematology and biochemistry analyses were performed in automatized machines. Samples (2
nasopharyngeal or 11 oropharyngeal swabs) were submitted to viral RNA extraction using QlAamp
QIAamp
Viral RNA Mini Kit (Qiagen) according to the manufacturer's
manufacturer’s recommendations. Subsequently, all
specimens of potential SARS-CoV-2 were tested using the protocol developed by the US Centers for
28
Disease Control and Prevention, updated on March 15, 2020,
2020,28
targeting the virus nucleocapsid (N)
gene and the human RNase P gene as an internal control. For all assays, specimens were considered
positive if both viral targets (ie, N1 and N2) showed cycle threshold lower than 40.00. No
quantitative reverse transcription-polymerase
transcription–polymerase chain reaction data are presented here. Swab
specimens were collected on day 0 and day 4. Results were not available to guide any clinical
decision because a state-level laboratory (LACEN) centralized the examinations.
Statistical Analysis
We originally planned to perform an interim analysis between the groups when the study reached
25%, 50%, and 75% of the total sample size. However, global lethality (without unmasking) was
measured daily for security purposes, and the DSMB was informed accordingly. An intention-to-treat
analysis was conducted as part of the primary safety and efficacy analysis. Untaken or mistaken
tablets and dosage correction because of renal and liver failure were not registered daily, therefore
not allowing for per-protocol analysis. Descriptive statistics were used for demographic, laboratory,
and clinical data. To assess the safety of the high and low dosages of CQ, the proportion (and 95%
CI) of deaths in each group was compared with the historical proportion (and 95% CI) of deaths in
patients who did not use CQ in other countries.723•24
countries.7,23,24 For qualitative variables, xχ22 tests and Fisher
exact tests were performed. We used the t test or Mann-Whitney test to compare means and
medians. Survival models, using Kaplan-Meier estimate curves, assessed the cumulative proportion
of deaths. Log-rank and Peto-Peto (correction for low observation numbers in the end of the
follow-up) tests were used for survival time to event analyses. Exploratory multivariate analysis was
performed using logistic regression to assess the strength of the association between treatment arm
and lethality, adjusted by age. Odds ratios with respective 95% CIs were calculated. Statistical
analyses were performed in R version 3.6.1
3.6.1 (R Project for Statistical Computing), and a 2-tailed P < .05
was considered significant.
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Results
Results
Population Characteristics
81 patients were randomized (40 [49.4%] in the low-dosage group and 41
41 [50.6%] in the
A total of 81
high-dosage group) (Figure 1). A preliminary analysis was performed on April 5, 2020, per DSMB
recommendation, when 11 patients had died (7 [63.6%] in the high-dosage group; 4 [36.4%] in the
low-dosage group). Most patients (62 of 81
81 [76.5%]) had COVID-19 confirmed a posteriori by reverse
transcription–polymerase chain reaction, with 31(77.5%)
31 (77.5%) in the low-dosage group and 31(75.6%)
31 (75.6%) in
transcription-polymerase
the high-dosage group. The patients with unconfirmed disease had clinical and epidemiological
presentation compatible with COVID-19 and were analyzed together.
Overall and per-group baseline characteristics are presented in Table 1. Baseline characteristics
show an overall mean (SD) age of 51.1
(13.9) years and a predominance of men (60 [75.3%]).
51.1(13.9)
Hypertension (25 of 55 [45.5%]), alcohol use disorder (14 of 51 [27.5%]), and diabetes (14 of 55
[25.5%]) were the most frequent comorbidities. Older age (mean [SD] age, 54.7 [13.7] years vs 47.4
[13.3] years) and more heart disease (5 of 28 [17.9%] vs 0) were seen in the high-dose group
Occurrence of myocarditis (defined as a creatine kinase-MB [CKMB] level more than twice the
upper normal limit), which may be a final complication of severe sepsis or a lesion triggered by the
virus itself, was seen in 2 of 26 (7.7%) patients (1
(1 patient per group). No echocardiogram was
performed. All patients received azithromycin, and the frequency of oseltamivir use was 86.8% (33
of 38) and 92.5% (37 of 40) in the low- and high-dosage groups, respectively.
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Safety Outcomes
Creatine phosphokinase (CK) and CKMB levels were elevated in 13 of 33 patients (39.4%) and 10 of
26 patients (38.4%), respectively. Considering only confirmed COVID-19 cases, CK and CKMB were
elevated in 9 of 25 patients (37.5%) and 7 of 22 patients (31.8%), respectively, and CK increase was
more frequent in patients in the high-dosage group than the low-dosage group (7 of14 [50.0%] vs 6
of 19 [31.6%]). Only1
Only 1 patient developed severe rhabdomyolysis, and causality could be attributed to
11 of 73 patients (15.1%)
Overa1111
the virus or to CQ, which is already known to cause myolysis (Table 2). Overall
had QTc interval corrected by the Fridericia method (QTcF) greater than 500 milliseconds, with 8 of
57 patients (14.0%) with confirmed cases of COVID-19. QTcF greater than 500 milliseconds was more
frequent in the high-dosage group than the low-dosage group (7 of 37 [18.9%] vs 4 of 36 [11.1%]).
Two of 37 patients (2.7%) in the high-dosage group, both with confirmed COVID-19, experienced
ventricular tachycardia before death, without torsade de pointes. This severe type of arrythmia is
usually facilitated when QTc interval is prolonged. We did not calculate CQ dose by weight; however,
only 11 patient (1.2%) weighed less than 110 lbs. Body mass index was similar in both groups.
Hemoglobin decrease was observed in 11 of 42 patients (26.2%). Creatinine increase was
observed in 16 of 38 (42.1%). No apparent differences in hematological or renal toxicity were seen
between the groups.
Lethality Outcomes
Overall lethality rate in our sample was 27.2% (95% CI,17.9%-38.2%),
CI, 17.9%-38.2%), which overlapped with the
7,23
14.5%-19.2%) that included similar
95% CI of the meta-analysis
meta-analysis7.23 based on 2 major studies (95% CI, 14.5%19.2%)
patients not receiving CQ. Survival per group is presented in comparison with historical collation of
23 with patients not receiving CQ (Figure 2A).
available data from 2 other similar lethality studies7•
studies7,23
41 patients) in the high-dosage group and 15.0% (6 of 40) in the
Lethality was 39.0% (16 of 41
low-dosage group. Survival analysis has shown that both groups were similar to historical data,
showing no apparent differences despite more deaths in the high-dosage group (log-rank, -2.183;
−2.183;
P = .03). A similar survival analysis excluding 5 patients (6.2%) with chronic cardiac disease was
performed, and similar results were found (log-rank, -2.188;
−2.188; P
P = .03). Viral RNA was detected in 5 of
6 (83.3%) and 14 of 16
16 (87.5%) of the dead patients in the low-dosage and high-dosage groups,
respectively.
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Table 1. Demographic, Clinical, Laboratory, and Radiographic Findings of Patients at Baseline
(%)a
No./total No. Mr

Variable

Overall cohort
(N = 81)

Low-dosage group
(n = 40)
40)"b

High-dosage group
(n = 41)
41)Cc

Age, mean (SD), y

51.1 (13.9)
51.1

47.4 (13.3)

54.7 (13.7)

Women

20/81 (24.7)
20/81

10/40 (25.0)

10/41 (24.4)
10/41

White

17/81
17/81 (21.0)

10/40 (25.0)

7/41
7/41 (17.1)

Mixed

58/81
58/81(71.6)

28/40 (70.0)

30/41(73.2)
30/41

Black

6/81 (7.4)
6/81

2/40 (5.0)

4/41 (9.8)
4/41(9.8)

Pregnant

2/20 (10.0)
2/20(10.0)

1/10 (10.0)

1/10 (10.0)

Race

History of smoking
Never

33/48
(68.8)
33/48(68.8)

18/24 (75.0)

15/24 (62.5)

Current

4/48 (8.3)

3/24 (12.5)

1/24 (4.2)

Former

11/48 (22.9)

3/24 (12.5)

8/24 (33.3)
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Hypertension

25/55 (45.5)

10/27 (37)

15/28 (53.6)

Diabetes

14/55 (25.5)

5/27 (18.5)

9/28 (32.1)

Alcohol use disorder

14/51
14/51 (27.5)

8/26 (30.8)

6/25 (24)

Heart disease

5/55 (9.1)

0/27

5/28 (17.9)

Asthma

4/54 (7.4)

1/26 (3.8)

3/28 (10.7)

Chronic kidney disease

4/54 (7.4)

1/26 (3.8)

3/28 (10.7)

Rheumatic diseases

3/55 (5.5)

3/27 (11.1)

0/28

Liver diseases

2/55 (3.6)

2/27 (7.4)

0/28

Tuberculosis

2/55 (3.6)

2/27 (7.4)

0/28

HIV/AIDS

1/55 (1.8)

0/27

1/28 (3.6)

72/81 (88.9)
72/81(88.9)

36/40 (90.0)

36/41
36/41(87.8)

29/40 (72.5)

Oxygen therapy on admission
Body temperature, °C
<37.5

59/79 (74.7)

30/39 (76.9)

37.5-38.0

10/79 (12.7)

6/39 (15.4)

4/40 (10)

38.1-39.0

10/79 (12.7)

3/39 (7.7)

7/40 (17.5)

Heart rate, mean (SD), bpm

91 (17.5)
91

91.6 (18.7)

90.4 (16.4)

Respiratory rate,
median (IQR), rpm

26.0 (21.0-30.0)

25.0 (22.0-30.0)

28.0 (20.0-31.0)

Mean blood pressure,
mean (SD), mm Hg

94.4 (17.1)

96.2 (18.8)

92.7 (15.4)

BMI, median (IQR)

28.1 (26.0-31.6)
28.1

28.9 (26.1-32.7)

27.1 (25.7-31.2)
27.1

Capillary refill time, sec

13/55 (23.6)

6/26 (23.07)

7/27 (25.9)

Oxygen saturation,
median (IQR), %

96 (94.0-98.0)

96 (93.0-98.0)

95 (94.0-98.2)

White blood cell count,
mean (SD), /μL
/pL

10 100 (4600)

10 000 (4500)

10 200 (4800)

Hemoglobin, mean (SD), g/dL

1.28 (0.23)

1.32 (0.26)

1.24 (0.19)

Platelet count, median (IQR),
3
x103/pL
/μL
×10

211.0 (182.8-258.5)

196.5 (172.5-256)

215.0 (184.2-257.5)

Alanine aminotransferase,
median (IQR), U/L

65.2 (49.7-103.8)

51
(39.1-53.8)
51(39.1-53.8)

100 (92.3-115.1)

Creatinine, median (IQR), mg/dL

0.02 (0.01-0.03)

0.01 (0.01-0.02)
0.01

0.02 (0.01-0.03)

Lactate dehydrogenase,
median (IQR), U/L

948 (810.0-1139.8)

900 (553.0-1009.0)

1010 (869.0-1337.5)

Kinase

95.2 (61.9-250.4)

82.8 (55.8-177.4)

96.8 (70.8-279.0)

Kinase MB

20 (15.8-25.9)

18.6 (15.8-24.5)

20.9 (15.8-27.3)

C-reactive protein, median (IQR),
mg/dL

8.48 (6.98-9.47)

8.09 (6.19-9.51)

8.61 (7.73-9.19)
8.61

QTc interval, mean (SD),
milliseconds

424.7 (27.4)

421.9 (24.0)

427.8 (31.0)

Creatine, median (IQR), U/L

(continued)
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Table 1. Demographic, Clinical, Laboratory, and Radiographic Findings of Patients at Baseline (continued)
(%)aa
No./total No. M

Variable

Overall cohort
(N = 81)

High-dosage group
(n = 41)
41)Cc

Low-dosage group
(n = 40)
40)bb

Radiologic
Rad
iotogic findings
Ground-glass opacity infiltration

Unilateral

41/81 (50.6)
41/81

20/40 (50.0)

21/41 (51.2)
21/41(51.2)

Bilateral

8/81 (9.9)
8/81(9.9)

6/40 (15.0)

2/41 (4.9)
2/41(4.9)

Consolidation
Unilateral

25/81 (30.9)
25/81

15/40 (37.5)

10/41 (24.4)
10/41

Bilateral

15/81 (18.5)
15/81

7/40 (17.5)

8/41 (19.5)
8/41

5/81
5/81(6.2)

3/40 (7.5)

2/41 (4.9)
2/41(4.9)

27/81 (33.3)
27/81

10/40 (25.0)

17/41 (41.5)
17/41

Pleural effusion
qSOFA
?2
qS0FA score ≥2

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); IQR,
interquartile range; qSOFA,
qS0FA, quick sequential organ failure assessment.

From the Desk of

SI conversion factors: To convert alanine aminotransferase to microkatals per liter, multiply by 0.0167; C-reactive protein
10.0; creatine kinase to microkatals per liter, multiply by 0.0167; creatinine to
to milligrams per liter, multiply by 10.0;
micromoles per liter, multiply by 88.4; hemoglobin to grams per liter, multiply by 10.0; lactate dehydrogenase to
by 1.0; and white blood cell count to ×10
microkatal per liter, multiply by 0.167; platelet count to ×10
x1099 per liter, multiply by1.0;
x1099 per
liter, multiply by 0.001.
a

patients’ unconsciousness did not allow for complete personal history data collection.
For some variables, patients'

b
b

Low-dosage group received chloroquine for 5 days (450 mg twice daily on the first day and 450 mg once daily for
4 days).

c

10 days (600 mg twice daily for 10
10 days).
High-dosage group received chloroquine for 10
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13a
Table 2. Safety Outcomes in the Intention-to-Treat Population Until Day 13'
No/ total No. (%)
COVID-19 confirmed cases

All patients
Variable
Hemoglobin decreased
decreaseddd

Total
11/42 (26.2)

Low-dosage
group
group"b
4/18 (22.2)

increasede
Creatinine increased'

16/38 (42.1)

7/15 (46.7)

9/23 (39.1)

13/27 (48.1)

5/9 (55.6)

8/18 (44.4)

CK increased

13/33 (39.4)

6/19 (31.6)

7/14 (50.0)

9/24 (37.5)

3/15 (20.0)

6/9 (66.7)

CKMB increased

10/26 (38.4)

3/13 (23.1)

7/13 (53.8)

7/22 (31.8)

3/13 (23.1)

4/9 (44.4)

QTcF >500 me
msf

11/73 (15.1)

4/36 (11.1)

7/37 (18.9)

8/57 (14.0)

1/27 (3.6)

7/29 (24.1)

Ventricular tachycardia

2/73 (2.7)

0/36

2/37 (2.7)

2/62 (3.2)

0/31
0/31

2/31
2/31 (6.5)

phosphokinase–MB;
Abbreviation: CK, creatine phosphokinase; CKMB, creatinine phosphokinase-MB;
COVID-19, coronavirus disease 2019; QTcF, QT interval corrected by the
Fridericia method.

High-dosage
group
group'c
7/24 (19.2)

Total
7/29 (24.1)

Low-dosage
group
group"b
3/11(27.3)
3/11

High-dosage
group
group'c
4/18 (22.2)

c

High-dosage group received chloroquine for 10 days (600 mg twice daily for 10 days).
days)

d
d

Decreases in hemoglobin level of more than 3 g/dL or 30% or greater from baseline
are shown.

a
a

13 visit before this article was finalized.
Not all patients completed day
day13

e
e

Increases in creatinine serum levels of 30% or more from baseline are shown.

b
b

Low-dosage group received chloroquine for 5 days (450 mg twice daily on the first day
and 450 mg once daily for 4 days).

f

Serious adverse events related to the trial regimen were prolongation of the QTcF.

CI, 1.2-10.6). Despite
The high-dosage group was associated with lethality (odds ratio, 3.6; 95% CI,1.2-10.6).
the small sample size, in an exploratory multivariate analysis, the high-dosage CQ was no longer
associated with death when controlled by age (odds ratio, 2.8; 95% CI, 0.9-8.5). In 5 patients with
chronic cardiac disease, 3 (60.0%) died; their clinical details are presented in Table 3. Neither
ventricular tachycardia nor torsade de pointes was seen in these patients. In the eTable in
of 12 patients with prolonged QTcF and/or ventricular tachycardia.
Supplement 2, we present details of12
No clear association was seen between the first day of prolonged QTcF and day of death, nor did
cumulative dosages seem to be higher among those who died. Overall,19
Overall, 19 of 22 deaths (86.4%) had
virologic confirmation of SARS-CoV-2 infection antemortem. Based on these findings, in which a
higher dosage of CQ showed the opposite of the study's
study’s hypothesis, the DSMB recommended the
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immediate interruption of the high-dosage group for all ages and that all patients be unmasked and
reverted to the low-dosage group.

A subgroup was analyzed with critically ill patients enrolled (Figure 2B). No difference in
lethality rates was seen between groups.
A total of 27 patients had nasopharyngeal and/or oropharyngeal samples collected on days 0
and 4. Results were negative on day 4 in only 6 patients (22.2%).

Discussion
In a unique pandemic situation, health professionals have to choose between offering medical
assistance and generating and reporting reliable data, a dichotomy that compromises the ability to
generate high-quality evidence for clinical management. However, global recommendations for
COVID-19 are being made based on unpowered studies, and because of the chaotic urgency of the
situation, drugs are being prescribed in a compassionate manner given the severity of the disease.
CQ is a safe drug, used for more than 70 years to treat malaria. However, in the context of patients
with severe COVID-19, our study raises enough red flags to stop the use of a high-dosage regimen (ie,
10 days), because the risks of toxic effects overcame the benefits.
12 g of CQ during 10
We were not able to independently assess the toxic role of CQ because all patients were already
using azithromycin, as per hospital protocol. Official recommendations from China'
China10 called attention
to the nonsimultaneous use of CQ and azithromycin because of potentially synergistic cardiac toxic
effects. This combination was also used to treat some patients from Marseille, France, without any
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Figure 2. Time From Randomization to Death Among Patients Treated With Each Chloroquine (CQ) Dosage
A All patients
El

B Patients in intensive care unit at enrollment
El

1.0

1.0
Low-dosage
Low dosage CQ

Low-dosage CQ

0.8
0.8-

Survival probability

Survival probability

0.8

0.6

High-dosage CQ

2

0.6
0.6-

2

0.4

N

CQ
High-dosage CQ
0.4

0.2

0.2

0
0

0
0

1

2
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4
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6
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8

9

11 12 13
10 11

0

1

2

3

4

Time, d

5

6

7

8

9

11 12 13
10 11

Time, d

No. at risk
CQ 41
8
High-dosage CQ
41 40 39 36 34 32 32 30 24 19 14
9
Low-dosage CQ
CQ 40 40 39 39 38 38 37 35 27 22 17 14 10

5
7

A, The gray band represents the upper and lower limits of the confidence interval for
al7 and Chen
lethality in hospitalized patients not receiving CQ obtained by Zhou et al'
(ie, 167 of 990 patients [16.9%]; 95% C1,14.5%-19.2%).
CI, 14.5%-19.2%). B, The gray band
et .3123
al23 (ie,167

No. at risk
High-dosage CQ 23 22 22 20 18 17 17 16 13 13 11
11 7
Low-dosage CQ 14 14 14 14 14 14 13 13 9
9
8 7

6
4

3
2

represents the upper and lower limits of the confidence interval for lethality in critically
24
1581 [25.6%]; 95%
al24
ill patients not receiving CQ in the study by Grasselli et a1
(ie, 405 of1581
CI, 23.5%-27.8%).

Table 3. Clinical Details of 5 Patients Enrolled in the High-Dosage Group With Previous Cardiac Disease
Age, y
70s

Sex
Woman

Race
Black

First QTcF, ms
478

Previous cardiac disease
Heart failure

Other comorbidities
Hypertension, diabetes,
and chronic kidney disease
Hypertension and diabetes

Death
No

No

Yes
Yes

60s

Man

Mixed

488

Coronary chronic disease

40s

Woman

White

457

Heart failure

60s

Man

Mixed

440

Coronary chronic disease

Chronic obstructive pulmonary disease
and obesity
None

70s

Man

White

NA

Atrioventricular block

Hypertension

Yes

Abbreviations: NA, not available; QTcF, QT interval corrected by the Fridericia method.
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concerning safety report.'
report.13 Most patients (89.6%) in our study were also receiving oseltamivir for
suspected influenza infection, which also increases QTc interval and could have adverse cardiac
effects. The data presented here refer to patients in whom CQ, azithromycin, and oseltamivir were
concomitantly used because of the atypical circumstances of an unknown disease. Further
conclusions on synergistic cardiotoxic effects might be possible with ongoing studies'
studies’ results
worldwide, as soon as they are presented to the scientific community.

By the time of the study planning, the Brazilian regulatory agency and the Brazilian Ministry of
clinician’s discretion, with pressure
Health authorized the compassionate use of CQ and HCQ at the clinician's
on physicians to prescribe the drug for patients with severe COVID-19. Although this is not an
imperative against running placebo-controlled trials, it triggered an ethical dilemma regarding the
conduct of randomized clinical trials offering placebo treatment for patients, strongly influenced by
the media favoring CQ use. We also accounted for the fact that the standard of care for severe
COVID-19 included CQ in the clinical setting where the trial would be conducted. In the absence of a
placebo group, we were compelled to use historical data based on very similar patients not receiving
CQ. The lethality rates observed here were not lower; however, we cannot reliably conclude that CQ
was of no benefit. Placebo-controlled studies are being performed in countries not routinely using
drug.29 Several ongoing trials (including the CloroCovid-19 II trial')
trial30) have also been addressing
the drug.29
the early use of CQ, in which the anti-inflammatory properties could potentially be more helpful. That
information is urgently needed in well-designed placebo-controlled double-masked
randomized trials.
We will still enroll patients in the low-dosage group to complete the originally planned sample
size. The need for careful follow-up and toxic effect monitoring of patients using the low-dosage
regimen in a scenario where CQ is routinely prescribed for severe COVID-19 cases supported this
decision. The safety data obtained from the low-dosage group would be extremely useful for
designing better guidelines for the rational use of CQ as compassionate treatment for severe
COVID-19 until the conclusion of placebo-controlled trials. All the patients remaining in the study
were asked to provide updated informed consent, and the informed consent form was properly
modified.
In addition to helping patients improve, CQ could be used to decrease the viral load in
respiratory secretions, allowing less nosocomial and postdischarge transmission. However, our data
provided no evidence of such an effect. Patients using CQ (irrespective of dosage) failed to present
evidence of substantial viral clearance by day 4, even with the concomitant use of azithromycin.
No data exist in the literature showing different cardiotoxic effects between CQ and HCQ; the
only concern is with ocular assessment. QTc interval prolongation greater than 500 milliseconds was
seen in 11 of 73 patients (15.1%), which is similar to what has been reported in patients with COVID-19
receiving HCQ (11.0%).3'
(11.0%).31 Myopathy has also been associated with CQ use.'
use.17 In our study, 11 patient
developed rhabdomyolysis, which was attributed to CQ, and the drug was withdrawn. In 2 patients,
myocarditis was suspected based on CKMB elevation since the first day of hospitalization, suggesting
myocarditis related to SARS-CoV-2 itself. In such cases, drugs prolonging QTc interval could lead to
severe arrhythmias. Unfortunately, probably because of the low sample size, this study’s
study's
randomization assigned more older patients with heart disease to the high-dosage group than the
low-dosage group. Therefore, a limitation for the conclusions of the study on lethality per group is
that the high-dosage group included more patients susceptible to cardiac complications, with or
without CQ treatment. In any case, use of CQ in older patients, especially those with heart disease,
should be conducted with caution. In our sample, the decision to enroll all types of patients in a
pragmatic design, whatever age or comorbidity, was based on the formerly predicted high lethality
among critically ill patients with COVID-19, and an imprecise risk-benefit of CQ was assumed at the
time of the protocol design. In view of the results, it is clear that any CQ treatment or protocol design
for severe COVID-19 should include previous QTc interval evaluation, close daily monitoring, and
dosage modification when needed.
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Lethality among critically ill patients in the present study seemed to be even higher than among
similar patients not receiving CQ in a large historical sample-size cohort of patients in Lombardy,
Italy.24 That could reflect the quality of intensive care units in both countries or the possible lack of or
Italy.'
deleterious effect of CQ in such patients with COVID-19. The occurrence of myocarditis in our sample,
with the confirmed QTcF prolongation, warrants caution regarding this drug’s
drug's safety, particularly
considering the eventual increase in fatal arrythmias, such as ventricular tachycardia.

Strengths and Limitations
This study had some strengths. It was double-masked; performed in a public hospital, which will
manage most cases in countries like Brazil; compliant with good clinical practices, with a vigilant and
highly involved DSMB; and presented an assessment of 2 dosages of CQ for the first time in patients
with severe COVID-19. However, this study has limitations, including its small sample size; its singlecenter design; its lack of a placebo control group; and the absence of exclusion criteria based on the
QTc interval at baseline.
Per-protocol analysis was not performed because of the impossibility of monitoring drug
administration twice a day at the hospital. Radiologic findings were presented in this article only at
the baseline due to the inability to perform careful analyses of available computed tomography scans
over time. Radiologic and complete efficacy data will be presented later.
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Conclusions
10 days concurrently with azithromycin and
In this study, a high-dosage of CQ (12 g) given for 10
oseltamivir was not sufficiently safe to warrant continuation of that study group. Age was an
important confounder and might be associated with the unfavorable outcomes. We recommend that
similar dosages no longer be used for the treatment of severe COVID-19, especially because
treatment based on older patients with previous cardiac diseases who are receiving concomitant
cardiotoxic drugs should be the rule. No apparent benefit of CQ was seen regarding lethality in our
patients so far. To better understand the role of CQ or HCQ in the treatment of COVID-19, we
recommend the following next steps: (1) randomized clinical trials evaluating its role as a prophylactic
drug and (2) randomized clinical trials evaluating its efficacy against the progression of COVID-19
when administered to patients with mild or moderate disease. Even if we fail to generate good
evidence in time to control the current pandemic, the information will affect how we deal with
coronavirus outbreaks in the future.
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