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observational studies demonstrate a benefit of using HCQ on mortality, but not most randomized clinical trials.
Methods: We analyzed raw data collected from a cohort of 30,423 patients with COVID-19 cared for at IHU
Méditerranée Infection in Marseille France and extracted from the DRYAD open data platform. We performed
univariate and multivariable logistic regressions with all-cause mortality within six weeks. Multivariable logistic
regressions were adjusted for sex, age group (<50, 50-69, 70-89 and > 89 years), periods (or variants), and type
of patient management.

Results: Among 30,202 patients for whom information on treatment was available, 191/23,172 (0.82%) patients
treated with HCQ-AZ died, compared to 344/7030 (4.89%) who did not receive treatment with HCQ-AZ. HCQ-
AZ therapy was associated with a lower mortality than treatment without HCQ-AZ (odds ratio (OR) 0.16; 95%
confidence interval (CI), 0.14-0.19). After adjustment for sex, age, period, and patient management, HCQ-AZ
was associated with a significantly lower mortality rate (adjusted OR (aOR) 0.55, 95% CI 0.45-0.68). On a
subsample of 21,664 patients with available variant information, results remained robust after adjustment on
sex, age, patient management and variant (aOR 0.55; 95% CI 0.44-0.69). On a subsample of 16,063 patients,
HCQ-AZ was still associated with a significantly lower mortality rate (aOR 0.47, 95%CI 0.29-0.75) after
adjustment for sex, age, period, patient management, vaccination status and comorbidities.

Conclusion: Analysis of this large online database showed that HCQ-AZ was consistently associated with the

lowest mortality.

1. Introduction

The treatment for COVID 19 has given rise to more controversy than
the treatment of any infectious disease prior to this epidemic [1]. While
experimental randomized controlled trials (RCT), the biggest of which to
date are RECOVERY [2] and SOLIDARITY [3], do not demonstrate any
benefit of treating COVID-19 with hydroxychloroquine, the biggest
observational retrospective studies demonstrate a benefit in terms of
reducing mortality [4,5]. Many RCTs, particularly those conducted
during outbreak were published or stopped at an early stage, despite the
fact that the calculated sample size of patients had not been achieved.
Consequently, the underpowered nature of the studies means it is not
possible to reach conclusions as to the lack or otherwise of efficacy
[6-8]. Moreover, in these conditions, where patient recruitment and
standard of care is likely to vary widely between recruiting centers, the

Simpson paradox would arise. Consequently, RCTs would have benefi-
ciated from non-aggregated data analysis to check the effect of
hydroxychloroquine treatment in each center [9]. In contrast, the
retrospective aspect of observational studies suffers from a selection bias
and misclassification or an information bias for which multivariable
regression, propensity score matching, and other statistical methods,
while not perfect, would improve the selection bias and reinforce in-
ternal validity [10,11]. Moreover, conclusions of monocentric studies
might not be generalizable, and often apply on the population studied
only. Finally, there is little evidence of significant effect estimate dif-
ferences between observational studies and RCTs. Factors other than the
study design per se need to be considered when exploring reasons for a
lack of agreement between the results of RCTs and observational studies
[12]. Because RCTs and other prospective trials are no longer possible
due to the disappearance of the epidemic, it is essential to collect
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Table 1
Baseline characteristics (n = 30,423).
All HCQ-AZ" No HCQ-AZ" p° Missing data
n %col n %col Y%row n %col n %col
N 30423 23172 7030 221
Men 14505 47.7 11077 47.8 76.4 3312 47.1 0.310 116 52.5
Age
<50 15925 52.3 12981 56.0 81.5 2805 39.9 <.001 139 62.9
50-69 10786 35.5 8154 35.2 75.6 2560 36.4 0.060 72 32.6
70-89 3413 11.2 1934 8.3 56.7 1470 20.9 <.001 9 4.1
>89 299 1.0 103 0.4 34.4 195 2.8 <.001 1 0.5
Period
1-2020/03/03-2020/06/15 4132 13.6 3637 15.7 88.0 459 6.5 <.001 36 16.3
2-2020/06/16-2020/09/20 3269 10.7 2292 9.9 70.1 880 12.5 <.001 97 43.9
3-2020/09/21-2020/11/22 4322 14.2 2788 12.0 64.5 1458 20.7 <.001 76 34.4
4-2020/11/23-2021/03/21 5906 19.4 4536 19.6 76.8 1362 19.4 0.709 8 3.6
5-2021/03/22-2021/06/27 5621 18.5 4393 19.0 78.2 1225 17.4 0.004 3 1.4
6-2021/06/28-2021/09/21 4624 15.2 3752 16.2 81.1 871 12.4 <.001 1 0.5
7-2021/09/22-2021/12/31 2549 8.4 1774 7.7 69.6 775 11.0 <.001 0 0.0
SARS-CoV-2 variants (nmiss = 8759) “and periods 18874 15035 3767 72
A (Wuhan) 4079 18.8 3598 21.1 88.2 449 9.9 <.001 32 28.1
B.1.160 (Marseille 4) 4445 20.5 3176 18.6 71.5 1231 27.3 <.001 38 33.3
B.1.7.7 (UK) 5035 23.2 3988 23.4 79.2 1045 23.1 0.708 2 1.8
B.1.617.2 (Delta) 5315 24.5 4273 25.1 71.7 1042 23.1 0.006 0 0.0
Outpatients 26638 87.6 21135 91.2 79.3 5282 75.1 <.001 221 100.0
Inpatients 4538 14.9 2530 10.9 55.8 2008 28.6 <.001 0 0.0
Intensive care unit transfer 544 1.8 321 1.4 59.0 223 3.2 <.001 0 0.0
Death 535 1.8 191 0.8 35.7 344 4.9 <.001 0 0.0
4 HCQ: Hydroxychloroquine, AZ: Azithromycin.

b Chi-squared test (HCQ-AZ vs. no HCQ-AZ).
¢ Variants with n < 4000 are not displayed.
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Number of cases by period (n=30 423)

Period 1 Period 2 Period 3 Period 4 Period 5 Period 6 Period 7
n=4132 n=3269 n=4322 n=5906 n=5621 n=4624 n=2549

2020/03/03 - 2020/06/15 2020/06/16 - 2020/09/20 2020/09/21 - 2020/11/22 2020/11/23 - 2021/03/21 2021/03/22 - 2021/06/27 2021/06/28 - 2021/09/21 2021/09/22 - 2021/12/31

Number of deaths by period' (n=535)

period 1 period 2 Period 3 period 4 period 5 Period 6 period 7
Mortality Mortality Mortality Mortality Mortality Mortality Mortality
56/4 132 (1.36%) 43/3 269 (1.32%) 100/4 322 (2.31%) 174/5 906 (2.95%) 63/5 621 (1.12%) 43/4 624 (0.93%) 56/2 549 (2.20%)
2020/03/03 - 2020/06/15 2020/06/16 - 2020/09/20 2020/09/21 - 2020/11/22 2020/11/23 - 2021/03/21 2021/03/22 - 2021/06/27 2021/06/28 - 2021/09/21 2021/09/22 - 2021/12/31
w Hydroxyc ine-Azi ycin W Azi ycinonly ® Ivermectin-Azithromycin m Hydroxychloroquine only  m Ivermectin-Azi in-delayed Hydroxyc! ine W Ivermectin only M Hydroxychloroquine-lvermectin  ® Other treatment ~  Missing

Fig. 1. Number of cases by period (n = 30,423).
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All patients
n =30 202*
HCQ-AZ Death - n/N (%) p-value
No 344/7 030 (4.89%)
0001
Yes 191/23 172 (0.82%)
Ambulatory care/Outpatients No ambulatory care
n =26 417 n=3785
HCQ-AZ Death - n/N (%) p-value HCQ-AZ Death - n/N (%) p-value
No 31/5282 (0.59%) No 313/1 748 (17.91%)
<.0001 <.0001
Yes 21/21135 (0.10%) Yes 170/2 037 (8.35%)
; n =753 !
\4 AN Vv
No conventional hospital Inpatients
n =25 664 n=4538
HCQ-AZ Death - n/N (%) p-value HCQ-AZ Death - n/N (%) p-value
No 17/5022  (0.34%) No 327/2 008 (16.28%)
0001 <.0001
Yes 11/20 642 (0.05%) Yes 180/2 530 (7.11%)

Fig. 2. Flowchart of healthcare pathways (n = 30,202%)
*221 patients were excluded because of missing treatment data.

retrospective data and make them available to the scientific and medical
community. In this study, we aim to analyze the factors associated with
death at six weeks according to variables contained in a database which
is freely available under a Creative Commons Zero (CC O) license,
including data on a cohort of 30,423 patients [13,14]. While being
aware of the disadvantages of observational studies, we believe that this
study on more than 30,000 patients, the largest monocentric cohort
worldwide, could provide important insights for policy makers on the
treatment of COVID with the hydroxychloroquine-azithromycin
combination.

2. Methods
2.1. Data
The construction, quality control and regulatory aspects of the

database used in this study were recently described in detail elsewhere
[15]. Briefly, data from 30,423 patients with COVID-19 cared for at [HU

Méditerranée Infection in Marseille France were provided from the
electronic patient record (EPR) which centralizes all medical informa-
tion in the hospital. Inclusion criteria were all patients over the age of
18, with PCR-proven COVID-19 who received treatment in the hospital,
either as an inpatient or as an outpatient, between March 2, 2020 and
December 31, 2021. Treatment data were extracted from medical re-
cords and from pharmacy files. The rational for the off-label prescription
of AZ and/or HCQ has been reported elsewhere [16]. Deaths were
recorded on the EPRs but also in the French National Death Registry
(INSEE) database. All data were anonymized. The final dataset available
in the online database contained the following variables: age (range),
gender, pandemic period, outpatient, inpatient, HCQ (hydroxy-
chloroquine), AZ (azithromycin), IVM (ivermectin), virus genomic
variant, ICU treatment, time of death, vaccination status, obesity, dia-
betes, blood pressure, asthma, cancer, immunodeficiency, chronic car-
diac disease, chronic obstructive pulmonary disease (COPD), and
autoimmune disease. A description of the file structure is reported in
detail in the “read me” file in the database folder. For this analysis, raw
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Table 2
Multivariable model of COVID-19 mortality among patients treated in our center 2020-2021 (n = 30,202%).
Model A p Model B
OR 95% CI” P aOR, 95% OR, 95% crt p aOR, 95% p
cI- cI°
Sex (ref. Women) Men 1.61 <.001 1.61 <.001
1.32-1.96 1.32-1.96
Age (Ref. <50) 50-69 6.52 <.001 6.47 <.001
3.21-13.3 3.19-13.1
70-89 40.4 <.001 39.4 <.001
20.2-80.7 19.7-78.6
>89 89.9 <.001 86.4 <.001
43.0-188 41.4-180
Period (Ref. 2020/03/ 2020/06/16- 0.94 0.787 0.92 .704
03-2-020/06/15) 2-020/09/20 0.61-1.46 0.59-1.43
2020/09/21- 1.21 0.313 1.16 .438
2-020/11/22 0.83-1.76 0.80-1.69
2020/11/23- 1.96 <.001 1.90 <.001
2-021/03/21 1.39-2.77 1.34-2.68
2021/03/22- 1.06 0.787 0.99 .958
2-021/06/27 0.71-1.58 0.65-1.50
2021/06/28- 1.13 0.599 1.06 .789
2-021/09/21 0.72-1.76 0.67-1.69
2021/09/22- 1.27 0.262 1.22 .395
2-021/12/31 0.83-1.95 0.78-1.91
Outpatients (ref. No) Yes 0.05 <.001 0.05 <.001
0.04-0.07 0.04-0.07
Treatment (ref. HCQ- HCQ-AZ vs. No 0.16 <.001 0.55 <.001 HCQ-AZ vs. AZ-onlyd (n 0.10 <.001 0.51 <.001
AZ (n = 23,172)) HCQ-AZ! (n = 0.14-0.19 0.45-0.68 = 3144) 0.07-0.13 0.35-0.72
7,030) HCQ-AZ vs. IVM-AZ! (n 0.17 <.001 0.54 .029
= 1434) 0.11-0.27 0.31-0.97
HCQ-AZ vs. HCQ-only!  0.67 .974 0.85 1.000
(n = 566) 0.20-2.26 0.22-3.25
HCQ-AZ vs. IVM-AZ- 0.15 <.001 0.44 .157
delayed HCQ! (n = 329) 0.07-0.33 0.17-1.15
HCQ-AZ vs. IVM-only* 0.07 <.001  0.50 692
(n =98) 0.03-0.21 0.15-1.72
HCQ-AZ vs. HCQ-IVMd 0.27 .988 0.93 1.000
(n=17) 0.00-23.9 0.00-178
HCQ-AZ vs. Other 0.37 <.001 0.49 .018
treatment (n = 1771) 0.21-0.64 0.26-0.93

Tukey’s correction was used to calculate P values and odds ratios for the treatment group variables (model B).
# A total of 221 patients were excluded due to missing treatment data (see Table 1).

b Crude odds ratio with 95% confidence interval.
¢ Adjusted odds ratio with 95% confidence interval.
4 HCQ: Hydroxychloroquine, AZ: Azithromycin, IVM: Ivermectin.

data were downloaded from DRYAD, https://doi.org/10.5061/dryad.
ksn02v78v.

2.2. Statistical analysis

As the aim of this study was to test whether HCQ-AZ was associated
with a different mortality compared to other treatments, we first
compared patients treated with and without the HCQ-AZ combination.
Then, the role of each individual drug (HCQ, AZ or IVM) was analyzed
regardless of the prescription of any of the other two drugs. In this
approach, each drug was included as a binary covariate (yes/no) in the
models. We performed univariate and multivariable logistic regressions
with death as the outcome. Multivariate logistic regressions were
adjusted for sex, age groups (<50, 50-69, 70-89 and > 89 years), pe-
riods (or variants), and type of patient management (inpatient/outpa-
tient). We also performed stratified multivariable logistic regressions
according to these covariates. Given that the French National Death
Registry [17] is exhaustive, we considered that there were no missing
data regarding outcomes. No data was missing regarding sex or period of
admission. Treatment data were missing for a total of 221 patients. Since
the proportion of patients with missing treatment data was very low
(0.7%), they were excluded from the univariate and multivariable an-
alyses of associations between treatment and death. Information on a
total of 14,360 patients (47.2%) was missing regarding their vaccination

status and comorbidities, and information on SARS-CoV-2 variant was
missing or unknown for 8,759 patients (28.8%). Comorbidities, vacci-
nations, and variants were used as covariates in different subgroup an-
alyses. A two-sided P value of less than 0.05 was considered to be
statistically significant. Statistical analyses were carried out using SAS
9.4 statistical software (SAS Institute, Cary, NC). The primary outcome
was six-week all-cause mortality.

2.3. Ethics

This study is an analysis of anonymized data which is freely available
on under a Creative Commons license on the DRYAD platform [13], and
the Science Data Bank [14]. IRB clearance for this database analysis was
approved by the IHU Méditerranée infection independent ethics com-
mittee (No. 2021-015).

3. Results
3.1. Participants

The database we analyzed contain data from 30,423 patients, and
were collected between March 2, 2020, and December 31, 2021. Due to

the anonymization process of the database, the mean and median age
values were not available. The distribution of patients by age range and
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Table 3
Association between treatment (HCQ-AZ vs. no HCQ-AZ) and six-week mortal-
ity, multivariate logistic regression (n = 16,063).

aOR, 95% CI” P
Sex (ref. Women) Men 1.71 1.05-2.78 .0307
Age (Ref. <50) 50-69 12.14 .0024
2.43-60.62
>69" 73.63 <.0001
14.78-366.87
Period (Ref. 2020/03/ 2021/03/ 0.69 0.38-1.23 .2089
03-2020/06/15) 22-2021/06/27
2021/06/ 1.34 0.69-2.60 .3892
28-2021/09/21
2021/09/ 0.88 0.42-1.84 7357
22-2021/12/31
Outpatients (ref. No) Yes 0.11 0.07-0.18 <.0001
Vaccination (Ref. No) Yes 0.29 0.12-0.67 .0041
Obesity (Ref. No) Yes 2.01 1.23-3.29 .0057
High blood pressure (Ref. No) Yes 1.37 0.83-2.24 .2150
Asthma (Ref. No) Yes 0.76 0.26-2.23 6197
Diabetes (Ref. No) Yes 1.32 0.77-2.27 .3145
Autoimmune diseases Yes 0.69 0.23-2.05 .5043
(Ref. No)
Cancer (Ref. No) Yes 1.34 0.65-2.74 4278
Chronic cardiac disease Yes 1.20 0.60-2.41 .6098
(Ref. No)
Immunodeficiency (Ref. No) Yes 4.01 1.69-9.50 .0016
COPD (Ref. No) Yes 2.93 1.29-6.64 .0100
Treatment (ref. No HCQ-AZ® HCQ-AZ® (n = 0.47 0.29-0.76 .0020
(n = 3115)) 12,945)

This subgroup was mainly composed of outpatients (95%) included only in
2021. Five percent of inpatients were patients who presented at our day hospital
and were directly hospitalized the same day.

# Adjusted odds ratio with 95% confidence interval.

b The “>89" age group (n = 55) was merged with the “70-89” age group.

¢ HCQ: Hydroxychloroquine, AZ: Azithromycin, IVM: Ivermectin.

the demographic characteristics of the 30,423 included patients are
detailed in Table 1. Some 47.7% of patients were male. Of the 30,423
patients, treatment information was available for 30,202 of them
(99.3%), including 25,664 outpatients (84.9 %) and 4538 inpatients
(15.1%).

3.2. All-cause mortality within six weeks

According to INSEE, there were 535 all-cause deaths within six
weeks of diagnosis, including 52 who were initially managed as out-
patients and 483 who were hospitalized in the standard way, without
initial outpatient treatment. Among the included variables, age was the
strongest risk factor for death. Male sex was a risk factor for death (men
2.2%, women 1.3%, Chi-squared test P < 10~%). A peak of mortality was
observed during period 4 (winter 2020/2021) at 2.95% (17.2% for in-
patients) and a minimum was observed in period 6 (July to September
2021) at 0.93% (Fig. 1). Among the four major variants, the B.1.160
variant, which predominated during period 4, was associated with the
highest mortality (3.9% vs. 1.3%, Chi-squared test P < .0001).

3.3. Association between treatment regimen and mortality

Of the 30,202 patients for whom treatment information was avail-
able, 191/23,172 patients (0.82%) treated with HCQ-AZ died, compared
to 344/7,030 patients (4.89%) who did not receive HCQ-AZ (Fig. 2).
Overall, HCQ-AZ therapy was associated with a lower mortality than
treatment without HCQ-AZ (OR 0.16; 95% CI, 0.14-0.19). After
adjustment for sex, age, period, and type of patient management
(inpatient/outpatient), HCQ-AZ continued to be associated with a
significantly lower mortality rate (aOR 0.55; 95% CI, 0.45-0.68)
(Table 2). This was confirmed to be independent of the viral variant
among 21,664 patients with available variant information (aOR 0.55;
95% CI, 0.44-0.69), and independent of comorbidities and vaccination
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status among 16,063 patients with available information for these
covariables (aOR 0.47: 95% CI, 0.29-0.75) (Table 3). Overall mortality
among outpatients treated with HCQ-AZ was extremely low (21/21135
(0.10%)), with no significant variation between periods and never
exceeded 0.14% in any epidemic period.

Among inpatients and outpatients, the association between the
treatment variable (HCQ-AZ) and outcome was not significantly
different according to sex, period or variant (two-way interaction terms
were not statistically significant). This contrasts with the fact that pre-
scription rates changed significantly over time among inpatients.
However, the association was significantly different according to patient
care setting and age, with a maximal effect size among outpatients aged
between 50 and 89 years (Fig. 3).

Comparing HCQ-AZ with all other different combinations of treat-
ment, mortality was never significantly different when HCQ was used
from the outset in the comparator group (HCQ only or HCQ-IVM)
(Fig. 4). This led us to analyze the role of each drug independently. A
total of 23,755 patients (78.7%) were administered a regimen with HCQ
compared to 6447 patients (21.3%) who did not receive this drug. A
total of 27,750 patients (91.9%) were administered AZ compared to
2,452 (8.1%) who were not. A total of 1,878 patients (6.2%) were
administered a regimen with IVM compared to 28,545 patients (93.8%)
who were not. When each drug was included as a binary covariate (yes/
no) in the models, no difference in survival was found for AZ (aOR 0.97,
P =.861) or IVM (1.08, P = .633). Only HCQ was associated with lower
mortality (aOR 0.55, 0.44-0.68, P < .0001), and this was confirmed
both for outpatients (aOR 0.31; 95% CI, 0.16-0.59, P = .0004) and in-
patients (aOR 0.52; 0.42-0.65, P < .001) (Table 4).

4. Discussion

Among the limitations of this analysis, the monocentric nature of the
cohort may have meant that the population of this center differed from
the populations of other centers. When this population is compared with
the biggest multicenter retrospective study published to date on the
topic [18], the two populations are very similar in terms of age (0.4%
aged >89 years old vs 0.6% aged >85 years old), however the number of
men was lower in this population (47.8% vs 50.3 %, P < .001) as well
were patients with hypertension (11.1% vs 14.0%, P < .001) or un-
derlying respiratory diseases (7.6% vs 8.7%, P = .005). In contrast, the
prevalence of obesity (19.7% vs 1.67%, P < .001) and cancer (4.0% vs
0.6%, P < .001) was significantly higher in this population. The prev-
alence of diabetes was comparable between the two studies (5.2% vs
5.8%, P = .057). The monocentric nature of the study might limit the
generalizability of the findings, but this design might also reinforce in-
ternal validity [11,19]. Besides the limitation of patient selection, there
is also the limitation of some physicians being outliers in the institution
itself, perhaps thus leading to other subtle additional variations in pa-
tient care. Non-prescription of HCQ was previously reported in details,
the first reason being not proposed by the physician, then, patient with
cardiac contra-indication, patient refusing the treatment, patient with
potential risk for interaction and others [20]. Moreover, the mono-
centric nature of this study attenuates the selection bias in relation with
a common standard of care [21]. The role of severity of the disease in the
outcome is also clearly a limitation of this analysis and, unfortunately,
cannot be analyzed in this database, because the NEWS score is not
available. However, an article was previously published on the first 3,
737 patients followed up in this center in which the NEWS score was
available. A propensity score was calculated using multivariable logistic
regression in order to balance the two treatment groups on age,
comorbidities, and the NEWS score. The significant association between
treatment with HCQ-AZ>3days and reduction of risk of death was
confirmed, by two different propensity score methods (propensity score
matching and inverse probability weighting) showing that this associ-
ation was independent of age, comorbidities, and severity of the disease
[20].
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All' (n=26 417, 52 deaths (0.20%))

Age'
<50 (n=15 118, 2 deaths (0.01%))
50-69 {n=9 238, 17 deaths {0.18%))
70-89 {n=2 007, 28 deaths {1.40%))
>89 (n=54, 5 deaths (9.26%))

Sex'"
Women (n=14 132, 15 deaths (0.11%))
Men (n=12 285, 37 deaths (0.30%))

Period"!

2020/03/03 - 2020/06/15 (n=3 434, 5 deaths (0.14%))
2020/06/16 - 2020/09/20 {n=2 737, no death)
2020/09/21 - 2020/11/22 (n=3 646, 8 deaths (0.22%))
2020/11/23 - 2021/03/21 (n=5 142, 18 deaths (0.35%))
2021/03/22 - 2021/06/27 (n=5 059, 11 deaths (0.22%))
2021/06/28 - 2021/09/21 (n=4 211, 8 deaths (0.19%))
2021/09/22 - 2021/12/31 (n=2 128, 2 deaths (0.09%))

SARS-CoV-2 variants*
W (Wuhan) {n=3 448, 4 deaths (0.12%))
B.1.160 (Marseille 4) (n=3 663, 11 deaths (0.30%))
B.1.7.7 (Alpha) (n=4 565, 13 deaths (0.28%))
B.1.617.2 (Delta) (n=4 753, 10 deaths (0.21%))

All' (n=4 538, 507 deaths (11.17%))

Age'
<50 {n=831, 6 deaths (0.72%))
50-69 (n=1862, 74 deaths (3.97%])
70-89 (n=1597, 333 deaths {20.85%))
>89 {n=248, 94 deaths (37.90%))

s.‘l'
Women (n=1997, 205 deaths (10.27%))
Men (n=2 541, 302 deaths (11.89%))

Period**

2020/03/03 - 2020/06/15 (n=694, 53 deaths (7.64%))
2020/06/16 - 2020/09/20 (n=488, 43 deaths (8.81%))
2020/05/21 - 2020/11/22 (n=694, 96 deaths (13.83%))
2020/11/23 - 2021/03/21 (n=960, 165 deaths (17.19%))
2021/03/22 - 2021/06/27 (n=743, 60 deaths (8.08%))
2021/06/28 - 2021/09/21 (n=491, 36 deaths (7.33%))
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Fig. 3. Forest plot of the association between HCQ-AZ and six-week mortality
i: Sex-, age- and period-adjusted odds ratio with 95% CI. {: Sex- and period-adjusted odds ratio with 95% CI. {{: Age- and period-adjusted odds ratio with 95% CI. {1:
Sex- and age-adjusted odds ratio with 95% CI.
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Regimens with HCQ,
{n=23 755)

HCQ-only
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Mortality 1.1%

delayed HCQ
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®0
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@ HCQ vs O No HCQ aOR 0.55 p<0.001
® AZ vs O NoAZ

aOR 0.97 p=0.861

TVM vs O NoTVM aOR 1.08 p=0.633

Fig. 4. Summary of comparisons between treatment groups and effect on mortality associated with each antiviral drug (n = 30,202)
HCQ: Hydroxychloroquine, AZ: azithromycin, IVM: ivermectin. aOR: adjusted odds ratio. Detailed results with 95% confidence intervals are available in the main

text, Tables 1 and 2

Health policy on the use of hydroxychloroquine is supported by RCT
results. Most of these RCTs do not report any benefits of using HCQ to
reduce mortality in COVID patients. The largest two RCTs were RE-
COVERY (1,561 treated/3,155 controls) and SOLIDARITY (954 treated/
909 controls) [2,3]. Both trials should be considered as late treatment
trials as the randomization occurred upon hospital admission, including
as an ICU patient. Both suffer from significant methodological problems,
as the HCQ doses during the first 24 h (2400 mg) were four times higher
than the highest recommended dose of 600 mg. Mortality was no
different between the treatment and control groups, but a careful review
of the causes of mortality in the two groups would be worth investi-
gating. Other, smaller RCTs were performed in an attempt to demon-
strate the efficacy of HCQ on mortality. These include the DisCoveRY
trials which enrolled early moderate and late severe patients (150
treated/149 controls) and reported a 0.89 (0.36-1.92 (P = .66))
reduction in mortality at 28 days [6,22] but concluded that HCQ had no
significant effect on mortality. This is inaccurate considering the
calculated sample size of 620 patient per arm [6]. Indeed, in a study not

reaching the predefined power it is impossible to know whether the
absence of difference between the two groups is true or whether it is due
to the lack power in the study [23]. Several other small RCTs are un-
derpowered and reach inaccurate conclusions, but as a whole serve as a
reference for policy makers [7]. In contrast, several large observational
retrospective studies published in the literature, including a total of 47,
516 patients report a benefit of using HCQ on the mortality of COVID-19
patients [4,5,16,18]. The number of patients involved in these studies
largely overweighs the number of patients included in RCTs. Interest-
ingly, these observational studies report that HCQ is associated with
survival and the effect is greater in early treatment (Supplementary
Data Table). Unfortunately, few if any of the RCTs that have attempted
to demonstrate the efficacy of HCQ on COVID-19 patients were run with
an appropriate methodology. Inadequate target (late treatment),
excessive dosage of the drug, or inappropriate study power were the
main troubles. While observational studies have also confounding fac-
tors, as discussed above, significant effect estimate differences between
RCTs and observational studies are more likely to be linked to the
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Table 4

Effect of HCQ on COVID-19 mortality: Multivariable model with HCQ, AZ and
IVM included as individual covariates (all patients with available treatment
data, n = 30,202%).

aOR, 95% CI” P
Sex (ref. Women) Men 1.61 1.32-1.96 <.0001
Age (ref. <50) 50-69 6.47 3.18-13.14 <.0001
70-89 39.47 <.0001
19.75-78.91
>89 87.61 <.0001
41.93-183.06
Period (Ref. 2020/03/03- 2020/06/16- 0.93 0.60-1.44 .7382
2-020/06/15) 2-020/09/20
2020/09/21- 1.19 0.82-1.73 .3578
2-020/11/22
2020/11/23- 1.93 1.37-2.73 .0002
2-021/03/21
2021/03/22- 1.02 0.67-1.55 .9295
2-021/06/27
2021/06/28- 1.09 0.69-1.72 .728
2-021/09/21
2021/09/22- 1.22 0.77-1.91 .398
2-021/12/31
Outpatients (Ref. No) Yes 0.05 0.04-0.07 <.0001
HCQ° (ref. No) 0.55 0.44-0.68 <.0001
AZ° (ref. No) 0.97 0.69-1.37 .8606
IVM° (ref. No) 1.08 0.78-1.49 .6326

@ Atotal of 221 patients were excluded because of missing treatment data (see
Table 1).

b Adjusted odds ratio with 95% confidence interval.

¢ HCQ: Hydroxychloroquine, AZ: azithromycin, IVM: ivermectin.

quality of the study than to its design [12]. In any case, since the
epidemic has now vanished, it is no longer possible to conduct RCTs.
Only observational studies can bring any more insights to support policy
makers with repositioning of hydroxychloroquine in the treatment of
COVID-19. This analysis of a database of 30,423 patients treated with
hydroxychloroquine at a standard dosage of 200 mg three times a day
shows that it reduces mortality in patients with COVID-19.

5. Conclusion

Overall, this study represents the largest single-center study evalu-
ating HCQ-AZ in the treatment of COVID-19. Similarly, to other large
observational studies, it concludes that HCQ would have saved lives. In a
spirit of open science, we encourage investigators to re-analyze, similar
FAIR (findable, accessible, interoperable, and reusable) databases and to
report their findings.
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