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INTRODUCTION

Abstract

Hydroxychloroquine (HCQ) was initially promoted as an oral therapy for early
treatment of coronavirus disease 2019 (COVID-19). Conventional meta-analyses
cannot fully address the heterogeneity of different designs and outcomes of rand-
omized controlled trials (RCTs) assessing the efficacy of HCQ in outpatients with
mild COVID-19. We conducted a pooled analysis of individual participant data
from RCTs that evaluated the effect of HCQ on hospitalization and viral load reduc-
tion in outpatients with confirmed COVID-19. We evaluated the overall treatment
group effect by log-likelihood ratio test (—2LL) from a generalized linear mixed
model to accommodate correlated longitudinal binary data. The analysis included
data from 11 RCTs. The outcome of virological effect, assessed in 1560 participants
(N =795 HCQ, N = 765 control), did not differ significantly between the two treat-
ment groups (—2LL = 7.66; p = 0.18) when adjusting for cohort, duration of symp-
toms, and comorbidities. The decline in polymerase chain reaction positive tests
from day 1 to 7 was 42.0 and 41.6 percentage points in the HCQ and control groups,
respectively. Among the 2037 participants evaluable for hospitalization (N = 1058
HCQ, N = 979 control), we found no significant differences in hospitalization rate
between participants receiving HCQ and controls (odds ratio 0.995; 95% confidence
interval 0.614-1.610; —2LL = 0.0; p = 0.98) when adjusting for cohort, duration
of symptoms, and comorbidities. This individual participant data meta-analysis of
11 HCQ trials that evaluated severe acute respiratory syndrome-coronavirus 2 viral
clearance and COVID-19 hospitalization did not show a clinical benefit of HCQ.
Our meta-analysis provides evidence to support the interruption in the use of HCQ
in mild COVID-19 outpatients to reduce progression to severe disease.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Various randomized-controlled trials have shown little or no efficacy of hydroxychlo-
roquine (HCQ) for treating mild coronavirus disease 2019 (COVID-19) in the outpa-
tient setting; however, the investigated outcomes and results are heterogeneous and
cannot be fully addressed by conventional meta-analyses of aggregated data.
WHAT QUESTION DID THIS STUDY ADDRESS?

Does treatment with HCQ reduce the risk of progressing toward severe illness in
individuals with mild COVID-19?

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

In this meta-analysis of individual participant data, we found that HCQ does not
improve viral clearance nor reduces the risk of hospitalizations when adminis-
tered to individuals with mild COVID-19.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

Our meta-analysis provides evidence to support the interruption in the use of
HCQ in mild COVID-19 outpatients to reduce progression to severe disease.

as an important area of investigation. Widespread inter-
est quickly arose in the potential use of chemotherapeu-

From the earliest days of the coronavirus disease 2019 tic agents already approved for other diseases for which
(COVID-19) pandemic, treatment of early infection to re- preliminary evidence suggested possible activity against
duce morbidity and prevent hospitalization was identified =~ the severe acute respiratory syndrome-coronavirus
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2(SARS-CoV-2) virus.' Because these agents with existing
indications and established safety profiles did not require
investigational new drug approval, clinical trials were
able to launch rapidly, providing critical platforms to in-
vestigate the potential efficacy of such “repurposed drugs”
using a rigorous trial methodology.

Chloroquine and hydroxychloroquine (HCQ) are an-
timalarial agents that were among the first of these so-
called repurposed drug candidates to attract interest in the
treatment of COVID-19. These agents alkalinize the en-
dosome and have immunomodulatory effects.” Preclinical
data from SARS-CoV suggested in vitro inhibition of rep-
lication in cell culture, perhaps due to glycosylation of the
angiotensin-converting enzyme 2 receptor or interference
with endosomal transport.>”” Results from small, poorly
designed studies lacking appropriate controls, suggested
a possible clinical effect of reducing SARS-CoV-2 infec-
tion, generating substantial interest in the potential use of
these agents in both scientific and lay communities.

With greater drug availability and in the context of a
growing international public health emergency, HCQ
was soon widely adopted in ambulatory practice and hos-
pital treatment protocols without supporting evidence.
To address this knowledge gap, clinical trials evaluat-
ing the efficacy and safety of HCQ in hospitalized and
non-hospitalized COVID-19 populations were rapidly
initiated. Some of these trials raised concerns regarding
treatment safety in patients with COVID-19, particularly
cardiovascular adverse events (e.g., conduction disor-
ders), but also dermatological (e.g., hyperpigmentation of
the skin), neuromuscular (e.g., weakness), and ophthal-
mological (e.g., retinopathy).® However, cumulative ex-
perience with HCQ showed no increased risk of adverse
events in patients with COVID-19 compared with the use
of this drug in approved indications, thus supporting the
safe use of this drug.’'° Regarding efficacy, trials focusing
on hospital-admitted patients were completed first, con-
sistently demonstrating no clinical effect on the outcome
of death.™™ Trials assessing efficacy in outpatients'*™
or the prophylactic effect among exposed contacts also
showed no benefit associated with HCQ.'**°

Conclusive findings in the setting of mild-COVID have
been stymied, first, by the small sample size of partici-
pants in each of the multiple randomized controlled trials
(RCTs), which limited statistical power, and second, by
the incapacity of conventional meta-analyses to fully ad-
dress heterogeneity of different trials’ design and outcome
measurements. In the summer of 2020, the US National
Institutes of Health assembled a group of investigators
conducting clinical trials studying the effect of HCQ on
early, non-hospitalized patients with mild-moderate
COVID-109. To strengthen the statistical power of the anal-
yses, and allow more robust inference around well-defined
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clinical end points such as viral clearance and hospitaliza-
tion, an individual patient data (IPD) meta-analysis was
conducted using pooled data from 11 RCTs.

METHODS
Study screening and selection

The search for studies for the meta-analysis began by set-
ting guidelines for the types of studies to be included. For
eligibility assessment, studies had to be completed, enroll
confirmed COVID-19 outpatients (either symptomatic or
asymptomatic), include a treatment arm with 5-to-10days
HCQ at a daily dose ranging from 1600 to 4400mg, and
have a comparator arm. Individual data from participants
who received HCQ combined with other drugs were ex-
cluded from the analysis.

Methods for identifying studies consisted of system-
atic searches on the ClinicalTrials.gov database for studies
registered with the condition “COVID-19” and drug name
“hydroxychloroquine” from February to October 2020.
Due to the short time period since the beginning of the
COVID-19 pandemic, databases indexing published jour-
nal articles were not considered.

Data extraction and quality assessment

We contacted the investigators and/or sponsors of the
selected trials by email and offered them to participate
in the meta-analysis of individual participant data. The
datasets were shared as either coma-separated val-
ues text files or statistical analysis system datasets and
mapped to study data tabulation mode-like datasets be-
fore including them into the pooled dataset. Using the
integrated datasets for all studies, a participant-level
dataset with baseline characteristics and population
information (ADSL) was created. A dataset using AD
model builder software was created for the polymerase
chain reaction (PCR) test result and viral load to per-
form the planned analyses. Participant-level data sought
included baseline information (age, sex, race, country/
region, weight, height, body mass index [BMI], comor-
bidities, and COVID-19 characteristics) and follow-up
information (PCR test results for different timepoints
and hospitalization). We chose and retrieved baseline
information that was relevant for subgroups analyses,
such as comorbidities, symptoms, high- and low-risk
groups, sampling method, collection method, assay type,
and viral load at baseline. For each contributor, the data
were cross-checked against the mapping spreadsheet
to confirm that enough data were available as per the
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requirements for analysis and end points for each re-
spective study. All data issues, anomalies, and missing
data queries were sent to contributors for their confir-
mation. Tables, listings, and figures were created based
on the inclusion assumptions for a specific analysis.

Study end points and variables

Two co-primary end points were established: viral clear-
ance and hospitalization rate. Viral clearance was de-
fined as the proportion of participants with a negative
PCR result for SARS-CoV-2 at the successive follow-up
visits (days 3, 7, 10, and/or 14 after treatment start). To
ensure consistent evaluations across all studies, the base-
line was defined as the day of the first dose of the study
drug. The hospitalization rate was estimated considering
all hospital admissions of a patient testing positive for
SARS-CoV-2 during the follow-up period (up to 30days
after treatment start). An additional analysis of viral load
after HCQ administration was conducted using individ-
ual participant data from studies that had monitored viral
load over time.

Other variables analyzed included demographic (age,
sex, race, and country/region), clinical (weight, height,
BMI, and comorbidities), and COVID-19 characteristics.
Based on these characteristics, we categorized participants
into low- and high-risk for severe COVID-19. High-risk
criteria included age greater than or equal to 65 years, BMI
greater than or equal to 30kg/m?, and having one of the
following prespecified comorbidities: pulmonary disease,
cardiovascular disease, kidney disease, immunocompro-
mised status, liver disease, diabetes, and hypertension.
Finally, we quantified treatment exposure by considering
the entire treatment period (i.e., [day of the last dose]-[day
of the first dose]+1). The treatment exposure estimates
for studies that did not provide a date for treatment start is
described in the supplementary methods (Supplementary
Material S1).

Efficacy analysis populations

A participant was considered to have a mild SARS-CoV-2
infection, and therefore met the inclusion criteria for the
analysis, if they did not require hospitalization, and had
a positive SARS-CoV-2 PCR test either at screening or at
baseline (including those asymptomatic with positive PCR
test results). The relevant days of assessment were taken
directly as provided in the specific study datasets available
for each specific study.

The hospitalization analysis population consisted of all
participants who received at least one dose of any of the

study drugs (i.e., HCQ, HCQ + azithromycin, standard of
care, or placebo).

The PCR analysis population, used for the viral clear-
ance end point, consisted of all participants who satisfied
eligibility criteria, and had at least one post-baseline PCR
test collected at one of the prespecified timepoints of inter-
est (days 3, 7, 10, and 14). The viral load analysis population
consisted of all participants in the PCR analysis population,
who had a positive viral load quantitative measurement at
both baseline and at least one post-baseline timepoint.

Statistics

Viral clearance and hospitalization data were analyzed
using a generalized linear mixed model (GLMM) to ac-
commodate for correlated longitudinal binary data. The
estimated treatment effect from GLMM is the odds of
a positive SARS-CoV-2 test among participants rand-
omized to HCQ relative to control and the odds of hos-
pitalization among participants randomized to HCQ
relative to control, assessed using a log-likelihood ratio
test (—2LL). The adaptive Gauss-Hermite quadrature
method was used. Two statistical models (full and re-
duced) were fitted to assess primary objectives of whether
there was evidence of any global HCQ effect. The full
model accounted for both study-specific and participant-
specific random effects, and fixed effects for study drug
administration, study day, study drug administration-by
study day-interaction, the risk variable, and duration of
symptoms variable. The reduced model was similar to
the full model but the fixed effects associated with study
drug administration were removed. Results were pre-
sented as the odds ratio (OR) and the corresponding 95%
confidence interval (CI).

The likelihood ratio test between the full and reduced
models was used to assess the global null hypothesis of
any HCQ treatment effect. The test statistic was compared
against y? distribution with degrees of freedom equal to
the number of parameters in the full model minus the
number of parameters in the reduced model. A one-sided
test was used with nominal significance level 5%. Table S1
(Supplementary Material S1) and the statistical analysis
plan (Supplementary Material S2) provide further details
regarding the statistical models used for the assessment of
the two primary end points.

The nominal and model-based estimated proportion of
positive tests over time for each study was explored overall
and by each subgroup. Analyses included the proportion
of participants with SARS-CoV-2 positive and negative
test results at each visit, the proportion of participants
with hospitalization, and estimates of ORs for hospitaliza-
tion with appropriate 95% CIs.
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No formal statistical analysis was performed on the
viral load data due to the limited availability of data across
studies. Descriptive summary statistics were provided,
showing the mean, median, and standard deviation (SD).

Subgroups for selected analyses in the aggregated pop-
ulations included sex, age (<65years, >65years), risk level
(low or high), and the number of days since the first symp-
tom/s appeared (categorized as: no baseline symptoms,
<3days of symptoms at baseline, >3 days of symptoms at
baseline). In addition to the subgroup analyses performed
on all participants, a sensitivity analysis was performed
post hoc to assess treatment differences when participants
with negative PCR result at baseline/study day 1 were re-
moved from the analyses.

Missing values were not imputed and were handled ap-
propriately in the mixed model analysis. All of the model
analyses were implemented using SAS PROC GLIMMIX.

RESULTS
Study characteristics

After assessing eligibility criteria, we sought data from
32 studies; 11 of them provided us with individual par-
ticipant data (Figure 1). Three hundred eighty-eight par-
ticipants were excluded from the meta-analysis because
they had received chloroquine (trials NCT04346667
and NCT04351191), or lopinavir/ritonavir (trial
NCT04403100), or HCQ plus cobicistat-boosted darunavir
(trial NCT04304053). The study conducted by the Fight
AIDS Foundation and Infectious Diseases (NCT04304053)
had two separate cohorts: non-hospitalized adult par-
ticipants with recently confirmed SARS-CoV-2 infection
(FLS-1), and asymptomatic contacts exposed to a PCR-
positive COVID-19 case (FLS-2).

)
s
’ﬁ Studies identified in ClinicalTrials.gov
2 (n=32)
=
=]
&
7]
=
—
o)
Assessed for eligibility (after removing duplicates)
2z (n=16)
8
=
w

—bl Studies for which IPD were not provided (n=>5)

Studies for which IPD were provided = 11
* No. of participants (n=5237)

NCT04308668 (n=491)
NCT04346667 (n=128)
NCT04334382 (n=177)
NCT04329611 (n=148)
NCT04358068 (n=20)

NCT04340544 (n=17)

NCT04351191 (n=137)
NCT04354428 (n=231)
NCT04342169 (n=314)
NCT04403100 (n=686)

NCT04304053 (n=2888)

IPD excluded for receiving other therapies (n=696):
* Chloroquine (from NCT04346667 and NCT04351191) (n=67)
* Lopinavir-ritonavir (from NCT04403100) (n=232)

J [Data obtention and availability] [

* Hydroxychloroquine + cobicistat-boosted darunavir
(from NCT04304053) (n=89)

* No actual or planned treatment information (n=118)

* No treatment duration information (n=190)

Pooled Analysis Population
(participants who received at least one dose of relevant

IPD excluded (studies with no PCR results

« NCT04308668 (n=407)
+ NCT04334382 (n=153)
« NCT04329611 (n=123)
+ NCT04358068 (n=16)

IPD excluded (no post-baseline PCR
result at Day 3, 7, 10, or 14) (n=2282)

treatment) (n=4541)
reported) (n=699):
Individuals excluded (no
il hospitalization information collected) [¢——
3 (n=2504)
°
Q
@
=
©
c
<
Hospitalization analysis set PCR analysis set
(Individuals with a positive PCR at screening or baseline) (Individuals with a positive PCR test at screening or baseline and had at
(n=2037) least one post-baseline PCR result)
(n=1560)
« Control group: 979 « Control group: 765
* HCQ group: 1,058 * HCQ group: 795
- J

FIGURE 1 PRISMA flow-chart of the individual participant data meta-analysis. HCQ, hydroxychloroquine; IPD, individual participant

data; PCR, polymerase chain reaction
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The final study sample for the viral clearance end point
(PCR population) included 1560 outpatients with a PCR
result for SARS-CoV-2 at baseline and at least one of the
follow-up timepoints: 795 participants received HCQ
monotherapy, and 765 received an alternative interven-
tion. For the hospitalization end point, 2037 participants
were included: 1058 who received HCQ monotherapy and
979 who received a randomized control intervention.

Table 1 summarizes the main characteristics of the
study design and interventions of the selected studies.
Eight studies were placebo-controlled, two were active-
controlled with folic acid, azithromycin, or ascorbic acid,
and one compared the effect of HCQ with the standard
of care. Eligibility criteria for each study are provided in
Table S2 (main criteria) and Table S3 (detailed list of crite-
ria per study) of the supplementary material.

Table S4 summarizes the patient disposition by treatment
group, including reasons for discontinuation, for the PCR
and viral load populations. The disposition of participants
within the HCQ and control groups were balanced in terms
of the numbers included in the PCR and viral load analysis
populations. Table S5 provides further details regarding the
type of data collected for viral clearance in each trial.

Individual participant data integrity

All participants included in the analysis had a positive
PCR test for SARS-CoV-2 at study enrollment; how-
ever, three studies (NCT04354428, NCT04342169, and
NCT04340544) included participants with a negative PCR
result at treatment start. A sensitivity analysis was con-
ducted excluding participants with a negative PCR result
at treatment start.

There were notable differences in the percentage of SARS-
CoV-2 PCR results reported by visit: days 3, 7, 10, and 14.
For instance, only two of the eight studies (NCT04354428
and NCT04342169) routinely performed PCR tests on day
10. Studies NCT04304053, NCT04340544, NCT04346667,
NCT04351191, NCT04354428, NCT04358068, and
NCT04403100 each had the dates of the first and last dose
available. The remaining studies did not provide the date of
treatment start. A list of missing values for the virological
outcome is provided in Table S6. The high number of miss-
ing values in cobicistat-boosted darunavir precluded analyses
with this arm.

Neither BMI nor weight were available for study
NCT0430453 participants, and BMI was not available in
study NCT04342169. For NCT0430453, a participant was
determined to be low-risk based on age and comorbidities.
For study NCT04342169, a participant was determined to
be low-risk based on age, comorbidities, and if their weight
was less than 91 kg (women) or less than 100kg (men).

Participant characteristics

Table 2 summarizes the pooled demographic and clinical
characteristics of individuals included in both analysis pop-
ulations. The demographic characteristics were balanced
for mean age, sex, race, weight, BMI, global region, and
COVID-19 risk were balanced between HCQ and control
treatment groups. A broad geographic distribution of par-
ticipants was represented in this study. Most participants
were symptomatic (60%-68%) and most were greater than
or equal to 3days from symptom onset (50-54%) by the time
of starting treatment. The HCQ and control groups were
balanced regarding days from symptom onset to treatment
start.

Primary end points

Figure 2 shows the proportion of participants with a nega-
tive, positive or missing SARS-CoV-2 PCR test for each
visit. The decline in PCR positive tests in the HCQ and
control groups were 22.5% and 22.6% on day 3, 42.0% and
41.6% on day 7, 59.7% and 51.4% on day 10, and 66.7% and
68.2% on day 14. The mixed model longitudinal analysis
did not reveal a statistically significant effect of HCQ ad-
ministration on COVID-19 viral clearance compared to
control when participants from all included studies were
pooled (—2LL = 7.66, p = 0.18). The sensitivity analysis re-
moving participants with negative PCR result at baseline
showed a similar trend (Table S7).

Table 3 shows the hospitalizations in each group.
We found no significant difference in the hospitaliza-
tion end point between the HCQ and the control group
(—=2LL = 0.00, p = 0.98). The percentage of participants
who required hospitalization was 3.5% (37/1058) in the
HCQ group versus 3.9% (38/979) in the control group (OR
0.995;95% CI1 0.614-1.610). The hospitalization rate among
participants who received HCQ was similar, irrespective
of the total HCQ dose: 3.4% (2.2-5.0) for low total dose
(i.e., £3200mg) and 3.7% (2.2-5.9) for high total dose (i.e.,
>3200mg).

Additional analyses
Subgroup analysis for viral clearance

Table S8 summarizes results regarding the primary viral
clearance outcome by subgroups of the PCR analysis
population: sex, age (<65years, >65years), risk level (low
or high), and the number of days since the first symp-
toms appeared (categorized as: no baseline symptoms,
<3days of symptoms at baseline, >3 days of symptoms at
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TABLE 2 Main demographic and clinical characteristics of patients included in the hospitalization and PCR analysis populations

Hospitalization population PCR population
Control
HCQ (N = 1058) Control (N = 979) HCQ (N = 795) (N = 765)
Demographic characteristics
Age (years), mean (SD) 45 (15.60) 46.6 (16.10) 44.3 (16.38) 46.2 (16.74)
Age groups, n (%)
<65years 948 (89.6) 866 (88.5) 708 (89.1) 675 (88.2)
>65years 110 (10.4) 113 (11.5) 87 (25.7) 90 (28.0)
Sex (male), 1 (%) 503 (47.5) 445 (45.5) 351 (44.2) 326 (42.6)
Ethnicity, n (%)
White 256 (24.2) 226 (23.1) 133 (16.7) 95 (12.4)
Mixed 201 (19.0) 202 (20.6) 193 (24.3) 189 (24.7)
Asian 66 (6.2) 34(3.5) 6(0.8) 5(0.7)
Other 57 (5.4) 39 (4.0) 42 (5.3) 27 (3.5)
Missing/not available 442 (41.8) 462 (47.2) 403 (50.7) 437 (57.1)
Region, n (%)
North America 483 (45.7) 373 (38.1) 251 (31.6) 184 (24.1)
South America 210 (19.8) 221 (22.6) 202 (25.4) 210 (27.5)
Europe 246 (23.2) 325(33.2) 243 (30.6) 319 (41.7)
Asia 119 (11.2) 60 (6.1) 99 (12.5) 52 (6.8)
BMI >30kg/m>, n (%) 228 (33.6) 170 (33.5) 158 (31.9) 125(32.4)
BMI kg/m? mean (SD) 27.9 (5.89) 28.5 (6.14) 27.9 (5.65) 28.5(5.86)
Comorbidities,* n (%)
Hypertension 184 (58.2) 163 (57.2) 136 (62.1) 122 (57.8)
Cardiovascular disease 42 (13.3) 42 (14.7) 35(16.0) 39 (18.5)
Pulmonary disease 104 (32.9) 87 (30.5) 53(24.2) 52 (24.6)
Immunocompromised 24 (7.6) 27 (9.5) 21(9.6) 24 (11.4)
COVID-19 assessments, 1 (%)
Nasopharyngeal swab performed 459 (78.5) 355 (74.4) 436 (77.9) 337 (74.2)
Oropharyngeal swab performed 118 (20.2) 113 (23.7) 116 (20.7) 109 (24.0)
COVID-19 characteristics, n (%)
COVID-19 symptoms at baseline 697 (65.9) 664 (67.8) 475 (59.7) 475 (62.1)
Days from symptom onset to treatment
start, mean (SD)
<3days 133 (12.6) 135 (13.8) 74(9.3) 67 (8.8)
>3 days 564 (53.3) 529 (54.0) 401 (50.4) 408 (53.3)
Viral load at baseline (log;, copies/ml), 6.4 (2.94) 7.0 (3.37) 6.5(2.95) 6.9 (3.16)
mean (SD)
Risk factor- high, n (%) 479 (45.3) 421 (43.0) 338 (42.5) 321 (42.0)
Risk factor- low,” n (%) 579 (54.7) 558 (57.0) 457 (57.5) 444 (58.0)

Note: Percentages were calculated using the number of participants in each intervention group in the relevant population, with data available, as the
denominator.

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019; HCQ, hydroxychloroquine; PCR, polymerase chain reaction.

At least one of the following: pulmonary disease, cardiovascular disease, kidney disease, immunocompromised status, liver diseases, diabetes, and
hypertension. Studies NCT04334382, NCT04308668, and NCT04342169 had only weight recorded so BMI was classified using weight thresholds.
bParticipants indeterminate for risk factor were included in the low-risk group with missing information on age or BMI or comorbidities when low risk for
those where information was available.
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100% 95.0% FIGURE 2 SARS-CoV-2 Viral
91'18% £ ' clearance with or without HCQ.
90% Hydroxychloroquine Results based on nasal swab samples.
Percentage positive are among those
80% Control
. 3/2-4% samples collected. Samples not collected
§ 70% I could be either true missing or not
z collected per protocol. The mixed model
% 60% 53.4% longitudinal analysis did not reveal a
£ 49.7% I } statistically significant effect of HCQ
43.6%
§ 50% administration on viral load clearance
o over 14days (—2LL = 7.66, p = 0.138).
2 40% 321% o .
S -2LL, log-likelihood ratio test; HCQ,
‘é’ 30% 25.19 267% hydroxychloroquine; PCR, polymerase
v I chain reaction; SARS-Cov-2, severe acute
20% respiratory syndrome-coronavirus 2
10%
0%
Day 1 Day 3 Day 7 Day 10 Day 14
N collected
Hydroxychloroquine 776 498 587 237 590
Control 755 522 472 179 561
TABLE 3 Hospitalizations with and without HCQ in randomized trials
Randomized  Group Hospital Proportion hospitalized  Adjusted probability” of 0dds ratio®
group total N stay N % (95% CI) hospitalization (95% CI) (95% CI) p value
HCQ 1058 37 3.5% (2.5, 4.7) 0.0315 (0.0187, 0.0527) 0.995 (0.614,1.610)  0.98
Control 979 38 3.9% (2.8, 5.2) 0.0317 (0.0183, 0.0541)

Note: Odds ratio <1 being in favor of hydroxychloroquine compared with control.

Abbreviations: CI, confidence interval; HCQ, hydroxychloroquine; dose groups are the cumulative total dose.

*Probability and odds ratio for hospitalization up to 30 days are estimates obtained from logistic linear mixed model that accounts for study-specific random
effects and includes fixed effects of treatment, risk factor and days since onset of symptoms variables.

baseline). The same analyses, excluding participants with
negative PCR at baseline, are summarized in Table S9.

Significant differences regarding the percentage of
participants with viral clearance at days 3 and 7 were
detected only in participants in the high-risk subgroup
(p = 0.04; Table S10). However, after removing the par-
ticipants with negative PCR results at baseline, the sig-
nificant difference in this high-risk subgroup was no
longer detected (p = 0.66; Table S9). Of note, the per-
centage of negative PCR results at baseline was unbal-
anced in the high-risk subgroup: 11% in HCQ versus 5%
in the control group.

There was no observable weight-related dosing effect
with HCQ, and no observable difference in clearance
of PCR positivity by weight in either group (Table S10,
pooled studies NCT04342169 and NCT04403100). There
was no effect of HCQ by weight, on the clearance of virus
by nasal swab on day 3. Table S11 summarizes the weight-
related dosing effect for each of the two studies reported
separately.

Viral load

Data to assess the changes in viral load over time were
compiled from two studies: NCT04304053 with the two
separate cohorts (FLS-1 and FLS-2), and NCT04340544.
The two studies assessed this parameter on (days 1, 3, 7,
10, and 14). There were no differences observed in mean
viral load rates between HCQ group vs control (Table S12)
at any timepoint.

DISCUSSION

Our meta-analysis of IPD provides evidence for cessation
of HCQ as a therapeutic approach for outpatients with
mild COVID-19. HCQ administration had no effect on
the proportion of trial participants with negative PCR for
SARS-CoV-2 at any of the time points assessed (i.e., from
1 to 14days). On day 10 after treatment start, a higher pro-
portion of individuals had a negative result, although only
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two studies reported day 10 PCR test results (missingness
>70%). The analysis of hospitalization risk did not reveal
significant differences between controls and HCQ-treated
participants, irrespective of the dose received.

The lack of efficacy of HCQ for preventing COVID-19 in-
fection among exposed contacts was well-established in two
large RCTs conducted early after the COVID-19 become a
pandemic.'** Likewise, failure of HCQ to improve outcomes
in hospitalized patients with severe/critical COVID-19 was
observed in the RECOVERY and WHO Solidarity trials, both
of which discontinued HCQ arms due to lack of effect of
therapy in this setting.** These findings were confirmed
in a meta-analysis of trials recruiting hospitalized patients,
which showed no significant effect with low heterogeneity."
However, research in the mild COVID-19 outpatient setting
has been limited for two reasons. First, most trials did not
reach the expected sample size. Second, the heterogeneity
of different trials on the dose, dose interval, and populations
among different trials either requires the exclusion of many
individual trials in conventional meta-analyses or renders
the veracity of the estimates uncertain. Moreover, the va-
lidity of aggregate data meta-analyses is affected by the re-
porting quality of the RCTs and inconsistent definition of
outcomes across included trials.”*

Unlike conventional meta-analyses, which rely on
aggregate data of trials addressing the same research
question, in this IPD meta-analyses, we collected both pub-
lished and unpublished data from eligible primary studies,
derived standardized outcome definitions, used a consis-
tent unit of analysis across included RCTs, and assessed
interactions between interventions and participants’
characteristics.?® This approach allowed us to analyze the
hospitalization risk on a dataset of 2037 outpatients (1058
treated with HCQ) with confirmed COVID-19.

Regarding the heterogeneity of viral clearance out-
comes, most trials used a consistent criterion for the event
(i.e., negative result in a SARS-CoV-2 PCR test result), but
the time frame for the assessment varied substantially
among trials. In meta-analyses of aggregated data, this
heterogeneity requires separate analyses in which only
trials with matching end points can be analyzed together,
which often makes the meta-analysis impossible despite
the inclusion of studies assessing viral clearance.***
Conversely, the individual participant data approach al-
lowed matching individual patients who were tested at
the same timepoint.

Our analysis has some limitations. First, IPD meta-
analyses are limited to investigators who are willing to
share their data. It is more difficult and time-consuming
for RCT investigators to conduct an IPD meta-analysis
(e.g., establishing data sharing agreements) and therefore
selection bias could affect validity of results. Second, de-
spite using a comprehensive literature search strategy and

ASCPT

establishing an a priori protocol, we did not obtain IPD
from all trials identified because some of them were still
recruiting. We had to balance the need to include as many
studies as possible while also being expedient in initiat-
ing the analyses. On the other hand, a key strength of this
study is that we established a data analysis plan, checked
data integrity, and clarified uncertainties with individual
researchers when needed.

In summary, although HCQ is no longer a research pri-
ority, there is no convincing evidence on the efficacy of
HCQ in the treatment of outpatients with mild COVID-19.
Our meta-analysis provides evidence to support the inter-
ruption in the use of HCQ in mild COVID-19 outpatients
to reduce progression to severe disease.
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