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Background

Results from observational studies and randomized clinical trials (RCTs) have led to the

consensus that hydroxychloroquine (HCQ) and chloroquine (CQ) are not effective for

COVID-19 prevention or treatment. Pooling individual participant data, including unanalyzed

data from trials terminated early, enables more detailed investigation of the efficacy and

safety of HCQ/CQ among subgroups of hospitalized patients.

Methods

We searched ClinicalTrials.gov in May and June 2020 for US-based RCTs evaluating HCQ/

CQ in hospitalized COVID-19 patients in which the outcomes defined in this study were

recorded or could be extrapolated. The primary outcome was a 7-point ordinal scale mea-

sured between day 28 and 35 post enrollment; comparisons used proportional odds ratios.

Harmonized de-identified data were collected via a common template spreadsheet sent to

each principal investigator. The data were analyzed by fitting a prespecified Bayesian ordi-

nal regression model and standardizing the resulting predictions.

Results

Eight of 19 trials met eligibility criteria and agreed to participate. Patient-level data were

available from 770 participants (412 HCQ/CQ vs 358 control). Baseline characteristics were

similar between groups. We did not find evidence of a difference in COVID-19 ordinal scores

between days 28 and 35 post-enrollment in the pooled patient population (odds ratio, 0.97;

95% credible interval, 0.76–1.24; higher favors HCQ/CQ), and found no convincing evi-

dence of meaningful treatment effect heterogeneity among prespecified subgroups.

Adverse event and serious adverse event rates were numerically higher with HCQ/CQ vs

control (0.39 vs 0.29 and 0.13 vs 0.09 per patient, respectively).

Conclusions

The findings of this individual participant data meta-analysis reinforce those of individual

RCTs that HCQ/CQ is not efficacious for treatment of COVID-19 in hospitalized patients.

Introduction

During the COVID-19 pandemic Delta and Omicron variant surges, US daily deaths again

reached 1,000–2,000, reinforcing the need for effective therapeutics. Early in the pandemic,

hydroxychloroquine (HCQ) and chloroquine (CQ) received a Food and Drug Administration

(FDA) Emergency Use Authorization (EUA) for treatment of hospitalized COVID-19 patients,

and the drugs were administered empirically and recommended in some guidelines [1]. Sup-

portive efficacy data relied on inconsistent results from preclinical studies [2] and small

uncontrolled trials [3]. Based in part on these early data, an estimated 42% of hospitalized

COVID-19 patients in the US received HCQ in March 2020 [4].

Subsequently, most retrospective-observational studies of HCQ/CQ in hospitalized

COVID-19 patients found no evidence of benefit, and possibly higher mortality, with concerns

about toxicities (e.g., QTc prolongation) [5–15]. Results from at least 5 randomized clinical tri-

als (RCTs) became available in spring/summer 2020; all showed no evidence of benefit, and
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most showed adverse safety signals [14, 16–19]. In light of these results, most principal investi-

gators discontinued enrollment in HCQ/CQ arms of their trials. Consequently, adequate

power to reach robust conclusions regarding efficacy and safety of HCQ/CQ was no longer

attainable for many incomplete trials; moreover, effect estimates in published trials were

accompanied by wide confidence intervals. Nevertheless, at least 11 additional RCTs published

later in the pandemic found similar results [20–30].

The goals of this study were to ensure utilization of data from unpublished RCTs evaluating

HCQ/CQ by combining them with published data and to synthesize evidence on HCQ/CQ

efficacy and safety in hospitalized COVID-19 patients, overall and in subpopulations of inter-

est, by conducting an individual participant data (IPD) meta-analysis. This study design

involves pooling subject-level data from multiple studies and possesses many advantages over

both individual randomized trials and traditional aggregate-data meta-analyses. Individual tri-

als are usually designed to detect overall effects; the increased sample size in an IPD meta-anal-

ysis can enable more precise estimation of subgroup effects [31]. A more diverse sample in a

pooled analysis can also improve external validity over individual trials [32]. Compared with

aggregate data meta-analyses, IPD meta-analyses are less vulnerable to the ecological fallacy,

allow for consistent analytic choices within each study, and enable researchers to consider sub-

group effects that were not considered in the original studies [33].

Methods

This project was approved by the Johns Hopkins Medicine institutional review board, with

individual studies approved by their local ethics boards as deemed necessary.

Trials selection summary

The Trial Innovation Network, a National Center for Advancing Translational Sciences initia-

tive to increase efficiency and innovation in clinical research, partnered with the COVID-19

Collaboration Platform to promote coordination among research groups running similar tri-

als. The team contacted principal investigators of COVID-19 RCTs registered on Clinical-

Trials.gov starting on April 30, 2020, and encouraged uploading study protocols to the

COVID-19 Collaboration Platform (CovidCP) repository (http://covidcp.org). The platform,

initiated with the goal of sharing protocols to facilitate collaboration, aims to combine data or

aggregate evidence from similar studies to increase efficiency and precision.

One respondent (Bassett) had independently initiated a collaboration registry effort and

performed systematic searches of ClinicalTrials.gov on May 9, 2020, and May 21, 2020, using

search terms “COVID-19” and “hydroxychloroquine OR chloroquine,” and study status of

“recruiting.”

Trials from the Bassett search and CovidCP repository were aggregated. Additional out-

reach by investigators occurred in June 2020 to studies located at Clinical and Translational

Science Awards Program institutions (S3 Appendix). This combined list was the primary

driver for study selection, with augmentation and refinement by additional systematic Clini-

calTrials.gov searches through June 2, 2020.

US-based RCTs of HCQ/CQ to treat patients with SARS-CoV-2 infection were eligible for

inclusion if patient informed consent and/or individual study institutional review board

approval allowed data sharing; study institutions signed a data use agreement for the present

study; the outcomes as defined in this study were recorded or could be extrapolated; and trial-

ists agreed to participate. We excluded trials in non-hospitalized patients, trials not registered

on ClinicalTrials.gov, trials without enrollment, and international trials to avoid data sharing
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regulatory delays. We decided to focus on inpatient studies. No individual-level exclusion cri-

teria were imposed beyond those employed by each study.

Data collection and harmonization

A common data harmonization tool, including a data dictionary with definitions and encod-

ings of variables, example data, and deidentification functions for dates and ages consistent

with Health Insurance Portability and Accountability Act requirements, was used by 7 trial

teams to create data sets that were uploaded to the data repository Vivli (https://www.vivli.org)

and then downloaded by the CovidCP team. ORCHID trial data were downloaded from the

National Heart, Lung, and Blood Institute Biologic Specimen and Data Repository Informa-

tion Coordinating Center (BioLINCC) and manually harmonized by the CovidCP team. Que-

ries about missing, unusual, or inconsistent data were resolved via direct contact with studies’

principal investigators and, in some cases, manual chart review.

Outcomes

The primary outcome was clinical improvement measured on a 7-point ordinal scale with lev-

els (1) death; (2) hospitalized, on mechanical ventilation or extracorporeal membrane oxygen-

ation (ECMO); (3) hospitalized, on non-invasive ventilation (BiPAP/CPAP and/or high-flow

oxygen); (4) hospitalized, requiring oxygen; (5) hospitalized, not requiring oxygen; (6) not hos-

pitalized, with limitation; and (7) not hospitalized, without limitations. This scale is relatively

coarse compared to others in use (for example, the 11-point World Health Organization

[WHO] scale [34]), and was chosen to make the data easier to harmonize. We prespecified an

outcome window of day 28–30 post-enrollment, which was broadened to day 28–35 after data

collection due to missingness (see Results). Differences in the primary outcome were assessed

using proportional odds ratios.

Secondary outcomes included hospital length of stay, need for mechanical ventilation, and

28-35-day mortality. Safety outcomes included rates of overall adverse events (AEs) and seri-

ous adverse events (SAEs), and rates of specific AEs and SAEs of interest: elevated liver func-

tion tests (LFTs), QTc prolongation, and arrhythmias. Due to practical constraints, we did not

attempt to synchronize adverse event definitions across the included studies.

Baseline and post-baseline variables

From each trial, baseline variables included treatment assignment, age (5-year interval bins),

sex, race and ethnicity, body mass index (BMI), symptom duration, mechanical ventilation sta-

tus, ordinal score, and comorbidities (cerebrovascular disease, myocardial infarction, conges-

tive heart failure, dementia, chronic obstructive pulmonary disease, asthma, hypertension,

tumor, liver disease, diabetes, smoking, and vaping), as well as post-baseline (enrollment

through day 28) azithromycin and corticosteroid use (S1 Table).

Statistical analysis

The primary outcome was analyzed in two ways. First, we fit a proportional odds model with

treatment indicator as the sole covariate using the “polr” command in R (version 4.0.4). Sec-

ond, we fit a Bayesian proportional odds regression model including a main effect for treat-

ment; fixed effects for sex and baseline ordinal scale (disease severity); splines of age, BMI, and

a number of baseline comorbidities; and random effects for baseline ordinal scale and study.

The fixed and random effects were also interacted with treatment. All fixed regression coeffi-

cients were given uniform priors. Random effects were modeled as independent, with standard
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deviations given independent half-t priors with 3 degrees of freedom and scale 10. The model

was fit using the R package “brms” (version 2.15). Missing baseline covariates were imputed

using multiple imputation by chained equations, as implemented in the R package “mice” (ver-

sion 3.12); missing outcomes were treated as missing at random conditional on the included

covariates. Inferences were based on fitting the model separately to each imputed data set,

then pooling posterior draws across the imputations. The model was used to obtain standard-

ized estimates of the overall treatment effect, where standardization was with respect to the

empirical distribution of the baseline covariates in the pooled study population. Relative to the

first approach, we employed the second approach to leverage covariates to produce more stable

and accurate inferences, particularly in small subgroups.

The following subgroup analyses were prespecified: study; sex; age (�29, 30–49, 50–69, 70–

79, 80+ years); disease severity as measured by baseline ordinal score (2, 3, 4, 5); and BMI

(�20, 20–25, 25–30, 30–35,>35). Prespecified subgroup analyses based on Charlson score

were replaced with a simple baseline comorbidities count (0, 1, 2, 3,�4) due to systematic

missingness in component variables. Subgroup analyses were conducted using the two

approaches discussed above. For the first, a proportional odds model was fit separately within

each subgroup. For the second, the Bayesian regression model above was used to obtain stan-

dardized subgroup estimates, where standardization was with respect to the empirical distribu-

tion of covariates within subgroups. We conducted two post-hoc subgroup analyses. The first

used quintiles of a baseline risk score given by the expected linear predictor for each study par-

ticipant under the control condition, as per recommendations from Kent et al. [35]. The sec-

ond was based on the time between symptom onset and enrollment (0–4 days, 5–7 days,�8

days; groups based on approximate tertiles).

All-cause 28-35-day mortality was analyzed using the same approaches. Other secondary

and safety outcomes were analyzed descriptively.

To assess the sensitivity of our conclusions to the choice of model and outcome window,

we (1) repeated our analysis with weakly informative priors; (2) fit an expanded model includ-

ing terms for assignment to an azithromycin arm and days between symptom onset and

enrollment; (3) fit a version of the main model with no treatment interactions; (4) expanded

and contracted outcome windows to 28–40 and 28–30 days, respectively; and (5) re-ran our

analysis with a model fit only to ORCHID’s data set, the largest of the 8 pooled trials. Sensitiv-

ity analyses 1–2 were prespecified; 3–5 were post hoc.

We also examined conditional interaction estimates in the Bayesian regression model,

focusing on effects for individuals with covariates set at reference values (age 60, BMI 25, no

baseline comorbidities, baseline ordinal score 5, and sex predictors set between male and

female values).

Risk of bias assessment

Two investigators (T.L. and S.N.B.) assessed risk of bias associated with the effect of assign-

ment to treatment on the primary outcome using Cochrane’s Risk of Bias 2 tool [36], with dis-

agreements resolved through discussion (S2 Table). This assessment was not used in the data

synthesis.

Registration

This study, including its statistical analysis plan (SAP), was registered with the International

Prospective Register of Systematic Reviews (PROSPERO; registration number

CRD42021254261) [37] prior to receiving patient data and amended prior to analyzing out-

come data. The most significant amendment was broadening the primary outcome definition
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from days 28–30 to 28–35 post enrollment to minimize missingness. Post-hoc changes to the

analysis are shown in S3 Table. This study followed the Preferred Reporting Items for System-

atic Reviews and Meta-analyses (PRISMA) extension for IPD analyses (PRISMA-IPD) [38].

Results

Study characteristics

Of 19 RCTs identified in our searches (18 from ClinicalTrials.gov; 1 from personal communi-

cation that was excluded due to lack of registration on ClinicalTrials.gov), 8 met final criteria

for inclusion in our analysis (Fig 1): Outcomes Related to COVID-19 Treated With Hydroxy-

chloroquine Among In-patients With Symptomatic Disease (ORCHID; NCT04332991) [14];

Treating COVID-19 With Hydroxychloroquine (TEACH; NCT04369742) [22]; Hydroxy-

chloroquine vs. Azithromycin for Hospitalized Patients With Suspected or Confirmed

COVID-19 (HAHPS; NCT04329832) [23, 39]; Washington University 352: Open-label, Ran-

domized Controlled Trial of Hydroxychloroquine Alone or Hydroxychloroquine Plus Azi-

thromycin or Chloroquine Alone or Chloroquine Plus Azithromycin in the Treatment of

SARS CoV-2 Infection (WU352; NCT04341727); NCT04344444; A Randomized, Controlled

Clinical Trial of the Safety and Efficacy of Hydroxychloroquine for the Treatment of COVID-

19 in Hospitalized Patients (OAHU-COVID19; NCT04345692); NCT04335552; and Compari-

son Of Therapeutics for Hospitalized Patients Infected With SARS-CoV-2 In a Pragmatic

aDaptive randoMizED Clinical Trial During the COVID-19 Pandemic (COVID MED;

NCT04328012) (S4–S6 Tables) [40].

HCQ was a treatment arm in all studies; CQ was an additional treatment arm in one study

(WU352). Comparators were placebo (3 trials), azithromycin (2 trials), and standard/usual

care (2 trials); WU352 compared HCQ and CQ with and without azithromycin. HCQ dosing

was usually (7 studies) 400 mg orally twice daily on day 1 and 200 mg twice daily on days 2–5,

totaling 2,400 mg. Three trials were blinded; 5 were open-label.

Data on the prespecified primary outcome (the 7-point ordinal scale measured between

days 28 and 30) was available for 90% of patients (695 out of 770). In the TEACH study, how-

ever, data was available for only 45% of patients (58 out of 128). Because of this, the decision

was made to broaden the primary outcome window to days 28–35. This decision was made

without examining the outcome data themselves. With the broader definition, primary out-

come data was available for 76% of patients in TEACH (97 out of 128) and 95% of patients

overall (734 out of 770).

Risk of bias assessment

Risk of bias judgments are summarized for the primary outcome measurement in S2 Table.

Overall, ORCHID and COVID MED were rated “low risk”; the other trials were rated “some

concerns.”

Patient characteristics

Among 770 patients with laboratory-confirmed SARS-CoV-2 infection, 412 were randomized

to HCQ/CQ treatment (398 HCQ; 14 CQ) and 358 to the control group (Table 1). Enrollment

was at a median of 6 days (IQR, 3–8 days) after symptom onset. Most patients initiated dosing

on the enrollment day.

Key baseline demographics were reasonably balanced between HCQ/CQ and control popu-

lations: mean age was 57 vs 55 years, male sex 59% vs 56%, White race 48% vs 44%, mean BMI

31.6 vs 33.2, mean comorbidities 3.16 vs 3.05 per patient, and mean ordinal score 4.1 vs 4.1,
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Fig 1. Trial selection process. aTwo of the trials did not have study acronyms (only trial registration numbers). Abbreviations:

COVID MED, Comparison Of Therapeutics for Hospitalized Patients Infected With SARS-CoV-2 In a Pragmatic aDaptive

randoMizED Clinical Trial During the COVID-19 Pandemic; HAHPS, Hydroxychloroquine vs. Azithromycin for Hospitalized

Patients With Suspected or Confirmed COVID-19; OAHU-COVID19, A Randomized, Controlled Clinical Trial of the Safety and

Efficacy of Hydroxychloroquine for the Treatment of COVID-19 in Hospitalized Patients; ORCHID, Outcomes Related to

COVID-19 Treated With Hydroxychloroquine Among In-patients With Symptomatic Disease; TEACH, Treating COVID-19

With Hydroxychloroquine; WU352, Washington University 352: Open-label, Randomized Controlled Trial of

Hydroxychloroquine Alone or Hydroxychloroquine Plus Azithromycin or Chloroquine Alone or Chloroquine Plus Azithromycin

in the Treatment of SARS CoV-2 Infection.

https://doi.org/10.1371/journal.pone.0273526.g001
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respectively. Post-baseline use of corticosteroids was 14% vs 17% and of azithromycin 24.5%

vs 30.2%, respectively. Six patients with BMI values<10 or>70 were deemed probable record-

ing errors and treated as missing in primary and mortality analyses.

Primary outcome: Pooled and subgroup analysis

The standardized proportional odds ratio (OR) for ordinal score at 28–35 days was 0.97 (95%

credible interval [CrI], 0.76–1.24); the corresponding unadjusted proportional OR was 0.98

(95% CI, 0.75–1.28) (Fig 2 and Table 2). These results are consistent with no effect of HCQ/

CQ. We found no appreciable heterogeneity in estimated treatment-study interactions among

the 8 studies after adjusting for individual-level baseline covariates (τ = 0.87 on the log odds

scale; 95% CrI, 0.01–5.17); tests for publication bias were inconclusive (S1 Fig). There were no

substantial effects of HCQ/CQ observed in any prespecified subgroup, nor in a post-hoc sub-

group analysis based on the time between symptom onset and enrollment (Fig 2; S5 Fig). We

investigated potential trends across strata of baseline ordinal score and BMI (Fig 3). We exam-

ined corresponding conditional effect estimates and found insufficient evidence to conclude

that an effect of HCQ/CQ on the primary outcome differs by BMI or baseline ordinal score,

after adjusting for other baseline covariates. These and other conditional effect analyses are

shown in S2 Fig.

Mortality: Pooled and subgroup analysis

Mortality at 28–35 days was similar in HCQ/CQ vs control groups (10%, n = 43 HCQ/CQ vs

9%, n = 34 control; model-adjusted risk difference [RD], -0.01 [95% CrI, -0.04 to 0.02]; plug-in

RD, -0.01 [95% CI, -0.06 to 0.04], where a positive RD favors HCQ/CQ) (Fig 4). Again, we

observed no appreciable heterogeneity in treatment effect estimates across prespecified sub-

groups. On the RD scale, there was greater uncertainty about the effect of HCQ/CQ upon mor-

tality for those with higher baseline risk scores. For those with low baseline risk scores, the

model precisely predicts only small effects of HCQ/CQ (RD for the first group, -0.01 [95% CrI,

-0.02 to 0.01]; second group, -0.01 [95% CrI, -0.02 to 0.01]; third group, 0.00 [95% CrI, -0.02 to

Fig 2. Primary outcome data by treatment group. Scores were defined as: (1) death; (2) hospitalized, on mechanical ventilation or ECMO; (3)

hospitalized, on non-invasive ventilation (BiPAP/CPAP and/or high-flow oxygen); (4) hospitalized, requiring oxygen; (5) hospitalized, not requiring

oxygen; (6) not hospitalized, with limitation; and (7) not hospitalized, without limitations. Abbreviations: HCQ/CQ, hydroxychloroquine or

chloroquine; NIV, noninvasive ventilation.

https://doi.org/10.1371/journal.pone.0273526.g002
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Fig 3. Subgroup analysis of differences in ordinal scale at days 28–35. Estimated proportional odds ratios comparing day 28–35

ordinal scale in HCQ/CQ versus control groups. Estimates are given for the pooled patient population and for subgroups. Blue circles

represent model-standardized estimates; blue horizontal lines represent 95% credible intervals. Open grey circles represent plug-in

estimates; grey horizontal lines represent 95% confidence intervals. Grey circle size represents the number of patients in the

corresponding subgroup. Arrows indicate uncertainty intervals extending beyond plot limits. Study acronyms are explained in Fig 1.

Two trials did not have study acronyms (only trial registration numbers). Abbreviations: 95% CrI, 95% credible intervals; HCQ/CQ,

hydroxychloroquine or chloroquine; NA, not applicable; NIV, noninvasive ventilation (includes BiPAP/CPAP and/or high-flow

oxygen); OR, odds ratio.

https://doi.org/10.1371/journal.pone.0273526.g003
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Fig 4. Subgroup analysis of differences in mortality at days 28–35. Estimated risk differences for day 28–35 mortality in HCQ/CQ versus

control groups. Estimates are given for the pooled patient population and for subgroups. Blue circles represent model-standardized estimates; blue

horizontal lines represent 95% credible intervals. Open grey circles represent plug-in estimates; grey horizontal lines represent 95% CIs. Grey

circle size represents the number of patients in the corresponding subgroup. Arrows indicate uncertainty intervals extending beyond plot limits.

Study acronyms are explained in Fig 1. Two trials did not have study acronyms (only trial registration numbers). Abbreviations: 95% CrI, 95%

credible intervals; HCQ/CQ, hydroxychloroquine or chloroquine; NA, not applicable; NIV, noninvasive ventilation (includes BiPAP/CPAP and/

or high-flow oxygen); OR, odds ratio.

https://doi.org/10.1371/journal.pone.0273526.g004
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0.02]; fourth group, -0.01 [95% CrI, -0.05 to 0.03]; and fifth group, -0.03 [95% CrI, -0.15 to

0.07]) (Fig 4). Separate estimates of mortality at day 28–35 under control and HCQ/CQ are

shown in S3 Fig, with conditional effect analyses in S2 Fig.

Sensitivity analyses

Our alternative models and outcome definitions produced qualitatively similar conclusions

about overall and subgroup effects. Simpler models than the one we prespecified (removing

interactions, adding weakly informative priors) had better leave-one-out cross-validation per-

formance than our primary prespecified model, while the model fit only to ORCHID data per-

formed worse than our primary model (S2 Appendix). Our primary model fit without

individual-level treatment-covariate interactions yielded an adjusted OR of 0.92 (95% CrI,

0.58–1.41) for the benefit of HCQ/CQ. Posterior predictive checks of our primary model indi-

cated good in-sample fit (S4 Fig).

Exploratory analysis of secondary and safety outcomes

There were similar rates of mechanical ventilation between enrollment and day 28 (20%

[n = 82] HCQ/CQ vs 21% [n = 76] control). HCQ/CQ and control patients had a median

post-enrollment hospital length of stay of 7 days.

Overall AE rates were numerically higher in the HCQ/CQ vs the control group (0.39 vs

0.29 per patient, respectively), as were overall SAE rates (0.13 vs 0.09 per patient). These com-

parisons are potentially vulnerable to aggregation bias, but are broadly consistent with results

from within each of the largest three studies (ORCHID, TEACH, and HAHPS). LFTs elevation

AE rates were also numerically higher with HCQ/CQ (0.05 [n = 21] vs 0.01 [n = 4] per patient).

QTc prolongation and arrhythmia AE and SAE rates were similar (Table 2).

Discussion

This IPD meta-analysis of 8 RCTs in 770 hospitalized COVID-19 patients comparing HCQ/

CQ and control treatment confirms results of at least 16 published RCTs showing no benefit of

HCQ/CQ [14, 16–30]. Neither the primary outcome measurement, ordinal scale at 28–35

days, nor the secondary outcome measurement, mortality at 28–35 days, was improved with

HCQ/CQ in the pooled study population. We found no subgroup in which appreciable bene-

fits could be observed for the primary outcome. Overall rates of AEs and SAEs, and elevated

LFT AEs, but not QTc prolongation AEs, were higher with HCQ/CQ than controls.

This study adds value to the literature by synthesizing IPD from 8 RCTs, of which 7 were

terminated early, 4 unpublished, and 4 published individually and/or in aggregate data meta-

analyses (ORCHID, TEACH, HAHPS, and NCT04335552) [14, 22, 23, 39, 40]. To our knowl-

edge, this is the first published meta-analysis of HCQ/CQ trials in hospitalized COVID-19

patients to use IPD rather than aggregate data. We are aware of only 4 additional published

IPD meta-analyses for COVID-19 therapeutics (3 planned; 1 smaller one completed) [41–44].

Two meta-analyses planned to use IPD data to supplement aggregate data but could not obtain

them [45, 46].

This analysis used a random effects model to synthesize IPD about the efficacy of HCQ/CQ

overall and stratified by 6 key covariates. Pooling individual-level data allowed us to obtain rel-

atively stable estimates of patient-level subgroup effects [47] that have only been minimally

investigated in other published aggregate data meta-analyses [40, 46, 48].

We produced more precise estimates of the overall effects relative to a similar analysis

based on ORCHID alone, which represented 62% of our study sample; subgroup effect esti-

mates also tended to be more precise. Our model was flexibly specified, and our qualitative
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conclusions were robust to both alternative model specifications and varying outcome time

windows.

It is instructive to consider our results in the context of these drugs’ history in COVID-19.

Inconsistent antiviral activity was reported for HCQ/CQ in vitro and in animal models

against coronaviruses including SARS-CoV-2 [2, 49–51]. Early in the pandemic, faster SARS-

CoV-2 shedding clearance was reported in small, mainly uncontrolled trials, prompting rec-

ommendations by some experts and guidelines to administer HCQ/CQ empirically in

COVID-19 [1, 3, 52]. Based partly on these data, and safety in other indications, the FDA

issued an HCQ/CQ EUA for hospitalized COVID-19 patients on March 28, 2020. The acceler-

ated viral shedding clearance reported by Gautret et al. [3], however, could not be replicated

[53].

Increased rates of QTc prolongation were reported from small trials, particularly with

higher dosing and azithromycin co-administration, though torsades de pointes was rare [5–7,

54]. These reports and others prompted FDA issuance of a Drug Safety Communication on

April 24, 2020, about HCQ/CQ “known risks” [55].

Subsequent retrospective-observational studies in hospitalized COVID-19 patients did not

find evidence of benefit, some reporting potential harm [8–10, 15]. Additional mostly smaller

retrospective-observational studies reported decreased mortality with HCQ monotherapy and

with azithromycin [11–13, 56]. These studies were observational, without randomization or

blinding, and with baseline imbalances and other potential sources of confounding.

In May 2020, the FDA published a pharmacovigilance memorandum on HCQ/CQ safety

data [57]. QT prolongation and increased LFTs were the most common cardiac and non-car-

diac SAEs, respectively. Our study similarly observed increased rates of LFTs elevation AEs

with HCQ/CQ but not QTc prolongation. Case reports of HCQ-induced liver injury were

published before and during the pandemic [58–60]. Exclusion of patients with prolonged QTc

in all of our trials and of co-administration of additional QTc-prolonging medications in some

may have averted QTc prolongation in our population.

Results from at least five RCTs became available in the spring/summer of 2020.

The first was a Chinese multicenter open-label RCT in 150 mild-moderate severity hospital-

ized COVID-19 patients [16]. Mean interval from symptom onset was 16.6 days (longer than

our 6.2 days). The main outcome, 28-day nasopharyngeal swab conversion, was similar in

HCQ (85.4%) versus standard care patients (81.3%). AEs occurred in 30% vs 9%; SAEs in 2 vs

0 patients, respectively. No arrhythmias or QTc prolongation occurred. The pattern of safety

results in our study was similar.

Results from the open-label RECOVERY platform trial comparing HCQ and standard care

in hospitalized COVID-19 patients were released publicly (with HCQ arm enrollment cessa-

tion) on June 5, 2020, and published soon after [17]. Median duration from symptom onset

was 9 days (longer than our 6 days). RECOVERY patients were sicker than those in our study

(17% vs 6% received mechanical ventilation and/or ECMO). The trial’s primary outcome,

28-day mortality, occurred in 421 of 1,561 (27%) HCQ vs 790 of 3,155 (25%) standard care

patients (rate ratio, 1.09; 95% CI, 0.97–1.23). No evidence of benefit was reported in any sub-

group. Adverse safety signals included higher cardiac death rates but not arrhythmias. Our

efficacy overall and subgroup results were similar. Results from RECOVERY (and other

emerging data) led the FDA on June 15, 2020, to revoke its EUA for HCQ/CQ.

ORCHID, one of the studies in this IPD meta-analysis, was a double-blind, placebo-con-

trolled trial of HCQ in 479 hospitalized COVID-19 patients. On June 20, 2020, the NIH

announced discontinuation of enrollment after the data and safety monitoring board “deter-

mined that while there was no harm, the study drug was very unlikely to be beneficial” [61].

Results were published on November 9, 2020 [14]. Median interval from symptom onset was 5
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days (similar to our pooled cohort). The primary outcome, the WHO 14-day ordinal score,

was similar between HCQ vs placebo (adjusted proportional OR, 1.02; 95% CI, 0.73–1.42), as

was the 28-day score (adjusted proportional OR, 1.07; 95% CI, 0.54–2.09). No evidence of ben-

efit was reported for any subgroup. Overall AE (21% vs 16%), overall SAE (7% vs 5%), and

QTc prolongation (5.9% vs 3.3%) rates were numerically higher with HCQ. Our safety results

are similar, except for QTc prolongation. Our efficacy analysis focuses on a different estimand

but produced qualitatively similar conclusions. Our primary analysis produced a comparably

precise estimate of the overall effect of HCQ on day 28–35 ordinal scale compared with a simi-

lar analysis using a model fit to ORCHID data alone (OR 1.00; CrI 0.79 to 1.26). Subgroup

effects from the full-data model tended to be more precise than those from the ORCHID-only

model.

A July 4, 2020, WHO press release stated that its open-labeled SOLIDARITY trial (fourth

RCT) would stop enrollment in its HCQ arm after an interim analysis showed little or no

reduction in mortality; safety signals were also detected [62]. Results were published on

December 2, 2020 [19]. Baseline ordinal score distribution was similar to our study. The pri-

mary outcome, in-hospital mortality, occurred in 104 of 947 (11.0%) HCQ vs 84 of 906 (9.3%)

control patients (rate ratio, 1.19; 95% CI, 0.89–1.59).

Coalition Covid-19 Brazil I was a multicenter, open-label trial that compared HCQ, HCQ

and azithromycin, and standard care in 504 mild-moderate severity hospitalized COVID-19

patients [18]. HCQ was started at a median of 7 days after symptom onset (similar to our

study). The primary outcome, a 15-day ordinal scale, was not significantly different for HCQ

or HCQ/azithromycin versus standard care. QTc prolongation and LFTs elevation were more

common with HCQ (the latter in line with our study).

Updated NIH and Infectious Diseases Society of America COVID-19 guidelines (June

2020) recommended against HCQ/CQ use except in clinical trials [63, 64].

Eleven additional RCTs assessing HCQ/CQ in hospitalized patients with COVID-19 were

published later in the pandemic (winter 2020 and 2021). All showed no substantial treatment

benefit or worse primary outcomes, including clinical ordinal scales, mortality, composite

scores, and viral shedding; some showed adverse safety signals—increased QTc prolongation,

acute kidney injury, and AEs/SAEs [20–30].

At least 50 aggregate data meta-analyses evaluating HCQ/CQ in hospitalized COVID-19

patients have been published, with the overwhelming majority finding lack of evidence of con-

vincing clinical benefit, and many finding worse clinical outcomes and increased AE and SAE

rates [40, 46]. In contrast with our IPD meta-analysis, these studies included either no or mini-

mal patient-level subgroup analyses.

For other COVID-19 populations (outpatients, prophylaxis), most studies did not find evi-

dence of HCQ benefit [65–76].

The results of our study are congruous with the thrust of HCQ/CQ studies thus far, which

have showed equivocal preclinical efficacy and no convincing evidence of clinical efficacy, as

well as adverse safety signals, in the overwhelming majority of retrospective-observational

studies, RCTs, and meta-analyses [5–30].

Our study has some key limitations. First, we included trials with open-label designs and

varying treatments (HCQ vs CQ; with and without azithromycin). Second, 6 studies had some

risk of bias. Third, we pooled a limited set of studies identified in our searches because some

principal investigators declined participation and we excluded international trials. Fourth, we

made SAP modifications after PROSPERO registration (S3 Table). Fifth, our analysis com-

bined HCQ and CQ arms; only 16 patients received CQ alone. Sixth, in our safety analysis we

did not harmonize AE and SAE definitions among the included studies. Seventh, our final

study search was conducted in June 2020. This timeline is consistent with what is typical for
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IPD meta-analyses, which commonly take upwards of two years to complete [31]. Repeating

our searches of ClinicalTrials.gov in July 2022 and applying the same eligibility criteria

revealed two unpublished studies (NCT04429867 and NCT04458948) potentially eligible for

inclusion registered in June and July of 2020, respectively. (Registrations of new trials of

hydroxychloroquine for COVID-19 had slowed substantially by August 2020 [77].

Conclusions

Our IPD meta-analysis confirms published results from retrospective-observational studies,

RCTs, and aggregate data meta-analyses showing no strong evidence of efficacy, but concern-

ing safety signals, for hydroxychloroquine (or chloroquine) use overall and in prespecified sub-

groups of hospitalized COVID-19 patients.
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assigned to both HCQ/CQ and control yielded inconclusive results (Egger’s test: p = 0.10;

Begg’s test: p = 0.57); these should be interpreted with caution given the small number of

included studies. HCQ/CQ indicates hydroxychloroquine or chloroquine.

(PDF)

S2 Fig. Conditional covariate effects. Conditional effects from the Bayesian proportional

odds model. Shown are (1) the relative risk of mechanical ventilation or death at day 28–35;

(2) the estimated probabilities of mechanical ventilation or death at day 28–35 under control

and HCQ/CQ; and (3) the log proportional odds ratio comparing HCQ/CQ and control. Each

of these effects are shown for reference individuals with the following covariate values: age 60,

BMI 25, no baseline comorbidities, baseline ordinal score of 5, and sex coefficient set between

male and female values. Curves for continuous covariates are accompanied by 50% and 95%

credible bands; intervals for discrete covariates are accompanied by 66% and 95% credible

intervals. BMI indicates body mass index; HCQ/CQ, hydroxychloroquine or chloroquine.

(PDF)

S3 Fig. Estimated mortality rate in subgroups under both control and HCQ/CQ. Shown

are both plug-in estimates (based on the proportion of deaths in each subgroup) along with

95% CIs, and model-adjusted estimates with 95% credible intervals. The model used is the

same as for the primary outcome analysis. HCQ/CQ indicates hydroxychloroquine or chloro-

quine.

(PDF)

S4 Fig. Posterior predictive check of primary outcomes by study. Shown are observed out-

come data (first row) and draws for the posterior predictive distribution (subsequent rows) of

the ordinal outcome scale at day 28–35, plotted against the expected linear predictor for each

individual. Each column corresponds to one study in our analysis. Data points have been jit-

tered for clarity.

(PDF)

S5 Fig. Exploratory analysis of time between symptom onset and enrollment. Post-hoc

exploratory analysis of subgroups based on time between symptom onset and enrollment. Sub-

groups are based on approximate tertiles. Shown are (A) proportional odds ratios from models

fit by maximum likelihood within each subgroup, with 95% CIs; (B) the empirical risk of survival

for each treatment group within each subgroup, with 95% CIs; and (C) empirical risk differences

within each subgroup, with 95% CIs. HCQ/CQ indicates hydroxychloroquine or chloroquine.

(PDF)
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